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3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

3.2 The Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

3.2.1 Product Market Competition . . . . . . . . . . . . . . . . . . 39

3.2.2 R&D Investment . . . . . . . . . . . . . . . . . . . . . . . . . 39

3.2.3 RJV Formation . . . . . . . . . . . . . . . . . . . . . . . . . . 43

3.3 Empirical Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

3.3.1 Data Sources: The Joint Ventures Act . . . . . . . . . . . . . 47

3.3.2 Variable DeÞnitions and Descriptive Statistics . . . . . . . . . 48

3.3.3 Econometric SpeciÞcation . . . . . . . . . . . . . . . . . . . . 53

3.3.4 Estimation Procedure . . . . . . . . . . . . . . . . . . . . . . 55

3.3.5 Results and Interpretation . . . . . . . . . . . . . . . . . . . . 56

3.4 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

i



CONTENTS ii

4 New Product Introduction by Incumbent Firms 66

4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67

4.2 The Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72

4.2.1 Product Market Competition . . . . . . . . . . . . . . . . . . 75

4.2.2 R&D Market . . . . . . . . . . . . . . . . . . . . . . . . . . . 77

4.3 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95

4.4 APPENDIX . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96

5 Credible Vertical Preemption 101

5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102

5.2 The Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105

5.2.1 The High Quality Firm Offers the Highest Product Quality . . 108

5.3 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120

5.4 APPENDIX . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121

6 Multiproduct Firms and Dynamic Marginal Costs: Evidence from

the Semiconductor Industry 130

6.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131

6.2 Dynamic Marginal Costs . . . . . . . . . . . . . . . . . . . . . . . . . 134

6.3 The Industry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138

6.4 The Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 142

6.5 The Empirical Model . . . . . . . . . . . . . . . . . . . . . . . . . . . 149

6.5.1 The Inverse Demand Functions . . . . . . . . . . . . . . . . . 150

6.5.2 The Pricing Relation . . . . . . . . . . . . . . . . . . . . . . . 152

6.6 Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 157

6.7 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159

6.8 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167

7 Summary and Concluding Remarks 170

8 Data Description 174

8.1 Description of the Research Joint Venture Database . . . . . . . . . . 174

8.2 Description of the Semiconductor Database . . . . . . . . . . . . . . . 181

Bibliography. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200



List of Tables

Table 3.1: Variable deÞnitions and summary statistics . . . . . . . . . . . . 50

Table 3.2: Sample frequencies of industry-pairs (in percent) . . . . . . . . 52

Table 3.3: R&D intensities . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

Table 3.4: Cost-sharing versus free-rider (net effect) . . . . . . . . . . . . . 60

Table 3.5: Sources and complementarities in RJV formation . . . . . . . . 62

Table 4.1: The innovation cases when the high quality Þrm is the innovator 74

Table 4.2: The innovation cases when the low quality Þrm is the innovator 74

Table 5.1: The high quality Þrm offers the highest product quality . . . . . 107

Table 5.2: The low quality Þrm offers the highest product quality . . . . . 108

Table 5.3: Firms� proÞts in the accommodation and deterrence case . . . . 117

Table 6.1: Multiproduct Þrms in the DRAM industry . . . . . . . . . . . . 141

Table 6.2: Variable deÞnitions and summary statistics . . . . . . . . . . . . 159

Table 6.3: Demand equations . . . . . . . . . . . . . . . . . . . . . . . . . 160

Table 6.4: Pricing relation . . . . . . . . . . . . . . . . . . . . . . . . . . . 162

Table 6.5: LBD, ECS, and Spillover effects . . . . . . . . . . . . . . . . . . 164

Table 6.6: Firm- and country-speciÞc price-cost margins . . . . . . . . . . 165

Table 8.1: Number of RJVs and number of participating Þrms by 2-Digit

SIC Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178

Table 8.2: RJV complementarities . . . . . . . . . . . . . . . . . . . . . . . 180

iii



List of Figures

Figure 3.1: R&D investments when products are substitutes . . . . . . . . 40

Figure 3.2: R&D investments when products are complements . . . . . . . 41

Figure 6.1: Price setting with respect to shadow marginal costs . . . . . . 136

Figure 6.2: Price decline per generation over time . . . . . . . . . . . . . . 139

Figure 6.3: Units of shipments per generation over time (quarterly) . . . . 140

Figure 6.4: Price setting with respect to shadow marginal costs . . . . . . 169

Figure 8.1: Number of registered RJVs over time . . . . . . . . . . . . . . 176

Figure 8.2: Size distribution of RJVs . . . . . . . . . . . . . . . . . . . . . 176

Figure 8.3: Units of shipments from Advanced Micro Devices . . . . . . . . 181

Figure 8.4: Units of shipments from Alliance . . . . . . . . . . . . . . . . . 182

Figure 8.5: Units of shipments from American Microsystems . . . . . . . . 182

Figure 8.6: Units of shipments from AT&T Microelectronics . . . . . . . . 183

Figure 8.7: Units of shipments from Eurotechnique . . . . . . . . . . . . . 183

Figure 8.8: Units of shipments from Fairchild . . . . . . . . . . . . . . . . 184

Figure 8.9: Units of shipments from Fujitsu . . . . . . . . . . . . . . . . . 184

Figure 8.10: Units of shipments from G-Link . . . . . . . . . . . . . . . . . 185

Figure 8.11: Units of shipments from Hitachi . . . . . . . . . . . . . . . . . 185

Figure 8.12: Units of shipments from Hyundai . . . . . . . . . . . . . . . . 186

Figure 8.13: Units of shipments from IBM . . . . . . . . . . . . . . . . . . 186

Figure 8.14: Units of shipments from Inmos . . . . . . . . . . . . . . . . . 187

Figure 8.15: Units of shipments from Intel . . . . . . . . . . . . . . . . . . 187

Figure 8.16: Units of shipments from Intersil . . . . . . . . . . . . . . . . . 188

Figure 8.17: Units of shipments from LG Semicon . . . . . . . . . . . . . . 188

Figure 8.18: Units of shipments from Matsushita . . . . . . . . . . . . . . 189

iv



LIST OF FIGURES v

Figure 8.19: Units of shipments from Micron . . . . . . . . . . . . . . . . . 189

Figure 8.20: Units of shipments from Mitsubishi . . . . . . . . . . . . . . . 190

Figure 8.21: Units of shipments from Mosel Vitelic . . . . . . . . . . . . . 190

Figure 8.22: Units of shipments from Mostek . . . . . . . . . . . . . . . . . 191

Figure 8.23: Units of shipments from Motorola . . . . . . . . . . . . . . . . 191

Figure 8.24: Units of shipments from National Semiconductor . . . . . . . 192

Figure 8.25: Units of shipments from NEC . . . . . . . . . . . . . . . . . . 192

Figure 8.26: Units of shipments from Nippon Steel . . . . . . . . . . . . . 193

Figure 8.27: Units of shipments from OKI . . . . . . . . . . . . . . . . . . 193

Figure 8.28: Units of shipments from Ramtron International . . . . . . . . 194

Figure 8.29: Units of shipments from Samsung . . . . . . . . . . . . . . . . 194

Figure 8.30: Units of shipments from Sanyo . . . . . . . . . . . . . . . . . 195

Figure 8.31: Units of shipments from SGS-Ates . . . . . . . . . . . . . . . 195

Figure 8.32: Units of shipments from Sharp . . . . . . . . . . . . . . . . . 196

Figure 8.33: Units of shipments from Siemens . . . . . . . . . . . . . . . . 196

Figure 8.34: Units of shipments from Signetics . . . . . . . . . . . . . . . . 197

Figure 8.35: Units of shipments from STC and STC-ITT . . . . . . . . . . 197

Figure 8.36: Units of shipments from Texas Instruments . . . . . . . . . . 198

Figure 8.37: Units of shipments from Vanguard . . . . . . . . . . . . . . . 198

Figure 8.38: Units of shipments from Vitelic . . . . . . . . . . . . . . . . . 199

Figure 8.39: Units of shipments from Zilog . . . . . . . . . . . . . . . . . . 199



Chapter 1

Introduction

Technological progress has created opportunities for selling and producing goods

worldwide. The pace of progress has led to shorter life cycles for many products,

which means that development costs must be recovered in a shorter time period,

(see De Bondt [1997]). In general, the pace of technological developments and

increasing international investment induces competition in the R&D and product

markets. The dynamics of markets and Þrms� competitiveness are determined by

high rates of innovation and production. Increasing international competition leads

Þrms to apply new production and innovation strategies. One way for Þrms to cope

with the enormous pressure of international competition is to pool their resources

through cooperation, for example in Research Joint Ventures. Another possibility is

investment in ßexible technologies that enable the production of a range of goods. As

a consequence, multiproduct competition is prevalent in the markets, and inßuences

market structure, behavior and performance.

One of the central issues in Industrial Organization is to investigate the de-

terminants of market structure. Many studies focus on innovation and stress the

interdependence between market structure, technological change or R&D spending,

and product market competition. Scherer (1980 and 1986), for instance, emphasizes

the link between product market competition and incentives to innovate. However,

most of the models in the area of innovation focus on symmetric and/or single prod-

uct Þrms offering homogeneous or heterogeneous goods (the latter being products

with different characteristics).

The terminology of heterogenous goods is also called product differentiation.

1



CHAPTER 1. INTRODUCTION 2

Product differentiation is the degree to which the products are substitutes or com-

plements; see Chapter 2 for a detailed explanation. A more general expression,

which refers to the form of competition among many products in the industry,

is called �multiproduct competition�. The term multiproduct competition encom-

passes single as well as multiproduct Þrms. Multiproduct competition considerations

are especially important when there are interrelations between the products. The

interrelations may occur in three different ways.

Multiproduct competition in demand refers to interrelations between products

on the demand side caused by products being substitutes or complements. For

single product Þrms the demand interdependency has received much attention, in

contrast to demand interdependency with multiproduct Þrms. The main reason

is that analyses of multiproduct Þrms with interdependencies in demand can be

complicated because Þrms must control competition within their product line. For

example, when a Þrm lowers the price of one of its products, this will impact on

demand for other products, see also Anderson, de Palma, and Thisse (1992).

Moreover, interrelations between the products may also occur on the costs side.

Multiproduct competition in costs refers to cost complementarities between products

through economies of scope. Cost interdependency has been studied in detail in the

literature (see Baumol, Panzar, and Willig [1982]; Panzar [1989]).

The third type of multiproduct competition refers to interrelations through strate-

gic aspects and is closely related to multimarket contact (also see the literature on

reputation effects). Firms cannot decide independently within each market and

take the effects in other markets into account. Bernheim and Whinston (1990)

concentrate on linkages in strategic interactions across markets. They argue that

multimarket contact may affect Þrms� abilities to sustain collusive outcomes through

repeated interactions. The effect of multimarket contact on the degree of cooper-

ation is examined, and the conditions under which multimarket contact facilitates

collusion are isolated. Parker and Röller (1997) estimate a structural model for the

U.S. cellular telephone industry in order to determine the degree of competition.

They show that regulation may lead to higher prices where cross-ownership and

multimarket contact are important factors in explaining noncompetitive prices.1 In

1Multimarket contact is not only constrained towards strategic effects among Þrms. For in-

stance, Bulow, Geanakoplos, and Klemperer (1985) investigate the effects of cost- and demand-
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the presence of multiproduct competition through strategic aspects Þrms have an

opportunity to transfer, e.g. aggressive strategies to other markets.2

The three different aspects of multiproduct competition do not necessarily ex-

clude each other, but may also jointly have an impact on Þrms� decision.

In this thesis we concentrate on the the relationship between different types of

multiproduct competition and innovation. We address the question of how strategic

considerations concerning the product market inßuence Þrms� decisions in the R&D

market. This thesis analyzes three aspects of innovation: Research Joint Ventures

with asymmetric Þrms, new product introduction, and innovation with multiproduct

Þrms. The contribution of this thesis is to study the nature of multiproduct com-

petition with respect to the three aspects and to investigate the main mechanisms

and effects that impact on incentives to innovate. We will analyze theoretical and

estimate structural models which account for the three aspects of innovation.

In Chapter 3, we focus on the link between multiproduct competition in demand

and the Þrst aspect of innovation, which is Research Joint Ventures with asymmet-

ric Þrms. We observe that many industries are characterized by Þrms of different

size. As the recent literature has mainly been focusing on multiproduct competition

among symmetric Þrms we address the relationship between multiproduct competi-

tion with asymmetric Þrms and innovation incentives. We will address the impact

on innovation incentives with respect to the incentives to cooperate by focusing on

Research Joint Ventures. We analyze the effect of multiproduct competition on the

incentives to innovate and to form a Research Joint Venture.

The incentives to form a Research Joint Venture (RJV) is an important aspect

that has been receiving a considerable amount of attention in the innovation liter-

ature. Seminal contributions to the analysis of RJVs have been made by d�Aspre-

mont and Jacquemin (1988 and 1990), and by Kamien, Muller, and Zang (1992).

The latter study analyzes the interaction between product market competition and

organizational decisions, such as forming RJVs. In their analysis they allow Þrms

to produce substitutable goods to different degrees and Þnd that incentives for in-

based linkages across markets.
2The term multiproduct competition in strategic aspects is listed in order to cover all possible

alternatives of �multiproduct competition�. However, this study focuses only on multiproduct

competition in demand and costs.
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novation or RJV formation depend on the extent to which products are substitutes.

The previous literature on RJVs has emphasized several incentives for Þrms to par-

ticipate in an RJV: (i) internalizing the Spillover externalities associated with R&D

(i.e. overcoming free-rider problems), and (ii) costs savings through sharing R&D

costs. Internalization of the Spillover externalities through RJVs is beneÞcial be-

cause it increases Þrms� incentives to innovate due to overcoming free-rider behavior.

Cost-sharing is a powerful incentive because it allows Þrms to pool their ressources

and to avoid wasteful duplication.

However, most studies on RJVs assume symmetric Þrms. In this study we ac-

count for two additional factors: (iii) multiproduct competition in demand with

respect to (iv) asymmetric Þrms, that determine Þrms� decisions to innovate and

to form an RJV. The incentives for Þrms producing complementary goods to inno-

vate or to form RJVs are quite different to those of Þrms producing substitutable

goods. In line with this argument we also allow Þrms to be asymmetric in size and

investigate the relationship between Þrm size and incentives to cooperate. Asym-

metric Þrms are assumed to behave differently in the R&D and product markets

than symmetric Þrms. We can surmise that theoretical analyses of multiproduct

competition with asymmetric Þrms will reach different conclusions about market

structure and market power than investigations of multiproduct competition with

symmetric Þrms. Thus, a number of fundamental issues needs to be reconsidered

against the background of multiproduct competition with asymmetric Þrms. It is

important to examine which Þrms will participate in RJVs and what the incentives

for joining are. We investigate whether R&D Joint Ventures might raise competitive

concerns in terms of an asymmetric industry structure.

The goal of this chapter can be summarized through the following questions:

� what is the relationship between multiproduct competition in demand and
Þrms� incentives to innovate and to cooperate (organize in RJVs)?

� what are the main Þrm characteristics determining Þrms� incentives to form an
RJV, and what role do Þrm asymmetries play in determining R&D investments

and the incentives to form an RJV?

� how do Þrm asymmetries affect market structure, behavior, and performance

against the background of RJVs?
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We provide a detailed theoretical and empirical analysis of RJVs. In the theoret-

ical model we show that RJVs tend to be formed between Þrms selling complemen-

tary products. Regarding Þrm asymmetries, our model predicts that large Þrms will

have less incentive to form an RJV with smaller Þrms in order to increase market

power. It is shown that all of the above factors (i) to (iv) not only inßuence Þrms�

decisions to form an RJV, but also their investments in R&D. In the empirical part

of the study we test the four arguments (i) to (iv) by estimating an endogenous

switching model with data from the United States National Cooperative Research

Act (1984). We Þnd that the domination of either the cost-sharing or free-rider

effect depends on the industry and the size of the RJV. Our results indicate that

cost-sharing and Þrm similarities in size increase the likelihood to form RJVs. Fur-

thermore, we Þnd that there are certain industry pairs (possibly vertically related)

in which complementarities signiÞcantly increase RJV formation.

Another part of our study concentrates on the interrelation between multiproduct

competition in demand as well as costs and the second aspect of innovation, which

is, new product introduction. In Chapters 4 and 5 we present two theoretical models

of vertical product differentiation and investigate the incentives for incumbent Þrms

to introduce new products in different quality areas. Firms are allowed to keep

or withdraw their original products from the market. The following questions are

addressed:

� what are the important effects which characterize new product introduction
by incumbent Þrms in vertically differentiated markets?

� what impact has the inclusion of new product introduction by incumbent Þrms
on the variety and the quality of products offered in the market?

� are Þrms able to preempt the rival�s innovation by proliferating the product
space? Are these innovation strategies credible?

In Chapters 4 and 5 we consider two Þrms, which initially each offer one product

of different quality:

Chapter 4 analyzes a scenario in which one Þrm is able to introduce a new

product. The different effects of an innovator offering a new product in certain

quality segments are analyzed. We Þnd that the innovator introduces a new product
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always of higher quality in order to concentrate sales on high income consumers.

Moreover, the innovating Þrm is better off withdrawing the former product in order

to reduce price competition and to avoid cannibalizing its own product demand.

Chapter 5 investigates the scenario where both Þrms simultaneously introduce

a new product. We show that product innovation depends on the credibility of

Þrms� innovation strategies and occurs only in limited quality areas. Preempting

(deterring) the rival from innovation is not a credible strategy. As in Chapter 4,

it is shown that innovators always introduce a new product of higher quality at a

higher price and withdraw their former product in order to avoid a reduction in

their product prices and also to avoid a cannibalization effect on their own product

demand.

Another part of our study will focus on the link betweenmultiproduct competition

in demand and the third aspect of innovation, such as innovation with multiproduct

Þrms. The assumption of single product Þrms is a simpliÞed speciÞcation. Most

Þrms are in fact multiproduct Þrms. Multiproduct Þrms may behave differently in

the product market compared to single product Þrms. One feature that our study

highlights is the fact that decisions for product innovation or output are taken at a

centralized level, so that a multiproduct Þrm takes the effects on other products into

account, in other words, externalities on other products are explicitly considered.

These effects have been neglected in a single product Þrm speciÞcation which has

important implications for empirical studies as omitted speciÞcation biases may

occur.

In Chapter 6 we will present an industry study on the Dynamic Random Access

Memory industry (DRAM chips are semiconductor chips) and address the following

questions:

� how does the assumption of multiproduct Þrms change the extent of Learning
by Doing, Economies of Scale and Spillover effects, and how does the assump-

tion impact on Þrms� behavior in the product market?

� how do these effects evolve over the product life cycle?

We compare how the estimated Learning by Doing, Economies of Scale and

Spillover effects as well as Þrms� conduct change when multiproduct Þrms are as-

sumed as opposed to single product Þrms. Furthermore, we allow the effects to
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change over the product life cycle. We specify a dynamic theoretical model and

estimate a structural model by using quarterly Þrm-level output and cost data as

well as industry prices in the Dynamic Random Access Memory semiconductor in-

dustry from 1974-1996. We Þnd that the assumption of multiproduct Þrms and

the consideration of the product life cycle have important implications. It is shown

that Spillover and Economies of Scale effects have been overestimated when single

product Þrms are assumed. Once multiproduct Þrms are assumed, we accept the

hypothesis that Þrms behave as if in perfect competition. Furthermore, we provide

evidence that the learning effects vary over the product cycle.

The thesis is structured as follows: Chapter 2 provides insights into how multi-

product competition may interact with innovation. We survey current theoretical

and empirical results on the literature of innovation with respect to the three as-

pects: Research Joint Ventures with asymmetric Þrms, new product introduction,

and innovation with multiproduct Þrms. In Chapters 3 to 6, four theoretical and

empirical models are presented. In Chapter 7 we summarize the results, assess the

new research Þndings in the context of contributions to current research, and pro-

vide suggestions for future research. Finally, in Chapter 8 we provide a description

of the databases we used in our empirical studies.



Chapter 2

Overview

The following overview provides a methodological overview and summarizes the

literature on Research Joint Ventures, Product Differentiation, and Multiproduct

Firms. We provide this background in order to sensitize the interrelation between

multiproduct competition and innovation.

2.1 Methodology: The New Empirical Industrial

Organization Approach

This chapter presents some background for the methods and tools we use in our

study in order to address the questions mentioned above. Given that a full review

of methodology is beyond the scope of this chapter, we will mainly focus on the fast

developing literature and methods of empirical Industrial Organization.

Berry and Pakes (1998) deÞne IO as the study of individual markets, with an

emphasis on:

1. differences between Þrms and between markets;

2. theoretical and empirical work applied to speciÞc markets1 and institutions;

3. partial equilibrium analysis.

1The relevant market is a set of products which generate competition pressure, where compe-

tition is established by substitutability between products.

8
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Industrial Organization (IO) analyzes the characteristics of industries and mar-

kets, the dynamic interrelations between markets and Þrms, the behavior of Þrms,

market processes, and policy actions, such as regulation, privatization, cooperation,

etc. The main focus in IO is on partial equilibrium analyses which concentrate on

a speciÞc market and incomplete competition. Product choice, R&D, cooperation,

entry and exit, and advertisement are the research areas most frequently analyzed.

Traditional (empirical) IO, often associated with the studies by Bain (1956), sets

out to apply regression analysis according to the Structure Conduct Performance

Paradigm (SCPP), which places little emphasis on formal theory and focuses instead

on empirical work, the development of stylized facts, and the testing of qualitative

hypotheses. The main feature of the SCPP is cross-sectional studies of many indus-

tries. Industry and Þrm proÞts are predicted from various structural measures. The

SCPP often treats the number of Þrms (or concentration) as an exogenous shifter

in regressions of industry proÞtability. It assumes that a unique causal relationship

prevails in the market, so that market structure (number of Þrms, degree of prod-

uct differentiation, costs structure, cooperation, entry barriers, etc.) determines

Þrms� conduct in a market (price setting, product choice, output setting, R&D in-

vestments, etc.), which in turn determines market performance (efficiency, proÞts,

social welfare, etc.).

Where traditional SCPP analyses attribute certain features of proÞt regressions

to market power, the Chicago School criticized the SCPP in the 1970s and provided

explanations involving endogenous Þrm-level differences; they pointed out that effi-

ciency differences between Þrms may lead to a type of Þrm-size distribution in the

market. Furthermore, it is often claimed that market structure depends on mar-

ket conduct, which creates an interrelated system between both. The Chicago and

SCPP arguments are based largely on descriptive regression analysis.

The emergence of modern game theory in the late 1970s and early 1980s estab-

lished Modern Theoretical Industrial Organization, which provides formal justiÞca-

tion of former arguments about market power.

New Empirical Industrial Organization (NEIO) provides an important compo-

nent for combining Modern Theoretical Industrial Organization with empirical re-

search. The NEIO approach departs from a unique causal relationship between

structure, conduct, and performance, as required by the SCPP. This approach es-
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tablishes interdependency between all three determinants and emphasizes market

conduct.

Bresnahan (1989) describes the NEIO approach as follows: �The central idea

of the new approach is Þrst an econometric model of an industry. The new liter-

ature has been able to draw closely on economic theory to guide speciÞcation and

inference in the empirical model. Topics like monopoly power and oligopoly in-

teraction, collusion, noncooperative oligopolistic interaction, Þrms� market power,

product differentiation, and price-cost margins can be analyzed.�2

According to Wolak (1996), a structural model is a stochastic economic model

of behavior of economic agents which gives rise to a conditional distribution of

endogenous variables of economic interaction, given exogenous variables of economic

interaction.

One example is the supply and demand system in a market: The supply function

is assumed to specify the behavioral response of Þrms in a market, whereas the

demand function describes the behavioral response of consumers. The simultaneous

solution of the supply and demand functions yields values of endogenous variables as

a function of exogenous variables and shocks. In contrast, a reduced-form estimation

does not imply causality but only yields correlation. For this reason, economic theory

is needed to determine the direction of causality.

In general, any prediction about the impact of exogenous variables on an endoge-

nous variable can be examined with a reduced-form estimation. The reduced-form

2Bresnahan (1989) mentions four major areas where the NEIO approach departs from the

SCPP:

1) Firms� price cost margins are not taken to be observables. The analyst infers marginal costs

from Þrm behavior. In the SCPP, price cost margins could be directly observed from accounting

data.

2) Individual industries are considered to have signiÞcant idiosyncracies. Institutional detail

at the industry level will affect Þrms� conduct. Thus, this literature is skeptical about using the

comparative statics of variations across industries. In the SCPP, cross-section variation in industry

structure could be captured by a small number of observable measures.

3) Firm and industry conduct are viewed as unknown parameters which are estimated using

behavioral equations. In the SCPP, empirical work was aimed at estimating the reduced form

relationship between structure and performance.

4) The inference of market power is made clear since the set of alternative hypotheses considered

is explicit.
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analysis describes a conditional distribution of endogenous variables given exoge-

nous variables. A structural model combines elements of economic theory with an

underlying statistical model. More precisely, it formulates a stochastic economic

model of economic agents� behavior, which generates a conditional distribution.3

In general, applying a structural model estimation enables us:

1. to estimate parameters or effects of economic interest not directly observable

from data in hand, for example returns to scale, price elasticity of demand,

elasticity of substitution;

2. to analyze the welfare effects of a change to a new equilibrium, for example

comparing welfare loss and increased proÞts due to market power;

3. to predict changes in equilibrium outcome due to changes in the underly-

ing economic environment, for example to predict the impact of privatiza-

tion/deregulation in a speciÞc industry.

Another advantage of the structural approach is that each parameter has an

economic interpretation. However, the structural model approach also entails some

disadvantages. For instance, a structural model requires more data. It is often

difficult to Þnd appropriate data for the object under investigation, and one can

only use proxies. It is often asked how well these proxies contribute to further

explanation and whether they might confer further biases. Another disadvantage is

posed by the fact that the results may be rather sensitive to the functional form that

has to be imposed for the demand and costs speciÞcations.4 Genesove and Mullin

3Also see Bresnahan (1989).
4In structural modeling, we derive our estimation method from a complete description of our

assumptions about the process generating the data. These assumptions will simplify the real world

data-generating process. But we are bound to rely on assumptions. An empirical paper which does

not state all of the assumptions necessary for deriving its estimates does not contribute to Þguring

out which assumptions produce the corresponding results. Of course some assumptions are better

than others, and the task of structural modeling is to Þnd the appropriate assumptions and to en-

sure that no simpler set of assumptions would have matched the world at least as closely. It is worth

bearing in mind that much interesting empirical work is not structural. If one wishes to describe

an economic dataset without drawing conclusions about underlying economic relationships, then
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(1998) test the NEIO approach by using alternative speciÞcations of conduct and

costs and Þnd that costs are better estimated when conduct is estimated as a free

parameter. Another problem is posed by the static framework, which will introduce

a bias in estimating the conduct parameter, especially when conduct is correlated

with demand and cost variables (see Corts [1999]). Corts argues that since the

estimated conduct parameter captures the marginal response of price (and hence

the mark-up) to demand shocks, it will typically underestimate the level of market

power in dynamic oligopoly. When demand shocks are not fully permanent or when

they are completely transitory, the estimated conduct parameter underestimates the

degree of market power for intermediate discount factors.

In addition to structural models, semi-structural models are also prevalent, ex-

amples are Panzar and Rosse (1987) and Sullivan (1985), which focus on comparative

statics in factor prices.

In this study we apply the NEIO approach by estimating a structural model

because we are investigating noncooperative oligopolistic interaction, Þrms� market

power, product differentiation, and price-costs margins. In Chapters 3 and 6 we

need to use economic theory in order to describe the behavior of agents in a market.

Most of the empirical models estimate the characteristics by assuming single product

Þrms. We will estimate the characteristics by allowing for multiproduct Þrms, which

results in further interrelationships between products.

there is no need for assumptions (see Berry and Pakes [1998]). However, we will use assumptions

in the following studies for modeling behavioral relationships among Þrms in the market.
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2.2 The Economics of Innovation

The globalization of the economy and the pace and scope of technological devel-

opments pose enormous challenges for Þrms to introduce new products and new

technologies. The literature usually distinguishes between two research categories.

While basic research aims at obtaining new fundamental knowledge, applied research

is associated with market-oriented innovations. Firms invest in R&D in order to

obtain the required knowledge for producing new products and services (product

innovation) and/or new technologies for manufacturing existing products at a lower

costs (process innovation).5 This study focuses on applied research, with Chapter

3 dealing with process innovation, Chapters 4 and 5 looking at product innovation,

and Chapter 6 dealing with both kinds of innovation.

In this section we concentrate on Þrms� incentives to innovate. There are many

more research areas that could be mentioned here, but given that innovation itself is

not the focus of this study, they go beyond its scope. Readers interested in a survey

of innovation topics, such as Patent Racing and Adoption of New Technologies, are

referred to Tirole (1992) and De Bondt (1997).

In order to analyze the beneÞts of innovation, four effects are introduced:6

1. proÞt incentive: the desire to increase proÞts through investment. Firms bal-

ance the optimal amount of R&D investment against potential revenues. This

motive results in too little incentive to innovate (see Grossman and Shapiro

1987);

2. business stealing effect: a Þrm that introduces a new product does not inter-

nalize the loss of proÞts suffered by its rivals on the product market, which

results in too much innovation;

5Some studies maintain that product and process innovation do not occur separately: Product

and process innovations are strategic complements and the innovative strategies are mutually

reinforcing - when the level of one is increased, the marginal proÞtability of the other will also rise,

see Milgrom and Roberts (1990).
6See Tirole (1992) and Rosenkranz (1996) for more detailed information on incentives to

innovate.
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3. appropriability problem: innovation usually delivers information to other Þrms.

According to traditional analyses, information has the attributes of a public

good (see Arrow 1962). Firms� innovation incentives are reduced;

4. commons effect: the inability to exclude others from the right to search for

new ideas. This effect leads to too much effort being spent on innovation.

The above mentioned effects determine the incentives to innovate in an interre-

lated way. The proÞt incentive suggests that innovation incentives depend on the

type of product market competition, that is, on whether products are substitutes

or complements. Scherer (1980 and 1986) analyzes the interplay between product

market competition and incentives to innovate. Brander and Spencer (1984) show

that the business stealing effect increases innovation incentives regardless of whether

products are substitutes or complements. De Bondt and Veugelers (1991) focus on

the question of how strategic considerations concerning the product market inßu-

ence Þrms� investment decisions in the R&D market. They relate the increase or

decrease in Þrms� investment incentives due to the business stealing effect to the

tough or soft nature of the strategic investment.

The appropriability problem inßuenced by Spillovers, plays a crucial role when

determining the incentives to innovate. Spillovers describe the possibility of dif-

fusion of learning across Þrms. Such diffusion can take place through interÞrm

mobility of employees, or reverse engineering. In the context of Spillovers we will

emphasize on process innovations. A crucial aspect of process innovations are tech-

nological Spillovers. Technological Spillovers refer to information ßow from one Þrm

to another, where innovative investments by one Þrm may reduce or enhance the

competitiveness of rival producers as well. Hence, cost reductions cannot be fully

appropriated by the innovating Þrm (see Griliches [1992], for example) and play an

important role in determining Þrms� innovation incentives. Technological Spillovers

represent positive externalities. They can be intermediate or Þnal (see Katz and Or-

dover [1990]). Intermediate Spillovers arise if the effectiveness of R&D conducted by

one Þrm continuously spills over to rival Þrms. Each Þrm�s effective R&D investment

is the sum of its own expenditure and a fraction of the sum of other Þrms� expen-

diture. Firms learn by observing their rivals� research steps. Final Spillovers arise
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when R&D has been completed. Below we will focus on intermediate Spillovers.

Even in the absence of technological Spillovers, the R&D investments by one Þrm

may affect other Þrms through competition in the R&D or product market. This

effect occurs through competitive Spillovers. Focusing on R&D markets, competitive

Spillovers usually describe a negative externality, since the innovation of one Þrm

blocks other Þrms from discovering an invention. The situation is not as clear with

competitive Spillovers in the product market. If products are substitutes, the im-

provement of one Þrm�s technology leads to increased competition that harms other

Þrms, and a negative externality exists. If products are complements, the external-

ity is positive because improvements of one Þrm�s technology beneÞt other Þrms as

well. The externalities resulting from technological and competitive Spillovers are

taken into account when Þrms choose the extent of their innovation. It depends on

the extent of both Spillovers and thus on the net effect of both externalities whether

the incentives to innovate are increased or decreased.7

A further important aspect that inßuences Þrms� decision to innovate is the

question whether the innovative proÞle is related to Þrm size, which has often been

addressed more in the Schumpeterian tradition. Arrow (1962) argues that the in-

centives to innovate are stronger for industries in competition than for monopolized

industries, since a monopoly is likely to delay technological progress. Assuming that

protection by a patent is of unlimited duration, Tirole (1992) shows that a monopo-

list has a lower incentive to innovate than a competitive Þrm. A monopolist replaces

himself, whereas a competitive Þrm becomes a monopolist. In Chapters 3 to 6 we

will examine the incentives to innovate with respect to asymmetric Þrms.

In particular, Þrms� incentives to cooperate become more attractive in the recent

past. When Þrms perform joint research it is reasonable to assume that their incen-

tives to innovate and to cooperate may depend on Þrm size. In the next section we

will provide some background on Research Joint Ventures for our study in Chapter

3 in which Þrms� incentives to cooperate and innovate with respect to asymmetries

7Spence (1984) analyzes the effects of intermediate technological Spillovers on Þrms� incentives

to reduce costs through investments in R&D. He assumes a homogenous product market and

shows that an increase in Spillovers reduces Þrms� incentives to a suboptimal level. Furthermore,

he provides evidence that Þrms� investments decrease in inverse proportion to the number of Þrms

in the industry.
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and multiproduct competition in demand are analyzed.

2.2.1 Research Joint Ventures

The chicken and the pig met for negotiations on a Joint Venture and out of the talks

was born the idea of ham and eggs. Initially the two were pleased with the idea,

but suddenly the pig became uneasy. �This is all very well�, he said �but while you

keep on producing eggs, I end up dead.� The chicken smiled knowingly. �That is all

right�, she said, �that�s the way it is with Joint Ventures.�

Eberhard von Kuenheim, in: Stephen Martin (1993), Chapter 9.

Firms often engage in joint research, for example in the form of RJVs based

on cooperative agreements, with Þrms sharing the costs and/or the results of a

particular research project. In practice we Þnd an increasing number of coordinated

R&D activities, even amongst potential competitors.

In 1990, 169 officially registered United States RJVs existed in 18 industries. In

July 1992, Siemens, IBM, and Toshiba announced an RJV for the purpose of devel-

oping a new computer chip, in which US $ 1 billion and more than 200 researchers

have since been invested. Very Large Scale Integration (VLSI), Microelectronics

and Computer Technology Corporation (MCC), and SEMATECH are further co-

operative ventures in the semiconductor industry that are partially funded by gov-

ernments. SEMATECH, for example, is a cooperation consisting of 14 companies,

which was formed in order to develop new technologies for the production of semi-

conductor chips.

In this chapter we provide some information about RJVs and illustrate the in-

centives to cooperate. We also describe the impact of Joint Ventures on competition

and on producer and consumer surplus. We present the main results from theoret-

ical and empirical studies in IO literature. Finally, we brießy present some results

from business literature.
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DeÞnition

In the literature a Research Joint Venture has often been deÞned as follows: �A

(Research) Joint Venture occurs when two or more Þrms join together to form a third,

often with a particular (research) project in mind� (see Schmalensee and Willig 1992,

p. 437). The National Cooperative Research Act (NCRA) of 1984 (Department of

Justice, Public Law 98-462) deÞnes a �joint research and development venture� as

any group of activities, including attempting to conclude, concluding or executing

a contract, by two or more persons for the purpose of:

1. theoretical analysis, experimentation, or systematic study of phenomena or

observable facts;

2. the development or testing of basic engineering techniques;

3. the extension of investigative Þndings or theories of a scientiÞc or technical

nature into practical application for experimental and demonstration purposes;

4. the collection, exchange, and analysis of research information;

5. any combination of the above.

In this study we will refer to the NCRA deÞnition for two reasons: Þrst, the 1984

NCRA represents the source for the empirical part of the RJV study. Thus, using

the NCRA deÞnition makes the theoretical part of our study consistent with the

empirical part. Second, the NCRA deÞnition can be broadly applied, that is, it is

not restricted to a speciÞc type of RJV. We wish to stress the following two crucial

features characterizing RJVs, which is (i) sharing the costs, and (ii) information

exchange in a joint research project. These features cover several different categories

used in the literature, and thus constitute an appropriate deÞnition.

A Joint Venture is not restricted to a speciÞc legal form. Usually, limited com-

mercial partnerships are formed, though Closed Corporations are frequently estab-

lished in the United States, whereas GmbH or GmbH&CoKG are very common in

Germany.
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Industrial Organization Literature

The most important features for analyzing RJVs in IO literature are market speciÞc

factors. Both internal (such as partner speciÞc features) and external characteristics

of RJVs (such as market structure, Þrms� behavior, and strategies) are investigated.

We provide a brief overview of the IO literature on RJVs which main focus is ex-

plaining the impact on maximizing social welfare, that is, on increasing efficiency

(R&D intensity), proÞts and output, and on decreasing prices.

Schwalbach (1994, p.2) suggests that IO be divided into three main categories:

theory, empirical studies, and perspectives for competition policy. We will basically

follow these categories for the survey on RJVs; because we have to understand

the underlying effects that induce an incentive in Þrms to cooperate. Once the

arguments and Þrms� incentives are made clear, we are in a good position to evaluate

the implications of forming RJVs.

We present the incentives to innovate and cooperate which proceed from the main

results of the theoretical studies. Later, we present the most important empirical

studies and list Þrms� incentives and the effects on social welfare of forming an RJV.

Theoretical Studies

There are numerous theoretical analyses of RJVs. Before we turn to the different

studies, we wish to point out that three types of Joint Venture exist: horizontal,

vertical, and diagonal Joint Ventures are generally distinguished in the literature

(see Katz and Ordover [1990]). IO literature focuses on horizontal RJVs. The

theoretical literature on RJVs assumes that Þrms cooperate in the R&D market but

compete in the product market.8 The models make various assumptions regarding

cooperation in the R&D market, but most assume an industry-wide Joint Venture.

Only very few studies (see below) allow for cooperation among a subset of Þrms.

As mentioned above, there are numerous incentives to innovate. Furthermore,

R&D investments are interrelated with the product market depending on the degree

of technological and competitive Spillovers. The prevalence of these Spillovers also

suggest that the incentives to innovate might be different depending on whether the

8Some models do allow Þrms to cooperate in the product market as well; see, for example,

d�Aspremont and Jacquemin (1988 and 1990), Kamien, Muller, and Zang (1992), or Cassiman and

Greenlee (1999).
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Þrms cooperate in the R&D market or not. When the incentives to innovate are

different under cooperation and noncooperation, the amount of R&D investment

will be different as well. For instance, if the technological Spillovers are sufficiently

large, the effective R&D investment will be higher in an RJV which yields higher

costs reductions. According to Kamien, Muller, and Zang (1992), two externalities

are responsible for this phenomenon:

1. The competitive-advantage externality: A Þrm deciding on its own R&D in-

vestment takes the effect on its rivals� efficiency into account. If technological

Spillovers are prevalent in the market, one Þrm�s investment exerts a positive

externality on rivals� unit costs. As a result, rivals� unit costs decrease, and

this may increase their output and proÞts, which Þnally negatively affects the

Þrm�s own proÞts. Hence, one Þrm�s proÞts can be inßuenced by Spillovers.

2. The combined-proÞts externality: This externality can be both positive and

negative. It describes the impact of a Þrm�s R&D investment on the proÞts

of all other Þrms in the industry. In R&D competition this externality is

ignored. But it will be internalized in an RJV, since total proÞts will be

maximized in an RJV when R&D investments are determined. If products

are close substitutes, the R&D investments of the investing Þrm decrease its

own costs and it gains a competitive advantage in the product market over

its rivals. Thus, a negative externality occurs and yields higher incentives to

invest in competitive R&D. Firms thus have a lower incentive to cooperate

because they can take advantage of the negative externality. If products are

complements, the R&D investment by one Þrm also beneÞts other Þrms in the

product market. It consequently increases the incentives to cooperate because

a positive externality is prevalent in the market.

The overall effect of both externalities is positive when the Spillover is sufficiently

large. The potential negative externality caused by the competitive Spillovers is

overcompensated by the positive technological Spillovers. As a result, the unit costs

will decrease more in an RJV compared to R&D competition. If prices are lower

and output and proÞts are higher, cooperation will yield beneÞts both for producers

and consumers.
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Kamien, Muller, and Zang (1992) place Joint Ventures in three categories based

on the assumptions regarding the R&D market; in all these categories, Þrms are

always assumed to compete in the product market. The Þrst category, R&D Cartel,

describes a cooperation in the R&D market where Þrms only coordinate their R&D

investment in order to maximize the sum of proÞts. Under this scenario no infor-

mation exchange takes place. The second category, RJV Competition (royalty-fee,

cross-licensing-agreement), describes competition between Þrms in the R&D mar-

ket, where the results of their R&D are fully shared, but not the expenditure. The

last category, RJV Cartel (traditional RJV), assumes that Þrms coordinate their

R&D investments and share their information. We will concentrate our overview on

the categories R&D Cartel and RJV Cartel, which are most frequently analyzed in

the literature and reveal the most substantial effects, and will compare these two

categories with R&D competition.

R&D Cartel: d�Aspremont and Jacquemin (1988 and 1990) present an analysis

of cooperative and noncooperative research and development in relation to a two-

stage duopoly game where Þrms are symmetric and compete in a homogeneous

product market. Firms choose the extent of their R&D investment with respect

to the technological Spillovers. They show that cooperation in the research and

development stage results in higher R&D intensity, a higher output level and higher

proÞts than in the noncooperative case, assuming that Spillover parameters exceed

a certain level. The models developed by Henriques (1990) and Suzumura (1992) are

based on the d�Aspremont and Jacquemin model and study the impact of Spillovers

and the number of rivals on total R&D activity. De Bondt and Veugelers (1991) allow

goods to be homogeneous or differentiated in the product market. They conclude

that Þrms offering close substitutes have the tendency to strategically overinvest in

R&D competition. Forming an RJV will lower the incentive to overinvest and result

in a higher producer, but lower consumer surplus. The net effect depends on the

extent of both effects. When products are differentiated, positive externalities will

lead Þrms to underinvest in R&D competition. By coordinating the investments,

Þrms internalize the externalities and increase their investments, which results in

higher proÞts and higher social welfare. When products are complements, we get

the reverse results. In general, it can be shown that the critical Spillover, which

determines Þrms� decision to cooperate or not, increases in proportion to the number
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of Þrms in the industry and the degree of product differentiation (also see De Bondt

[1997]). Salant and Shaffer (1998) analyze RJVs in the light of unequal investments.

They show that unequal investment costs may lead to more than compensatory

beneÞts in the production stage because industry proÞts are larger there when Þrms

are of unequal size. Joint proÞts can be increased by reallocating the same total

investment between two Þrms. As a result, the joint-proÞt maximizing solution for

a research cartel is to choose asymmetric investment at the R&D stage. This in

turn generates increased concentration at the production stage. The result is that

an RJV can raise welfare even when there are no Spillovers in the market.

RJV Cartel: Katz (1986) assumes that the Spillovers inside the RJV are higher

than those outside and shows that only an industry-wide RJV creates an equilib-

rium. Cooperation increases the R&D investment when Spillover effects are large.

When cooperation among Þrms producing highly differentiated products occurs, a

decrease in R&D investments is less likely. Furthermore, cooperation in basic re-

search will increase the R&D investments to a higher extent than cooperation in

applied research. Kamien, Muller, and Zang (1992) extend the d�Aspremont and

Jacquemin model to n symmetric single product Þrms, described by a general con-

vex R&D cost function. The demand function is symmetric and linear in this case.

The basic result of this paper is the favorable assessment of traditional RJVs (RJV

Cartel) in the sense of competition policy. In Cournot competition, the RJV Car-

tel yields the highest level of R&D investment, the highest proÞts and the lowest

prices for the whole Spillover range. Kesteloot and Veugelers (1995) investigate the

stability of Joint Ventures in a repeated game. It is shown that the stability of

cooperation is inßuenced by the magnitude of Spillovers, relative to the degree of

product market competition. They argue that cooperation might be easier to sus-

tain with lower Spillovers because these decrease proÞts for outsiders, and insiders

thus have less incentive to renege on the agreement.

All of the studies mentioned above assume industry-wide cooperation. Other

forms of cooperation are analyzed in the following studies (also see De Bondt [1997]).

De Bondt and Wu (1996) assume that information sharing increases Spillovers, but

not to the maximum degree. They show that even in industries with small (Þnal)

Spillovers, RJV members will spend more on R&D than outsiders, provided that they

sufficiently improve information sharing. Consumer surplus tends to increase with
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the size of the cartel. Poyago-Theotoky (1995) compares the case when only a subset

of Þrms forms an RJV with the noncooperative case. It is shown that the cooperating

Þrms still earn higher proÞts and invest more in R&D. Depending on the magnitude

of the Spillover, the market may not provide enough incentives for the socially

optimal degree of cooperation, which requires all Þrms to participate. Greenlee

(1994) analyzes Þrms� incentives to form a coalition. He shows that Þrms always

want to be part of the biggest coalition. Kamien and Zang (1993) analyze whether

an industry-wide RJV represents the best form of R&D coordination. They show

that splitting a single cartel into several symmetric competing RJVs yields lower

prices when products are close substitutes or the Spillover parameter is relatively

small. Splitting into exactly two RJVs is best for knowledge creation and low prices,

but also reduces proÞts. Greenlee and Cassiman (1999) allow Þrms to endogenously

form their coalitions, and analyze the cases when Þrms form RJVs and behave

competitively in the output market. They Þnd that Þrms typically form more than

one RJV different in size.

In all these models, Þrms are not able to control Spillovers when they form

an RJV; hence, Spillovers are exogenously determined. Most models also assume

symmetric Spillovers; thus, Þrms absorb Spillovers to the same extent. Cohen and

Levinthal (1989) investigate the idea that Þrms might invest in absorptive capacity

in order to increase the efficiency of incoming Spillovers; Spillovers are more efficient

in reducing one�s own costs the more a Þrm is engaged in its own R&D. Kamien

and Zang (1998) examine Þrms� ability to realize Spillovers through their absorptive

capacity. Firms determine what extent of Spillovers they realize from other Þrms�

R&D efforts by investing in their absorptive capacity. They Þnd that the extent

of cooperative R&D spending exceeds the level of noncooperative R&D spending,

which reduces production costs, increases proÞts, and lowers prices. Katsoulacos and

Ulph (1998) also endogenize Þrms� Spillovers and Þnd that RJVs may sometimes

be anticompetitive. This arises when the RJV deliberately generates asymmetric

outcomes in terms of information sharing and R&D inputs.

We now list the major Þrms� arguments for cooperation and illustrate the main

effects on social welfare in order to provide a basis for the evaluation of RJVs. We

also distinguish between Þrms� incentives and effects on welfare when RJVs are

formed.
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Firms� Incentives to Form an RJV

� Costly research projects can be realized in an RJV because expenditure will
be distributed between many Þrms (cost-sharing).

� Economies of scale and scope in the R&D process can be fully exploited.

Synergy effects are prevalent when each Þrm contributes distinct capabilities

and know-how to an RJV.

� Firms have the possibility of internalizing the externalities associated with
R&D investment, so that the incentive to invest will increase (appropriability

effect).

� Investment risk because of uncertainty in demand can be reduced through
RJVs.

Positive Effects on Welfare

� Elimination of wasteful duplication.

� Increase in effective R&D investment because Spillovers are exploited.

� RJVs distribute R&D results more widely compared to individually performed
R&D.

� Consumer surplus is increased because products are offered at lower prices by
a larger number of Þrms.

Negative Effects on Welfare

� Potential competition is prevented (less market entry through deterrence).

� Current competition decreases because RJVs may lead to cartel-like behavior
in the product market.

� Dynamic market power effects: a subset of Þrms forms an RJV and gains

further market power, nonparticipating Þrms might be driven from the market.



CHAPTER 2. OVERVIEW 24

� Nonparticipating Þrms and/or their parent Þrms are prevented from delivering
inputs.

In general, we can summarize by stating that most of the effects rely on the

Spillovers and the existing market structure, which must be precisely identiÞed and

analyzed in order to derive appropriate policy conclusions. As market structure is

determined by Þrm size which is interrelated with conduct and performance we will

investigate Þrms� incentives to innovate and cooperate with respect to asymmetries

in Chapter 3.

Unlike the theoretical literature, empirical analyses of RJVs and their impact on

proÞts, R&D intensity, output, and prices are less developed. In the next section

we present the most important empirical studies.

Empirical Studies

Irwin and Klenow (1996) estimate the effects of SEMATECH, an US-RJV, on R&D

spending, proÞtability, investment, and productivity, and derive two hypotheses: (i)

the commitment hypothesis, indicating that the participants spend more on R&D

because they internalize the externalities, and (ii) the sharing hypothesis, indicating

that the members reduce duplication of effort, which reduces their R&D investments.

They Þnd that cost-sharing is dominant for SEMATECH members.

Nakamuro, Shaver, and Yeung (1996) examine the feedback of Joint Ventures

on their participants (parent Þrms). They apply a partial least square technique

to test whether the participating Þrms become more similar (convergent) or more

dissimilar (divergent), but complementary, in their competitive capabilities. They

Þnd that when Joint Ventures are convergent they are more likely to be dissolved.

Divergent Joint Ventures will remain intact.

Link (1996) describes an RJV database constructed under the sponsorship of

the National Science Foundation, which uses information from the Federal Register

Þlings. Leyden and Link (1999) investigate the composition of the membership of

RJVs. They show both theoretically and empirically that Federal Laboratories are

most prevalent as research partners when the membership of the RJV is large. For

smaller RJVs, the loss in appropriability associated with the participation of the

Federal Laboratory is too high. In large RJVs, the appropriability is quite low, so
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that the participation of a Federal Laboratory has a relatively low marginal effect

and the costs of monitoring is kept moderate.

Cassiman and Veugelers (1998) provide empirical evidence of the impact of R&D

Spillovers on R&D cooperation using Belgian survey data. Firms are more likely

to cooperate in R&D when they rate incoming Spillovers as more important and

when they are able to limit outgoing Spillovers through a more effective protection

of know-how. On the one hand, information sharing and coordination aspects of

incoming Spillovers are crucial for understanding cooperation. On the other hand,

protection against outgoing Spillovers is important for Þrms that wish to engage in

stable cooperative agreements because free rider problems within and beyond collab-

orations are reduced. Moreover, absorptive capacity seems to be a crucial feature for

Spillovers. Beyond the Spillover aspects, Þrm size, traditional cost-sharing motives,

and the quest for complementary technological know-how are found to be favorable

elements of R&D cooperation.

The study by Siebert (1995) consists of a theoretical and an empirical part. In

the theoretical part, four models are presented, and their impact on R&D intensity,

output, prices, and proÞts are illustrated. Two hypotheses are imposed and are

empirically tested using a basic sample of 409 United States RJVs and their par-

ticipating Þrms from 1985 to 1992. The impact of RJVs on Þrms� proÞts and the

characteristics inßuencing RJV participation are estimated.

Siebert (1996) investigates the impact of RJVs on Þrms� proÞt margins at the

industry level. Two hypotheses are derived from theoretical studies and are em-

pirically tested. The empirical analysis investigates the impact of RJV formation

on Þrms� performance and to what degree certain Þrm variables inßuence RJV par-

ticipation. In addressing these aspects, 314 United States RJVs registered from

1985 to 1992, 2,923 unique cooperating Þrms and 13,186 noncooperating Þrms are

used as a basic sample. A descriptive analysis at the industry level Þnds that the

proÞt margins and R&D intensity of noncooperating Þrms are higher than those

of cooperating Þrms. A smaller R&D intensity for RJV participants refers to the

cost-sharing effect. Regression analyses show two opposite effects inßuencing Þrms�

proÞt margins:
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1. The cost-sharing effect: R&D investments of cooperating Þrms have a higher

impact on proÞts. The R&D output is distributed among the RJV partici-

pants, but Þrms only have to contribute a portion of the total R&D investment

undertaken by the RJV.

2. The size-effect: Firm size has a negative impact on proÞtability. Furthermore,

logit estimations Þnd that Þrm size has a positive and signiÞcant inßuence on

RJV participation. Thus, larger Þrms are more likely to form RJVs.

Overall, Siebert (1996) shows that the size effect is larger than the cost-sharing

effect, which lowers the proÞt margin of cooperating Þrms by one percent on average.

The net effect indicates that RJVs yield higher proÞts. Forming an RJV raises the

efficiency of R&D investments, which makes an RJV attractive from the Þrms� point

of view. Furthermore, RJVs may increase social welfare, assuming cooperating Þrms

pass their lower costs on to consumer prices.

In addition to the IO literature, we will brießy present the Business literature in

order to emphasize the different methods and various aspects of analyzing RJVs.

Business Literature

While the IO literature emphasizes competitive motives for engaging in RJVs and

concentrates on knowledge ßows, technologies, and appropriability issues, the busi-

ness literature often refers to sociological and psychological aspects. A Joint Venture

is inßuenced by many environmental aspects. Some of them may not be covered by

exclusively relying on the method of IO, but might be important in order to fully

assess the impact of Joint Ventures in an environment inßuenced by many factors.

The business literature focuses on the creation, the motives for, the partner selec-

tion, the management, and the factors of stability and success of a Joint Venture.

Factors inßuencing one speciÞc Joint Venture form the main focus of existing analy-

ses. There are at least three theoretical perspectives on Joint Ventures: transaction

costs, organizational learning, and strategic behavior. The business literature often

uses the argument of transaction costs in order to explain organizational structure,

efficiency effects, and minimum costs of coordination. The transaction costs expla-

nations posit that a necessary condition for the formation of a Joint Venture is that
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pooling information will yield economic beneÞts for both parent Þrms. A Joint Ven-

ture is preferred to other cooperation forms when there is high degree of uncertainty

regarding the speciÞcation and monitoring of performance.

The organizational learning explanation for a Joint Venture implies that Þrms

have different and complementary capabilities. Firms beneÞt from each other in

pooling resources (see, e.g. Teece [1986] and [1992]). As a result, market power can

be exploited and deterrence strategies against potential entrants may occur.

The business literature which concentrates on strategic aspects can be classiÞed

in the following topics, see Schwerk (1998, p. 101):

1. Emphasis on external environmental and industry speciÞc factors: aspects like

motivation, advantages and disadvantages, and the stability of Joint Ventures

play a role here (see Contractor and Lorange [1988]; Kogut [1989]; Porter and

Fuller [1989]).

2. Emphasis on internal partner and cooperation speciÞc factors: human aspects

and the impact of cooperative strategies on the individual are important. For

instance, Lewis (1990) describes the organization and management of Joint

Ventures. He investigates the criteria that are relevant to partner selection

and bargaining.

A clear classiÞcation is relatively difficult because internal aspects are determined

by industry speciÞc factors (for example, partner selection is determined by Þrm size)

and vice versa. Nevertheless, classiÞcation of the literature gives some structure to

the variety of studies on Joint Ventures.

Empirical studies often argue that the international management and the orga-

nizational structure of Joint Ventures are of speciÞc importance. In the following we

mention only the most prominent research that is relevant to our study in Chapter

3. Hergert and Morris (1988) mention that 71.3 percent of Joint Ventures represent

horizontal collaborations. Hagedoorn (1996) argues that partnerships based on the

standard transaction costs argument are largely related to economizing the costs of

information transfer from separate market partners through a lasting partnership,

which enables both partners to communicate more intensely. Hagedoorn and Schak-

enraad (1990) and Hagedoorn (1993) report that two groups of factors appear to
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explain a substantial part of the growing number of strategic technology alliances:

technological complementarity and reduction of the innovation period. A more de-

tailed description of the literature - which would go beyond the scope of our study

- can be found in Schwerk (1998).

2.2.2 New Product Introduction

Most of the existing literature on multiproduct competition encompasses only sin-

gle product Þrms offering heterogeneous products with different characteristics. The

characteristics can differ in a horizontal and/or vertical product domain. Horizontal

product differentiation occurs when consumers have different preferences with re-

spect to the product characteristics. Possible horizontal product characteristics are

color, time, location, etc. Vertical product differentiation occurs when consumers

have the same preferences towards the product characteristics, such as quality. As

consumers are distinguished by different characteristics (income, age, etc.) so their

choices of goods also vary. Hence, Þrms not only compete via prices but also via

quality.

Many industries are characterized by incumbents offering new products. We will

focus in Chapters 4 and 5 on new product introduction among asymmetric incum-

bents in vertically differentiated markets. We analyze the incentives for incumbents

to introduce new products of different quality into the market. Firms decide whether

to stay or withdraw their former products from the market. One feature that our

study highlights is the fact that decisions for new product introduction are taken at

a centralized level, so that a Þrm takes the effects on other products into account

when they introduce a new product into the market. We investigate Þrms� incentives

to introduce a new product and identify the product variety and the corresponding

product qualities offered in the market.

In the following we present an overview of existing models that pay particular at-

tention to product introduction. The early literature on preemptive monopolies uses

locational (horizontal) models. Prescott and Visscher (1977), Schmalensee (1978),

and Eaton and Lipsey (1979) consider the introduction of brands in order to deter

entry. They argue that one incumbent can establish its monopolistic position by en-

gaging in product proliferation. Dixit (1980) identiÞes the importance of credibility
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in investment decisions designed to deter competitors. Judd (1985) emphasizes the

relevance of commitment when product proliferation is used as an entry-deterrent

strategy. Shaked and Sutton (1990) investigate the incentives for a multiproduct

monopolist and a potential entrant to introduce a new product into the market.

Röller and Tombak (1990) analyze the market conditions when Þrms either choose

a ßexible technology, which allows for production of many products, or dedicated

equipment, which is cheaper but allows manufacture of only one product. They Þnd

that Þrms are more inclined to use ßexible technology when the market is large, the

difference in set-up costs is not too great, and products are highly differentiated.

Röller and Tombak (1992) empirically test the former hypotheses by using data from

the United States and Japanese metalworking industries, and Þnd evidence that a

larger market and a higher degree of product differentiation in the market result in

a higher proportion of Þrms using ßexible technologies. Further, they Þnd an inverse

relationship between the number of Þrms in an industry and the proportion of Þrms

using ßexible technologies.

All of the studies mentioned above have in common that products are horizontally

differentiated. Since our focus is on Þrms offering vertically differentiated products,

we now present some studies in this area. Gabsewicz and Thisse (1979 and 1980)

analyze models of vertical product differentiation where consumers have identical

tastes but different income levels. Shaked and Sutton (1983) show that in vertical

product differentiation models, an upper bound of Þrms, called �Þniteness property�

exists in the market, in contrast to the horizontal models, in which the market

can support an arbitrarily large number of Þrms. Choi and Shin (1992) extend the

model developed by Shaked and Sutton (1982), assuming that the market is not

covered. Hence, some consumers in the lower quality area do not buy any product.

Donnenfeld andWeber (1992) consider a vertical differentiation model with two Þrms

and one entrant. They Þnd that the entrant always selects an intermediate quality.

Donnenfeld and Weber (1995) investigate the interplay between the incumbents�

strategies to accommodate, deter, or block entry, and the magnitude of the entrants�

set-up costs. Moorthy and Png (1992) analyze the incentives for a monopolist to

offer two products of different quality either simultaneously or sequentially. When

cannibalization is low, both qualities are offered. When cannibalization is high, and

customers are relatively more impatient than the seller, sequential introduction is
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better.

Constantatos and Perrakis (1997) consider a multiproduct monopoly and in-

vestigate whether entry threats are sufficient to induce complete market coverage.

They show that disjoint intervals of Þxed costs exist, for which the multiproduct

monopolist�s optimal policy is sufficient to deter entry, even if it implies that parts

of the market remain uncovered. When entry is blockaded, the monopolist may Þnd

it proÞtable to react to entry threats by upgrading his intermediate qualities. While

actual entry results in complete market coverage, potential entry may not improve

the extent of coverage. The authors show how the introduction of multiple qualities

may help an incumbent block entry.

Chaumpsaur and Rochet (1989) analyze Þrms� incentives to offer different in-

tervals of product qualities. Two contrary effects determine the product lines of

Þrms. Discrimination among buyers requires a broad quality range, whereas price

competition lowers proÞt margins on neighboring qualities sold by different Þrms.

Since the second effect dominates the Þrst effect with intermediate qualities, a Þrm

differentiates its products from those of its competitors, which leads to a gap be-

tween the product lines. There is always a subset of intermediate qualities that is

not offered for sale. In contrast to Chaumpsaur and Rochet (1989) we focus on pure

vertical differentiation, and Þrms are allowed to withdraw former products.

Neven and Thisse (1990) and Gilbert and Matutes (1993) analyze a model with

horizontally and vertically differentiated products.

All of these studies focus either on new product introduction by incumbents

in a horizontal product differentiation setting or product introduction of Þrms in a

vertical product differentiation model. However, analyzing the decision of incumbent

Þrms to offer new products in a vertical product differentiation setting has been

neglected to date, and will be analyzed in Chapters 4 and 5.
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2.2.3 Multiproduct Firms

Most of the existing literature encompasses only single product Þrms. With respect

to single product Þrms, the Dynamic Random Access Memory semiconductor indus-

try has frequently been analyzed because important Learning by Doing effects are

prevalent in this sector. Learning by Doing resembles a public good, where Spillovers

play a crucial role because diffusion of learning occurs across Þrms. Against the

background of Learning by Doing, Þrms� unit costs decline over time as produc-

tion experience is accumulated through past output. Learning by Doing gives an

intertemporal dimension to a Þrm�s output strategy because its optimal strategy is

to overproduce in order to invest in future costs reductions. This induces Þrms to

make their optimal output decisions not on the basis of current period costs but

on their shadow costs of production. There is a relatively large amount of theoret-

ical work and only little empirical work in this area. Empirically, it is shown that

learning has an enormous impact on costs, strategic decisions, and market power

(see Wright [1936]; Boston Consulting Group [1972]; Spence [1981]; Fudenberg and

Tirole [1983]; Lieberman [1982] and [1984]; Dick [1991]; Gruber [1996]; Nye [1996]).

We estimate a structural model on the Dynamic Random Access Memory (DRAM)

semiconductor industry. A detailed industry description in Chapter 6 shows that

Þrms offer more than one product in the market. We analyze the relationship be-

tween multiproduct competition in demand and product innovation. In particular,

we analyze the output effects on other products the multiproduct Þrms take into

account when they increase output of one of its products. The output decisions of

multiproduct Þrms are characterized by two opposing effects: (i) increasing the out-

put in order to achieve higher costs reductions in the future, and (ii) internalizing

the externalities on their neighboring products. Since internalizing the externalities

on neighboring products has not previously been taken into account in models as-

suming single product competition, we expect Learning by Doing, the Economies of

Scale, the Spillover effects, as well as Þrms� behavior in the product market to be

different once we have corrected for multiproduct Þrms.

The previous literature often claimed that mark-ups and Learning by Doing

effects vary over the product cycle. Learning by Doing is assumed to be higher at

the beginning, but this fact has never been shown in the existing literature. So far,
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there is no evidence as to whether the Learning by Doing effects are larger at the

beginning or at the end of the product cycle. Moreover, intertemporal effects caused

by Learning by Doing and the presence of a product life cycle are important features

which have to be taken into account.

In Chapter 6 we specify a dynamic theoretical model and empirically investi-

gate how the assumption of multiproduct competition changes Learning by Doing,

Economies of Scale and Spillover effects as well as Þrms� behavior in the market. Fur-

thermore, we investigate how Learning by Doing, Economies of Scale, and Spillover

effects behave over the product cycle.



Chapter 3

The Incentives to Form Research

Joint Ventures: Theory and

Evidence

The literature on Research Joint Ventures (RJVs) has emphasized internalizing

Spillovers and cost-sharing as motives for RJV formation. In this chapter we de-

velop two additional explanations: multiproduct competition in form of product

market complementarities and Þrm asymmetries. We derive a theoretical model of

asymmetric Þrms engaged in a multiproduct competition. We then test these vari-

ous explanations for RJV formation by estimating an endogenous switching model

using data available through the United States National Cooperative Research Act.

The remainder of this chapter is organized as follows. We start with an introduc-

tion in Section 3.1. In Section 3.2 we develop and analyze a model of RJV formation,

R&D investment, and Cournot competition allowing for asymmetric Þrms and com-

plementary products. Section 3.3 describes the data and the empirical model that

tests the various motives for RJV participation. We conclude in Section 3.4.

33
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3.1 Introduction

In the early 1980s there was an apparent shift in technology policy in both the United

States and in Europe. This was seemingly motivated by increased international com-

petition, particularly from the Japanese in high technology sectors. Many scholars,

policy makers and industrialists identiÞed the more cooperative business environ-

ment in Japan as a factor yielding competitive advantage (e.g., Jorde and Teece

[1990]; Shapiro and Willig [1990]; Branscomb [1992]). The 1961 Act on the Mining

and Manufacturing Industry Technology Research Association and the proactive ef-

forts of MITI encouraging Joint Ventures were identiÞed as policy tools by which

the Japanese created such a cooperative atmosphere. The response by United States

policy makers was to enact the 1984 National Cooperative Research Act (NCRA)

and to provide government support for ventures such as SEMATECH. In Europe, a

block exemption for Research Joint Ventures was provided for under EU Competi-

tion Law. In addition, the EU embarked on a series of framework programs where

billions of ECU were earmarked for subsidizing many Research Joint Ventures.

As a result of these developments, there has been a considerable amount of eco-

nomic research on RJVs. In particular, there is a relatively large body of theoretical

work in this area. In contrast, the contribution of this study is primarily empirical.

Using United States data now available through the 1984 NCRA we examine the

rationales for RJV formation.1

In principle, there are several incentives for Þrms to engage in an RJV. Among

the reasons prevalent in the economics literature are: (i) internalizing the Spillovers

associated with R&D (i.e., overcoming free-rider problems) and (ii) cost savings

through sharing of R&D costs. Internalizing Spillovers through RJVs is beneÞcial

because Þrms would otherwise spend less on R&D due to free-rider behavior. Cost-

sharing is a powerful incentive as it allows Þrms to pool their resources and to avoid

wasteful duplication. In the theoretical section of this chapter, we formalize two

other factors that determine Þrms� decisions to form an RJV: (iii) product market

complementarities and (iv) Þrm asymmetries. As we will see, all the above factors

inßuence not only Þrms� decisions to form an RJV, but also their investments in

1Other empirical studies in this area include Link and Bauer (1989), Kogut (1989), and Beecy,

Link, William and Teece (1994).
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R&D.

Amongst the incentives to RJV which are not considered in this study are asset

complementarities (see Hamel, Doz and Prahalad [1989]; Teece [1986] and [1992]).

In this case, RJV partners have complementary capabilities and would beneÞt from

one another to develop and commercialize new technologies. To the extent that

these asset complementarities are not captured by asymmetries in Þrm size or by

product complementarities, they are excluded from the analysis below. We also

do not consider the incentives by Þrms to share risks through RJVs, as well as

the possibility of overcoming Þnancial constraints. The reason these explanations

are not included is the lack of data and measurement difficulties, and not that we

consider these explanations less relevant.

Much of the theoretical economics literature has focused on internalizing tech-

nological Spillovers as well as cost-sharing as the primary reason for RJV formation

(the most inßuential papers are Katz [1986]; d�Aspremont and Jacquemin [1988];

Kamien, Muller, and Zang [1992]).2 One of the key results from this literature is

that when R&D by one Þrm spills over to other Þrms, private incentives to conduct

R&D are reduced (a free-rider effect). If Þrms were to form an all-inclusive RJV and

choose R&D investment levels cooperatively, Spillover externalities are internalized.

This results in an increase in the effective R&D investments, and raises welfare.

Note that contrary to the free-rider argument, cost-sharing would lead to a decrease

in R&D investment at the Þrm-level. For example in the model of Kamien, Muller,

and Zang (1992), Þrm-level R&D spending is reduced in an RJV when Spillovers are

low. In this case the free-rider problem is relatively small, leading to little increase

in Þrm-level R&D spending by internalizing the Spillover. The reverse is the case

for high Spillovers.

Whether the cost-sharing or the free-rider effect dominates in terms of their

combined impact on Þrm-level R&D spending is ultimately an empirical question. It

is claimed that R&D cost-sharing can be quite substantial when it reduces �excessive

duplication of effort�: Þrms within an industry may be pursuing the same invention,

using the same methods and thus replicating effort. For instance W. Norris, CEO

of Control Data Corp. refers to a �shameful and needless duplication of effort�,

2The theoretical literature on RJVs is too extensive to cite here. For a survey see DeBondt

(1996).
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as quoted in David (1985).3 Whether cost-sharing or R&D coordination dominates

within the context of the formation of SEMATECH is studied by Irwin and Klenow

(1996). They Þnd a reduction in R&D spending by SEMATECH members relative

to the rest of the semiconductor industry and conclude that cost-sharing seems to

be a more important factor.

The interactions between product market competition and its effects on orga-

nizational decisions is a recently emerging literature (see for example Hart [1983];

Vickers [1995]). In this study we analyze the effect of product differentiation (the

degree of substitutability or complementarity) on the incentives to form an RJV.4

We allow products to range from perfect complements to perfect substitutes. In par-

ticular, if Þrms are producing complementary products one would expect incentives

for RJV formation to be quite different relative to when Þrms produce substitutable

products. For example, the transportation equipment and stone, glass and clay in-

dustries have a complementary product and we observe an RJV between aerospace

and ceramics companies to enhance the development of composite materials (Com-

posite Materials Characterization, Inc.).

R&D has been studied as a mechanism to obtain or retain market power (Rein-

ganum [1983]). Since RJVs inßuence R&D levels for those Þrms inside differently to

those Þrms outside the RJV, it appears reasonable to conjecture that RJVs affect

market structure and market power. The exclusive character of RJVs may then

increase a given asymmetry in industry structure further, increasing market power

for those Þrms inside the RJV at the expense of outsiders. As we mention above,

antitrust regulators have generally been quite lenient towards RJVs. However there

has been some concern when the venture�s membership is �overinclusive� (United

States Department of Justice [1985]; EU [1985]). On the other hand, if RJVs are

�exclusive clubs� the beneÞts of R&D accrue to only a few Þrms. This, in turn, may

pronounce the initial asymmetries, leading to a more concentrated market structure.

3This argument, however, does not consider a salient feature of R&D - that it is uncertain. Many

independent trials can raise the probability of an invention occurring. In particular, Nalebuff and

Stiglitz (1983) argue that the gains from competition in the form of lower risk and better incentives

may more than offset the cost of duplicate research.
4See Scherer (1980, 1986) for a discussion of product market competition and incentives to

innovate. More speciÞcally, Zhang (1997) addresses the issue of product market competition and

RJV formation in a strategic delegation game.
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In general, given an initial asymmetric market structure, R&D Joint Ventures might

raise competitive concerns, and it is important to examine which Þrms participate

in RJVs and what the conditions for membership are.

Our study contributes to the above literature by examining both theoretically

and empirically several of the above motives for RJV formation simultaneously. We

begin by specifying a framework that extends the model by Kamien, Muller, and

Zang (1992) to asymmetric Þrms and complementary products. This allows us to

investigate the effect of heterogeneous Þrms and product market complementarities.

We show (theoretically) that large Þrms have less incentive to form an RJV with

smaller Þrms in order to increase market power. As a consequence the industry

might become increasingly asymmetric through RJVs. These results suggest that

Joint Ventures between different sized Þrms are less likely to happen. Regarding the

second extension, our model predicts that RJVs tend to be formed amongst Þrms

selling complementary products.

The second part of the study tests and quantiÞes the various incentives devel-

oped by the theoretical literature on RJV formation making use of a rather unique

data base available through the information made public under the 1984 National

Cooperative Research Act. We estimate a two-equation system that endogenizes

RJV formation and its impact on R&D investments. Our results indicate that a

signiÞcant factor in determining whether two Þrms join together in an RJV is that

they are similar in size. This Þnding is consistent with the theoretical model that

predicts that large Þrms tend not to participate with small Þrms in RJVs. In ad-

dition, we Þnd that whether cost-sharing or free-rider effects dominate in terms of

Þrm-level R&D depend on the industry and the size of the RJV under consideration.

However, as an incentive to form an RJV, there is evidence that cost-sharing is more

important. Finally, we Þnd that there are certain industry-pairs (possibly vertically

related) where complementarities signiÞcantly increase RJV formation. It appears

reasonable that the technology involved in these industries is similar, yet product

market competition between Þrms in these two sectors is somewhat complementary.

This empirical Þnding that Þrms producing complementary products are more likely

to RJV is consistent with the theoretical model developed in the study.
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3.2 The Model

We consider a duopoly game of three stages similar to that of Kamien, Muller, and

Zang (hereafter KMZ [1992]). KMZ show that symmetric Þrms producing substi-

tutable products have an incentive to form a cartelized RJV. In what follows we show

that asymmetry will reduce this incentive while producing complementary products

will increase the motivation. In the Þrst stage Þrms decide on RJV participation.

In the second stage the R&D investment (X) is determined which reduces marginal

costs by a function of the effective R&D investment f(X). The effective R&D is the

Þrm�s own R&D investment when it is engaged in R&D competition and it is the

sum of the Þrms� R&D investments when they form an RJV. The third stage is a

Cournot product market game. We assume that the Þrms indexed by i and j have

different initial marginal costs ci and cj, such that ci < cj . We further assume that

there are no Þxed costs and a linear demand structure given by pi = a− bqi − bγqj
where −1 ≤ γ ≤ 1 . Thus our analysis encompasses substitutable (> 0), totally

differentiated (= 0), and complementary products (< 0). Without loss of gener-

ality we set b = 1 . As we focus on product market complementarities and Þrm

heterogeneities as motives of RJVs, we abstract from Spillovers when Þrms are in

R&D competition.5 Our assumptions regarding the R&D production function and

the proÞt functions that guarantee existence and uniqueness of the equilibrium are

analogous to KMZ taking into consideration the asymmetry of Þrms and product

complementarities.6

5For further discussion of the information exchange in a noncooperative equilibrium, see Kat-

soulacos and Ulph (1998).
6First, the R&D production function f(x) is twice differentiable and concave, with f(0) =

0, f(X) ≤ ci, f 0(X) > 0 for all X. Secondly, the R&D production function satis-

Þes: limx→∞ f(X) < a − 2cj + ci and f
0
(0) >

¡
4− γ2

¢2
/ [2 ((2− γ)a− 2cj + γci)] which

guarantees that both Þrms Þnd it optimal to produce output and invest in Þnite R&D.

Thirdly, the proÞt minus the R&D expenditure is a strictly concave function of X, i.e.,
4

(4−γ2)2 f
0
(xi) [(2− γ) a− 2 (ci − f (xi)) + γ (cj − f (xj))]

is decreasing in Xi (with an analogous condition for Þrm j).
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3.2.1 Product Market Competition - Stage 3

Firms proÞt functions in stage three (gross of R&D investment costs) are πi =

[pi − (ci − f (Xi))] qi . Note that proÞts depend upon the R&D investment Xi,

which is determined in the second stage as a function of the organization of R&D

chosen in the Þrst stage. Solving the third stage Cournot game for a given Xi and

Xj the equilibrium quantities are given by,

q∗i =
[(2− γ) a− 2 (ci − f (Xi)) + γ (cj − f (Xj))]

(4− γ2)

q∗j =
[(2− γ) a− 2 (cj − f (Xj)) + γ (ci − f (Xi))]

(4− γ2) .

It can be seen that under asymmetric costs the Þrm with lower effective marginal

costs will have larger equilibrium quantities. The equilibrium net proÞt function for

Þrm i, is

π∗i = q
∗2
i − xi. (3.1)

where xi is the Þrm-speciÞc R&D investment and there is an analogous payoff for

Þrm j. Note that the equilibrium quantities and Cournot payoffs are determined

by Þrm i�s marginal costs ex post of effective R&D (ci − f (Xi)) and the larger the
ex post asymmetry in marginal costs the larger is the difference in quantities and

proÞts. The next chapter will endogenize costs by considering R&D investment.

3.2.2 R&D Investment - Stage 2

In order to solve for the R&D investment decisions, we now consider the case of

R&D competition. In this scenario Þrms decide on their individual R&D level (Xi)

given the R&D investment of the other Þrm. The effective level of cost reducing

R&D investment is then Xi. In other words we assume that in this case there are

no Spillovers.7 Firms� objectives at this stage are then to maximize their respective

functions (3.1). The Þrst-order condition for R&D investment derived from (3.1) for

the Þrm of type i is,

f
0
(X∗

i ) q
∗
i =

¡
4− γ2¢ /4. (3.2)

7This implies that the spillover parameter β = 0 in the KMZ model.
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Analogously, the condition for Þrm j is,

f
0 ¡
X∗
j

¢
q∗j =

¡
4− γ2¢ /4. (3.3)

Using these conditions we obtain the following lemma.

Lemma 1 R&D investments are strategic substitutes (complements) when products

are substitutes (complements).

Proof.

Taking the derivative of (3.2) with respect to Xj yields

∂X∗
i

∂Xj
=

γf
0
(Xj) f

0
(X∗

i )

f 00 (X∗
i ) (4− γ2) q∗i + 2 [f 0 (X∗

i )]
2 .

The numerator is positive when the products are substitutes (γ is positive) as the

marginal costs decrease with an increase in investment in R&D. Similarly, the numer-

ator is negative when products are complements. The denominator is the derivative

of (3.2) with respect to Xi which by the second order condition must be negative.

Figure 3.1 illustrates the stage 2 reaction functions when products are substitutes

and Figure 3.2 shows the case when products are complements.

Figure 3.1: R&D investments when products are substitutes
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Figure 3.2: R&D investments when products are complements

In the product substitute case, since R&D investments are strategic substitutes

the reaction functions slope downwards. For the case of symmetric initial marginal

costs (ci = cj) (3.2) and (3.3) both simplify to,

f
0 ¡
XA
¢ £
α− c + f ¡XA

¢¤
=
(4− γ2)2
4 (2− γ) (3.4)

which implies that the equilibrium investments are identical. The symmetric equi-

librium is illustrated as point A in Figures 3.1 and 3.2.

To show how the asymmetry in the initial marginal costs affects the reaction

functions we implicitly differentiate (3.2) with respect to ci yielding

∂X∗
i

∂ci
=

2f
0
(X∗

i )h
f 00 (X∗

i ) q
∗
i (4− γ2) + 2 [f 0 (X∗

i )]
2
i < 0. (3.5)

A lower ci therefore implies a larger X
∗
i for a given Xj which means that Þrm i�s

reaction function shifts to the right. Similarly, implicit differentiation of (3.2) with

respect to cj yields
∂X∗

i

∂cj
= −γ

2
· ∂X∗

i

∂ci
which indicates that the own cost effect dominates

the cross cost effect in absolute terms. Consider a mean-preserving change in the
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initial costs asymmetry, such that Þrms� costs are ci+ ε = cm = cj − ε. Suppose the
products are substitutes (γ > 0), which means that the cross cost effect is positive.

Consequently, an increase in ε shifts Þrm i�s reaction function to the right and Þrm

j�s reaction function down as illustrated in Figure 3.1. If, however, the products are

complements (γ < 0) then the cross cost effect is negative. Since the own cost effect

dominates the cross cost effect, an increase in ε shifts the reaction functions as shown

in Figure 3.2. The asymmetric equilibrium is therefore at point B in Figures 3.1

and 3.2. Comparing investments at point A to point B yields the following lemma.

Lemma 2 When no RJV is formed, then the low cost Þrm invests more in R&D

than the high cost Þrm, i.e. Xi > Xj.

Lemma 2 states that there is an inverse relationship between the initial marginal

costs and the equilibrium R&D investments. As shown above, introducing asymmet-

ric costs yields an asymmetric market structure where the low cost Þrm has higher

proÞts and a larger market share. The above analysis shows that by incorporating

R&D investments, the asymmetric industry structure is magniÞed, i.e. the larger

Þrms becomes even larger and the smaller Þrm relatively smaller.8

We now consider the R&D investment decisions when the two Þrms form an RJV.

In this scenario Þrms coordinate their R&D investments. The effective level of cost

reducing R&D investment is then X = Xi + Xj , which implies perfect Spillovers.

The industry proÞt function at this stage is then πi + πj where the equilibrium

payoffs incorporate the same cost reduction from R&D. The Þrst-order condition

for R&D investment is,

f
0
(X)

£
q∗JVi + q∗JVj

¤
=

4− γ2
2 (2− γ)

or, equivalently,

f
0
(X)

·
a− (ci + cj)

2
+ f (X)

¸
=
(4− γ2)2
4 (2− γ)2 . (3.6)

Note that R&D investments depend on the average (across Þrms) of the initial

marginal costs. This implies that a mean-preserving increase in asymmetry between

8Rosen (1991) studies how Þrm sizes affect the size of R&D budget and also Þnds that larger

(in our model, low cost) Þrms invest more in R&D.
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the initial marginal costs does not change the level of R&D investment in an RJV.

Comparing this to the above Þnding, we get that the ex post asymmetry in marginal

costs are preserved when an RJV is formed, whereas the ex post asymmetry is mag-

niÞed when no RJV is formed. In other words, RJVs tend to make market structure

more symmetric. The next lemma compares the equilibrium R&D investment under

the two regimes.

Lemma 3 Firms with higher marginal costs increase their effective R&D invest-

ment by participating in an RJV, i.e. X > Xj . Firms with lower marginal costs

decrease their effective R&D investment with RJV membership if products are highly

substitutable and asymmetries are large, e.g., Xi > X if γ = 1 and ci 6= cj.

Proof.

We need to compare the R&D investment levels under RJV formation (X) with

those under no RJV formation (Xi and Xj). Consider any R&D competition equi-

librium depicted at point B in Figures 3.1 and 3.2. The symmetric analog is depicted

by point A. Comparing the Þrst-order conditions for the symmetric case (3.4) with

(3.6) shows that XA = X if γ = 1. When γ < 1 then XA < X. Thus the RJV

effective investment level is given by point C which lies on or above point A. Com-

paring point B (the R&D competition outcome under asymmetry) to points A and

C (the RJV outcome under asymmetry) yields the lemma.

The above lemma shows that at least one of the Þrms would increase its effective

R&D investment by participating in an RJV. Since the R&D investment by each

Þrm would be a portion of the effective RJV investment, it may be that both Þrms

invest less in R&D. Lemma 3 also illustrates the interaction between product sub-

stitutability and cost asymmetries on the R&D investment effects of RJVs. Product

complementarity increases the ability of RJVs to raise effective R&D investment

while cost asymmetries decrease this effect of RJVs for the larger Þrms.

3.2.3 RJV Formation - Stage 1

Whether RJV formation is an equilibrium depends on equilibrium proÞts under

R&D competition compared to those under RJV. Substituting the solutions for

R&D investment decisions into (3.1), we can compare the incentives for Þrms to
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participate in an RJV. As we concentrate on asymmetries and complementarities

we examine proÞts in the product market only. The incentive for Þrm j to participate

in the RJV is then πCJj − πNj , where the superscript denotes the regime (cartelized
Joint Venture, CJ, or noncooperative, N) of the equilibrium proÞts gross of R&D

investment. When cj > ci, using Lemma 3, we have X > Xj . This implies that Þrm

j maintains market share in the product market by participating in the RJV, since

the asymmetry is preserved. This leads to the following proposition.

Proposition 4 The higher cost Þrm always has an incentive to participate in an

RJV. The low cost Þrm does not have an incentive to participate in the RJV when-

ever products are highly substitutable and the asymmetry is large.

Proof.

The difference in payoffs for j is

πCJj − πNj =
¡
qCJj
¢2 − ¡qNj ¢2 .

Thus there is an incentive for Þrm j to participate in an RJV so long as qCJj > qNj .

Which implies that 2f
¡
XCJ

¢−γf ¡XCJ
¢
> 2f

¡
XN
j

¢−γf ¡XN
i

¢
, which holds under

Lemma 3. Similarly, the condition for the large Þrm to have an incentive to join an

RJV πCJi − πNi > 0 can be expressed as

qCJi > qNi ⇔ 2f
¡
XCJ

¢− γf ¡XCJ
¢
> 2f

¡
XN
i

¢− γf ¡XN
j

¢
,

which holds under the conditions in the lemma, i.e. it does not hold for γ = 1 and

when there are asymmetries.

Asymmetries change the strategic incentives to invest in R&D. By Lemma 2 the

R&D investment magniÞes the asymmetry and reduces the share of the producers

surplus of the smaller Þrm. Thus the smaller Þrm has an incentive to join the RJV

to prevent the asymmetries from increasing. As a consequence Þrm j may be in a

weak bargaining position in the allocation of R&D expenditures in Research Joint

Ventures.

The incentive for Þrm i to join an RJV is πCJi −πNi . With perfectly substitutable
products, the effective marginal costs for the larger Þrm are lower and the marginal

cost differential is larger under R&D competition. Thus proÞts in the product
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market are higher for the large Þrm under R&D competition. In sum, the large

Þrm gains in terms of market share and proÞts from the asymmetry and has an

incentive to exclude a smaller rival from an RJV. As a result, the market structure

becomes even more asymmetric. RJVs that exclude smaller rivals might exhibit

anti-competitive effects over the long run. Contrary to the view expressed by the

United States Department of Justice (1985), our model suggests that R&D Joint

Ventures should raise competitive concerns when its membership is �overexclusive�.

Thus, it could be that large Þrms form RJVs to obtain more market power.

The result of Proposition 4 would be robust to many other models of R&D.

For example, if the R&D investment contributes to a knowledge base then cost

reductions could be proportional to marginal costs instead of additive as we have

assumed. In such a case, a large Þrm knows more about the production technology

and the smaller Þrm again would have a larger incentive to join in an RJV where

it could beneÞt from the large Þrm�s larger knowledge base. Also, in models of

absorptive capacity (e.g., Kamien and Zang [1998]), larger Þrms may by way of larger

R&D budgets have larger absorptive capacity and thus realize greater Spillovers from

other large Þrms� R&D than from small Þrms. In this situation, RJVs between large

Þrms allow for a greater capability to internalize Spillovers.

Whether the theoretical arguments for RJV formation presented above are im-

portant reasons for RJV participation is an ultimately empirical issue. For this pur-

pose we summarize the theoretical chapter with the following empirically testable

hypotheses.

Hypotheses: Research Joint Ventures will tend to be formed:

(i) when R&D Spillovers create free-rider problems,

(ii) when duplicative R&D efforts create opportunities for cost-sharing,

(iii) by Þrms producing complementary products,

(iv) among similar sized Þrms.



CHAPTER 3. RESEARCH JOINT VENTURES 46

3.3 Empirical Analysis

In this chapter we present some econometric evidence regarding the incentives to

form an RJV: (i) internalizing Spillovers (i.e. the free-rider effect), (ii) cost-sharing,

(iii) complementary products, and Þnally (iv) Þrm asymmetries. As we mention

above, the free-rider effect (i) implies that Þrms spend less on R&D than if they

could coordinate their R&D investments. The reason for this is Spillovers. According

to the free-rider effect, one would expect the R&D investments at the Þrm-level to

increase in an RJV. In addition, the effect is larger, the greater the Spillover. Cost-

sharing (ii), however, would go in the opposite direction - Þrms can pool their

R&D spending in an RJV. As a result, the combined effect of the free-rider and

cost-sharing effects on Þrm level R&D spending is ambiguous. As the Spillover

parameter increases, the free-rider effect increases relative to the cost-sharing effect

and Þrms spend relatively more on R&D in an RJV (see KMZ). Our empirical

analysis below will not be able to identify the free-rider effect separately from the

cost-sharing effect. Rather, we empirically track the net effect (NE) on Þrm-level

R&D spending, that is,

Net Effect =Cost Sharing
(−)

+ Free Rider
(+)

(3.7)

where cost-sharing has a negative effect on Þrm-level R&D spending and free-riding

a positive effect. When the net effect in (3.7) is negative we refer to this scenario as

the cost-sharing effect being dominant. Otherwise the free-rider effect dominates.

The third determinant of RJV formation (iii) is the degree of complementarity in

the Þnal product markets. Under this hypothesis we would expect a large proportion

of RJVs between Þrms that are in complementary industries. An example of this is

an RJV between Þrms in vertically related industries such as Composite Materials

Characterization, Inc. which is an RJV between aerospace (transportation equip-

ment) and ceramics (stone, glass, and clay) companies to enhance the development

of composite materials. Finally, hypothesis (iv) implies that larger Þrms tend to not

form RJVs with smaller Þrms and we would expect RJVs among Þrms of similar

size.

The empirical analysis below simultaneously assesses all four determinants of

RJV formation. Using as instruments the estimated change of R&D expenditures,
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we assess the effects of the various factors on the probability of RJV formation.

Before we discuss the empirical speciÞcation in more detail, we brießy describe the

data used in the analysis.

3.3.1 Data Sources: The Joint Ventures Act

The analysis requires data from a variety of sources. On October 11, 1984, Pres-

ident R. Reagan signed the National Cooperative Research Act of 1984 with the

purpose that cooperative research and development efforts may improve productiv-

ity and bring better products to the consumers sooner and at lower costs, and enable

American business and industry to keep pace with foreign competitors. Under the

National Cooperative Research Act Þrms are required to Þle a notiÞcation with the

United States Attorney General and the Federal Trade Commission in order to re-

ceive protection from anti-trust penalties. By Þling a notiÞcation Þrms may limit

their possible antitrust damage exposure to actual, as opposed to treble, damages

and the rule of reason for evaluating antitrust implications is applied. NotiÞcations

are made public in the Federal Register. Using a report published by the United

States Department of Commerce (1993) and additional Þlings published in the Fed-

eral Register, we obtain the identities of the Þrms involved in the RJV, the date of

the RJV, as well as the general nature of the proposed research. Our basic data on

RJVs runs from January 1985 through July 1994.9

The identity of the RJV Þrms is then used to crosslink the RJV database with

other Þrm-speciÞc data obtained from Moody�s (1995) company database, which

has information on 17,785 Þrms based on Þnancial reports and the business press.

Since the company data we require is complete from 1988 onwards, we are able to

use a total of 174 RJVs registered in the period from 1988 to 1994. The number

of Þrms participating in RJVs is 445. The highest frequency is in the category of

5-10 participants per RJV. In our sample, each Þrm participates in about 3 RJVs

on average.

A potential defect of our sample may be that smaller Þrms are not represented

to the same extent as large Þrms. There are two reasons for this. First, Þrms partic-

9For a more detailed description of the RJV-Þlings, see Link (1996). It is worth emphasizing

that according to the classiÞcation done by Link (1996), 59% of the RJV Þlings are concerned with

process innovation, whereas only 36% are product oriented.
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ipating in an RJV are not required to Þle under the National Cooperative Research

Act. Since smaller Þrms are less likely to be the subject of an anti-trust investi-

gation, it may be that an RJV consisting entirely of small Þrms is less likely to

Þle. Secondly, smaller Þrms are often not reported in our Moody�s Global Company

Database or may not report R&D expenditures. Therefore our data may overem-

phasize larger Þrms. This possible sample selection bias, however, may only serve

to make our estimates more conservative (e.g. we observe that Þrm size differences

are important among the large Þrms).

3.3.2 Variable DeÞnitions and Descriptive Statistics

In this chapter we will deÞne the variables used in our econometric speciÞcation

given in the following chapters. Initially, in order to investigate whether Þrms form

an RJV and with whom, we match all Þrms into Þrm pairs. There are a total of

502 cases where a Þrm pair is engaged in an RJV with each other, and there are

20,440 Þrm pairs where Þrms are not in an RJV, leading to a sample of 20,942

observations.10 As a result, we deÞne a variable Pij (i 6= j) as a binary variable
indicating whether the matched pair is participating in a Joint Venture.

DASSET is the variable that measures the relative difference in Þrm size. In

addition to Þrm size, we like to control for the size of the RJV: if the number of

participating Þrms in the RJV is large, one would expect the size difference in Þrms�

assets to be larger as well. Accordingly we deÞne DASSET as follows,

DASSETij =
|ASSETi,t−1 −ASSETj,t−1|

max {ASSETi,t−1, ASSETj,t−1} · ln (#RJV ) when Pij = 1,

DASSETij =

¯̄̄
ASSET i − ASSET j

¯̄̄
max

n
ASSET i, ASSET j

o
· 0.6

when Pij = 0,

where ASSET i is the average of Þrm i�s assets over the sample period and #RJV is

the number of members in the RJV. In words, whenever the two Þrms form an RJV,

we deÞne DASSET as the absolute value of the difference in the Þrms� assets as a

proportion of the larger Þrm�s assets one year prior to the RJV formation. Whenever

10Missing values and too few observations in certain industry-pairs reduced our sample to 20,942

observations.
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the Þrms are not engaged in an RJV, we deÞne DASSET as the absolute value of

the difference of the Þrms� average assets as a proportion of the larger Þrm. In

addition, we control for the size of the Research Joint Ventures by dividing through

by #RJV, where we set ln(#RJV ) = 0.6 when the two Þrms are not in an RJV.

In order to assess possible cost-sharing and free-rider effects, we need to construct

a measure of how Þrm-level R&D changes. We deÞne r&d1 as the change in average

Þrm-level R&D intensities after an RJV takes place. For the Þrm pairs that are

involved in an RJV, the variable r&d1 is constructed as follows,

r&d1ij =
1

2

µ
r&di,t−1
tri,t−1

− r&di,t
tri,t

+
r&dj,t−1
trj,t−1

− r&dj,t
trj,t

¶
∗ 100

where r&di is Þrm level R&D investment, tri is total revenue at the Þrm-level, and

t is the year of the RJV formation. In other words, r&d1 measures whether the

two Þrms spend relatively less on average after they form an RJV. It is important

to emphasize that the variable r&d1 is only observable for Þrms that are actually

engaged in an RJV.

For those Þrms that do not form an RJV with each other, the following variable

r&d0 can be constructed,

r&d0ij =
1

2

µ
∆
r&di
tri

+∆
r&dj
trj

¶
∗ 100

where ∆r&di

tri
indicates the average annual change of Þrm-level r&d intensity over

the sample period.

In addition we deÞne two control variables that should have an impact on RJV

formation. MEMBERS is the logarithm of the number of participants in the RJV

and controls for the size of the RJV. Given that this variable is not observable for

Þrm pairs that do not RJV, we proxy MEMBERS by taking the logarithm of the

average size of all other RJVs that the Þrms are engaged in. The logarithm is used to

allow for a nonlinear relationship between the change in R&D expenses and the size

of the RJV. Total RJV activities by the Þrm-pair is measured through the variable

RJV S and equals to the number of other RJVs the Þrms are engaged in.

The deÞnitions of the variables used in the estimation below, as well as some

summary statistics, are given in Table 3.1.
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Variables Description N Mean Min. Max.

Pij Binary Variable indicating a 20,942 0.024 0 1

RJV between Þrm i and Þrm j.

MEMBERS Number of members in an RJV 20,942 3.101 0.693 4.927

(see text for precise deÞnition).

RJV S Number of further RJVs 20,942 14.213 0 35.5

undertaken by Þrms.

DASSET Measure of Þrms� difference 20,942 1.242 0 1.667

in assets prior to form an RJV.

r&d1 The change in Þrm-level R&D 502 -0.359 -19.050 8.936

intensities by forming an RJV.

r&d0 The average change in Þrm 20,440 0.095 -2.006 3.804

level R&D intensities (see the

text for precise deÞnition).

The Standard Industrial ClassiÞcations refer to the 1987 SIC-Revision. The monetary

data are measured in million $-US in current prices and are deßated by the producer

price index taken from the Main Economic Indicators (OECD).

Table 3.1: Variable deÞnitions and summary statistics

(pair-matches between Þrm i and Þrm j)

It is interesting to note from Table 3.1 that Þrm-level R&D expenditures as

percentage of Þrm-level revenues are lower prior to forming an RJV, i.e. the variable

r&d1 has a negative mean. This seems to suggest that the free-rider effect dominates

the cost-sharing effect. We will return to this in the empirical analysis below.

Finally, we use a set of dummy variables to control for intra- and inter-industry

effects. Accordingly, we deÞne industry dummies (SICs) which take on a value of

one if two Þrms under consideration are in the same major industry group and zero

otherwise. In addition, we deÞne inter industry dummies (COMPs) which indicate

whether Þrms are from different industries. In the empirical analysis below we

will interpret the COMP dummy as an indicator of whether Þrms produce related

products. Note that SIC classiÞcations are often based on cost-side considerations,

i.e. they are technology oriented, and not demand-side oriented. In such a case,

the precise complementarities we are capturing would be in production rather than
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product market complementarities. Given that the theoretical model developed

above focuses on demand-side complementarities and the fact that currently there

is no alternative industry classiÞcation, we use the SIC-Codes as a proxy for product

market complementarities.

Table 3.2 reports the industries in our database and the sample frequencies (mean

of the dummies) for each one of the industry pairs. As can be seen there are 6

intra-industry dummies (nonzero elements on the diagonal) and 16 complementarity

dummies (nonzero off-diagonal elements).

It is noteworthy that over 50% of all RJVs in our sample occur with at least one

Þrm being from the industrial machinery and equipment industry. Since machinery

and equipment are often inputs for many other industries, it appears that this

observation is consistent with the complementarity hypothesis.

As usual, there may be relevant variables for the formation of RJVs which have

been excluded from the empirical analysis due to a lack of measures or data. In

addition to Þnancial risk and organizational variables already mentioned, there are

potentially other factors. KMZ, for example, have identiÞed the organization of the

RJV as an important variable. Geographic location of the partners may be another

variable affecting RJV formation. These variables may be correlated with some of

the variables that have been included (e.g., the organization of the RJV may be

correlated with the number of members).
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INDUSTRIES 13 28 29 32 35

2-digit Oil and Gas Chemicals and Petroleum and Stone, Clay Industrial Electr

SIC-Codes Extraction Allied Products Coal Products and Glass Machinery/ other

Products Equipment Equip

13 Oil and Gas 4.24

Extraction

28 Chemicals and 7.62 1.70

Allied Products

29 Petroleum and 12.06 5.88 1.31

Coal Products

32 Stone, Clay, 1.36 0.67 0 0

Glass Products

35 Industrial 19.08 0 14.71 1.68 11.0

Machinery/

Equipment

36 Electronic and 0 0 0 0 5.96 0

other Electric

Equipment

37 Transportation 2.72 0 0 0.24 3.36

Equipment

38 Instruments 0 0 0 0.26 3.74 0

and Related

Products

Table 3.2: Sample frequencies of industry-pairs (in percent)



CHAPTER 3. RESEARCH JOINT VENTURES 53

3.3.3 Econometric SpeciÞcation

In order to investigate our four hypotheses (i)-(iv) mentioned above we ultimately

wish to estimate the following probit equation which determines whether or not the

Þrms form an RJV11

Pij = δ1DASSETij + δ2R&Dij + δ3MEMBERSij + δ4RJV Sij

+
6X
k=1

δk5SIC
k
ij +

16X
l=1

δl6COMP
l
ij +$ij (3.8)

where R&Dij = r&d1ij− r&d0ij, i, j represents the Þrm pair (i 6= j), k the industry
dummy and l the inter-industry dummy. As already mentioned above, the variable

DASSET tests whether an RJV is formed among Þrms of similar size. Under

hypothesis (iv) we expect that DASSET has a negative impact on the probability

of forming an RJV. Our hypothesis regarding product complementarities in RJV

formation (iii) can be tested through the relative effect of the SIC and COMP

variables. The variable R&D tests whether the free-rider (i) or the cost-sharing

effect (ii) dominates as an incentive to form an RJV. This is further discussed

below. If complementarities across several different industries are important factors

in RJV formation one would expect the coefficients for the corresponding COMP s

to be larger than that of the SICs. In addition we include the two RJV control

variables, one for the size of the RJV (MEMBERS), and the other for the number

of RJVs that the Þrms are already engaged in (RJV S).

The incentive to RJV should depend on the expected effect on R&D expenditures

as measured by R&D which is the effect of forming an RJV on the change in R&D

11The decision process by which Þrms choose their RJV partners may be more complicated

than a simple probit model suggests. Clearly, the probability of forming a RJV with a particular

Þrm is not independent of the alternatives available. In other words, if there are many similar

Þrms available, the probability of doing an RJV with one particular Þrm is lower than if there

were no real alternatives. This would suggest a conditional probit approach. However, Þrms may

be (and often are, see section 3.3.1) engaged in many RJVs at the same time. Therefore, the

number of feasible alternatives are not impacting on any particular choice, which justiÞes our

probit speciÞcation. Furthermore, the fact that RJVs are composed of many Þrms suggests a more

sophisticated model, where the decision to participate in an RJV depends on which and how many

other Þrms are willing to join.
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spending (see chapter 3.3.2 for the variable deÞnition). However, we only observe the

variable r&d1 (and consequently the variable R&D) whenever the Þrms are actually

engaged in an RJV, that is whenever the dependent variable is equal to one (i.e.

Pij = 1). We therefore have a missing data problem and need to somehow estimate

the expected effect on R&D expenditures. A second econometric issue is that there

may be simultaneity between R&D expenditures and the decision to form an RJV:

the decision to RJV is determined by the R&D effect, but conversely the decision

to RJV has an effect on R&D expenditures (as postulated in 3.8). Consequently,

simultaneity between RJV participation and a change in R&D expenditures is a

concern.

We take these issues into account by estimating a switching model proposed

by Lee (1978). Lee solves the problem of missing data by estimating the omitted

variable which then can be used as a regressor in obtaining consistent estimates of

(3.8). Furthermore, this model takes into account the simultaneous effects between

RJV participation and the R&D expenditures. The endogenous switching model is

given by:

r&d1ij = α1MEMBERSij + α2DASSETij +
6X
k=1

αk3SIC
k
ij

+
16X
l=1

αl4COMP
l
ij + νij if Pij = 1, (3.9)

r&d0ij = β1MEMBERSij + β2RJV Sij +
6X
k=1

βk3SIC
k
ij

+
16X
l=1

βl4COMP
l
ij + εij if Pij = 0, (3.10)

where Pij are given by equation (3.8). Equation (3.9) is the R&D equation for

Þrms which form an RJV together, while equation (3.10) is the R&D equation for

Þrms which do not RJV. Whenever Pij = 1 (as endogenously determined by (3.8))

R&D expenditures are themselves determined by equation (3.9). Alternatively, when

Pij = 0 (as endogenously determined by 3.8) R&D expenditures are determined by

equation (3.10).
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Following Irwin and Klenow (1996) our speciÞcation for RJV Þrms (3.9) con-

trols for revenue effects. In addition, we include the variables MEMBERS and

DASSET since both the cost-sharing and the free-rider effects are likely to vary

with the size of the RJVs as well as the difference in size between the two Þrms.

Finally, we include dummy variables to control for industry Þxed-effects. Recall

that the R&D expenditures for Þrms that do not form an RJV are the average R&D

expenditures over the sample. SpeciÞcation (3.10) postulates that average R&D

spending is a function of the average number of members in RJVs and the average

number of other RJVs.

3.3.4 Estimation Procedure

Estimating equations (3.9) and (3.10) by OLS gives inconsistent estimates since

E (νij/Pij > 0) 6= 0 and E (εij/Pij ≤ 0) 6= 0. Following Lee, we apply a two-stage
estimation procedure where we Þrst substitute (3.9) and (3.10) into (3.8) and obtain

a reduced-form probit model as follows,

Pij = γ1MEMBERSij + γ2RJV Sij + γ3DASSETij

+
6X
k=1

γk4SIC
k
ij +

16X
l=1

γl5COMP
l
ij + σij (3.11)

which can be estimated consistently by standard probit methods. Using the pre-

dicted probabilities
∧
P ij obtained from (3.11) we can then get consistent estimates

of the R&D equations by OLS as follows,

r&d1ij = α1MEMBERSij + α2DASSETij +
6X
k=1

αk3SIC
k
ij

+
16X
l=1

αl4COMP
l
ij + ρ1σ1

φ

µ
∧
P ij

¶
Φ

µ
∧
P ij

¶ + ξij if Pij = 1, (3.12)

and where V ar [ξij ] = σ
2
1 and Corr [σij · ξij ] = ρ1.

r&d0ij = β1MEMBERSij + β2RJV Sij +
6X
k=1

βk3SIC
k
ij +

16X
l=1

βl4COMP
l
ij
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+ρ0σ0

 −φ
µ
∧
P ij

¶
µ
1− Φ

µ
∧
P ij

¶¶
+ ϑijif Pij = 0, (3.13)

where V ar [νij ] = σ
2
0 and Corr [σij · νij ] = ρ0. Note that φ is the standard normal

density function and Φ the standard normal distribution function, which controls

for the endogeneity in the switching regression model.

The Þnal step is to take the consistent estimates of the R&D equations (3.12)

and (3.13) and to compute the predicted values for
∧

r&d1ij and
∧

r&d0ij for the entire

sample of Þrm-pairs. This gives us a consistent estimate ofR&Dij =
∧

r&d1ij −
∧

r&d0ij

which can then be used in the following probit estimation,

Pij = δ1MEMBERSij + δ2RJV Sij + δ3DASSETij + δ4R&Dij

+
6X
k=1

δk5SIC
k
ij +

16X
l=1

δl6COMP
l
ij +$ij . (3.14)

The resulting structural probit-estimates are consistent as shown by Lee (1979).

To obtain asymptotically efficient estimates, FIML is performed, where the two-stage

probit estimates are used as starting values (see LIMDEP User�s Manual (1995),

p. 668). The main results reported in the next section are essentially unchanged

regardless of whether the two-stage or the FIML estimates are used.

3.3.5 Results and Interpretation

The results of the ML-estimates of R&D equation (3.12) for Þrm pairs which form

an RJV are presented in Table 3.3. Since the dependent variable r&d1 measures

how R&D spending changes when Þrms form an RJV, we can now address whether

the free rider or the cost-sharing effect dominates.

Before interpreting our results, it is important to check whether the truncation

term (ρ and σ) in our R&D equation is signiÞcant. As can be seen in Table 3.3,

we Þnd a signiÞcant estimate for the correction. This indicates that the selectivity

through the endogenous dummy variable is indeed an important issue and justiÞes

our endogenous switching model speciÞcation. Turning to the other estimates, it can
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be seen in the table that the number of participating members (MEMBERS) is

highly signiÞcant and negative, indicating that large RJVs increase Þrm-level R&D

spending (recall the deÞnition of r&d1). This implies that the free-rider effect be-

comes more important as the size of the RJV increases. Apparently the free-rider

problem is mitigated by including many Þrms from an industry. In other words,

large RJVs leave fewer Þrms outside, reducing the free-rider problem, resulting in

higher R&D investments. The positive sign of DASSET indicates that Þrms of

equal size tend to better internalize the free-rider effect, while Þrms of different size

tend to reduce R&D spending, indicating that the cost-sharing effect dominates. In

sum, we Þnd that homogeneous and large RJVs tend to favor the free-rider hypothe-

sis. Among the industry dummies we Þnd a considerable amount of heterogeneity.12

Comparing the relative magnitude of the intra-industry dummies reveals that cost-

sharing is relatively large if both Þrms are in the �Chemicals and Allied Products� in-

dustry (SIC28) or the �Electronic and other Electric Equipment� industry (SIC36).13

On the other hand, in the �Oil and Gas Extraction� industry (SIC13) and the �Pe-

troleum and Coal Industry� (SIC29) R&D savings are relatively small, indicating

that free-rider problems are rather signiÞcant. Turning to complementary industry

effects, we Þnd that Þrm-pairs from the �Oil and Gas Extraction� and the �Chem-

icals and Allied Products� (COMP1328), and the �Oil and Gas Extraction� and

the �Industrial Machinery and Equipment� (COMP1335), as well as Þrm-pairs from

the �Industrial Machinery and Equipment� and �Transportation Equipment� indus-

tries (COMP3537) are subject to signiÞcant cost-sharing. By contrast, cost-sharing

effects for Þrm-pairs from �Oil and Gas Extraction� and �Petroleum and Coal In-

dustry� (COMP1329), and from the �Industrial Machinery and Equipment� and

the �Electronic and other Electric Equipment� industry (COMP3536) are relatively

small.

12Aggregating the industry dummies to SIC and COMP (i.e. only two dummies) yields no

statistically signiÞcant difference between them.
13Note that this Þnding is consistent with Irwin and Klenow (1996) who conclude that par-

ticipation in SEMATECH (consisting of Þrms in the �Electronic and other Electric Equipment�

industry) resulted in signiÞcant reductions in R&D spending.
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Estimates of Equation (3.12) Estimates of Equation (3.13)

Dependent Variable: r&d1 Dependent Variable: r&d0

Variables Estimates Std. Err. Estimates Std. Err.

MEMBERS -1.366 0.332 -0.064 0.005

DASSET 11.800 2.070 - -

RJV S - - -0.151 -0.151

SIC13 1.975 1.556 0.709 0.030

SIC28 7.072 1.739 0.202 0.032

SIC29 -0.708 1.735 0.448 0.109

SIC35 5.738 1.563 0.483 0.022

SIC36 6.131 1.765 0.646 0.023

SIC38 0.794 5855 0.254 0.155

COMP1328 10.791 2.667 0.401 0.022

COMP1329 3.095 1.391 0.508 0.023

COMP1332 11.197 4644 0.468 0.064

COMP1335 10.244 1.744 0.559 0.021

COMP1337 5.201 4.685 0.479 0.038

COMP2829 9.743 2.528 0.322 0.025

COMP2832 6.326 6.717 0.270 0.050

COMP2935 7.972 2.226 0.497 0.022

COMP3235 8.582 19.433 0.424 0.031

COMP3237 0.544 5450 0.369 0.627

COMP3238 9.792 6422 6422 0.150

COMP3536 4.803 1.645 0.577 0.022

COMP3537 12.295 2.068 0.404 0.026

COMP3538 6.703 1.592 0.433 0.022

COMP3638 7.899 1.990 0.274 0.151

COMP3738 8.702 9245 0.274 0.151

SIGMA(1) 4.073 0.122 - -

RHO(1) -0.975 0.007 - -

SIGMA(0) - - 0.342 0.0007

RHO(0) - - -0.102 0.055

NOBS=502; F-Value: 1.78; NOBS=20,440; F-Value: 67.57;

Adj. R-square: 0.036. Adj. R-square: 0.073.

Table 3.3: R&D intensities
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We next compute the net effect of whether cost-sharing or free-riding domi-

nates. For tractability, we compute these net effects by taking into account the

size of the RJVs and the heterogeneity among Þrms within the RJV. We set the

variables MEMBERS and DASSET equal to the sample mean of Þrms forming

an RJV together.14 Consequently, cost-sharing dominates for Þrm pairs in indus-

try k whenever NE =
∧
α1MEMBERS +

∧
α2DASSET +

∧
α
k

3> 0. Analogously,

cost-sharing dominates for Þrm-pairs from different industries denoted by l when

NE =
∧
α1MEMBERS +

∧
α2DASSET +

∧
α
l

4> 0. Table 3.4 reports the net effects

for the various industries. As can be seen in the table, it is the cost-sharing ef-

fect that dominates, whether the RJV is between Þrms from the same industry or

across two different industries. In addition, this Þnding is robust with respect to the

size of the RJV - and the amount of heterogeneity amongst members. Moreover,

our Þnding is consistent with that of Irwin and Klenow (1996) who also Þnd that

cost-sharing is more pronounced in SEMATECH. Recall from Table 3.1 that the de-

pendent variable r&d1 has a negative mean. This seems to suggest that the free-rider

effect dominates the cost-sharing effect. However, due to the correction resulting

from the endogeneity of the switching model, we Þnd that this result is overturned.

Accounting for the endogeneity in our sample makes an important difference: what

appears to be a free-rider effect at Þrst sight is shown to be a cost-sharing incentive;

and that result is robust. Consistent estimates of the R&D equation (3.13) for Þrm

pairs which do not RJV are presented in Table 3.3.15

14For values other than the sample mean, results are virtually unchanged. In fact, since the

cost-sharing effect dominates (see Table 3.4) the most likely case for free-riding to overturn the

cost-sharing effect is the case when DASSET=0, i.e. when the RJV is perfectly homogeneous.

However, even in this scenario all but three cases yield stronger cost-sharing.
15The results in this table should be interpreted as an average effect Þrms beneÞt by forming an

RJV in general but not with a speciÞc partner since all Þrms in this regresssion have been involved

in an RJV as well but not with this speciÞc partner they are matched with. This is contrary to the

estimation from equation (3.7) where Þrms were forming an RJV with the speciÞc partner under

consideration.
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INDUSTRIES 13 28 29 32 35

2-digit Oil and Gas Chemicals and Petroleum and Stone, Clay Industrial Electr

SIC-Codes Extraction Allied Products Coal Products and Glass Machinery/ other

Products Equipment Equip

13 Oil and Gas 0.21

Extraction (2.31)

28 Chemicals and 9.03 5.31**

Allied Products (7.09) (2.94)

29 Petroleum and 1.33 7.98 -2.47**

Coal Products (1.86) (6.37) (2.98)

32 Stone, Clay, 9.43 4.56

Glass Products (1576E05) (45.10)

35 Industrial 8.48** 6.21 6.82 3.97**

Machinery/ (2.92) (4.91) (379.20) (2.30)

Equipment

36 Electronic and 3.04 4

other Electric (2.56) (2

Equipment

37 Transportation 3.44 -1.22 10.53**

Equipment (21.93) (1084E04) (4.19)

38 Instruments 8.02 4.94** 6

and Related (8577E05) (2.44) (3

Products

Table 3.4: Cost-sharing versus free-rider (net effect)
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Recall that in this case the dependent variable (r&d0) is the average annual

change of Þrm-level r&d intensity over the sample period, MEMBERS is deÞned

as the average size of all other RJVs that the Þrms are engaged in, and RJV S is the

number of other RJVs that the Þrms are engaged in. As can be seen in the table,

MEMBERS and RJV S are negative and signiÞcant, indicating that the size and

frequency of RJVs generally favor Þrm-level R&D spending. As before, we Þnd that

the correction term is statistically signiÞcant. We now turn to our main objective,

namely the estimation of the structural probit model of (3.14), the results of which

are presented in Table 3.5. As can be seen, the variable DASSET has a negative

and signiÞcant impact on the probability of forming an RJV, with a point estimate

of -0.114. This implies that RJVs tend to be formed among Þrms of similar size,

which is consistent with the theoretical model developed above and hypothesis (iv).

Using the deÞnition of DASSET , this estimate implies that a Þrm is 2.48% less

likely to form an RJV with another Þrm half its size, assuming that there are a total

of 10 Þrms in the RJV.16 Analogously, the estimated probability of RJV formation

is reduced by some 3.71% if the two Þrms differ in size by a factor of four. The

effects of the size differences are even more pronounced when the RJV has fewer

members. Our estimate in Table 3.5 implies that the likelihood of RJV formation

with another Þrm half its size is some 3.54% lower if there are only 5 Þrms in the RJV.

The probability that two Þrms of equal size participate in a 5 member RJV is some

5.31% higher than two Þrms that differ in size by a factor of four. The difference in

Þrm-level R&D intensities (R&D) has a positive and statistically signiÞcant effect,

which implies that the difference in R&D expenditures has a signiÞcant effect on

the probability of forming an RJV. More precisely, one of the incentives to form an

RJV is a potential reduction in R&D expenses. This Þnding is consistent with the

hypothesis that the cost-sharing effect (net of the free-rider effect) is an important

determinant of RJV formation. However, the effect is rather small in magnitude.

The point estimate of R&D is 0.006, which implies that a one percent increase in

R&D savings (from forming an RJV) increases the likelihood of forming an RJV

by some 0.6%. However, the fact that this effect is so small is not surprising at all,

given that we only measure the net effect of free-riding and cost-sharing incentives.

16To compute this let ASSETi = k · ASSETj , i.e. Þrm i is k times larger than Þrm j. Then,
∂Pij

∂DASSETij
= α1

k−1
k / ln (RJV ), where α1 is the point estimate given in Table 3.5.
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Probit Estimates of Equation (3.14): Dependent Variable: Pij

Variables Estimates Std. Err.

DASSET -0.114 0.033

R&D 0.006 0.003

MEMBERS 0.010 0.004

RJV S -0.0002 0.0006

SIC13 0.004 0.005

SIC28 -0.040 0.014

SIC29 0.027 0.012

SIC35 -0.028 0.009

SIC36 -0.015 0.012

SIC38 0.023 0.014

COMP1328 -0.078 0.023

COMP1329 -0.014 0.004

COMP1332 -0.081 0.025

COMP1335 -0.069 0.021

COMP1337 -0.023 0.010

COMP2829 -0.072 0.020

COMP2832 -0.032 0.012

COMP2935 -0.054 0.015

COMP3235 -0.053 0.017

COMP3237 0.021 0.012

COMP3238 -0.065 0.022

COMP3536 -0.011 0.008

COMP3537 -0.090 0.027

COMP3538 -0.034 0.012

COMP3638 -0.041 0.017

COMP3738 -0.055 0.019

The reported estimates are converted such that they represent the

increase in probability for a given variable. For example, for DASSET

the number in the above table is α1f
¡
Xα

¢
, where X is the sample

mean of the exogenous variables. NOBS=20,942; Log-likelihood:

-911.898; Concordant=97.3%; Discordant=1.3%; Tied 1.4%.

Table 3.5: Sources and complementarities in RJV formation
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Regarding the control variable MEMBERS we Þnd a positive and signiÞcant

impact on the probability of forming an RJV, which indicates that larger RJVs are

more likely to be formed than smaller ones. The negative and signiÞcant parameter

estimate of RJV S suggests that Þrms have a lower incentive to form an RJV the

more RJVs they are otherwise engaged in.

In order to test the complementarity hypothesis (iii) we compare the intra-

industry dummies (SICs) to the inter-industry dummies (COMPs). As can be

seen in Table 3.5, the point estimate for the �Petroleum and Coal Products� in-

dustry (SIC29) is 0.027, which is the largest signiÞcant estimate for an industry,

followed by the estimate for the instruments industry (SIC38). This implies that

Þrms in SIC29 have the highest probability to form an RJV. As expected the

complementarity dummies vary substantially according to the industry pairs con-

sidered. Our estimates for the inter-industry dummies (COMPs) range from -0.09

(for COMP3537) to 0.021 (for COMP3237). In many cases the COMP dummies

are smaller than the SIC dummies, indicating that intra-industry RJVs occur more

often than inter-industry RJVs. This is not surprising, in light of the fact that

many of the industries in our sample are too different in their technologies and/or

products in order to engage in an RJV.

However, we do Þnd large statistically signiÞcant complementarities between

some industry groups. In particular, �Oil and Gas Extraction� together with �Petro-

leum and Coal Industry� (COMP1329), �Stone, Clay, and Glass Products� together

with �Transportation Equipment� (COMP3237), and �Industrial Machinery and

Equipment� together with �Electronic and other Electric Equipment� (COMP3536)

display relatively strong complementarities between two different industries. Com-

plementarities are strongest between �Stone, Clay, and Glass Products� and �Trans-

portation Equipment� (COMP3237). These two industries appear to be subject to

vertical relationships, for example, ceramics manufacturers provide composite ma-

terials to aerospace Þrms. Given those vertical relationships, one would expect that

Þrms in these industries produce complementary products. The Þnding that Þrms

producing complementary products are more likely to RJV is consistent with the

theoretical model developed above.
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3.4 Conclusion

In this study we investigated the determinants of RJV formation. In addition to the

free-rider and cost-sharing explanations already prominent in the literature, we de-

veloped a theoretical model which focuses on Þrm asymmetries and product market

characteristics as a factor in Þrms decisions to form RJVs. We show that large Þrms

have less incentive to form an RJV with smaller Þrms in order to increase market

power. Our theoretical model also predicts that RJVs tend to be formed amongst

Þrms selling complementary products. The second part of the study empirically

tests these hypotheses of RJV formation by making use of a rather unique data base

available through information made public under the 1984 National Cooperative

Research Act.

Our results can be broken into two parts: according to the simultaneous spec-

iÞcation explaining R&D expenditures and RJV formation. Regarding R&D ex-

penditures, we Þnd that accounting for the endogeneity between changes in R&D

expenditures and RJV formation in our sample makes an important difference: what

initially appears to be a free-rider effect is shown to be a cost-sharing effect; and that

result is robust. In terms of the incentives to form an RJV we Þnd that a signiÞcant

factor in determining whether two Þrms form an RJV is that they are similar in

size. This Þnding is consistent with the theoretical model that predicts that large

Þrms tend not to participate with small Þrms in RJVs. In addition, we provide

some evidence that cost-sharing is more important as an incentive mechanism in

RJV formation. Finally, there is no evidence that complementarities exist for all

industry pairs. However, we Þnd that there are certain industry-pairs (possibly ver-

tically related) where such complementarities signiÞcantly increase RJV formation.

It appears reasonable that the technology involved in these industries is similar, yet

product market competition between Þrms in these two sectors is somewhat com-

plementary. This empirical Þnding that Þrms producing complementary products

are more likely to form an RJV is consistent with the theoretical model developed

in the study.

While RJVs between Þrms in complementary industries would seem to have

positive welfare implications, the welfare impacts of cost-sharing and symmetric

(large) sized Þrms in the same industry are less clear. Cost-sharing may reduce
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the investment required for a particular outcome, however, as R&D is uncertain a

successful outcome may be less likely. Also, RJVs with a small number of members

between the large Þrms in an industry may pronounce asymmetries in Þrm size

leading to a more concentrated market structure. Consequently, antitrust authorities

should be wary of why Þrms form Research Joint Ventures.



Chapter 4

New Product Introduction by

Incumbent Firms

In this chapter we analyze the incentives of incumbent Þrms to introduce a new

product in different quality areas and investigate the variety of products offered in

the market. We consider a duopoly where initially each Þrm offers one product of

different quality, and one of the Þrms (the �potential innovator�) is allowed to intro-

duce a new product. The innovator also has the opportunity to keep or withdraw

the original product from the market. We Þnd that innovation occurs depending on

the production costs for quality and the Þrms� original product qualities. The inno-

vator always introduces a new product with higher quality in order to concentrate

sales on high income consumers. Moreover, the innovator is better off to withdraw

its original product in order to reduce price competition and to avoid cannibalizing

its own product demand. As a result, only two products remain in the market.

The remainder of this chapter is organized as follows. In Section 4.1 we in-

troduce the main effects impacting the different innovation scenarios. Section 4.2

describes our model of vertical product differentiation and analyzes Þrms� innovation

incentives. We conclude in Section 4.3.

66
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4.1 Introduction

Many industries are characterized by oligopolistic competition in vertically differen-

tiated markets. When innovation occurs we often observe that incumbents introduce

new products of higher quality. One example is the electronics industry, especially

the Personal Computer and the mobile phone market where technological progress

motivates product innovation. For instance, new PCs enter the market with faster

processors or new mobile phones with longer �stand by time� are introduced. Further-

more, we observe that original products are frequently withdrawn from the market

after innovation occurs.

Why do Þrms introduce a new product of higher quality and why are Þrms better

off to withdraw their original product from the market?

Up to this point we do not Þnd any explanation in the existing literature why

incumbent Þrms often introduce a new product of higher quality and why Þrms are

better off to withdraw their original product from the market.

In order to provide some insight we analyze the following setting: Suppose that

there are two Þrms, one offers a product with low quality (the low quality Þrm)

whereas the other Þrm offers a product with high quality (the high quality Þrm).

The products are produced at the same marginal costs. Firms set prices in the

product market and no entry occurs. Suppose that one Þrm (the potential innovator)

beneÞts by an unexpected technological progress which enables the Þrm to produce

a new product.1 Note that we allow either of the Þrms to be an innovator. The

new product is allowed to be lower or higher in quality, but a higher product quality

requires higher R&D investments. Beyond that, the innovator is allowed to keep or

withdraw the original product when innovation occurs.

Introducing a new product may attract new consumers and increases the Þrm�s

proÞt. But in which quality area should the Þrm locate its new product? We

can distinguish between three quality areas where the innovator may introduce its

new product: a low quality area (new product quality is smaller than the original

low quality product), an intermediate quality area (new product quality is located

between both existing products), and a high quality area (new product quality is

1In Chapter 5 we analyze a model where both Þrms simultaneously may introduce a new product

in the market.
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higher than the original high quality product). At Þrst glance, we expect that when

R&D costs are slightly increasing in quality, offering a new product in the high

quality area might be more proÞtable. Whereas, when quality costs are rapidly

increasing, offering a new product in the intermediate quality area might be better.

Suppose that the R&D costs are sufficiently low, such that the high quality

area is more attractive for the innovator. The relevant literature for this innovation

scenario includes Shaked and Sutton (1982), who analyze a model of vertical product

differentiation.2 They show that a higher quality yields higher revenues in a vertical

differentiation setting. For this reason, we expect that the innovator has incentives

to introduce a new product in the high quality area when the R&D production costs

for quality are sufficiently low. As mentioned above, the innovator has the choice to

withdraw or to keep the original product in the market. There are only few studies

which focus on Þrms which may withdraw their original product. All of them are

using locational models in contrast to our setting which is a vertical differentiation

model.3 An early study by Schmalensee (1978) shows that a multiproduct Þrm

has the opportunity to proliferate the product space in order to prevent the rival

(entrant) from introducing a new product. Judd (1985) shows that the proliferation

strategy by the multiproduct Þrm may not be credible, once the Þrm is allowed to

withdraw the original product from the market. He analyzes the decision of a Þrm

to either keep the original product close to the rival in the market or to withdraw

it. The Þrm is confronted by a trade-off: on the one hand, it would like to keep the

2In models characterized by vertical product differentiation all consumers are supposed to have

identical taste and rank qualities in the same order. But consumers differ in their income. Gab-

sewicz and Thisse (1979 and 1980) and Shaked and Sutton (1982) are the Þrst studies which focused

on vertical product differentiation. Choi and Shin (1992) modify the vertical differentiation model

by Shaked and Sutton (1982) assuming that the market is not covered. Hence, some consumers in

the lower quality area do not buy any product.
3In locational models consumers� preferences are distributed over a spectrum of products where

each consumer chooses the closest product. Dixit and Stiglitz (1977), Salop (1979), and Brander

and Eaton (1984) are some pioneering studies on horizontal differentiation. Shaked and Sutton

(1983) show that in vertical product differentiation models an upper bound of Þrms exists, in

contrast to the horizontal models where the market can support an arbitrarily large number of

Þrms. For more details on the distinction between horizontal and vertical product differentiation,

see Chaumpsaur and Rochet (1989), Constantatos and Perrakis (1997), and Cremer and Thisse

(1992).
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original product in the market which increases sales but decreases prices. On the

other hand, withdrawing the Þrst product increases prices of its existing products

but decreases sales. Judd (1985) shows that a Þrm better withdraws its products

close to the rival since it softens price competition towards the rival�s product which

also affects its original product price. As a result, the Þrm yields higher proÞts

despite a smaller variety of goods. According to this study we may expect the

innovator in our setting to withdraw the original product which is next to the rival�s

product, since it softens price competition towards the rival�s product.

Recall, the above scenario assumes R&D costs to be sufficiently low that innova-

tion takes place in the high quality area. However, when R&D costs are relatively

high the innovator may introduce a new product in the intermediate quality area.

The innovator�s decision to keep or withdraw the original product from the market

is not as intuitive as before because now the innovator�s original product is closest to

its own new product and not to the rival�s product.4 Let us consider the decision of

the high quality Þrm. As we know from Shaked and Sutton (1982) the high quality

Þrm earns higher proÞts with the original product because it is of higher quality

than the new product. Consequently, we may expect the high quality Þrm to keep

the original product in the market when it offers a new product in the intermedi-

ate quality area. But it is still unclear where the high quality Þrm locates its new

product. The high quality Þrm has the choice to locate the new product quality

close to the rival�s product quality or close to its own product quality. According

to the model from Shaked and Sutton (1982) two countervailing effects, the demand

and the strategic effect, explain its decision on product quality. The demand effect

indicates that more consumers are captured from the low quality Þrm�s product the

more the new product quality approaches the product quality of the low quality

provider. The strategic effect indicates that introducing a product closer to the

low quality Þrm�s quality increases price competition in the market. The principle

of �maximal product differentiation� by Shaked and Sutton (1982) describes that

the beneÞt to Þrms by moving product qualities apart from each other in order

to soften price competition (strategic effect) outweighs the market share gained by

4As mentioned in Chapter 2, Chaumpsaur and Rochet (1989) analyze Þrms� incentives to offer

different intervals of product qualities. But in contrast to Chaumpsaur and Rochet (1989) our

model focuses on pure vertical differentiation and Þrms are allowed to withdraw original products.
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moving qualities closer to each other (demand effect). Their results show that Þrms

engage in �maximal product differentiation� where one Þrm offers the highest feasible

product quality and the other Þrm offers the lowest.

According to this principle, we may expect that innovation by the high quality

Þrm takes place close to its original product quality where the effect of softening

price competition (strategic effect) outweighs the effect of gaining the market share

(demand effect). However, the high quality Þrm also has to account for the impact

on its original product when it keeps the original product in the market, e.g. the

cannibalization effect.5 The cannibalization effect indicates that more consumers are

captured from the high quality Þrm�s original product the more the new product

quality approaches its original product quality. The high quality Þrm�s decision

to offer a new product in the intermediate quality area is then determined by the

following trade-off. Introducing a new product close to its own product quality

softens price competition in the market which increases product prices (strategic

effect). However, the new product attracts only few consumers from the low quality

Þrm�s product (demand effect) but many consumers from its own original product

(cannibalization effect). On the other hand, introducing a new product similar to

the low quality Þrm�s product lowers product prices (strategic effect), but attracts

many consumers from the rival�s product (demand effect) and cannibalizes its own

product demand only to a low extent.

Combining the principle of �maximal product differentiation� with the cannibal-

ization effect, we Þnd that the high quality Þrm�s incentives to offer a new product

close to the original product are reduced in order to avoid cannibalizing its own high

quality product demand.

Turning to the decision of the low quality Þrm when it offers a new product in

the intermediate quality area, we would expect the low quality Þrm to withdraw the

original low quality product from the market since it offers a new product of higher

quality, which yields higher proÞts. Withdrawing the original product reduces price

competition in the market (strategic effect) and gains customers which were buying

the original product and switch to buy the new product (cannibalization effect).

5Since Þrms set prices in the product market, the innovator will internalize the strategic effect

towards the original product. However, the innovator will impact its original product demand

when it offers a new product in the intermediate quality area.
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Finally, the innovator has the choice to offer a new product in the low quality

area. According to Judd (1985) we may expect the innovator to withdraw the

original product (which is close to the rival�s product in this scenario) from the

market in order to reduce price competition in the market. But when the innovator

withdraws the original product it Þnally offers a new product of lower quality which

yields lower proÞts in a vertical differentiation setting. Consequently, we may expect

the innovator to keep the original product in the market. However, in case the low

quality Þrm stays in the market it may loose proÞts since its new product (with

lower quality) cannibalizes demand of its original product. For the high quality

Þrm it is not obvious if cannibalization occurs because its products are not located

next to each other and it is unclear whether the cannibalization effect impacts only

neighboring products, or not.

In the following analysis we will investigate the different innovation scenarios,

in more detail. This study presents a Þrst insight into the innovation incentives

of incumbent Þrms to introduce new products in vertically differentiated markets.

The aim of this study is to explain Þrms� incentives for introducing new products

in different quality areas whereby Þrms have the choice of either keeping or with-

drawing the original product from the market.6 We analyze in which quality areas

innovation occurs and derive the variety of products that Þrms offer in the market.

By decomposing the total derivatives of Þrms� proÞts into several components we

make the model computationally tractable.

We Þnd four types of equilibria depending on who the innovator is, on the pro-

duction costs for quality, and on the original product qualities. Assuming innovation

occurs in equilibrium, all equilibria are characterized by two facts: innovators al-

ways introduce a new product of higher quality, and innovators always withdraw

their original product from the market. The equilibria are as follows.

1) When the high quality Þrm is the innovator, it introduces a new product in

the high quality area if the production costs for quality and the original product

qualities are small. The high quality Þrm withdraws the original product from the

market after innovation occurred (case a).

6Rosenkranz (1996) assumes that Þrms always withdraw their Þrst product from the market

when they introduce a new product into the market.
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2) When the low quality Þrm is the innovator, it introduces a new product in the

high quality area if the quality costs are very small, the high quality Þrm�s product

quality is small, and the own original product quality is small (but relatively higher

than in innovation case e).7 The low quality Þrm withdraws the original product

from the market after innovation occurred (case d).

3) When the low quality Þrm is the innovator, it introduces a new product in

the intermediate quality area if the production costs for quality are small, its own

original product quality is very small, and the high quality Þrm�s product quality is

large. The low quality Þrm withdraws the original product from the market after

innovation occurred (case e).

4) No innovation occurs, if the production costs for quality and the low quality

Þrm�s original product quality are high.

In the next section we introduce the model of new product introduction in a

vertically differentiated market and analyze the different innovation scenarios.

4.2 The Model

Let us consider an outset in which two Þrms (i = 1, 2) offer one product with quality

s01 6 4
7
s02 in the market.

8 Thus, Þrm 1 is the low quality and Þrm 2 the high quality

Þrm. We model a two-stage duopoly game. One Þrm, chosen by nature, beneÞts

from a technological progress which improves its production technology and enables

the Þrm to introduce a new product into the market. We distinguish between two

scenarios depending on which Þrm is subject to technological progress: the high

7For innovation case e, see next innovation equilibrium.
8The outset is based on the model by Choi and Shin (1992) which is a modiÞcation of Shaked

and Sutton (1982) where the version of Tirole (1992) is used. The results are shown in Appendix

4.4.1. The subscript refers to the Þrm, whereas the superscript �0� indicates the outset. Note

that the assumption on product qualities is relatively unrestricted. The only restriction which

has to hold, is given by s0
1 6 4

7s
0
2, for the following reason: If the low quality provider offers a

higher quality than 4
7s

0
2, it could earn higher proÞts by simply decreasing its product quality, see

Appendix 4.4.1, equation (4.33).
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quality Þrm may introduce a new product, and the low quality Þrm may introduce

a new product.

In the Þrst stage, the potential innovator (Þrm i) decides whether to introduce

a new product and whether to withdraw its original product. When the Þrm in-

troduces a new product it chooses its new product quality s1i ∈ [0,∞]. The new
product quality is allowed to be lower or higher than the original product quality.

We can distinguish between three quality areas which depend on where the inno-

vator locates its new product quality: a low quality area, s1i < s
0
1, an intermediate

quality area, s01 < s
1
i < s

0
2, and a high quality area, s

1
i > s

0
2. The innovator has to

invest in R&D when it produces a higher quality than its original product but does

not have to invest in R&D when it offers a new product with lower quality. The

quality costs for the innovating Þrm i, which already offers product s0i , is given by

the following cost function

F
¡
s0i , s

1
i (γ) , γ

¢
=

(
0 for s1i 5 s0i

γ (s1i − s0i )2 for s1i > s0i

where
∂F(s0

i ,s
1
i (γ),γ)

∂s1
i

> 0 and
∂2F(s0

i ,s
1
i (γ),γ)

∂s12
i

> 0, for s1i > s
0
i . The parameter γ describes

the convexity of the costs curve, or how costly it is for the Þrm to produce quality.

After choosing the new product quality the innovator decides whether to keep or

withdraw its Þrst product from the market. In terms of the number of products

the following cases may occur: the innovator keeps the Þrst product in the market

and three products are offered, the innovator withdraws the Þrst product and two

products are offered, or no innovation occurs and the original two products are

offered in the market.

Tables 4.1 and 4.2 show all the different cases when innovation occurs. In order

to get a better understanding of the different cases, we use the following notation:

the number refers to the Þrm which offers the product. The products are ranked

in increasing quality order, that is, a number at the bottom indicates the lowest

product quality and a number at the top the highest. Bold numbers indicate the

new product of each Þrm and a number in brackets indicates the option to either

keep or withdraw the original product from the market. When no innovation occurs

the outcome is shown by the outset.
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New Product Introduction by the High Quality Firm

a b c

2

(2)

1

(2)

2

1

(2)

1

2

Table 4.1: The innovation cases when the high

quality Þrm is the innovator

New Product Introduction by the Low Quality Firm

d e f

1

2

(1)

2

1

(1)

2

(1)

1

Table 4.2: The innovation cases when the low

quality Þrm is the innovator

In the second stage, Þrms maximize proÞts by simultaneously choosing prices

in the product market having observed the product qualities and the number of

products in the market. When the innovator keeps its Þrst product in the market it

is allowed to internalize price competition among its own products. More precisely,

it takes into account that a price change of one of its products has an impact on its

other product. No entry is assumed to occur. Production costs do not depend on

quality and are set to 0.

Consumers� preferences are given by U = θs−p if they buy a good and zero oth-
erwise. Each consumer has the same ranking of qualities and prefers higher quality

for a given price (p). Consumers differ in their income. Their income parameter θ

is uniformly distributed over the interval [0, 1]. The assumption on the income pa-

rameter induces that the market is not covered, which means that some consumers

do not buy any one of these products. Every consumer is allowed to buy at most

one of the products.
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We look for pure strategies and solve the game by applying backward induction.

We begin with investigating the product market competition (stage 2) and derive

prices, demand, and proÞts for the different innovation cases. Next we investigate

the choice to introduce a new product and analyze the decision on product quality

and the number of products (stage 1).

4.2.1 Product Market Competition - Stage 2

In this section prices, demand, and proÞts in the product market for the different

innovation cases are derived. We Þrst examine case a from Table 4.1, where the high

quality Þrm may introduce a new product in the high quality area. The cases b to

f are analogous to case a. We present the results for these cases in the Appendix.

Moreover, we focus on the case where the original product is kept in the market.

When the innovator withdraws its original product each Þrm offers one product

and results are again analogous (see Appendix 4.4.1, adjusted for the corresponding

product qualities).

High Quality Innovation by the High Quality Firm (Case a)

When the high quality Þrm introduces a new product in the high quality area and

keeps its original product, three products are offered in the market. Consequently,

three indifferent consumers exist in the market. One of them is indifferent between

buying the product with highest quality s12 or with second highest quality s
0
2 from

the high quality Þrm. The income parameter of this consumer is given by θ3 =
(p1

2−p0
2)

(s1
2−s0

2)
. The consumer who is indifferent between buying the high quality Þrm�s

original product with quality s02 and the low quality Þrm�s product with quality s
0
1

is described by the income parameter θ2 =
(p0

2−p0
1)

(s0
2−s0

1)
, whereas the income parameter

θ1 =
p0

1

s0
1
represents the consumer who is indifferent between buying the product with

lowest quality from the low quality Þrm and not buying at all. For the demand

functions, we get

D1
2

¡
p02, p

1
2, s

0
2, s

1
2

¢
=

θ=1Z
θ3

f (θ) dθ = 1− (p
1
2 − p02)

(s12 − s02)
, (4.1)
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D0
2

¡
p01, p

0
2, p

1
2, s

0
1, s

0
2, s

1
2

¢
=

θ3Z
θ2

f (θ) dθ =
(p12 − p02)
(s12 − s02)

− (p
0
2 − p01)

(s02 − s01)
, (4.2)

and

D0
1

¡
p01, p

0
2, s

0
1, s

0
2

¢
=

θ2Z
θ1

f (θ) dθ =
(p02 − p01)
(s02 − s01)

− p
0
1

s01
. (4.3)

Firms� objective functions in stage 2 are given by9

π01(p
0
1,D

0
1) = p

0
1D

0
1 (·) , and

π0,12
¡
p02,D

0
2, p

1
2,D

1
2

¢
= p02D

0
2 (·) + p12D1

2 (·) .

Each Þrm maximizes its objective function with respect to its own product price.

The Þrst order condition for the low quality Þrm, is given by

∂π01(p
0
1, D

0
1)

∂p01
≡ 0 =⇒ p01

¡
p02
¢
=
p02s

0
1

2s02
.

The Þrst order condition for the high quality Þrm with respect to the price of the

high quality product, is as follows

∂π0,12 (p
0
2, D

0
2, p

1
2, D

1
2)

∂p12
≡ 0 =⇒ p12

¡
p02
¢
=
2p02 − s02 + s12

2
,

and with respect to its original product price,

∂π0,12 (p
0
2, D

0
2, p

1
2 (p

0
2) ,D

1
2)

∂p02
≡ 0 =⇒ p02

¡
p01
¢
=
p01 − s01 + s02

2s02
.

Note that the innovator (high quality Þrm) is allowed to internalize the price effect

of its low quality product price on its high quality product price.

9The variable πk,li , for k, l = 0, 1 and k 6= l refers to Þrm i�s proÞts in stage two. The presence

of both superscripts k and l indicates that the Þrm offers both products in the market. Whereas

one superscript (e.g. πki ) indicates that Þrm i offers only one product in the market. Moreover,

π
(k),l
i for k, l = 0, 1 and k 6= l indicates that Þrm i has the opportunity to either keep or withdraw

the corresponding product with index k from the market.
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The reaction functions are strictly monotone and have a unique Nash equilibrium.

Solving the Þrst order conditions yields the corresponding equilibrium prices

p01(s
0
1, s

0
2) =

s01 (s
0
2 − s01)

4 (s02 − s01)
, p02(s

0
1, s

0
2) =

2s02 (s
0
2 − s01)

4s02 − 4s01
, and

p12(s
0
1, s

0
2, s

1
2) =

4s02s
1
2 − s01 (s12 + 3s02)
2 (4s02 − 4s01)

.

Substituting these into equations (4.1), (4.2), and (4.3) gives us the equivalent de-

mand

D0
1(s

0
1, s

0
2) =

s02
4s02 − s01

, D0
2(s

0
1, s

0
2) =

s01
2 (4s02 − s01)

, and D1
2 =

1

2
.

Similarly, Þrms� proÞts in the product market are

π01(s
0
1, s

0
2) =

s01s
0
2 (s

0
2 − s01)

(4s02 − s01)2
, and

π0,12 (s
0
1, s

0
2, s

1
2) =

s01s
0
2 (s

0
1 + s

0
2)

(4s02 − s01)2
+
4s02s

1
2 − s01 (3s02 + s12)
4 (4s02 − s01)

. (4.4)

The derivative of the high quality Þrm�s second-stage proÞt function with respect

to its original product quality is given by

∂π0,12 (s
0
1, s

0
2, s

1
2)

∂s02
=
s0

2

1 (s
0
1 + 20s

0
2)

4 (4s02 − s01)3
> 0. (4.5)

As we see from case a (as well as from cases b to f shown in the Appendix) Þrms�

proÞts (stage 2) depend on the product qualities and the number of products in the

market.

In the next section, we investigate the innovator�s decision to introduce a new

product as well as the incentive to withdraw the original product.

4.2.2 R&D Market - Stage 1

In stage 1, the innovator has to draw two decisions: whether to introduce a new

product and whether to withdraw the original product. Firm i�s proÞts in stage

1 (in the following also called Þrst-stage proÞts) are Þrm i�s proÞts in the product

market (stage 2) minus its R&D costs, i.e.

Π
(0),1
i

¡
s01, s

0
2, s

1
i (γ) , γ

¢
= π

(0),1
i

¡·, s1i (γ)¢− F ¡·, s1i (γ) , γ¢ . (4.6)
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Firms� proÞts from a new product introduction is then given by,

Φ
¡
s01, s

0
2, γ
¢
= π

(0),1
i

¡·, s1i (γ)¢− F ¡·, s1i (γ) , γ¢− Ω0i ¡s01, s02¢ > 0 (4.7)

where Ω0i (s
0
1, s

0
2) indicates Þrm i�s proÞts when no innovation occurs.

Furthermore, the innovator decides whether to keep the original product in the

market which will be optimal whenever

π0,1i
¡
s01, s

0
2, s

1
i

¢− π1i ¡s0j , s1i ¢ > 0, (4.8)

with i, j = 1, 2 and i 6= j.
We Þrst investigate the innovator�s decision to keep or withdraw the original

product, as of equation (4.8). We then investigate the innovator�s incentive to

introduce a new product in a certain quality area, using equation (4.6). Finally, we

will derive the innovation incentives by comparing the Þrst-stage proÞts to when no

innovation occurs as per equation (4.7).

We begin with analyzing the innovation cases where the high quality Þrm is the

potential innovator.

New Product Introduction by the High Quality Firm

In this innovation scenario we analyze the case where the high quality Þrm introduces

a new product in the high quality area (case a), before we turn to the cases when

it may introduce a new product in the intermediate quality area (case b), or in the

low quality area (case c), see also Table 4.1.

High Quality Innovation (Case a)

We begin by analyzing the innovator�s incentives to keep the original product in the

market. In principle, we need to solve the innovator�s Þrst order condition (4.6) with

respect to the new product quality. However, polynomials of high degree prevent us

from explicitly solving the innovator�s Þrst order condition. As a result, we cannot

compare the innovator�s proÞts as shown in equation (4.8). For that reason, we

investigate the high quality Þrm�s marginal proÞts at stage 2 after innovation has

occurred with respect to its original product quality.

For analyzing and explaining how the choice to keep or withdraw affects the

innovator�s proÞts, we decompose the total derivative of the reduced-form proÞt
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function (stage 2) into several effects.10 The total derivative with respect to its

original product quality s02, is given by
11

dπ0,12
ds02

=

+z }| {
∂π0,12
∂D0

2

+z}|{
∂D0

2

∂p01

+z}|{
dp01
ds02| {z }

strategic effect

+

+z }| {
∂π0,12
∂D0

2

+z}|{
∂D0

2

∂s02| {z }
demand effect

+

+z }| {
∂π0,12
∂D1

2

−z}|{
∂D1

2

∂s02| {z }
cannibalization effect

> 0. (4.9)

The incentive for the high quality Þrm to withdraw its original product with quality

s02, is determined by the strategic effect, the demand effect, and the cannibalization

effect.12 The demand effect shows that increasing the original product in the market

increases the innovator�s proÞts through higher demand. The cannibalization effect

indicates that keeping the original product cannibalizes the new product demand

which lowers the innovator�s proÞts. Since the cannibalization effect dominates the

demand effect the original product will attract less consumers than it cannibalizes

its new product demand, see equation (4.9). Furthermore, a strategic effect indicates

tougher price competition in the market.

The high quality Þrm earns higher proÞts by increasing the product quality

towards s12 and is therefore better off withdrawing its original product from the

market. In this case, two products are offered in the market: the original product

by the low quality Þrm with quality s01 and the new product by the high quality Þrm

with quality s12. The same results as in Appendix 4.4.1, setting s
1
2 = s

0
2 apply.

Next, we investigate the innovator�s incentive to introduce a new product in the

high quality area given it withdraws the original product from the market. Equation

(4.6) shows the innovator�s objective function, which is concave in the high quality

Þrm�s new product quality s12, because the proÞt function is concave (see Appendix

4.4.1, equation (4.37), setting s12 = s
0
2) and the costs function is convex. An unique

solution for s12 exists. Note that a boundary solution may exist where s
1
2 is equal to

s02. This solution is equivalent to the case where no innovation occurs. Taking the

10Decomposing the derivative in several effects will be necessary in later scenarios in order to

show the sign of the derivative.

11Second-stage optimization, implies
∂π0,1

2

∂p1
2
= 0 and

∂π0,1
2

∂p0
2
= 0. Thus, the effect of s0

2 on π
0,1
2

through the high quality Þrm�s price change can be ignored by applying the envelope theorem.

Equation (4.5) shows the derivative of the innovator�s proÞts.
12A strategic effect towards the innovator�s new product price does not occur since the innovator

internalizes price competition among its own products.
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Þrst order condition of equation (4.6) with respect to its new product quality s12,

gives us

∂Π12 (s
0
1, s

1
2, γ)

∂s12
=
4s12

³
2s0

2

1 − 3s01s12 + 4s12

2

´
(4s12 − s01)3

− 2γ ¡s12 − s02¢ = 0. (4.10)

As we see in equation (4.10) marginal proÞts (Þrst term) are similar to the outset (see

Appendix 4.4.1, equation (4.34)) and are determined by a demand and a strategic

effect, which are both positive.

We want to compare Þrst-stage proÞts (stage 1) when innovation occurs in the

high quality area with the proÞts when no innovation occurs. The innovator�s ob-

jective function is given by (4.7). As mentioned above, solving the innovator�s Þrst

order condition of equation (4.6) for s12 given by (4.10) is not possible. However,

by implicitly differentiating the objective function (4.7) we are able to derive the

conditions on costs and the original product qualities which have to hold for the

high quality Þrm to introduce a new product in the high quality area. We use the

objective function shown in equation (4.7) for the case when the high quality Þrm

introduces a new product in the high quality area, given by

Φ0
¡
s01, s

0
2, s

1
2 (γ) , γ

¢
= π12

¡
s01, s

1
2 (γ)

¢− F ¡s02, s12 (γ) , γ¢− Ω02 ¡s01, s02¢ (4.11)

with s12 > s
0
2. We begin with investigating the cost conditions using the total deriv-

ative of the objective function with respect to the cost parameter γ. Rearranging

yields

dΦ0 (s
0
1, s

0
2, s

1
2 (γ) , γ)

dγ
=

∂s12 (γ)

∂γ

·
∂π12 (s

0
1, s

1
2 (γ))

∂s12
− ∂F (s

0
2, s

1
2 (γ) , γ)

∂s12

¸
−∂F (s

0
2, s

1
2 (γ) , γ)

∂γ
(4.12)

where

∂π12 (s
0
1, s

1
2 (γ))

∂s12
− ∂F (s

0
2, s

1
2 (γ))

∂s12
=
∂Π12 (s

0
1, s

1
2 (γ) , γ)

∂s12
.

Since s12 (γ) is optimally chosen, such that it maximizes the innovator�s proÞts we

make use of the envelope theorem, given by

∂Π12 (s
0
1, s

1
2 (γ) , γ)

∂s12
= 0.
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Substituting into equation (4.12), gives

dΦ0 (s
0
1, s

0
2, s

1
2 (γ) , γ)

dγ
= −∂F (s

0
2, s

1
2 (γ) , γ)

∂γ
= − ¡s12 − s02¢2 < 0. (4.13)

As we see in equation (4.13), the total derivative is equal to the partial derivative

evaluated at the optimal choice of s12. Finally, we only have to take into account the

direct effect of an increase of γ on costs, but not the indirect effect via the choice of

s12.

Equation (4.13) shows that the innovator�s objective function is continuously

decreasing in γ. In other words, the innovator earns less proÞts the higher the

production costs for quality.

In a next step we have to show that there exists a γ0 which fulÞlls

Φ0
¡
s01, s

0
2, s

1
2 (γ) , γ

¢¯̄
γ=γ0 = 0.

The argument is as follows: Setting γ = 0 and inserting into equation (4.11), we get

Φ0
¡
s01, s

0
2, s

1
2 (γ) , γ

¢¯̄
γ=0

=
4s1

2

2 (s
1
2 − s01)

(4s12 − s01)2
− 4s

0
2

2 (s
0
2 − s01)

(4s02 − s01)2
> 0, (4.14)

see equation (4.34). From (4.13) and (4.14) the existence of an unique γ = γ0 > 0

follows, where Φ0 (s
0
1, s

0
2, γ)|γ=γ0 = 0 holds. We can summarize, when γ is relatively

small (γ < γ0, saying that the production of quality is not too costly) the high

quality Þrm introduces a new product in the high quality area and withdraws the

original product from the market.

However, the objective function (4.11) indicates that the high quality Þrm�s

innovation also depends on the original product qualities s01 and s
0
2. Differentiating

the innovator�s objective function with respect to the low quality Þrm�s product

quality, taking into account the envelope theorem, gives

dΦ0 (s
0
1, s

0
2, s

1
2 (s

0
1))

ds01
=
∂π12 (s

0
1, s

1
2 (s

0
1))

∂s01
− ∂Ω

0
2 (s

0
1, s

0
2)

∂s01
< 0.

As we see, the high quality Þrm earns higher proÞts the smaller the rival�s product

quality. Similarly, differentiating equation (4.11) with respect to the high quality

Þrm�s original product quality, is as follows

dΦ0 (s
0
1, s

0
2, s

1
2 (s

0
2))

ds02
= −

·
∂F (s02, s

1
2 (s

0
2))

∂s02
+
∂Ω02 (s

0
1, s

0
2)

∂s02

¸
< 0.
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The high quality Þrm�s proÞts are higher the lower its own original product quality.

We turn to investigate the high quality Þrm�s innovation incentives when it offers

a new product in the intermediate quality area.

Intermediate Quality Innovation (Case b)

The high quality Þrm�s objective function for this case is given by equation (4.8).

For the same reasons as in case a we are not able to compare the innovator�s proÞts

explicitly. We therefore investigate how the choice to keep or withdraw affects the

high quality Þrm�s second-stage marginal proÞts. Taking the total derivative of the

high quality Þrm�s reduced-form proÞt function at stage 2 with respect to its original

product quality s02, gives us
13

dπ1,02
ds02

=

+z }| {
∂π1,02
∂D0

2

+z}|{
∂D0

2

∂s02| {z }
demand effect

+

+z }| {
∂π1,02
∂D1

2

−z}|{
∂D1

2

∂s02| {z }
cannibalization effect

> 0. (4.15)

As we see in equation (4.15) marginal proÞts are determined by the demand effect

and the cannibalization effect. The demand effect shows that an increase in the

original product quality attracts more consumers and increases proÞts. The can-

nibalization effect shows that the original product cannibalizes demand of its new

product.14 Equation (4.15) indicates that the demand effect dominates the canni-

balization effect. Therefore, keeping the original product in the market cannibalizes

demand for the new product to a lower extent than the original product�s ability

to attract customers. The high quality Þrm beneÞts by keeping the original prod-

uct in the market, although cannibalization towards its new product demand occurs

because the original product is of higher quality and gives higher proÞts. Three

products are offered in the market, the low quality Þrm�s product and both high

quality Þrm�s products.

13See also Appendix 4.4.2, equation (4.38).
14It may seem surprising at Þrst glance that the high quality Þrm is cannibalizing its new product

demand by moving further apart with its original product quality. But since the high quality Þrm

internalizes price competition towards its own products it sacriÞces some of its new product demand

by pricing relatively high in order to attract more consumers buying the original product. The

original product is of higher quality and earns higher proÞts.
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Next, we analyze whether the high quality Þrm has an incentive to introduce

a new product in the intermediate quality area given the original product stays in

the market. Equation (4.6) shows the high quality Þrm�s objective function. We

investigate the total derivative of the high quality Þrm�s Þrst-stage proÞt function

(4.6) with respect to the new product quality s12, which is given by
15

dΠ1,02
ds12

=

+z }| {
∂π1,02
∂D1

2

+z}|{
∂D1

2

∂p01

+z}|{
dp01
ds12| {z }

strategic effect

+

+z }| {
∂π1,02
∂D1

2

+z}|{
∂D1

2

∂s12| {z }
demand effect

+

+z }| {
∂π1,02
∂D0

2

−z}|{
∂D0

2

∂s12| {z }+
cannibalization effect

=0z}|{
∂F

∂s12
> 0. (4.16)

As we see in equation (4.16), one demand effect, one cannibalization effect, and one

strategic effect inßuence marginal Þrst-stage proÞts. The demand effect indicates

that an increase in the high quality Þrm�s new product quality increases demand.

The cannibalization effect indicates that the product introduction lowers its origi-

nal product demand. The demand effect is dominated by the cannibalization effect.

Therefore, the introduction of a new product attracts fewer consumers than it can-

nibalizes its original product demand. Furthermore, a strategic effect increases price

competition towards the rival�s product price which reduces the new product de-

mand. The high quality Þrm earns higher proÞts by letting the quality of its new

product approach its original product quality in order to relax price competition and

to avoid cannibalizing its original product demand. Consequently, the high quality

Þrm will not introduce a new product in the intermediate quality area.

Low Quality Innovation (Case c)

The innovator�s objective function is given by equation (4.8). In case the high qual-

ity Þrm withdraws, it offers one product in the low quality area. It is easy to see

from equation (4.32) in Appendix 4.4.1 that the low quality Þrm earns less proÞts

than the high quality provider. Hence, the quality leader is worse off introducing a

new product in the low quality area. We can conclude that the high quality Þrm

will keep the original product in the market when it introduces a new product in

the low quality area.

15The high quality Þrm�s R&D production cost for quality is zero because a new product with

lower quality is introduced into the market. Equation (4.5) shows the derivative of the high quality

Þrm�s proÞt function (stage 2), setting s1
2 = s

0
2, and vice versa.



CHAPTER 4. NEW PRODUCT INTRODUCTION 84

Next, we analyze whether the high quality Þrm has an incentive to introduce a

new product in the low quality area given the original product stays in the market.

We investigate the total derivative of the high quality Þrm�s reduced-form Þrst-stage

proÞt function (4.6) with respect to the new product quality s12, i.e.
16

dΠ1,02
ds12

=

+z }| {
∂π1,02
∂D0

2

+z}|{
∂D0

2

∂p01

−z}|{
dp01
ds12| {z }

Þrst strategic effect

+

+z }| {
∂π1,02
∂D1

2

+z}|{
∂D1

2

∂p01

−z}|{
dp01
ds12| {z }

second strategic effect

+

+z }| {
∂π1,02
∂D1

2

+z}|{
∂D1

2

∂s12| {z }
demand effect

+

=0z}|{
∂F

∂s12
< 0. (4.17)

Equation (4.17) shows that the high quality Þrm�s marginal proÞts are determined

by two negative strategic effects and one positive demand effect. Both strategic

effects indicate that price competition towards the low quality Þrm�s product is

softened by decreasing the new product quality. The relaxed price competition has

a positive impact on both the high quality Þrm�s product demands. The demand

effect indicates that an increase in quality determines a higher demand. In this

scenario no cannibalization occurs because the high quality Þrm�s new product does

not directly inßuence the demand of its original product. Equation (4.17) indicates

that the second strategic effect is larger than the demand effect which implies a total

negative effect. It follows that the high quality Þrm earns higher proÞts by softening

price competition when it decreases the new product quality. For this reason, the

high quality Þrm has no incentive to introduce a new product in the low quality

area.

We can summarize the different cases when the high quality Þrm may introduce

a new product with the following proposition.

Proposition 5 The high quality Þrm offers a new product in the high quality area

and withdraws the original product from the market when the production costs for

quality are relatively small (γ < γ0) and the original product qualities are small.

Otherwise, the high quality Þrm does not introduce a new product in the market.

In the next section we investigate the innovation cases when the low quality Þrm

is the innovator, see Table 4.2.

16See also Appendix 4.4.3, equation (4.40).
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New Product Introduction by the Low Quality Firm

In the following we analyze the cases when the low quality Þrm offers a new product

in the high quality area (case d), in the intermediate quality area (case e), or in the

low quality area (case f).

High Quality Innovation (Case d)

When the low quality Þrm introduces a new product in the high quality area, it

has the choice to keep or withdraw the original product from the market. The low

quality Þrm�s objective function is given by equation (4.8). Again, we are not able to

compare the low quality Þrm�s proÞts (stage 2) explicitly. Therefore, we investigate

the total derivative of the low quality Þrm�s proÞt function with respect to s01, given

by17

dπ0,11
ds01

=

+z }| {
∂π0,11
∂D0

1

+z}|{
∂D0

1

∂p02

−z}|{
dp02
ds01| {z }

Þrst strategic effect

+

+z }| {
∂π0,11
∂D1

1

+z}|{
∂D1

1

∂p02

−z}|{
dp02
ds01| {z }

second strategic effect

+

+z }| {
∂π0,11
∂D0

1

+z}|{
∂D0

1

∂s01| {z }
demand effect

< 0. (4.18)

Two negative strategic effects and one positive demand effect determine the low

quality Þrm�s marginal proÞts. Both strategic effects indicate that price competition

is softened towards the rival�s price by decreasing the quality of the original product.

The relaxed price competition has a positive impact on both the low quality Þrm�s

product demands. The demand effect shows that increasing the original product

quality attracts more consumers. No cannibalization occurs in this scenario because

the new product does not directly impact the demand of the original product; only

neighboring products do so. Equation (4.18) indicates that the second strategic effect

dominates the demand effect resulting in a total negative effect. The low quality

Þrm earns higher proÞts by withdrawing the original product from the market in

order to soften price competition. As a result, two products are offered in the market

when the low quality Þrm introduces a new product in the high quality area. The

same results as in Appendix 4.4.1 apply, setting s11 = s
0
2, and s

0
2 = s

0
1.

Next, we investigate the low quality Þrm�s incentive to introduce a new product

in the high quality area given it withdraws the original product from the market.

17See also Appendix 4.4.3, equation (4.40).
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The low quality Þrm�s objective function is given by equation (4.6).18 We analyze

the Þrst order condition of the low quality Þrm�s Þrst-stage proÞt function (4.6) with

respect to its new product quality s11. The Þrst order condition, is given by

∂Π11 (s
0
2, s

1
1)

∂s11
=
4s11

³
2s0

2

2 − 3s02s11 + 4s12

1

´
(4s11 − s02)3

− 2γ ¡s11 − s01¢ = 0. (4.19)

Equation (4.19) shows that the low quality Þrm�s proÞts increase in the new product

quality.

Next, we want to compare the proÞts (stage 1) when the low quality Þrm intro-

duces a new product in the high quality area with the proÞts when no innovation

occurs. For analyzing the low quality Þrm�s innovation incentives we apply the same

procedure as for case a, because solving the innovator�s Þrst order condition (4.19)

for s11 is not possible. We use the objective function (4.7) for the innovation case

where the low quality Þrm introduces a new product in the high quality area, given

by

Φ1
¡
s01, s

0
2, s

1
1 (γ) , γ

¢
= π11

¡
s02, s

1
1 (γ)

¢− F ¡s01, s11 (γ) , γ¢− Ω01 ¡s01, s02¢ (4.20)

with s11 > s
0
2. By implicitly differentiating the objective function (4.20) we are able

to derive the conditions on costs and the original product qualities.

We begin with investigating the cost conditions. Differentiating both sides of

equation (4.20) with respect to γ, applying the envelope theorem, and rearranging

yields

dΦ1 (s
0
1, s

0
2, s

1
1 (γ) , γ)

dγ
= −∂F (s

0
1, s

1
1 (γ) , γ)

∂γ
= − ¡s11 − s01¢2 < 0. (4.21)

It is shown that the innovator�s objective function decreases in γ. Setting γ = 0 and

inserting into equation (4.20) yields

Φ1
¡
s01, s

0
2, s

1
1 (γ) , γ

¢¯̄
γ=0

=
4s1

2

1 (s
1
1 − s02)

(4s11 − s02)2
− s

0
1s
0
2 (s

0
2 − s01)

(4s02 − s01)2
> 0. (4.22)

From equations (4.21) and (4.22) the existence of an unique γ = γ
0
> 0 follows

where Φ1 (s
0
1, s

0
2, γ)|γ=γ0 = 0 holds. When γ is small (γ < γ

0
, or the production of

18Analogously to the former cases, the concavity of the low quality Þrm�s objective function

follows from the properties of the proÞt function (stage 2) as well as the cost function.



CHAPTER 4. NEW PRODUCT INTRODUCTION 87

quality is not too costly) the low quality Þrm will introduce a new product in the

high quality area and withdraws the original product from the market.

However, the low quality Þrm�s objective function (4.20) indicates that the low

quality Þrm�s innovation also depends on the original product qualities. Differenti-

ating the objective function (4.20) with respect to the high quality Þrm�s product

quality, taking into account the envelope theorem, gives

∂Φ1 (s
0
1, s

0
2, s

1
1 (s

0
2))

∂s02
=
∂π11 (s

0
2, s

1
1 (s

0
2))

∂s02
− ∂Ω

0
1 (s

0
1, s

0
2)

∂s02
< 0.

When the high quality Þrm�s product quality is small the low quality Þrm offers a

new product in the high quality area. Differentiating equation (4.20) with respect

to the low quality Þrm�s original product quality, yields

∂Φ1 (s
0
1, s

0
2, s

1
1 (s

0
1))

∂s01
= −

·
∂F (s01, s

1
1 (s

0
1))

∂s01
+
∂Ω01 (s

0
1, s

0
2)

∂s01

¸
< 0.

The low quality Þrm offers a new product in the high quality area when its own

original product quality is small. The following lemma summarizes this innovation

case.

Lemma 6 The low quality Þrm introduces a new product in the high quality area

and withdraws the original product from the market when the production costs for

quality are small (γ < γ
0
) and the original product qualities are small.

Let us turn to analyze the innovation case e from Table 4.2.

Intermediate Quality Innovation (Case e)

In order to determine the low quality Þrm�s decision to withdraw the former product

from the market, we investigate the total derivative of the low quality Þrm�s proÞt

function (stage 2) with respect to product quality s01, given by
19

dπ0,11
ds01

=

+z }| {
∂π0,11
∂D0

1

+z}|{
∂D0

1

∂s01| {z }
demand effect

+

+z }| {
∂π0,11
∂D1

1

−z}|{
∂D1

1

∂s01| {z }
cannibalization effect

< 0. (4.23)

19The derivative of the low quality Þrm�s proÞt function is shown in Appendix 4.4.4, equation

(4.42).
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As we see in equation (4.23) marginal proÞts are determined by one demand and

one cannibalization effect. The demand effect shows that increasing the original

product quality attracts more consumers. The cannibalization effect shows that some

consumers switch to the new product. Because the cannibalization effect dominates

the demand effect the low quality Þrm is better off to withdraw the Þrst product

from the market. Two products are offered in the market. The same results as in

Appendix 4.4.1 apply, setting s11 = s
0
1.

In a next step, we investigate the low quality Þrm�s incentive to introduce a new

product in the intermediate quality area given it withdraws the original product

from the market. The Þrst order condition of the Þrst-stage proÞt function (4.6), is

given by20

∂Π11 (s
1
1, s

0
2)

∂s11
=
s0

2

2 (4s
0
2 − 7s11)

(4s02 − s11)3
− 2γ ¡s11 − s01¢ = 0. (4.24)

Marginal proÞts (stage 2) are similar to the outset, see Appendix 4.4.1, equation

(4.33) setting s11 = s
0
1. The low quality Þrm beneÞts by a higher demand effect as

long as the new quality is smaller than 4
7
s02, and suffers by a higher strategic effect

when the new quality is higher than 4
7
s02.

Because solving the low quality Þrm�s Þrst order condition (4.24) for s11 is not

possible, we apply the same procedure as for case a in order to analyze the low quality

Þrm�s innovation incentives. We apply the objective function shown in equation (4.7)

and compare the low quality Þrm�s proÞts after introducing a new product in the

intermediate quality area with the case when no innovation occurs, given by

Φ2
¡
s01, s

1
1 (γ) , s

0
2, γ
¢
= π11

¡
s11 (γ) , s

0
2

¢− F ¡s01, s11 (γ) , γ¢− Ω01 ¡s01, s02¢ , (4.25)

with s02 > s
1
1 > s

0
1. Differentiating both sides of equation (4.25) with respect to γ,

applying the envelope theorem, and rearranging, gives us

dΦ2 (s
0
1, s

1
1 (γ) , s

0
2, γ)

dγ
= −∂F (s

0
1, s

1
1 (γ) , γ)

∂γ
= − ¡s11 − s01¢2 < 0. (4.26)

20The concavity of the Þrst-stage proÞt function (4.6) follows from the properties of the proÞt

function (stage 2) as well as the cost function.
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It is shown that the low quality Þrm�s proÞts decrease in γ. Setting γ = 0 and

inserting into equation (4.25), gives

Φ2
¡
s01, s

1
1 (γ) , s

0
2, γ
¢¯̄
γ=0

=
s11s

0
2 (s

0
2 − s11)

(4s02 − s11)2
− s

0
1s
0
2 (s

0
2 − s01)

(4s02 − s01)2
> 0. (4.27)

From equation (4.26) and (4.27) follows that an unique γ = γ
00
> 0 exists, where

Φ2 (s
1
1, s

0
2, γ)|γ=γ00 = 0 applies.

When γ is small (the production of quality is not too costly) the low quality

Þrm introduces a new product in the intermediate quality area and withdraws the

original product from the market.

For investigating how the incentives to innovate depend on the original product

qualities we differentiate the low quality Þrm�s objective function (4.25) with respect

to the high quality Þrm�s product quality. Taking into account the envelope theorem,

gives us

∂Φ2 (s
0
1, s

0
2, s

1
1 (s

0
2))

∂s02
=
∂π11 (s

1
1 (s

0
2) , s

0
2)

∂s02
− ∂Ω

0
1 (s

0
1, s

0
2)

∂s02
> 0.

The low quality Þrm�s proÞts after innovation increase the larger the rival�s

product quality. Differentiating equation (4.25) with respect to the low quality

Þrm�s original product quality, is given by

∂Φ2 (s
0
1, s

0
2, s

1
1 (s

0
1))

∂s01
= −

·
∂F (s01, s

1
1 (s

0
1))

∂s01
+
∂Ω01 (s

0
1, s

0
2)

∂s01

¸
< 0.

The low quality Þrm�s proÞts after innovation are higher the lower its own original

product quality. After investigating the innovation case where the low quality Þrm

introduces a new product in the intermediate quality area we get the following

lemma.

Lemma 7 The low quality Þrm introduces a new product in the intermediate quality

area and withdraws the original product from the market when the production costs

for quality are small (γ < γ
00
), the low quality Þrm�s original product quality is small

and the high quality Þrm�s original product quality is high.

Next, we investigate the conditions concerning costs and original product qual-

ities when the low quality Þrm introduces a new product in the high quality area
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(case d) or in the intermediate quality area (case e). The low quality Þrm introduces

a new product in the high quality area, when21

Φ3

µ
s01, s

1
1 (γ) , s

0
2,
∧
s
1

1 (γ) , γ

¶
=

∧
π
1

1

µ
s02,

∧
s
1

1 (γ)

¶
− F

µ
s01,

∧
s
1

1 (γ) , γ

¶
− ¡π11 ¡s11 (γ) , s02¢− F ¡s11 (γ) , s01, γ¢¢ > 0,

(4.28)

with
∧
s
1

1> s02 > s11. Differentiating equation (4.28) with respect to γ, applying the

envelope theorem, and rearranging, gives us

dΦ3

µ
s01, s

1
1 (γ) , s

0
2,
∧
s
1

1 (γ) , γ

¶
dγ

= −
∂F

µ
s01,

∧
s
1

1 (γ) , γ

¶
∂γ

+
∂F (s11 (γ) , s

0
1, γ)

∂γ

= −
µ
∧
s
1

1 −s01
¶2
+
¡
s11 − s01

¢2
< 0, (4.29)

The low quality Þrm�s incentive to offer a new product in the high quality area

declines as the production costs for quality increases. Setting γ = 0 and inserting

into equation (4.28), is

Φ3

µ
s01, s

1
1 (γ) , s

0
2,
∧
s
1

1 (γ) , γ

¶¯̄̄̄
γ=0

=

4
∧
s
1

2

1

µ
∧
s
1

1 −s02
¶

µ
4
∧
s
1

1 −s02
¶2 − s

1
1s
0
2 (s

0
2 − s11)

(4s02 − s11)2
> 0,

(4.30)

From equation (4.29) and (4.30) follows that an unique γ = γ
000
> 0 exists, where

Φ3 (s
0
1, s

0
2, γ)|γ=γ000 = 0 applies.

When the production of quality is relatively cheap (γ < γ
000
) the low quality Þrm

introduces a new product in the high quality area.

For investigating how the innovation incentives depend on the original product

qualities we Þrst differentiate the low quality Þrm�s objective function (4.28) with

21In order to distinguish between the two cases d and e we change the notation of the low quality

Þrm�s new product quality in case d to
∧
s

1

1 .
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respect to the high quality Þrm�s original product quality, taking into account the

envelope theorem, which gives

∂Φ3

µ
s01, s

1
1 (s

0
2) , s

0
2,
∧
s
1

1 (s
0
2) , γ

¶
∂s02

=

∂π11

µ
s02,

∧
s
1

1 (s
0
2)

¶
∂s02

− ∂π
1
1 (s

1
1 (s

0
2) , s

0
2)

∂s02
< 0,

see also Appendix 4.4.1. The low quality Þrm introduces a new product in the

high quality area when the high quality Þrm�s original product quality is small.

Differentiating equation (4.28) with respect to the low quality Þrm�s original product

quality, gives

∂Φ3

µ
s01, s

1
1 (s

0
1) , s

0
2,
∧
s
1

1 (s
0
1) , γ

¶
∂s01

=
∂F (s01, s

1
1 (s

0
1))

∂s01
−
∂F

µ
s01,

∧
s
1

1 (s
0
1)

¶
∂s01

= 2γ

µ
∧
s
1

1 −s11
¶
> 0.

The low quality Þrm introduces a new product in the high quality area when its

original product quality is high. After comparing both innovation scenarios we can

conclude with the following lemma.

Lemma 8 The low quality Þrm introduces a new product in the high quality area

compared to offering a new product in the intermediate quality area when the pro-

duction costs for quality and the high quality Þrm�s product quality are relatively

smaller (γ < γ
000
), and the own original product quality is relatively higher.

Finally, we investigate the case when the low quality Þrm offers a new product

in the low quality area.

Low Quality Innovation (Case f)

According to the innovator�s objective function (4.8), we investigate how the choice

to keep or withdraw affects the low quality Þrm�s marginal proÞts (stage 2). The
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total derivative of the low quality Þrm�s reduced-form proÞt function with respect

to its original product quality s01, is given by
22

dπ1,01
ds01

=

+z }| {
∂π1,01
∂D0

1

+z}|{
∂D0

1

∂p02

−z}|{
dp02
ds01| {z }

strategic effect

+

+z }| {
∂π1,01
∂D0

1

+z}|{
∂D0

1

∂s01| {z }
demand effect

+

+z }| {
∂π1,01
∂D1

1

−z}|{
∂D1

1

∂s01| {z }
cannibalization effect

T 0 for s01 S 4

7
s02.

When the low quality Þrm keeps the original product in the market, one demand

effect, one strategic effect, and one cannibalization effect inßuence marginal proÞts,

where the demand effect dominates the cannibalization effect. However, a strategic

effect increases price competition towards the high quality Þrm�s product and reduces

own product demand. In fact, the low quality Þrm�s marginal proÞts are analogous

to the marginal proÞts in the outset, see equation (4.33). Thereby, the total effect

is negative, if the low quality Þrm�s original product quality is higher than 4
7
s02,

whereas it is positive when the quality is smaller than 4
7
s02. However, by deÞnition,

the low quality Þrm�s original product quality is supposed to be smaller or equal to
4
7
s02. It follows that the low quality Þrm is better off to keep the original product

in the market. Three products are offered in the market for which the results are

shown in Appendix 4.4.4.

For analyzing the low quality Þrm�s incentives to introduce a new product in the

low quality area we investigate the total derivative of its reduced-form Þrst-stage

proÞt function (4.6) with respect to product quality s11, which is given by
23

dΠ1,01
ds11

=

+z }| {
∂π1,01
∂D1

1

+z}|{
∂D1

1

∂s11| {z }
demand effect

+

+z }| {
∂π1,01
∂D0

1

−z}|{
∂D0

1

∂s11| {z }−
=0z}|{
∂F

∂s11

cannibalization effect

< 0. (4.31)

As we see from equation (4.31) marginal proÞts are determined by one demand effect

and one cannibalization effect. The demand effect indicates that an increase in the

new product quality attracts more consumers. The cannibalization effect shows that

an increase in the new product quality reduces demand of the low quality Þrm�s Þrst

22The marginal proÞt function (stage 2) is shown in Appendix 4.4.1, equation (4.33).
23The derivative of the low quality Þrm�s proÞt function is shown in Appendix 4.4.4, equation

(4.42).
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product. The negative sign in equation (4.31) indicates that the cannibalization

effect dominates the demand effect. As a result, the low quality Þrm does not

introduce a new product in the low quality area.

After analyzing all innovation scenarios where the low quality Þrm introduces a

new product in the market (cases d, e, and f), we derive the following proposition.

Proposition 9 The low quality Þrm introduces a new product in the intermediate

quality area when the production costs for quality is small (γ < γ
00
), the low quality

Þrm�s original product quality is small and the high quality Þrm�s original product

quality is high. The low quality Þrm introduces a new product in the high quality

area when the production costs for quality and the high quality Þrm�s product quality

are very small, and the own original product quality is small, but relatively higher

than in the intermediate innovation case. In both innovation cases the low quality

Þrm withdraws the original product from the market.

Finally, we can derive four types of equilibria depending on who the innovator

is, on the production costs for quality, and on the original product qualities.

1) When the high quality Þrm is the innovator, it introduces a new product in

the high quality area if the production costs for quality are small (γ < γ
0
) and the

original product qualities are small. The high quality Þrm withdraws the original

product from the market after innovation occurred (case a).

2) When the low quality Þrm is the innovator, it introduces a new product in the

high quality area if the quality costs are very small, the high quality Þrm�s product

quality is small, and the own original product quality is small (but relatively higher

than in innovation case e). The low quality Þrm withdraws the original product

from the market after innovation occurred (case d).

3) When the low quality Þrm is the innovator, it introduces a new product in

the intermediate quality area if the production costs for quality are small, its own

original product quality is very small, and the high quality Þrm�s product quality is

large. The low quality Þrm withdraws the original product from the market after

innovation occurred (case e).
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4) No innovation occurs, if the production costs for quality and the low quality

Þrm�s original product quality are high.

As we can see from above, all innovation equilibria have two characteristics in com-

mon:

(i) innovators always introduce a new product of higher quality into the market,

and

(ii) innovators are better off to withdraw their original product from the market

in order to avoid a cannibalization effect and to keep price competition towards the

rival�s product soft.



CHAPTER 4. NEW PRODUCT INTRODUCTION 95

4.3 Conclusion

This study extends the literature on innovation in markets characterized by vertical

product differentiation. The focus of this study is to analyze Þrms� incentives to

introduce a new product in different quality areas and to investigate the variety of

products offered in the market. Various effects in different innovation scenarios are

examined.

We Þnd that innovation occurs depending on the production costs for quality and

the Þrms� original product qualities. The innovator always introduces a new prod-

uct of higher quality in order to concentrate sales towards high income consumers.

Moreover, the innovator always withdraws the original product quality from the

market. By withdrawing the Þrst product, price competition towards the rival�s

product is softened and a cannibalization effect towards its own product demand is

avoided. As a result, only two products remain in the market.

This study presents a Þrst insight into the innovation incentives of incumbent

Þrms in a vertically differentiated market. We provide some fundamental results

and effects which are important for the introduction of new products in a vertically

differentiated product environment. We use these results in Chapter 5, in order

to investigate the more complicated scenario when both Þrms simultaneously are

allowed to introduce a new product in the market.
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4.4 APPENDIX

Appendix 4.4.1: The Outset

Let us present the prices, demand, and proÞts for the outset (k = 0) when Þrms offer

one product, each. The outset is based on the model by Choi and Shin (1992) which is

a modiÞcation of Shaked and Sutton (1982) where we use the version of Tirole (1992).

The model is a noncooperative two-stage game where two Þrms (i = 1, 2) simultaneously

choose their qualities in the Þrst stage and given their qualities they compete in the second

stage with prices in the product market.

Product qualities are chosen from the following set of qualities deÞned as ski ∈ [0, s]
where s is any Þnite number. Production costs do not depend on quality and are set to 0.

Since undifferentiated Þrms make no proÞt the qualities are assumed to be different, given

by s01 ≤ 4
7
s02, indicating that Þrm 1 is the low quality Þrm and Þrm 2 is the high quality

Þrm. We focus on pure strategies. Consumers� preferences are the same as described in

the model section above. After deriving the corresponding demand functions, we get for

the corresponding equilibrium prices

p01
¡
s01, s

0
2

¢
=
s01 (s

0
2 − s01)

4s02 − s01
, and p02

¡
s01, s

0
2

¢
=
2s02 (s

0
2 − s01)

4s02 − s01
.

For demand, we get

D0
1

¡
s01, s

0
2

¢
=

s02
4s02 − s01

, and D0
2

¡
s01, s

0
2

¢
=

2s02
4s02 − s01

.

ProÞts are

Ω01
¡
s01, s

0
2

¢
=
s01s

0
2 (s

0
2 − s01)

(4s02 − s01)2
, and Ω02

¡
s01, s

0
2

¢
=
4s0

2

2 (s
0
2 − s01)

(4s02 − s01)2
. (4.32)

Reduced-form proÞt functions are continuous and differentiable, given by

∂Ω01 (s
0
1, s

0
2)

∂s01
=
s0

2

2 (4s
0
2 − 7s01)

(4s02 − s01)3
T 0 for s01 S 4

7
s02, and (4.33)

∂Ω02 (s
0
1, s

0
2)

∂s02
=
4s02

³
2s0

2

1 − 3s01s02 + 4s02

2

´
(4s02 − s01)3

> 0. (4.34)
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∂Ω01 (s
0
1, s

0
2)

∂s02
= −s

02

1 (s
0
1 + 2s

0
2)

(s01 − 4s02)3
> 0, and (4.35)

∂Ω02 (s
0
1, s

0
2)

∂s01
=

4s0
2

2 (s
0
1 + 2s

0
2)

(s01 − 4s02)3
< 0. (4.36)

∂2Ω01 (s
0
1, s

0
2)

∂s0
2

1

< 0, and
∂2Ω02 (s

0
1, s

0
2)

∂s0
2

2

< 0. (4.37)

From equation (4.33) we see that the low quality Þrm�s proÞts Þrst increase in quality

since more consumers buy the new product (demand effect). But the closer the product

quality is moved towards the competitor�s product the higher is the price competition

(strategic effect) which decreases the low quality Þrm�s proÞts. When both product qual-

ities are identical Bertrand competition drives Þrms� proÞts to zero. The low quality

provider�s optimal distance to the high quality product is given by the point where the

demand effect and the strategic effect are balancing each other. The high quality Þrm in-

creases proÞts by offering a higher product quality. We get the result of �maximal product

differentiation� where in equilibrium Þrms maximally differentiate their products. The low

quality Þrm offers the lowest feasible product quality and the high quality Þrm offers the

highest feasible product quality.

Appendix 4.4.2: Intermediate Quality Innovation by the High Quality

Firm (Case b)

When the high quality Þrm offers a new product in the intermediate quality area the

sequence of qualities offered in the market is given by s01 < s
1
2 < s

0
2. Compared to case

a, the qualities of the high quality Þrm�s products are in reverse order. Hence, the same

results as for case a apply, setting s02 = s
1
2, and vice versa.

The total derivative of the high quality Þrm�s reduced-form proÞt function with respect

to its original product quality is given by

dπ1,02 (s
0
1, s

1
2, s

0
2)

ds02
=

s12 (s
0
1 − s12)

(s01 − 4s12) (s12 − s01)
+
4s12s

0
2 − s01 (3s12 + s02)

4 (s01 − 4s12) (s12 − s02)
=
1

4
. (4.38)
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Appendix 4.4.3: Low Quality Innovation by the High Quality Firm (Case

c), or High Quality Innovation by the Low Quality Firm (Case d)

In case c, the high quality Þrm introduces a new product in the low quality area s12 < s
0
1

and keeps the Þrst product in the market. When the low quality Þrm offers a new product

in the high quality area (case d), the results are identical to case c, setting s01 = s12,

s02 = s
0
1, and s

1
1 = s

0
2. Focusing on case c, Þrms� objective functions are given by

π01(p
0
1,D

0
1) = p

0
1D

0
1 (·) , and

π1,02
¡
p12,D

1
2, p

0
2,D

0
2

¢
= p12D

1
2 (·) + p02D0

2 (·)− F
¡
s1i
¢
.

Each Þrm maximizes its objective function with respect to its own product price. The

Þrst order condition for the low quality Þrm, is given by

∂π01(p
0
1, D

0
1)

∂p01
≡ 0 =⇒ p01

¡
p12
¢
=

2s01p
1
2 (s

1
2 − s01)

s12 (3s
0
1 + s

0
2)− 4s01s02

.

The Þrst order condition for the high quality Þrm with respect to the new product price

∂π1,02 (p12, D
1
2, p

0
2, D

0
2)

∂p12
≡ 0 =⇒ p12

¡
p01
¢
=
p01s

1
2

s01
,

and with respect to its original product price,

∂π1,02 (p12 (p
0
1) , D

1
2, p

0
2, D

0
2)

∂p02
≡ 0 =⇒ p02

¡
p01
¢
=
p01 − s01 + s02

2
.

The reaction functions are strictly monotone and have a unique Nash equilibrium. Solving

the Þrst order conditions yields the corresponding equilibrium prices

p12(s
1
2, s

0
1, s

0
2) =

s12 (s
0
1 − s12) (s01 − s02)

2Ψ
, p01(s

1
2, s

0
1, s

0
2) =

s01 (s
0
1 − s12) (s01 − s02)

Ψ
,

p02(s
1
2, s

0
1, s

0
2) =

(s02 − s01)
2

µ
1 +

s0
1(s0

1−s1
2)

3s1
2s

0
1+s

1
2s

0
2−4s0

1s
0
2

¶ ,
where Ψ =

³
2s12s

0
1 + s

02

1 + s
1
2s
0
2 − 4s01s02

´
.

Substituting these gives us the equivalent demand

D1
2(s

1
2, s

0
1, s

0
2) =

s01 (s
0
1 − s02)
2Ψ

, D0
1(s

1
2, s

0
1, s

0
2) =

s01 (s
1
2 − s02)
Ψ

, and
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D0
2(s

1
2, s

0
1, s

0
2) =

(−4s01s02 + s12 (3s01 + s02))
2Ψ

.

Similarly, Þrms� proÞts in the product market are

π1,02 (s
1
2, s

0
1, s

0
2) =

s1
2(s0

1−s1
2)s0

1(s0
1−s0

2)
2

4Ψ2 +
(s0

2−s0
1)(−4s0

1s
0
2+s

1
2(3s0

1+s
0
2))

4Ψ

Ã
1+

s0
1(s0

1−s1
2)

(3s1
2s0

1+s1
2s0

2−4s0
1s0

2)

! −γ (s1i − s0i )2 , and

π01(s
1
2, s

0
1, s

0
2) =

s0
2

1 (s
0
1 − s12) (s12 − s02) (s01 − s02)

Ψ2
. (4.39)

The derivative of the high quality Þrm�s reduced-form proÞt function with respect to its

new product quality is given by

∂π1,02 (s
1
2, s

0
1, s

0
2)

∂s12
=

s0
2

1 (s
0
1 − s02)2 (s12 (−22s01 + s02) + s01 (s01 + 20s02))
4
¡
2s12s

0
1 + s

02

1 + s
1
2s
0
2 − 4s01s02

¢3 < 0.

(4.40)

Appendix 4.4.4: Intermediate or Low Quality Innovation by the Low

Quality Firm (Case e or f)

In case e, the low quality Þrm offers a new product in the intermediate quality area

(s01 < s11 < s02) and keeps the Þrst product in the market. The results for case f are

identical to case e, setting s11 = s
0
1, and vice versa. Focusing on case e, Þrms� objective

functions are given by

π0,11
¡
p01,D

0
1, p

1
1,D

1
1

¢
= p01D

0
1 (·) + p11D1

1 (·) ,

π02(p
0
2,D

0
2) = p

0
2D

0
2 (·) .

Each Þrm maximizes its objective function with respect to its own product price. The

Þrst order condition for the low quality Þrm, with respect to its original product price is

given by

∂π0,11 (p
0
1, D

0
1, p

1
1, D

1
1)

∂p01
≡ 0 =⇒ p01

¡
p11
¢
=
p11s

0
1

s11
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and with respect to its new product price, internalizing the price effect of its new product

price on its original product price is given by

∂π0,11 (p
0
1 (p

1
1) ,D

0
1, p

1
1,D

1
1)

∂p11
≡ 0 =⇒ p11

¡
p02
¢
=
p02s

1
1

2s02
.

The Þrst order condition for the high quality Þrm, is

∂π02(p
0
2, D

0
2)

∂p02
≡ 0 =⇒ p02

¡
p11
¢
=
p11 − s11 + s02

2
.

The reaction functions are strictly monotone and have a unique Nash equilibrium. Solving

the Þrst order conditions yields the corresponding equilibrium prices

p01(s
0
1, s

1
1, s

0
2) =

s01 (s
1
1 − s02)

s11 − 4s02
, p11(s

1
1, s

0
2) =

s11 (s
1
1 − s02)

s11 − 4s02
,

and p02(s
1
1, s

0
2) =

2s02 (s
1
1 − s02)

s11 − 4s02
.

Demand is given by

D0
1 (·) = 0, D1

1

¡
s11, s

0
2

¢
=

s02
4s02 − s11

, and D1
2 =

2s02
4s02 − s11

.

Firms� proÞts are as follows

π01 (·) = 0, π11
¡
s11, s

0
2

¢
=
s11s

0
2 (s

0
2 − s11)

(s11 − 4s02)2
, and

π02
¡
s11, s

0
2

¢
=
4s0

2

2 (s
0
2 − s11)

(s11 − 4s02)2
. (4.41)

The derivative of the low quality Þrm�s reduced-form proÞt function with respect to the

original product quality is given by

∂π0,11 (s01, s
1
1, s

0
2)

∂s01
=

2s11 (s
0
2 − s11)3

(s01 − s11) (s11 − 4s02)2
< 0. (4.42)



Chapter 5

Credible Vertical Preemption

In this chapter we extend the analysis of Chapter 4. We now investigate the incen-

tives of both incumbent Þrms to simultaneously introduce new products in different

quality areas and their incentives to keep original products in the market. We show

that new product introduction depends on the credibility of Þrms� innovation strate-

gies and occurs only in certain quality areas. Preempting (deterring) the low quality

Þrm from innovation is not a credible strategy for the high quality Þrm. It is shown

that both Þrms introduce a new product of higher quality at a higher price in order

to concentrate sales on high income consumers, whereby the high quality Þrm still

offers the highest product quality. Moreover, the innovators always withdraw their

original product from the market in order to reduce price competition and to avoid

cannibalizing its own product demand. Finally, only two products are offered in the

market.

The remainder of this chapter is organized as follows. Section 5.1 motivates the

problem which we analyze in the following model. In Section 5.2 we Þrst describe

the model of incumbent Þrms offering vertically differentiated products and analyze

Þrms� incentives to introduce new products in different quality areas. We conclude

in Section 5.3.

101
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5.1 Introduction

Many industries are characterized by new product introduction of incumbent Þrms

in an oligopolistic competition. Vertical differentiation is extensive in the electronics

industry, especially in the personal computer market where technological progress

motivates product innovation. When innovation occurs, we often observe that in-

cumbents introduce new products of higher quality. For example, the development

of the Pentium I processor displaced the personal computers equipped with 486-

processors very quickly. The same process happened when the Pentium II processor

was developed. Nowadays, almost every offered PC is equipped with the Pentium

II processor. Furthermore, we often observe that original products are frequently

withdrawn from the market when new products enter the market. The existing lit-

erature does not present a model of vertical product differentiation which explains

why incumbent Þrms often introduce a new product of higher quality and why Þrms

are better off to withdraw their original product from the market.

There are only few studies which analyze the decision of incumbent Þrms to

keep or withdraw their original products after innovation occurred. All of them

are using horizontal models in contrast to our setting which is a vertical product

differentiation model.1 In horizontal models incumbents have the opportunity to

proliferate the product space in order to prevent the rival (entrant) from introducing

a new product, see also Prescott and Visscher (1977), Schmalensee (1978), and

Eaton and Lipsey (1979). Judd (1985) emphasizes the relevance of commitment

when product proliferation is used as an entry-deterrent strategy. He analyzes the

decision of an incumbent Þrm to either keep the product close to the rival in the

market or to withdraw it. The incumbent is faced with a trade-off in its decision:

on the one hand, it would like to keep its product in the market which increases

sales. On the other hand, withdrawing its product softens price competition which

increases product prices. This dilemma is more intensive as the existing product

space is more crowded since more of the Þrms� product prices are affected. Judd

(1985) shows that the incumbent Þrm better withdraws its product close to the

rival in order to soften price competition towards the rival�s product. As a result,

the Þrm earns higher proÞts despite a smaller variety of goods. He shows that the

1See Chapter 4 for a deÞnition of horizontal and vertical product differentiation models.
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proliferation strategy by the incumbent Þrm may not be credible, once it is allowed

to withdraw products from the market. Hence, for horizontal settings we are able

to explain Þrms� incentives to withdraw their original products after innovation

occurred.

It is still unclear how this argument applies to a vertical differentiation model

where Þrms are characterized by earning asymmetric payoffs, since a higher quality

gives higher proÞts.2 In order to show what effects are important in a vertical

differentiation model we introduce the following setting: Suppose that there are two

Þrms offering one product with different quality. The quality space is characterized

by numbers whereby a higher number refers to a higher product quality. Both Þrms

offer their equilibrium qualities,3 such that the low quality Þrm offers a product

with quality, say 4/7, and the high quality Þrm offers a product with quality 1. The

products are produced at the same marginal costs. Firms set prices in the product

market, and no entry occurs. A technological progress occurs, which enables both

Þrms to introduce a new product. The new product is allowed to be lower or higher

in quality. A higher product quality requires a higher investment in R&D but also

ensures higher proÞts. Furthermore, the Þrms have the choice to either keep or

withdraw their original product from the market.

In order to illustrate the main mechanism, suppose that both Þrms introduce a

new product of higher quality. In principle, there are two possible cases: accommo-

dation or preemption (deterrence). The high quality Þrm may accommodate the low

quality Þrm�s innovation by offering a new product, say with quality 5, while with-

drawing its original product in order to reduce price competition. The low quality

Þrm�s response is to offer a higher quality as well. Alternatively, the high quality

2Donnenfeld and Weber (1995) investigate the interplay between the strategies of single-product

Þrms to accommodate, deter or blockade entry, and the magnitude of the entrants� set up costs.

The authors show that incumbents can use limit qualities to deter entry and generate predictions

about the correlations between the degree of product differentiation and the size of the entrants

setup costs. Constantatos and Perrakis (1997) consider a multiproduct monopoly and show that

disjoint intervals of Þxed costs are existing, where it is sufficient for the monopolist to proliferate

only parts of the market to deter entry. However, both studies analyze either single product Þrms

entering an empty market or a monopolist offering more than one product. But our study considers

a duopoly where incumbent Þrms introduce new products and may withdraw their former products.
3See also Choi and Shin (1992) and our model below concerning the equilibrium qualities.
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Þrm might preempt (deter) the low quality Þrm from innovation by proliferating

the product space. In this case, the high quality Þrm chooses a quality of its new

product of, say 4, and stays in the market with the original product. As a result,

the low quality Þrm is deterred from innovating.

The high quality Þrm�s decision on an accommodation or deterrence strategy is

characterized by the following trade-off: (i) in the accommodation strategy the high

quality Þrm introduces a higher product quality which softens price competition to-

wards the rival�s product and withdraws its original product yielding lower demand,

(ii) in the deterrence strategy the high quality Þrm induces tougher price competition

by offering a lower product quality but yields higher product demand by keeping

the original product in the market. As we will show below, the high quality Þrm�s

deterrence strategy is not credible, since it can not commit to keep its original prod-

uct in the market. The high quality Þrm is always better off by withdrawing its

original product in the deterrence strategy in order to soften price competition. The

low quality Þrm anticipates this commitment problem and introduces a new product

with higher quality. Finally, the high quality Þrm�s best response given that the low

quality Þrm innovates, is to play the accommodation strategy while withdrawing its

original product. The argument that the deterrence strategy is subject to a com-

mitment problem, is similar to Judd (1985). Therefore, it is not restricted towards

horizontal models, but also applies to vertical differentiation settings.

It is still unclear where the low quality Þrm locates its new product in the range

between its original product with quality 4/7 and the new product of the high quality

Þrm with quality 5. There are several effects determining where the low quality Þrm

locates its new product. It is well-known that product introduction in this range

is subject to two countervailing effects, the demand and the strategic effect. The

�maximal product differentiation� principle by Shaked and Sutton (1982) suggests

that moving product qualities apart in order to soften price competition (strategic

effect) outweighs the increase in demand gained by moving qualities closer and cap-

turing consumers from the high quality Þrm�s product (demand effect). Applying

the �maximal product differentiation� principle, we may expect innovation to take

place close to the original�s product quality which softens price competition towards

the rival�s product. However, besides the principle of �maximal product differentia-

tion� the low quality Þrm also has to account for the impact on its original product
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when it stays in the market, i.e. the cannibalization effect. The cannibalization effect

indicates that the innovator captures consumers from its original product demand.

Thus, the low quality Þrm�s decision to introducing a new product is determined

by the following trade-off: (i) introducing a new product quality similar to the high

quality Þrm�s product increases its new product demand, reduces cannibalization

towards its original product demand but increases price competition which also af-

fects the original product, and (ii) introducing a new product similar to its original

product quality softens price competition but decreases its new product demand

and cannibalizes its original product demand. When the low quality Þrm withdraws

the original product it looses consumers buying the original product but, in turn,

softens price competition in the market. We will analyze these effects in the different

innovation cases in more detail, below.

This study presents a Þrst insight into the innovation incentives of incumbent

Þrms in vertically differentiated markets. We Þnd a way of solving the system

since some cases (characterized by polynomials of high degrees) prevent us from

solving the model by backward induction. Parceling out the total effects in several

parts makes the analysis computationally tractable. In keeping with the analysis of

Judd (1985) for horizontal models, this study shows that the credibility of strategies

plays an important role in vertical product differentiation models, as well. The high

quality Þrm�s strategy to deter the competitor�s innovation is not credible. We Þnd

that both innovators offer products of higher quality at higher prices whereby the

high quality Þrm still offers the highest product quality when the production costs

function for quality is symmetric. The innovators always withdraw their original

product in order to avoid cannibalizing their own product demand and to reduce

price competition.

5.2 The Model

We consider an outset in which two Þrms (i = 1, 2) offer one product with quality

s0
∗
1 = 4

7
s0

∗
2 in the market. Thus, Þrm 1 is the low quality and Þrm 2 the high

quality Þrm.4 A technological progress improves the production technology which

4The chosen product qualities represent the equilibrium qualities in the model by Choi and Shin

(1992) which is a modiÞcation of Shaked and Sutton (1982) whereby the version by Tirole (1992)
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enables both Þrms to produce a new product. We model a three-stage duopoly game

and investigate Þrms� incentives to introduce a new product and to withdraw their

original product from the market.

In the Þrst stage, both Þrms simultaneously decide if they introduce a new prod-

uct and choose the quality of the new product s1i ∈ [0,∞], for i = 1, 2. The new

product quality is allowed to be lower or higher than the original product quality.

We can distinguish between three quality areas which depend on where every inno-

vator locates the new product: a low quality area, s1i < s
0
1, an intermediate quality

area, s01 < s
1
i < s

0
2, and a high quality area, s

1
i > s

0
2. Firms have to invest in R&D

when they produce higher quality but do not have to invest in R&D when they offer

a new product with lower quality. The quality costs for the innovating Þrm, which

already offers s0i , are described by the following cost function

Fi
¡
s1i
¢
=

(
0 for s1i 5 s0i

> 0 for s1i > s
0
i ,

where F 0i (s
1
i ) > 0 and F

00
i (s

1
i ) > 0, with s

1
i > s

0
i . Firms� quality choice is supposed

to satisfy the �best response� property. Firm i�s choice on quality is described by

s1
∗
i = r

1
i

¡¡
s01
¢
,
¡
s02
¢
, s1j
¢
=argmax

s1
i

n
π
(0),1
i − Fi

¡
s1i
¢o
,

with i, j = 1, 2, and i 6= j.5 We distinguish between two scenarios depending on

which of the innovators offers the highest product quality: the high quality Þrm

offers the highest product quality, and the low quality Þrm offers the highest product

quality.6

is used. The results of their model are shown in Chapter 4, Appendix 4.4.1. For further reference,

this setting is also denoted as the outset. The superscript 0 denotes the product from the outset,

whereby the subscript refers to the Þrms. For the purpose of using a convenient notation we will

drop (from now on) the symbol �*� which indicates Þrms� equilibrium qualities from the outset.
5The variable πk,li , for k, l = 0, 1 and k 6= l refers to Þrm i�s proÞts. The presence of both super-

scripts k and l indicates that Þrm i offers both products in the market. Whereas one superscript

(e.g. πki ) indicates that Þrm i offers only one product in the market. Moreover, π
(k),l
i for k, l = 0, 1

and k 6= l indicates that Þrm i has the opportunity to keep or withdraw the corresponding product
with index k from the market.

6A scenario in which both Þrms introduce a product lower in quality than the former highest

industry quality s0
2 does not exist because of the following argument: Chapter 4 shows that a
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In the second stage, the Þrms decide whether to keep or withdraw the original

product from the market given their quality decision from the Þrst stage. In terms

of the number of products the following cases may occur: both innovators keep the

Þrst product in the market and four products are offered in the market, one of the

innovators withdraws the Þrst product and three products are offered, and both

innovators withdraw their original product and two products remain in the market.

Tables 5.1 and 5.2 show all the different innovation cases. In order to get a

better understanding of the different cases, we use the same notation as in Chapter

4. Note, the outcome for the case when no innovation occurs is given by the outset.7

The High Quality Firm offers the Highest Product Quality

a b c

2

(2)

(1)

1

2

(2)

1

(1)

2

1

(2)

(1)

Table 5.1: Innovation cases when the high quality

Þrm offers the highest product quality

single innovator (Þrm i) offers a new product only, when it is of superior quality, s1
i > s

0
2 =

7
4s

0
1

for i = 1, 2. Thus, any set of qualities for the single innovator case is given by
©¡
s0

1

¢
,
¡
s0

2

¢
, s1
i

ª
,

with s1
i > s

0
2. As a result, there is no set of qualities with a new product lower in quality than the

former highest industry quality s1
i < s0

2 existing in the single innovator case. Because Þrms act

according to the �best response� in the simultaneous innovation case, but a single innovator only

introduces a new product higher in quality than s0
2, it follows, that a case in which both Þrms offer

a new product lower in quality than s0
2 does not exist.

7For reminding the notation: the number refers to the Þrm which offers the product. The

products are ranked in increasing quality order, that is, a number at the bottom indicates the

lowest product quality and a number at the top the highest. Bold numbers indicate the new

product of each Þrm and a number in brackets indicates the option to either stay or withdraw the

original product from the market.
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The Low Quality Firm offers the Highest Product Quality

d e f

1

(2)

(1)

2

1

(2)

2

(1)

1

2

(2)

(1)

Table 5.2: Innovation cases when the low quality

Þrm offers the highest product quality

In the third stage, Þrms maximize proÞts by simultaneously choosing prices in the

product market having observed the product qualities and the number of products in

the market. When the innovator keeps its original product in the market it is allowed

to internalize price competition among its own products and takes into account that

a price change of one of its products has an impact on its other product. No entry

is assumed to occur. Production costs do not depend on quality and are set to 0.

Consumers� preferences are described by U = θs − p if they buy a good and
zero otherwise. Each consumer has the same ranking of qualities and prefers higher

quality for a given price (p). Consumers differ in their income. Their income para-

meter θ is equally distributed over the interval [0, 1]. The assumption on the income

parameter implies that the market is not covered; hence, some consumers do not

buy any one of these products. Every consumer is allowed to buy at most one of

the products.

We look for pure strategies and solve the model by investigating each innovation

case separately. We begin with analyzing the innovation scenario from Table 5.1

when the high quality Þrm offers the highest product quality.

5.2.1 The High Quality Firm Offers the Highest Product

Quality

When the high quality Þrm offers a new product in the high quality area three cases

(a, b, and c) may occur depending on the low quality Þrm�s action, see also Table

5.1. The low quality Þrm may offer a new product in the low quality area (case a),
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in the intermediate quality area (case b), or in the high quality area (case c). In

all cases Þrms decide whether to keep or withdraw their original product from the

market. We begin by analyzing case a.

Low Quality Innovation by the Low Quality Firm (Case a)

We solve this innovation case by applying backward induction. First, we derive

prices, demand, and proÞts in the product market for each of the possible four

subgames: when both Þrms keep their original product in the market, when only

the low quality Þrm withdraws, when only the high quality Þrm withdraws, and

when both Þrms withdraw their original product from the market. We then analyze

the innovators� decision to keep or withdraw their original product from the market.

Finally, we investigate Þrms� incentives to introduce a new product in the quality

areas under consideration.

Product Market Competition - Stage 3: When both Þrms keep their Þrst product

in the market the following sequence of product qualities s11 < s01 < s02 < s12 is

offered in the market. Four indifferent consumers are in the market. One of them is

indifferent between buying the high quality Þrm�s new product with quality s12 and

buying its original product with quality s02. The income parameter of this consumer

is given by θ4 =
(p1

2−p0
2)

(s1
2−s0

2)
. The consumer who is indifferent between buying the high

quality Þrm�s original product with quality s02 and the low quality Þrm�s original

product with quality s01 is described by the income parameter θ3 =
(p0

2−p0
1)

(s0
2−s0

1)
. The

consumer being indifferent between buying the original and the new product from

the low quality Þrm is given by θ2 =
(p0

1−p1
1)

(s0
1−s1

1)
, whereas the income parameter θ1 =

p1
1

s1
1

represents the consumer who is indifferent between buying the product with lowest

quality and not buying at all. For the demand functions, we get

D1
2

¡
p02, p

1
2, s

0
2, s

1
2

¢
=

θ=1Z
θ4

f (θ) dθ = 1− (p
1
2 − p02)

(s12 − s02)
, (5.1)

D0
2

¡
p01, p

0
2, p

1
2, s

0
1, s

0
2, s

1
2

¢
=

θ4Z
θ3

f (θ) dθ =
(p12 − p02)
(s12 − s02)

− (p
0
2 − p01)

(s02 − s01)
, (5.2)
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D0
1

¡
p11, p

0
1, p

0
2, s

1
1, s

0
1, s

0
2

¢
=

θ3Z
θ2

f (θ) dθ =
(p02 − p01)
(s02 − s01)

− (p
0
1 − p11)

(s01 − s11)
, (5.3)

and

D1
1

¡
p11, p

0
1, s

1
1, s

0
1

¢
=

θ2Z
θ1

f (θ) dθ =
(p01 − p11)
(s01 − s11)

− p
1
1

s11
. (5.4)

Firms� objective functions for the product market are

π1,01 (p
1
1, D

1
1, p

0
1, D

0
1) = p

1
1D

1
1 (·) + p01D0

1 (·) , and

π0,12
¡
p02,D

0
2, p

1
2,D

1
2

¢
= p02D

0
2 (·) + p12D1

2 (·) .

Each Þrm maximizes its proÞt function with respect to its own product price. The

Þrst order condition for the low quality Þrm, with respect to the price for the low

quality product, is

∂π1,01 (p
1
1, D

1
1, p

0
1, D

0
1)

∂p11
≡ 0 =⇒ p11

¡
p01
¢
=
p01s

1
1

s01
,

and with respect to its original product price,

∂π1,01 (p
1
1 (p

0
1) ,D

1
1, p

0
1,D

0
1)

∂p01
≡ 0 =⇒ p01

¡
p02
¢
=
p02s

0
1

2s02
.

Note that the innovator is allowed to internalize the price effect of its own product

prices. The Þrst order condition for the high quality Þrm with respect to its new

product price, is as follows

∂π0,12 (p
0
2, D

0
2, p

1
2, D

1
2)

∂p12
≡ 0 =⇒ p12

¡
p02
¢
=
2p02 − s02 + s12

2
,

and with respect to its original product price, taking the price effect of its product

prices into account, is given by

∂π0,12 (p
0
2, D

0
2, p

1
2 (p

0
2) ,D

1
2)

∂p02
≡ 0 =⇒ p02

¡
p01
¢
=
p01 − s01 + s02

2s02
.
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The reaction functions are strictly monotone and have a unique Nash equilibrium.

Solving the Þrst order conditions yields the corresponding equilibrium prices

p11(s
1
1, s

0
1, s

0
2) =

s11 (s
0
1 − s02)

s01 − 4s02
, p01(s

0
1, s

0
2) =

s01 (s
0
1 − s02)

s01 − 4s02
,

p02(s
0
1, s

0
2) =

2s02 (s
0
1 − s02)

s01 − 4s02
, p12(s

0
1, s

0
2, s

1
2) =

1

2

½
s12 − s02 +

4s02 (s
0
1 − s02)

s01 − 4s02

¾
.

Substituting these into equations (5.1) to (5.4) gives us the equivalent demand

D1
1 (·) = 0, D0

1

¡
s01, s

0
2

¢
=

s02
4s02 − s01

, D0
2

¡
s01, s

0
2

¢
=

s01
8s02 − 2s01

, D1
2 (·) =

1

2
.

Firms� proÞts in the product market are

π11 (·) = 0, π01
¡
s01, s

0
2

¢
=
s01s

0
2 (s

0
2 − s01)

(4s02 − s01)2
, π02

¡
s01, s

0
2

¢
=
s01s

0
2 (s

0
2 − s01)

(s01 − 4s02)2
, (5.5)

and π12
¡
s01, s

0
2, s

1
2

¢
=
1

4

½
4s02 (s

0
1 − s02)

s01 − 4s02
+ s12 − s02

¾
.

When only the low quality Þrm withdraws the original product from the market

the sequence of qualities is given by s11 (< s
0
1) < s

0
2 < s

1
2.
8 The results are the same

as for case a in Chapter 4.2.1, setting s11 = s
0
1.

When only the high quality Þrm withdraws the original product from the market

the quality order is given by s11 < s
0
1 (< s

0
2) < s

1
2. The results are shown in case f in

Chapter 4.2.1, adjusted for s12 = s
0
2.

When both innovators withdraw the original product from the market the follow-

ing sequence of qualities is offered in the market s11 (< s
0
1) (< s

0
2) < s

1
2. The results

are similar to the outset shown in Appendix 4.4.1, setting s11 = s
0
1 and s

1
2 = s

0
2.

As we see, Þrms� proÞts in the product market depend on the product qualities

and the number of products offered in the market.

We now turn to investigate the innovators� decision to keep or withdraw the

original product from the market.

8The product quality in brackets indicates that the product is withdrawn from the market.
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Number of Products - Stage 2: In this stage the innovators decide how many

products they offer in the market. Each Þrm has the choice to keep or withdraw

the original product from the market taking the rival�s choice into account. The

innovator keeps the original product in the market, whenever

π0,1i
¡
s0i , s

1
i ,
¡
s0j
¢
s1j
¢− π1i ¡s1i , ¡s0j¢ s1j¢ > 0. (5.6)

Polynomials of high degrees prevent us from explicitly solving the innovators� Þrst

order conditions of their proÞt functions with respect to their qualities. Therefore,

we investigate Þrms� marginal proÞts in stage 3 with respect to their original product

quality in order to analyze the innovators� decision on the number of products.

We begin by analyzing the low quality Þrm�s decision on the number of products.

When the high quality Þrm keeps the Þrst product in the market the low quality

Þrm�s best action is to keep the original product in the market, since

∂π1,01 (s11, s
0
1, s

0
2, s

1
2)

∂s01
=

∂

·
s0

1s
0
2(s0

2−s0
1)

(s0
1−4s0

2)
2

¸
∂s01

=
(7s0

1 − 4s0
2) s

02

2

(s0
1 − 4s0

2)
3 =⇒ s01 =

4

7
s02

applies.

When the high quality Þrm withdraws the Þrst product, the same argument as

in Chapter 4.2.2, case f applies. The low quality Þrm internalizes price competition

towards its own product prices by setting the price of the new product relatively

high in order to capture more consumers for buying the original product which is of

higher quality and earns higher proÞts. It follows that the low quality Þrm is better

off to keep the original product in the market. Hence, the low quality Þrm has a

dominant strategy to keep the original product in the market after introducing a

new product in the low quality area.

The high quality Þrm�s choice to either keep or withdraw the original product

taking into account that the low quality Þrm always keeps the Þrst product in the

market is similar to case a in Chapter 4.2.2.9 The high quality Þrm�s best choice

is to withdraw the original product in order to avoid cannibalizing its new product

demand and softening price competition in the market, see equation (4.9).

9Note, the low quality Þrm always sets the price for the product with lowest quality sufficiently

high, such that no consumer will buy the product, see equation (5.5) setting s0
1 = s1

1, and vice

versa. Finally, this case is analogous to case a where three products are offered in the market.
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As a result, the low quality Þrm keeps the original product in the market when

it introduces a new product in the low quality area, whereas the high quality Þrm

withdraws the original product when it introduces a new product in the high quality

area.

Quality Choice - Stage 1: In this stage the innovators� incentive to introduce a

new product is analyzed, taking into account that the high quality Þrm withdraws

the original product, whereas the low quality Þrm keeps the original product in the

market.

The innovator�s (Þrm i�s) objective is to choose a product quality which maxi-

mizes Þrst-stage proÞts, given by

Π
(0),1
i

¡·, s1i , s1j¢ = π(0),1i

¡·, s1i , s1j¢− Fi ¡s1i ¢ . (5.7)

Taking the low quality Þrm�s Þrst order condition of equation (5.7) with respect to

its new product quality s11 shows that the low quality Þrm will not introduce a new

product in the low quality area in order to avoid cannibalizing the demand of its

Þrst product, see equation (4.31), Chapter 4.2.2.

The high quality Þrm�s proÞts increase by introducing a new product in the high

quality area, see equation (4.34) in Appendix 4.4.1, setting s12 = s
0
2. Whether the

high quality Þrm has an incentive to introduce a new product is a comparison of

the high quality Þrm�s Þrst-stage proÞts when it introduces a new product with the

proÞts when no innovation occurs. The high quality Þrm�s objective function is

given by

π1i
¡·, s1i ¢− Fi ¡s1i ¢− Ω0i ¡·, s0i ¢ (5.8)

where Ω0i (·, s0i ) indicates the innovator�s proÞts (stage 1) when no innovation occurs,
for i = 2. Equation (5.8) shows that the high quality Þrm may introduce a new

product in the high quality area depending on the R&D costs for quality.

Overall, we can summarize case a as follows: The high quality Þrm may introduce

a new product in the high quality area depending on the R&D costs and withdraws

the original product from the market whereas the low quality Þrm does not introduce

a new product.

We turn to investigate case b.



CHAPTER 5. CREDIBLE VERTICAL PREEMPTION 114

Intermediate Quality Innovation by the Low Quality Firm (Case b)

Product Market Competition - Stage 3: The results for the product market are

determined by the innovators� decision to keep or withdraw the original product. For

prices, demand and proÞts see also the previous case a, equation (4.4) in Chapter

4.2.1, Appendix 4.4.4, and Appendix 4.4.1, adjusted for the corresponding product

qualities.

Before we turn to analyze the innovators� decision on the number of products

(stage 2), and their quality choices (stage 1), we provide insight to the high quality

Þrm�s choices in stage 2 and stage 1, in order to emphasize the credibility of Þrms�

innovation strategies and also to stress the link between horizontal and vertical

product differentiation models.

The high quality Þrm may keep the original product in the market, in order to

deter the low quality Þrm�s innovation:

When the high quality Þrm keeps the original product in the market the low

quality Þrm does not introduce a new product in the intermediate area.10

However, the high quality Þrm may also withdraw the original product from the

market, in order to accommodate the low quality Þrm�s innovation:

When the high quality Þrm withdraws the original product from the market

after innovating, the low quality Þrm introduces a new product in the intermediate

quality area and withdraws, as well.11

The high quality Þrm�s decision to deter or accommodate the low quality Þrm�s

innovation (stage 2) is a comparison of proÞts in both cases as shown in equation

(5.6). The high quality Þrm�s decision on product quality (stage 1) is based on its

objective function (5.7). In accordance to subgame perfection, we begin by analyzing

stage 2.

10Equation (5.5), with s1
1 = s

0
1 shows that the low quality Þrm�s proÞts (stage 3) are identical

to the outset, as shown in Appendix 4.4.1, equation (4.32). It turns out that s0
1 represents the

low quality Þrm�s optimal product quality for this scenario. Therefore, the low quality Þrm has no

incentive to introduce a new product in the intermediate quality area.
11Note, that we have a similar situation to the outset, where product qualities are adjusted to

s1
1 = s

0
1, and s

1
2 = s

0
2.
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Number of Products - Stage 2: The decision to keep or withdraw the original

product from the market (stage 2) is a comparison of proÞts under both scenarios,

as shown in equation (5.6). In contrast to the previous innovation case a, the low

quality Þrm has a dominant strategy to withdraw the original product from the

market.12

Given the low quality Þrm withdraws the original product, the high quality Þrm

withdraws as well, in order to lower price competition and to avoid cannibalizing its

new product demand, see equation (4.9) in Chapter 4.

Consequently, both Þrms withdraw their original product in this innovation case.

Quality Choice - Stage 1: In this stage, the innovation incentives are ana-

lyzed, taking into account that both Þrms withdraw their original product from

the market.13 The innovator�s (Þrm i�s) objective is to choose a product quality

which maximizes proÞts, according to

Π1i
¡
s1i , s

1
j

¢
= π1i

¡
s1i , s

1
j

¢− Fi ¡s1i ¢ .
Taking the derivative with respect to its new product quality s1i shows that the

innovator�s marginal proÞts (stage 3) are positive (see Appendix 4.4.1, equation

(4.33) and (4.34), setting s11 = s01 and s
1
2 = s02). Therefore, Þrms� incentives to

introduce a new product in the market depends on the R&D costs for quality, as

shown in equation (5.8).

We could show that Þrms� incentives to introduce a new product depend on the

R&D costs. Moreover, once Þrms introduce a new product they both withdraw their

original product from the market. Therefore, the high quality Þrm�s choice to deter

the low quality Þrm�s innovation is not credible.

We can summarize case b, with the following proposition.

12When the high quality Þrm withdraws the original product the outcome is similar to case e

in Chapter 4.2.1, see equation (4.41). Therefore, equation (4.23) in Chapter 4.2.2, adjusted for

s1
2 = s

0
2 shows that the low quality Þrm withdraws the original product.

When the high quality Þrm keeps the original product in the market, (see equation (5.5) with

s0
1 = s

1
1, and vice versa) the low quality Þrm withdraws the original product.

13Note, that we have a similar situation to the outset, where product qualities are adjusted to

s1
1 = s

0
1, and s

1
2 = s

0
2.
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Proposition 10 The high quality Þrm�s innovation strategy to deter the low quality

Þrm�s innovation is not credible. The high quality Þrm accommodates the low qual-

ity Þrm�s innovation. When innovation occurs, both Þrms withdraw their original

product from the market.

In order to provide insight for this result, we compare the high quality Þrm�s

choice to deter or accommodate innovation, which are determined by the following

effects14

∂π12
∂s12

+
∂π12
∂s11| {z }

Accommodation

R ∂π0,12
∂s12| {z }

Deterrence

+z }| {
∂π12
∂D1

2

∂D1
2

∂p11

∂p11
∂s12| {z }

Own strategic effect

R

+z }| {
∂π0,12

∂D
0

2

∂D
0

2

∂s12
+
∂π0,12

∂D
1

2

∂D
1

2

∂s12| {z }
Demand effect in deterrence case

− ∂π12
∂D1

2

∂D1
2

∂s12| {z }
Demand effect

−


−z }| {

∂π12
∂D1

2

∂D1
2

∂p11

∂p11
∂s11

+
∂π12
∂D1

2

∂D1
2

∂s11| {z }
Rival�s strategic effect in accom. case

 (5.9)

In the accommodation case, the high quality Þrm produces a higher quality than in

the deterrence case.15 The high quality Þrm beneÞts by producing a higher product

quality, because price competition towards the low quality product is softened, see

own strategic effect in equation (5.9). On the other hand, the high quality Þrm

looses part of its proÞts (stage 3) in the accommodation case because the low quality

Þrm�s new product quality increases price competition and takes over some of the

product demand from the high quality Þrm, indicated by the rival�s strategic effect

in equation (5.9).

14Any variable indicated by a bar (like s1
2) refers to the deterrence case, whereas all other

variables refer to the accommodation case.
15From Appendix 4.4.1 with s1

1 = s0
1 and s

1
2 = s0

2 and Appendix 4.4.2, equation (4.38), with

s1
2 = s0

2 and vice versa, we know that marginal proÞts (stage 3) in the accommodation case are

higher than in the deterrence case because
∂π1

2(s1
1,s

1
2)

∂s1
2

− ∂π0,1
2 (s

0
1,s

0
2,s

1
2)

∂s1
2

= − s12

2 (s1
1+20s1

2)
4(s1

1−4s1
2)

3 ≥ 0 applies.
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In the deterrence case, the high quality Þrm offers a lower product quality and

beneÞts less by softening price competition. However, it beneÞts by a higher demand

effect and avoiding a negative rival�s strategic effect caused by the low quality Þrm�s

product innovation in the accommodation case, see equation (5.9).

The high quality Þrm�s decision to deter or accommodate the low quality Þrm�s

innovation seems to depend on the extent of the low quality Þrm�s potential innova-

tion in the accommodation case: the high quality Þrm may prefer to accommodate

innovation when it beneÞts more from softening price competition by offering a

higher product quality than it suffers from an increase in price competition and

a lower demand effect determined by the low quality Þrm�s new product quality.

On the other hand, the high quality Þrm may prefer to deter the low quality Þrm�s

innovation, when its new product quality is relatively high and intensiÞes price com-

petition. The high quality Þrm may keep the Þrst product in the market, offering a

product with lower quality. As a result, the low quality Þrm would be deterred from

innovation which prevents Þerce price competition, see equation (5.9).

However, it is still left to show if the high quality Þrm�s chosen deterrence strategy

would be credible.

Firm 1
Firm 2 Accommodation16 Deterrence

Accommodation 2, 5
2
+ x 1

2
, 3
4

Deterrence 7
4
, 4 1, 3

Table 5.3: Firms� proÞts in the accommodation

and deterrence case

As we see in Table 5.3,17 once the low quality Þrm chose to play the deterrence

strategy the high quality Þrm is better off to withdraw the Þrst product from the

market in order to lower price competition and to avoid cannibalizing its own de-

mand, see equation (4.9). The best reply for the low quality Þrm is to increase its

16A lower chosen equilibrium quality by the low quality Þrm in the accommodation case softens

price competition and increases the high quality Þrm�s revenues indexed by a higher �x�.
17Table 5.3 shows Þrms� proÞts (stage 3) for the different choices in stage 2 and 1.
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original product quality, see Appendix 4.4.1, equation (4.33). It follows that the

high quality Þrm always prefers to withdraw the original product from the market.

As we have shown, the credibility of strategies plays an important role in deter-

mining Þrms� incentives to introduce a new product in the market.

We now turn to innovation case c, shown in Table 5.1.

High Quality Innovation by the Low Quality Firm (Case c)

Product Market Competition - Stage 3: Prices, demand, and proÞts are analogous

to previous cases adjusted for the corresponding product qualities.18

Number of Products - Stage 2: In this stage, each Þrm decides whether to keep or

withdraw the original product from the market taking the rival�s action into account.

Their decision is a comparison of proÞts under both scenarios, as shown in equation

(5.6).

We begin by investigating the low quality Þrms� marginal proÞts (stage 3) with

respect to its original product quality.

When the high quality Þrm keeps its Þrst product in the market after innovating,

the low quality Þrm�s best response is to withdraw the Þrst product, see equation

(5.14) in Appendix B.1. It beneÞts more by softening price competition (Þrst strate-

gic effect) instead of attracting more consumers (demand effect),

dπ0,11
ds01

=
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1
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1
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−z}|{
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ds01| {z }

second strategic effect

+

+z }| {
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+z}|{
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1
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−z}|{
dp12
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third strategic effect

+

+z }| {
∂π0,11
∂D0

1

+z}|{
∂D0

1

ds01| {z }
demand effect

< 0.

(5.10)

When the high quality Þrm withdraws its Þrst product from the market, the

low quality Þrm is still better off to withdraw since it avoids cannibalizing its own

product demand, see case e in Chapter 4.2.2, equation (4.23), setting s12 = s
0
2. As a

result, the low quality Þrm has a dominant strategy to withdraw its Þrst product.

18ProÞts are shown in Appendix B.1, in case c (Chapter 4.2.1), equation (4.39), in case e (Chapter

4.2.1, equation (4.41)), and in Appendix 4.4.1.



CHAPTER 5. CREDIBLE VERTICAL PREEMPTION 119

Given the low quality Þrm�s dominant strategy to withdraw, the high quality

Þrm is better off to withdraw the original product as well in order to reduce price

competition, see equation (4.18) in Chapter 4.3.3, setting s02 = s12, s
1
1 = s01, and

s12 = s
0
2.

As a result, both Þrms withdraw their original products when they introduce a

new product in the high quality area. Again, the high quality Þrm is not able to

commit keeping the original product in the market in order to deter the low quality

Þrm from introducing a new product in the high quality area.

We now turn to investigate the innovators� quality choice.

Quality Choice - Stage 1: The innovator�s (Þrm i�s) objective is to choose a

product quality which maximizes proÞts, given by

Π1i
¡
s1i , s

1
j

¢
= π1i

¡
s1i , s

1
j

¢− Fi ¡s1i ¢ . (5.11)

Taking the innovator�s Þrst order condition of equation (5.11) with respect to its new

product quality s1i shows that the innovator�s marginal proÞts (stage 3) are positive

(see Appendix 4.4.1, equation (4.33) and (4.34) setting s11 = s01 and s
1
2 = s02).

Whether a Þrm has an incentive to introduce a new product is a comparison of

proÞts when it introduces a new product with the proÞts when it does not introduce

a new product which depends on the R&D costs for quality, as shown in equation

(5.8).

We can summarize case c with the following result: Firms� decision to introduce

a new product in the high quality area depends on the R&D costs. Both innovators

withdraw their original product from the market.

After analyzing the innovation scenario when the high quality Þrm offers the

highest product quality (cases a, b, and c), we can conclude with the following

proposition.

Proposition 11 When the high quality Þrm offers a new product with highest qual-

ity, the low quality Þrm may introduce a new product in the intermediate, or in

the high quality area, depending on the R&D costs. Both innovators withdraw their

original product from the market.
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When the low quality Þrm offers the highest product quality, as illustrated in

Table 5.2, we can show that no candidate equilibrium exists. A detailed analysis of

cases d to f is described in Appendix B.

After analyzing all the innovation cases (a to f) we can derive the following

result:

When innovation occurs simultaneously, both Þrms introduce a new product of

higher quality. The high quality Þrm introduces a new product with highest quality

in the high quality area, whereas the low quality Þrm introduces a new product either

in the intermediate or in the high quality area. Furthermore, both Þrms withdraw

their original product from the market. As a result, the high quality Þrm�s strategy

to deter or preempt the innovation by the low quality Þrm is not credible.

5.3 Conclusion

In this chapter we analyze a model of two incumbent Þrms, which both may in-

troduce a new product in a vertically differentiated market. We examine Þrms�

incentives to introduce new products of different quality into the market and ana-

lyze if they keep or withdraw their Þrst product from the market. We analyze the

variety of products and the quality level of the products offered in the market.

We show that product innovation depends on the credibility of Þrms� innovation

strategies. Therefore, the high quality Þrm�s strategy to preempt (deter) the low

quality Þrm�s innovation is not credible. The high quality Þrm always chooses a

quality according to the accommodation strategy. Firms introduce a higher quality

at a higher price in order to concentrate their sales on high income consumers. More

precisely, the high quality Þrm introduces a new product with highest quality in the

high quality area, whereas the low quality Þrm introduces a new product either

in the intermediate or in the high quality area. The innovators always withdraw

their original product in order to reduce price competition and not to cannibalize

its original product demand.

This study shows that the outcome of new product introduction in models of

vertical differentiation depends on the credibility of Þrms� innovation strategies and

is similar to Judd (1985) for horizontal models.
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5.4 APPENDIX

Appendix A

The Low Quality Firm Offers the Highest Product Quality

When the low quality Þrm offers the highest product quality, the high quality Þrm has the

opportunity to introduce a new product in the low quality area (case d), in the intermediate

quality area (case e), or in the high quality area (case f ). We will Þrst analyze case d.

Low Quality Innovation by the High Quality Firm (Case d)

Product Market Competition - Stage 3: The results are determined by the innovators�

decision to keep or withdraw their original product and are shown in Appendix B.1, in

case a (Chapter 4.2.1, equation (4.4)), in case e (Chapter 4.2.1, equation (4.41)), and in

Appendix 4.4.1, adjusted for the corresponding product qualities.

Number of Products - Stage 2 and Quality Choice - Stage 1: In this innovation case,

the products offered by Þrms are ranked in alternating order, see Table 5.2. When a Þrm�s

product quality is located between two of the rival�s products, price competition reduces

prices and proÞts to zero when product qualities are identical. Firms� proÞts begin to

increase as the product quality moves apart but decrease to zero again when the product

quality approaches the other rival�s product. Firms� marginal proÞts are not monotonic

in- or decreasing with respect to the original product quality. As a consequence, analyzing

Þrms� decision to keep or withdraw the original product (stage 2) by investigating Þrms�

marginal proÞts does not work. Another opportunity might be to compare proÞts when

a Þrm keeps the original product with the proÞts when it withdraws the product from

the market. But this procedure is based on comparing polynomials of high degrees which

is computationally not tractable. These difficulties prevent us from solving the game

backwards. Therefore, we solve this case by investigating stage 1 and 2, simultaneously.

We Þrst analyze the low quality Þrm�s decision to keep or withdraw the original product

from the market (stage 2) by taking the high quality Þrm�s choice from stage 2 and stage

1 into account.

Suppose both Þrms keep the Þrst product in the market. Equation (5.15) in Appendix

B.1 shows that the high quality Þrm has no incentive to introduce a new product in the
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low quality area. It beneÞts more by not innovating and taking advantage of a lower price

competition towards the low quality Þrm�s Þrst product (Þrst strategic effect) instead of

introducing a new product in the low quality area and proÞting from a higher demand

effect. The effects are shown in the following equation

dπ1,02
ds12
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2
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2
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+

+z }| {
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+z}|{
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2

ds12| {z }
demand effect

< 0.

(5.12)

When the high quality Þrm does not introduce a new product in the low quality area the

best action for the low quality Þrm is to withdraw the original product from the market,

see equation (4.18).

Suppose the high quality Þrm withdraws the original product after innovating in the

low quality area. Three products with qualities s12 < s
0
1 < s

1
1 are offered in the market.

The low quality Þrm�s best response is to withdraw the original product from the market

in order to avoid cannibalizing its own product demand and to relax price competition,

see equation (4.9), setting s12 = s
0
1, s

0
1 = s

0
2, and s

1
1 = s

1
2. As a result, the low quality Þrm

is always better off withdrawing the original product from the market when it introduces

a new product in the high quality area.

We now analyze the high quality Þrm�s decision to keep or withdraw the original

product from the market (according to equation (5.6)) and its quality decision (according

to equation (5.7)) given the low quality Þrm�s choices.

The high quality Þrm�s decision to keep or withdraw the original product depends on

the extent of the low quality Þrm�s innovation (see Appendix 4.4.1, setting s12 = s
0
1 and

s11 = s
0
2).

When the low quality Þrm�s innovation is large (s11 ≥ 7
4
s02), the high quality Þrm

keeps the original product in the market and does not introduce a new product in the

low quality area, see equation (4.18). Withdrawing and introducing a new product in the

low quality area is not optimal, because the high quality Þrm would earn higher proÞts

by increasing its new product quality up to its original product quality s02, see equation

(4.33) in Appendix 4.4.1, setting s12 = s
0
1 and s

1
1 = s

0
2.

When the low quality Þrm�s innovation is only small (s11 <
7
4
s02), a tougher price
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competition towards the high quality Þrm�s Þrst product is initialized. The high quality

Þrm�s best response is to withdraw the Þrst product from the market and to introduce a

new product in the low quality area in order to soften price competition.

Two products remain in the market in this innovation case. However, we know from

equations (4.33) and (4.34) (see Appendix 4.4.1 setting s11 = s
0
2 and s

1
2∧s02 = s01) that the

high quality Þrm earns higher proÞts than the low quality Þrm. Taking into account that

Þrms� cost functions are symmetric, we can conclude that the high quality Þrm is better

off providing a product with highest product quality.

Finally, we can summarize case d with the following result: When the low quality

Þrm offers a new product in the high quality area, the high quality Þrm is better off to

introduce a new product of higher quality instead of offering a new product in the low

quality area.

Intermediate Quality Innovation by the High Quality Firm (Case e)

Product Market Competition - Stage 3: The results are shown in Appendix B.2, in

case c (Chapter 4.2.1, equation (4.39)), in case e (Chapter 4.2.1, equation (4.41)), and in

Appendix 4.4.1, adjusted for the corresponding qualities.

Number of Products - Stage 2: For computational reasons, we investigate Þrms� mar-

ginal proÞts (stage 3) with respect to the original product quality. We begin with analyzing

the low quality Þrm�s decision in stage 2 given any decision of the high quality Þrm.

When the high quality Þrm keeps the original product in the market, the low quality

Þrm�s best response is to withdraw the Þrst product. Equation (5.16) in Appendix B.2

and equation (5.13) show that the low quality Þrm beneÞts more from softening price

competition (second strategic effect) instead of attracting more consumers (demand effect),
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< 0. (5.13)

When the high quality Þrm withdraws, the low quality Þrm is better off to withdraw

as well, see Chapter 4.2.2, equation (4.18). We can conclude that the low quality Þrm has

a dominant strategy to withdraw the original product from the market.
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Given the low quality Þrm�s dominant strategy to withdraw the original product from

the market the high quality Þrm�s decision in stage 2 depends on the low quality Þrm�s

quality decision in stage 1. The argument is similar to case f in Chapter 4.2.2 with

s12 = s
1
1, s

0
2 = s

0
1, and s

1
1 = s

0
2. When the leapfrog innovation by the low quality Þrm

is sufficiently high, such that the new product quality satisÞes s11 >
7
4s
0
2 the high quality

Þrm�s marginal proÞts are positive. The high quality Þrm keeps the original product in

the market. When the leapfrog innovation by the low quality Þrm is small s11 <
7
4s
0
2, the

high quality Þrm�s marginal proÞts are negative and the high quality Þrm is better off to

withdraw the original product.

As a result, the low quality Þrm withdraws the original product after innovating

whereas the high quality Þrm�s choice to keep or withdraw the original product from

the market depends on the low quality Þrm�s extent of innovation. Let us now turn to

investigate the Þrms� quality choice.

Quality Choice - Stage 1: The innovators� quality decision in stage 1 is analyzed

according to their objective function (5.7).

When the low quality Þrm�s innovation is large, the high quality Þrm keeps its original

product in the market and does not introduce a new product in the intermediate quality

area because it cannibalizes the high quality Þrm�s own product demand, see equation

(4.31), setting s12 = s
1
1, s

0
2 = s

0
1, and s

1
1 = s

0
2.

When the low quality Þrm�s innovation is small, a tougher price competition towards

the high quality Þrm�s Þrst product is initialized. The high quality Þrm�s best response

is to withdraw the Þrst product from the market and to introduce a new product in the

intermediate quality area in order to soften price competition, see Appendix 4.4.1, equation

(4.33).

However, we know from case d that the high quality Þrm earns higher proÞts by

introducing a new product of highest quality (see equations (4.33) and (4.34), Appendix

4.4.1 setting s11 = s
0
2 and s

1
2∧s02 = s01, and taking into account that Þrms� cost functions

are symmetric).

Finally, we can summarize case e with the following result: When the low quality

Þrm offers a new product in the high quality area, the high quality Þrm is better off

to introduce a new product of higher quality instead of offering a new product in the

intermediate quality area.
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High Quality Innovation by the High Quality Firm (Case f )

Product Market Competition - Stage 3: The results are shown in Appendix B.2, in

equation (4.41) of Chapter 4.2.1, in equation (4.39) of Chapter 4.2.1, and in Appendix

4.4.1, adjusted for the corresponding qualities.

Number of Products - Stage 2: When the high quality Þrm keeps the Þrst product

in the market the low quality Þrm�s best response is to withdraw the Þrst product, see

equation (5.13), setting s12 = s
0
2 and vice versa.

When the high quality Þrm withdraws the Þrst product from the market the low quality

Þrm will withdraw as well in order to soften price competition, see equation (4.18), adjusted

for s12 = s
0
2.

As a result, the low quality Þrm has a dominant strategy to withdraw the Þrst product

from the market. Given the low quality Þrm�s dominant strategy, the high quality Þrm

withdraws the original product as well, see equation (4.23), setting s02 = s01, s
1
2 = s11,

and s11 = s
0
2.

Finally, both Þrms offer a new product in the high quality area and withdraw their

original product from the market. Two products with qualities s12 < s11 remain in the

market.

Quality Choice - Stage 1: As we know from case d, this innovation case is not optimal

for the high quality Þrm since it earns higher proÞts by introducing a new product of

higher quality than the low quality Þrm.

After analyzing the innovation cases d, e and f , we can conclude with the following

proposition.

Proposition 12 When the low quality Þrm offers a new product in the high quality

area the high quality Þrm introduces a new product with higher quality. Both innovators

withdraw their original product from the market.
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Appendix B

B.1: High Quality Innovation by the Low Quality Firm and Low Quality

Innovation by the High Quality Firm (Case d)

The low quality Þrm offers a new product in the high quality area, whereas the high quality

Þrm introduces a new product in the low quality area. Both Þrms keep their original

products in the market. We get the following sequence of qualities s12 < s
0
1 < s

0
2 < s

1
1.

For demand we get

D12

³
p12, p

0
1, s
1
2, s
0
1

´
=
(p0

1−p1
2)

(s0
1−s1

2)
− p1

2

s1
2

, D01

³
p12, p

0
1, p
0
2, s
1
2, s
0
1, s
0
2

´
=
(p0

2−p0
1)

(s0
2−s0

1)
−

(p0
1−p1

2)
(s0

1−s1
2)
,

D02

³
p01, p

0
2, p
1
1, s
0
1, s
0
2, s
1
1

´
=
(p1

1−p0
2)

(s1
1−s0

2)
− (p

0
2−p0

1)
(s0

2−s0
1)
, and D11

³
p02, p

1
1, s
0
2, s
1
1

´
= 1 −

(p1
1−p0

2)
(s1

1−s0
2)
.

Both Þrms maximize their proÞts with respect to their product prices. For the reaction

functions we get

p12

³
p01

´
=
p0

1s
1
2

2s0
1

, p01

³
p02, p

1
2

´
=
p0

2(s
0
1−s1

2)+p
1
2(s

0
2−s0

1)
2(s0

2
−s0

1
)
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p02
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0
1
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1(s
0
2−s0

1)+p
0
1(s

1
1−s0

2)
2(s1

1−s0
1)

, and p11

³
p02

´
=
p0

2+s
1
1−s0

2

2 .

As we can see, the reaction functions are strictly monotone and have a unique Nash

equilibrium. We get for the corresponding equilibrium prices

p12(s
1
2, s
0
1, s
0
2, s
1
1) =

s1
2(s

1
2−s0

1)(s
0
1−s0

2)(s
0
2−s1

1)
Ω ,

p01(s
1
2, s
0
1, s
0
2, s
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0
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1)
Ω ,

p02(s
1
2, s
0
1, s
0
2, s
1
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(s0
1−s0

2)(4s
0
1s
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2−s1

2(3s
0
1+s

0
2))(s

0
2−s1

1)
Ω ,

p11(s
1
2, s
0
1, s
0
2, s
1
1) =

1
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s11 − s02 +
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1−s0

2)(4s
0
1s

0
2−s1

2(3s
0
1+s

0
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2−s1

1)
Ω

¾
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For demand we get
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D12(s
1
2, s
0
1, s
0
2, s
1
1) =

s0
1(s
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1−s0

2)(s
0
2−s1
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The partial derivative of the low quality Þrm�s proÞts with respect to s01 is given by

∂π
0,1
1

∂s01

= −
49
³
9s02 − 16s11

´³
s02 − s11

´2 ³
s02 − s12

´³
s11 − s12

´2
48
³
3s0

2

2 − 4s02s11 − 2s1
2

1 − 5s02s12 + 8s11s12
´3 < 0. (5.14)

The partial derivative of the high quality Þrm�s proÞts with respect to s12 is given by

∂π
1,0
2

∂s12

=
48s0

2

2

³
s02 − s11

´2 ³−137s12s02 + 144s02

2 + 252s
1
2s
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´
³
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(5.15)

B.2: High Quality Innovation by the Low Quality Firm and Intermediate

Quality Innovation by the High Quality Firm (Case e)

When the low quality Þrm introduces a new product in the high quality area and the
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high quality Þrm introduces a new product in the intermediate quality area, we get the

following sequence of qualities s01 < s
1
2 < s

0
2 < s

1
1.

For demand we get
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Both Þrms maximize their proÞts with respect to their product prices. For the reaction

functions we get
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As we can see, the reaction functions are strictly monotone and have a unique Nash

equilibrium. We get for the corresponding equilibrium prices
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The partial derivative of the low quality Þrm�s proÞts with respect to s01 is given by
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Chapter 6

Multiproduct Firms and Dynamic

Marginal Costs: Evidence from

the Semiconductor Industry

In this chapter we specify and estimate a structural model of multiproduct Þrms

for the semiconductor industry. In addition, we explicitly consider dynamics over

the product life cycle. We Þnd that these two aspects have important implications

and provide evidence that (i) Spillover and Economies of Scale effects are lower for

multiproduct Þrms than for single product Þrms, whereas Learning by Doing effects

are slightly higher. We also Þnd that Þrms follow an intertemporal output strategy.

Furthermore, we provide evidence that, once multiproduct Þrms are introduced,

Þrms behave as if in perfect competition. A single product speciÞcation leads to

Þrms behaving even �softer� than Cournot players in the product market. We show

that (ii) Learning by Doing, Economies of Scale, and Spillover effects vary over the

product cycle. Learning by Doing effects are higher at the end of the life cycle when

new production technologies are developed. Economies of Scale are increasing and

become smaller (larger) over the life cycle for multiproduct (single product) Þrms.

We specify a dynamic theoretical model and estimate a dynamic structural model

by using quarterly Þrm-level output and costs data as well as industry prices for the

Dynamic Random Access Memory (DRAM) industry from 1974 to 1996.

The remainder of this chapter is organized as follows. We begin with an intro-

duction in Section 6.1. Section 6.2 provides a description of the underlying effects

131
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inßuencing the measurement of Learning by Doing. In Section 6.3 we present some

structural and behavioral characteristics of the semiconductor industry and, in par-

ticular, of the DRAM industry. In Section 6.4 we develop and analyze a theoretical

model of Learning by Doing with asymmetric multiproduct Þrms, and two hypothe-

ses are derived. In Section 6.5 we present an empirical model that tests the two

hypotheses, we then turn to a description of the data in Section 6.6 and present the

results in Section 6.7. We summarize and conclude this chapter in Section 6.8.

6.1 Introduction

In the 1980s an extensive policy debate in the United States focused on the semi-

conductor industry. The discussions centered on the increased competition brought

on by the larger number of foreign competitors in the United States market, tar-

geting in particular the below-cost sales of Japanese Þrms. The US-Þrms asserted

that foreign competitors were charging dumping prices that could erect a barrier

and thereby prevent US-Þrms from entering the semiconductor market even after

the period of predatory low prices was over.

Late in 1985, the US government began investigating allegations of dumping

against Japanese producers of 64K and 256K DRAM chips and EPROM chips. The

Commerce Department and the International Trade Commission, in carrying out

the investigations into dumping, required each Japanese producer to Þle a quarterly

estimate of the full costs of production for its chips. The two investigating bodies

isolated the total cost data for speciÞc periods, when all of the different kinds of

chips were being produced simultaneously, and investigated the dumping margins.

One problem with this procedure was that each chip was investigated at different

stages of its product cycle. For instance, the 64K DRAM chip was much further

along in its product cycle, whereas the 256K DRAM chip was still in the early stages

of its product cycle. Sales of chips are very much characterized by the product life

cycle, and Þrms� chosen mark-ups are different over this life cycle.

In March 1986, the United States Department of Commerce and the Interna-

tional Trade Commission concluded that Japanese Þrms set dumping prices for the

64K DRAM chips1 and that they sold varieties of their semiconductors in the United

1The United States antidumping laws are included in the United States Trade Agreements Act
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States at prices below their current fair market value or costs of production. The

dumping case against the 256K chip, however, was suspended through the Semicon-

ductor Agreement between the United States and Japan.2

A considerable number of economic research and policy suggestions have been

made with regard to this investigation, requiring a sufficient understanding of both

how Þrms behave in the industry and which factors determine their behavior. Recent

analyses found, once Learning by Doing effects were taken into consideration, only

little evidence that Japanese semiconductor Þrms engaged in dumping.

When Þrms engage in Learning by Doing their unit cost decline over time, for

production experience is accumulated through past output. Learning by Doing

brings an intertemporal dimension to a Þrm�s output strategy, because its optimal

strategy is to overproduce in order to invest in future cost reductions. This strategy

induces Þrms to make their optimal output decisions based not on current period

costs but, rather, on their shadow costs of production.3

There is a relatively large body of theoretical work but little empirical work in

this area. Numerous authors have shown that learning has an enormous impact on

costs, strategic decisions, and market power; see, for example, Wright (1936), Boston

Consulting Group (1972), Spence (1981), Fudenberg and Tirole (1983), Lieberman

(1982 and 1984), Dick (1991), Gruber (1996), and Nye (1996). However, none of

these studies endogenize Þrms� pricing behavior. They do not take the intertemporal

feature into account: namely, that dynamic marginal costs lie below static marginal

costs. Rather, the authors of these studies assume constant price-cost margins, an

assumption that is incongruous with the semiconductor industry. On the contrary,

it is evident that price-cost margins change over time. As a consequence, using

price as a proxy for unit costs is not easily justiÞed. Irwin and Klenow (1994)

allowed price-cost margins to change over time. On the assumption of Þrms behaving

like Cournot players, with both constant Economies of Scale (ECS) and Learning

of 1979, 19 U.S.C. §1673.
2The agreement required that Japanese producers not sell at a price below their cost of pro-

duction (see American Society of International Law, Japan-United States: Agreement on Semi-

conductor Trade, 25 Int. Legal Matters 1409-27 (1986)).
3Another aspect of �Learning by Doing� is the �Organizational Forgetting� hypothesis. With

regard to the airline industry, Benkard (1998) found evidence to show that a Þrm�s production

experience depreciates over time.
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by Doing (LBD) effects being constant over time, they endogenized Þrms� pricing

behavior and implemented dynamic marginal costs.

Brist and Wilson (1997) estimate a structural model similar to that of Jarmin�s

(1994) by focusing on open-loop strategies. Four different models of the DRAM

industry are estimated by imposing different assumptions about the ECS and the

Þrms� pricing behavior. They found that increasing returns to scale are prevalent

in the industry, which lowers the LBD effects in comparison with when ECS are

assumed to be constant, suggesting that an omitted variable bias occurs if the inter-

relation between LBD and ECS effects are not taken into consideration. Zulehner

(1999) compares open-loop with closed-loop strategies and Þnds that the open-loop

speciÞcation leads to an underestimate of the Þrms� conduct parameter in the prod-

uct market.

All these studies Þnd evidence of LBD effects in the DRAM industry, which

conÞrms that Þrms follow an intertemporal output strategy and optimize their pro-

duction plan over the entire product life cycle.

However, all these models assume single product Þrms. A detailed industry de-

scription in Section 6.3 illustrates that multiproduct Þrms are a more appropriate

assumption for the industry. We show that multiproduct Þrms internalize the ex-

ternalities on their neighboring products.4 Focusing on multiproduct Þrms, output

decisions may have two opposing effects. On the one hand, Þrms have an incentive

to increase their current output decisions in order to yield cost reductions through

ECS and LBD effects. On the other hand, a higher current output reduces the rev-

enues of the neighboring generations, which then induces Þrms to lower their output.

Because econometricians only know about observed quantities, but not about the

unobserved and neglected quantity reductions that result from internalized effects

in a multiproduct speciÞcation, (ceteris paribus) a lower current output decision is

4The literature on multiproduct competition or Þrms is closely related to multimarket contact.

Bulow, Geanakoplos, and Klemperer (1985) investigate the effects of cost- and demand-based

linkages across markets. Bernheim and Whinston (1990) concentrate on linkages in strategic inter-

action across markets. They argue that multimarket contact may affect Þrms� abilities to sustain

collusive outcomes through repeated interactions. Parker and Röller (1997) estimate a structural

model for the U.S. cellular telephone industry. They show that regulation may lead to higher prices

where cross-ownership and multimarket contact are important factors in explaining noncompetitive

prices.
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attributed to the incentive to yield cost reductions in single product models. More-

over, we expect that the internalization of externalities leads multiproduct Þrms to

behave differently in the product market than single product Þrms do, which may

have a further impact on the measurement of LBD, ECS and/or Spillover effects.

Furthermore, it is often claimed that LBD effects vary over the product cycle,

such that LBD effects are higher at the beginning of the cycle, yet, evidence to

support this claim has never been given. Previous empirical speciÞcations estimated

the LBD effect as constant and, thus, is not allowed to vary over the product life

cycle.

This study concentrates on two aspects: multiproduct Þrms and dynamics over

the product life cycle. We begin by specifying a theoretical model of multiproduct

Þrms and show how Þrms� objective functions are different from those of single prod-

uct Þrms. We show the implications of various effects and derive two hypotheses:

(i) When multiproduct Þrms behave more �aggressively� in the product market

than single product Þrms, or when Spillover effects are relatively smaller than LBD

effects in a multiproduct speciÞcation, then LBD, ECS, and/or Spillover effects are

smaller for multiproduct Þrms.

(ii) LBD, ECS, and/or Spillover effects vary over the product life cycle.

The hypotheses are then tested empirically by estimating a structural dynamic

model of demand and pricing relations using quarterly Þrm-level output and cost

data as well as industry prices for the DRAM industry from 1974 to 1996.

In the next section, we provide insight in learning effects and the impact on

Þrms� intertemporal output strategies.

6.2 Dynamic Marginal Costs

In this section we show how marginal costs are determined through LBD and ECS

effects. The learning curve may be affected by many different aspects, depending

on the particular nature of production. LBD occurs mainly in labor-intensive in-

dustries, such as the aircraft, ship-building, and semiconductor industries, in which

workers and managers learn from their experiences and become more efficient by
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improving operations in order to reduce time, labor costs, or material waste. In

addition, production processes are improved through gaining experience as techni-

cal improvements and newer technologies are applied. Small changes are made to

the process, with the result that productivity gradually improves.5 Fudenberg and

Tirole (1983) described the LBD process as follows: �Practice makes perfect, that is,

through repetition of an activity one gains proÞciency�. In reviewing the engineering

literature, Wright (1936) found wide acceptance of the premise that labor, material,

and overhead requirements decline by 20% when production doubles.

LBD has an impact on Þrms� marginal costs because Þrms� unit costs decline as

production experience increases through accumulated past output. LBD also creates

an intertemporal effect which indicates that the current output yields cost savings

in the future. Considering both aspects yields the shadow marginal costs which

lie below the static marginal costs. Firms follow a dynamic production strategy

by means of which they earn positive proÞts over the entire product cycle. They

optimize their production by setting marginal revenues equal to marginal shadow

costs (MCD) and incur marginal losses in each period in order to beneÞt in the

future. In many studies it is asserted that Þrms receive highest LBD effects at

the beginning of the product life cycle. Figure 6.1 shows the enormous decline

in marginal costs (MCs), depending on the increase in accumulated output, in

particular during the early stages of the life cycle.

According to previous studies, Þrms increase output most during the early stage

of the product life cycle and may even obtain negative mark-ups by pricing according

to their dynamic (shadow) marginal costs (see also Figure 6.1). The gap between

dynamic (shadow) marginal costs and static marginal costs narrows as the LBD

effects become smaller at the end of the product life cycle. The enormous decrease

in industry prices is often explained as the outcome of Þrms� pricing strategy in

accordance with their shadow marginal costs.

5The literature has occasionally differentiated learning effects from experience curve effects:

the former was conÞned to the increased effectiveness of workers, whereas the latter incorpo-

rated the complete effects of experience from workers� training, better management, and technical

improvements.
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Figure 6.1: Price setting with respect to shadow marginal costs

Another aspect of cost reduction is the existence of ECS, which result in a

contemporaneous unit costs decline by increasing output. ECS arise from large

Þxed-capital expenditures, physical-technical relationships, laws of nature (known

as the �two-thirds� rule), and optimized production plans, especially those at the

beginning of a product cycle. If ECS are prevalent, it may be rational to reduce

prices in order to achieve higher output levels at lower unit costs. Ignorance of

ECS coincides with an inappropriate omission of the current output variable which

impacts the learning effects. The cost reduction effect is exclusively attributed to

the learning curve, though part of it is in fact due to the presence of ECS: an

omitted variable bias will occur. For instance, if ECS are assumed to be constant

in the model but in reality are increasing the estimation will yield an overestimated

learning curve elasticity (see Berndt [1991] and Brist and Wilson [1997]). Moreover,

LBD and ECS are interrelated. A higher current output lowers current unit costs

and also leads to further cost reductions in the future. In turn, a lower cost structure

in the future enables further increases in output levels. Therefore, considering both

LBD and ECS effects together is necessary, for both inßuence each other; otherwise,

the analysis may lead to either overestimated or underestimated effects.

The major problem with estimating LBD effects is that cost data are often not
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available. Previous studies used prices as a proxy for unit costs, which entails the

assumption that price-cost margins are constant. The Boston Consulting Group

(1972) argued that prices decline in most industries as learning proceeds and that

proÞt margins remain constant over time. Lieberman (1982) justiÞed constant price-

cost margins by arguing that experience, or the learning process, is often a public

good and imposes symmetric and complete Spillovers. Lieberman (1984) noted

that, when price-cost margins are constant over time or substitute directly with

other variables, prices are justiÞed as a proxy for costs. He investigated 37 chemical

products in order to test for LBD effects with respect to alternative learning indexes.

In his study learning is found to be a function of cumulated industry output rather

than that of calendar time. Though signiÞcant, the ECS effect appears to be small in

magnitude in comparison with the LBD effect. He also found that R&D expenditure

reinforce the steepness of the learning curve, which indicates that past output also

inßuences process innovation and reduces costs. Gruber (1996) also used average

selling price as a proxy for unit costs. He found that ECS have a higher cost

reducing impact than LBD. Nye (1996) used average unit costs for every generation

and estimated LBD and ECS effects by applying a reduced-form estimation. He

found evidence that Þrm-speciÞc learning is rather important. For this reason,

the assumptions of either complete and symmetric Spillovers or constant price-cost

margins are not appropriate for the semiconductor industry. It is well known that

price-cost margins ßuctuate considerably over the life cycle (Gruber [1994]). Gruber

argued that the margins are large at the beginning and the end of the product life

cycle, but smaller during the intervening period. Spence (1981) argued that Þrms

lower prices slower than costs, and this causes price-cost margins to widen over

time when the number of Þrms is constant and learning occurs. However, because

price-cost margins change over time, using prices as a proxy for costs is not justiÞed.

In some theoretical models certain functional forms have been implemented,

which causes price-cost margins to change over time. Dick (1991) concluded that

Japanese Þrms set prices corresponding to their shadow marginal costs in order to

achieve higher future cost reductions. He rejected the dumping hypothesis for the

industry on the basis that Þrms may have incentives to sell products even below

their static marginal costs during the early periods of the product cycle. However,

this theoretical explanation of price-setting behavior has never been empirically
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supported. Thus far, no evidence has been given of whether LBD effects are greater

at the beginning or at the end of the product cycle. A counterintuitive example of

greater LBD effects at the beginning might be the conclusion drawn by the United

States Department of Commerce that Japanese Þrms were dumping the 64K DRAM

chip. Taking into consideration that the data date back to 1986, when the chip was

already in the Þnal stage of the product cycle, we would expect, in accordance with

the theoretical Þndings, that Þrms charge positive mark-ups.

6.3 The Industry

In this section we brießy describe the DRAM industry by focusing on its most

important characteristics. We later use these characteristics in order to formulate a

theoretical model and derive hypotheses, which are then empirically tested.

The DRAM chip is one among many in the semiconductor industry. The largest

market for semiconductors is the United States, followed by Japan and Europe, with

a 32%, 31%, and 19% share of the global market, respectively (Gruber [1996]). In

1995, companies from the United States, Japan, Europe, and other countries in the

Asian-PaciÞc region were selling semiconductors worldwide, accounting for market

shares of 39.6%, 40.1%, 8.5%, and 11.8%, respectively (Dataquest [1995]). Sales

of semiconductors vary over geographic region as well as over industries (Gruber

[1996]). Semiconductors are mainly used as inputs for the computer industry (45%

of its sales), consumer electronics (23%), and communications equipment (13%).

The semiconductor market consists of memory chips, micro components, and Logic

devices. Memory chips (designed for the storage of information in binary form)

represent the highest market share (30%). Memory chips consist of DRAM, SRAM,

ROM, EPROM, EEPROM, and ßash memory. DRAM and SRAM are volatile

memory chips, for they lose memory once the power is switched off. They account

for about 90% of the memory chip market. All of the others are non-volatile chips,

which do not lose memory (Gruber [1996]).
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Figure 6.2: Price decline per generation over time

The DRAM market is characterized with worldwide selling companies from the

United States, Japan, Europe, and other countries in the Asian-PaciÞc region, with

a 20.3%, 44.5%, 3.1%, and 32.0% market share, respectively (Dataquest [1995]).

Because of the rapidly decreasing prices over the life cycles, the DRAM industry is

one of the industries most subject to LBD. As shown in Figure 6.2, the price is very

high in the beginning and quickly falls to a competitive level. After two to three

years, prices reach a lower bound and do not fall much thereafter.

DRAMs are classiÞed into generations according to their storage capacity, which

increases by a factor of four. Every generation is a homogeneous good in itself, but

different generations represent differentiated goods. The DRAM market consists

of many different generations, the life-cycles of which survive for about Þve years

and look very similar to each other. Once a generation is born, shipments increase

enormously and begin to fall when a new generation is established. The generations

overlap one another, see Figure 6.3.
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Figure 6.3: Units of shipments per generation over time (quarterly)

Table 6.1 gives the Þrms per generation and provides evidence for an oligopolistic

industry structure.6 The industry is characterized with multiproduct Þrms that offer

subsequent generations from the time they enter the industry to the point at which

they exit the industry. For instance, the 64K and the 256K chip (both chips have

been under investigation in the United States) are sold by Þrms that offer at least

one further, neighboring chip. Focusing on the 64K chip producers, 15 out of 22

produce the 16K DRAM chip, whereas 19 Þrms produce the 256K DRAM chip and

12 Þrms produce both neighboring generations.7

6See also Albach, Troege, and Jin (1999) for a study on market evolution with respect to

Learning by Doing.
7The Þrm-level shipments of each generation, as well as evidence that multiproduct Þrms simul-

taneously produce distinct generations, are provided in the Semiconductor Database Description

in Section 8.2.
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Firms Gener. 4K 16K 64K 256K 1Mb 4Mb 16Mb 64Mb

Adv. Micro Dev. 3 x x x . . . . .

Alliance 1 . . . . . x . .

Am. Microsyst. 1 x . . . . . . .

AT&T 2 . . . x x . . .

Eurotechnique 1 . x . . . . . .

Fairchild 3 x x x . . . . .

Fujitsu 8 x x x x x x x x

G-Link 2 . . . . x x . .

Hitachi 8 x x x x x x x x

Hyundai 6 . . x x x x x x

IBM 4 . . . . x x x x

Inmos 2 . . x x . . . .

Intel 5 x x x x x . . .

Intersil 2 x x . . . . . .

LG Semicon 5 . . . x x x x x

Matsushita 6 . x x x x x x .

Micron 5 . . x x x x x .

Mitsubishi 7 . x x x x x x x

Mosel Vitelic 5 . . x x x x x .

Mostek 4 x x x x . . . .

Motorola 8 x x x x x x x x

Nan Ya Techn. 1 . . . . . . x .

Ntl. Semic. 4 x x x x . . . .

NEC 8 x x x x x x x x

Nippon Steel 4 . . . x x x x .

OKI 5 . . x x x x x .

Ramtron Int. 1 . . . . . x . .

Samsung 6 . . x x x x x x

Sanyo 3 . . . x x x . .

SGS-Ates 2 x x . . . . . .

Sharp 4 . . x x x x . .

Siemens 7 . x x x x x x x

Signetics 2 x x . . . . . .

STC-ITT 3 x x x . . . . .

Texas Instr. 8 x x x x x x x x

Toshiba 7 . x x x x x x x

Vanguard 2 . . . . . x x .

Zilog 1 . x . . . . . .

Table 6.1: Multiproduct Þrms in the DRAM industry
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Computer memory chips are produced by etching circuitry design onto wafers of

silicon. The manufacturing process is carried out very precisely in terms of temper-

ature, dust, vibration levels, and other determinants. Learning takes place in many

different ways over the entire product life cycle. First, Þrms decrease costs for a

given technology by increasing the yield rate and reducing the required amount of

silicon material. The yield rate is measured by the ratio of usable chips to the total

number of chips on the wafer. During the life cycle, workers improve their skills.

Once no further efficiency can be gained, a new technology is adopted with a smaller

design rule. This process is similar from one generation to the next and is part of

the learning process (see Dick [1991] and Gruber [1996]).

It is often claimed that the learning rate is about 28%, which means that each

doubling in cumulative output reduces average costs by 28%. Irwin and Klenow

(1994) identiÞed a learning rate of about 20%, whereas Flamm (1996) found a

learning rate of 38% for the 1Mb chip. As mentioned above, it is often asserted

that Þrms learn most at the beginning of the life cycle. A common claim is that

DRAMs are �technology drivers�, indicating that intergenerational learning exists

and that it lowers costs in subsequent generations. A report from the Federal Inter-

agency Staff Working Group (1987, p. 57) stated that the transfer of learning from

one chip to another can result in better and faster starting yields. Irwin and Klenow

(1994) found signiÞcant intergenerational Spillovers in Þve of seven generations.

6.4 The Model

The above description of the DRAM industry is useful for understanding our the-

oretical model. The industry has an oligopolistic multiproduct market structure in

which chips within a generation represent a homogeneous good but are differentiated

between generations. The behavior of the Þrms and the fact that LBD is present

indicate that the producers compete in terms of quantities rather than in terms of

prices. The existence of multiproduct Þrms leads to output decisions being made

through the internalization of the externalities on neighboring generations. More-

over, intertemporal effects caused by LBD and the presence of a product life cycle

are important features that have to be taken into account. The following structural

model derives pricing relations from a dynamic oligopoly model with multiproduct



CHAPTER 6. MULTIPRODUCT FIRMS 144

Þrms. By using this model, we obtain precise estimates for LBD, ECS, and Spillover

effects throughout the product cycle. Furthermore, we estimate Þrms� conduct in

the product market.

We shall consider a game similar to that introduced by Jarmin (1994). Because

LBD has an impact on Þrms� proÞts in an intertemporal way, we model a dynamic

game with n Þrms, indexed by i = 1...n. The fact that the DRAM industry is

characterized by multiproduct Þrms requires that Þrms offer subsequent generations

(k = 1...K). Firms maximize their proÞt over the entire product life cycle, charac-

terized by T discrete time periods, and take into account the effects on neighboring

generations. Moreover, Þrms consider their current output as investment in the

future, because a higher contemporaneous output will lower the unit costs in the

future. Firm i�s objective function is

Πi =
KP
k=1

TP
t=1

δt−1 {Pk,t (Qk−1,t, Qk,t, Qk+1,t) qi,k,t − Ci,k,t (qi,k,t, wi,k,t, xi,k,t, Xi,k,t)}

subject to

Xi,k,t = Xi,k,t−1+
X
j 6=i

qj,k,t−1

Xk,0 = 0.

for i = 1...n and t = 1...T, where δ is the discount rate and Pk,t is the market price

for a given generation (k) in period (t). Thus, Pk,t (Qk−1,t, Qk,t, Qk+1,t) represents

the inverse demand function. As can be seen, the multiproduct effect enters at the

demand side, because the market price Pk,t not only depends on the total quantity

Qk,t =
nP
i=1

qi,k,t of generation k, but also on the total quantities Qk−1,t =
nP
i=1

qi,k−1,t,

andQk+1,t =
nP
i=1

qi,k+1,t of the neighboring generations. Firm i�s costs for generation k

in period t, given by Ci,k,t (qi,k,t, wi,k,t, xi,k,t, Xi,k,t) , depends on the contemporaneous

Þrm-level output qi,k,t, the Þrm-level factor prices wi,k,t, the cumulative own past

output xi,k,t =
t−1P
v=1

qi,k,v, and the past output of all other Þrms Xi,k,t =
nP
j 6=i

xj,k,t

until period t− 1. LBD enters Þrm i�s cost function through its own experience in

production indicated by the cumulative past output xi,k,t. But Þrms are not only

supposed to learn from their own experience but are also supposed to beneÞt from

Spillovers and thus learn from others� experience, given by Xi,k,t. It is assumed that
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total costs increase in current output (
∂Ci,k,t

∂qi,k,t
> 0) and factor prices (

∂Ci,k,t

∂wi,k,t
> 0) and

decrease in cumulative past output (
∂Ci,k,t

∂xi,k,t
< 0, and

∂Ci,k,t

∂Xi,k,t
< 0).

We focus on closed-loop strategies which allow Þrms to decide on their future

strategies at any point in time conditioning on their past. Hence, Þrms are able to

react to the deviations of their rivals from the equilibrium path.8

Firms choose quantities in order to maximize their proÞt over the entire product life

cycle and take into account the intertemporal effects on their unit costs as well as

the effects on proÞts of their neighboring generations. The necessary condition with

respect to the quantity of generation k is

∂Πi
∂qi,k,t

= Pk,t +
∂Qk,t
∂qi,k,t

·
∂Pk−1,t
∂Qk,t

qi,k−1,t +
∂Pk,t
∂Qk,t

qi,k,t +
∂Pk+1,t
∂Qk,t

qi,k+1,t

¸
− ∂Ci,k,t
∂qi,k,t

+
TX

s=t+1

δs−t
½
∂Qk,s
∂xi,k,s

∂xi,k,s
∂qi,k,t

µ
∂Pk−1,s
∂Qk,s

qi,k−1,s +
∂Pk,s
∂Qk,s

qi,k,s +
∂Pk+1,s
∂Qk,s

qi,k+1,s

¶

−
Ã
∂Ci,k,s
∂xi,k,s

∂xi,k,s
∂qi,k,t

+
X
j 6=i

∂Ci,k,s
∂Xi,k,s

∂Xi,k,s
∂qj,k,t

∂qj,k,t
∂qi,k,t

+
∂Ci,k,s
∂qi,k,s

∂qi,k,s
∂xi,k,s

∂xi,k,s
∂qi,k,t

!

−δ
Ã
∂Ci,k,s+1
∂xi,k,s+1

∂xi,k,s+1
∂qi,k,s

∂qi,k,s
∂xi,k,s

∂xi,k,s
∂qi,k,t

+
X
j 6=i

∂Ci,k,s+1
∂Xi,k,s+1

∂Xi,k,s+1
∂qj,k,s

∂qj,k,s
∂xi,k,s

∂xi,k,s
∂qi,k,t

!)

= 0, (6.1)

for t < s. The Þrst line in the Þrst order condition, equation (6.1), shows Þrm i�s

marginal proÞts in a static environment without LBD. It gives the direct effect of Þrm

i�s output choice on its proÞts. The Þrst terms (except the last term) represents Þrm

i�s marginal revenues. The term
∂Qk,t

∂qi,k,t
indicates the conduct parameter introduced

by Bresnahan (1989). If Þrms behave as if in perfect competition
∂Qk,t

∂qi,k,t
is equal to

zero, whereas it is supposed to be one when Þrms behave like Cournot players. A

higher conduct parameter indicates a higher chosen price mark-up. In comparing to

the standard marginal revenues term for the single product market, we observe not

8The opponent to a closed-loop strategy is called open-loop strategy. In general, open-loop and

closed-loop strategies refer to two different information structures for dynamic games. In open-loop

strategies, Þrms commit to an output path in the future.



CHAPTER 6. MULTIPRODUCT FIRMS 146

only the own-price effect
∂Pk,t

∂Qk,t
in equation (6.1) but also the cross-generational price

effects given by
∂Pk−1,t

∂Qk,t
and

∂Pk+1,t

∂Qk,t
. When the neighboring products are substitutes

(complements), the cross-price effects are supposed to be negative (positive). The

last term in the Þrst line
∂Ci,k,t

∂qi,k,t
represents the common contemporaneous or static

marginal costs and indicates how current output affects current costs through ECS.

The following lines show the dynamic link between the Þrms� current output

decisions and the Þrms� environment they Þnd themselves in the future. This dy-

namic strategic effect results from learning. The second line shows the interaction

between Þrm i�s current output decision and its future revenues, through LBD. The

term
TP

s=t+1

δs−t ∂Qk,s

∂xi,k,s

∂xi,k,s

∂qi,k,t
indicates an intertemporal conduct parameter and shows

that Þrm i�s output decision in period t will have an effect on its experience in the

next period s, which affects Þrms� output decisions in period s. The intertemporal

reaction impacts Þrms� revenues in the future and is taken into account in their

objective function. The sign of the intertemporal conduct parameter is ambigu-

ous and depends on the relative magnitude of the LBD and Spillover effects, see

Jarmin (1994). When LBD effects are relatively high compared to Spillover effects,

an increase in Þrm i�s output today reduces its marginal costs in the future, which

enlarges the asymmetry between Þrms� marginal costs in the market and induces

the rival Þrms to reduce output in the future. The current output of Þrm i (qi,k,t)

and the rivals� output in the future (Qk,s) are strategic substitutes and the intertem-

poral conduct parameter will be negative. When Spillover effects increase qi,k,t may

be seen as a strategic complement for the rival�s output in the future and the in-

tertemporal conduct parameter will be positive. When LBD and Spillover effects

are balancing each other or no Þrm beneÞts from Þrm i�s experience or when Þrm i

behaves as if it did not the term should be zero.

The last two lines show Þrms� dynamic marginal costs and illustrate how LBD

affects them. The Þrst term
TP

s=t+1

δs−t ∂Ci,k,s

∂qi,k,t
refers to the current LBD effect, indi-

cating that the own current output increases own experience in the future and yields

further cost savings. If LBD effects are present, the term is expected to be negative.

The term
TP

s=t+1

P
j 6=i
δs−t ∂Ci,k,s

∂Xi,k,s

∂Xi,k,s

∂qj,k,t

∂qj,k,t

∂qi,k,t
represents the current Spillover effect. Firm

i�s current output decision will affect the other Þrms� current output decision which

impacts their experience in the future and Þnally has an effect on Þrm i�s costs in
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the future, through Spillovers. Because Spillovers yield future cost savings the effect

is supposed to have a negative sign.

The expression
TP

s=t+1

δs−t ∂Ci,k,s

∂qi,k,s

∂qi,k,s

∂xi,k,s

∂xi,k,s

∂qi,k,t
indicates a cost reduction through in-

tertemporal ECS. This effect is a combination of the current LBD effect and the

current ECS effect. A higher current output increases experience which reduces

unit costs in the future. As a result, Þrm i increases its output in the future which

reduces current costs in the future.

The last line shows the intertemporal learning effects. The Þrst term shows the

intertemporal LBD effect. Firm i�s current output impacts its experience and in-

ßuences Þrm i�s output decision in the future which affects experience and costs,

thereafter. Finally, the last term represents the intertemporal Spillover effect, say-

ing that Þrm i�s current output impacts its rivals� future output decisions through

Spillovers which has an effect on their experience in the next period, and impacts

Þrm i�s costs through Spillovers.

Rearranging equation (6.1) and setting
∂xi,k,s

∂qi,k,t
=

∂xi,k,s+1

∂qi,k,s
=
P
j 6=i

∂Xi,k,s

∂qj,k,t
=
P
j 6=i

∂Xi,k,s+1

∂qj,k,s
=

1, yields

Pk,t +
∂Qk,t
∂qi,k,t

·
∂Pk−1,t
∂Qk,t

qi,k−1,t +
∂Pk,t
∂Qk,t

qi,k,t +
∂Pk+1,t
∂Qk,t

qi,k+1,t

¸
− ∂Ci,k,t
∂qi,k,t

+
TX

s=t+1

δs−t
½
∂Qk,s
∂qi,k,t

µ
∂Pk−1,s
∂Qk,s

qi,k−1,s +
∂Pk,s
∂Qk,s

qi,k,s +
∂Pk+1,s
∂Qk,s

qi,k+1,s

¶¾

=
TX

s=t+1

δs−t
(
∂Ci,k,s
∂qi,k,t

+
X
j 6=i

∂Ci,k,s
∂Xi,k,s
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!)
. (6.2)

In a multiproduct speciÞcation, Þrms� marginal revenues are determined by a further

component, the cross-generational price effects. These effects have implications for

Þrms� output decisions because they cause negative (positive) external effects on the

neighboring generations when products are substitutes (complements). In order to

simplify the following argument and to focus on the main issue, let us assume that
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neighboring products are substitutes.9 Firms take into account that a higher out-

put of generation k lowers the prices of the neighboring generations, which impacts

revenues. Ceteris paribus, the internalization of these externalities induces Þrms to

reduce their quantities in order to prevent losses on neighboring generations. In

the presence of LBD and ECS, the output decisions of multiproduct Þrms are char-

acterized by a trade-off between increasing the output in order to achieve higher

cost reductions through LBD and ECS and decreasing the output because revenues

of the neighboring products are negatively affected.10 However, from an empirical

perspective through which output and prices are observed, Þrms� incentive to reduce

output is omitted since the single product Þrm speciÞcation ignores the externalities.

Finally, this ignorance leads, in single product models to a lower output incentive

which is attributed to the incentive to yield cost reductions, which understates LBD,

ECS, and/or Spillover effects. Because these effects are underestimated, Þrms� dy-

namic marginal costs are overestimated which consequently understates the margin

between prices and dynamic marginal costs.

However, the difference between prices and dynamic marginal costs is not only

determined by the nature of the products (whether products are substitutes or com-

plements) but also by Þrms� conduct in the market. The conduct parameter (shown

by
∂Qk,t

∂qi,k,t
in equation (6.1)) describes Þrms� contemporaneous output reactions to

Þrm i�s output increase. In general, a lower conduct parameter indicates a more

�aggressive� behavior by Þrms in the market, whereas a higher parameter signiÞes

a �softer� behavior by Þrms. For example, a conduct parameter equal to zero refers

to �perfect competition�, where Þrms behave �aggressively� in the market, whereas

a parameter equal to one indicates that Þrms behave like Cournot players, which

coincides with �softer� behavior. When comparing single and multiproduct Þrms, we

must take into account that their behavior might be different in the market. Mul-

tiproduct Þrms take account of their neighboring products and may behave more

�softly�, �identically�, or more �aggressively� in the market.

9Note, when the neighboring products are complements the effects will go in the opposite

direction.
10When neighboring generations are complements, the two effects go in the same direction:

achieving cost reductions through LBD and ECS as well as internalizing the externalities lead to

an increase in output.
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Let us Þrst consider the case of multiproduct Þrms behaving more �softly� or

�identically�. It follows from observed output and prices as well as given price effects

from the demand equation that the margin between prices and shadow costs is larger

for multiproduct Þrms when neighboring products are substitutes. Marginal shadow

costs are lower and LBD, ECS, and/or Spillover effects are higher when multiproduct

Þrms are under investigation.

When Þrms behave more �aggressively� in the product market, the implications

of the effects under investigation are ambiguous and depend on the relative decrease

in the conduct parameter. When Þrms behave only slightly more �aggressive� (the

conduct parameter decreases only a little), the resulting decline in the price-shadow

cost margin will still be overcompensated for by the externality effects. The net

effect on the price-shadow costs margin as well as the impact on the LBD, ECS, and

Spillover effects are similar to the latter case for multiproduct Þrms.

However, when the conduct parameter declines more drastically, such that Þrms

behave very �aggressively� in the market, the externality effect will be overcompen-

sated for by the decline in the conduct parameter. As a result, the price-shadow

cost margin becomes smaller and the LBD, ECS, and/or Spillover effects are lower

for multiproduct Þrms than for single product Þrms.

Furthermore, from the second line in equation (6.2) we see that the margin

between price and shadow costs is also determined by the intertemporal marginal

revenues consisting of the intertemporal conduct parameter and the price effects. The

intertemporal conduct parameter refers to the Þrms� output reaction in the future

when Þrm i increases its current output. As mentioned above, the sign depends on

the relative magnitude of the LBD and Spillover effects.

When in a multiproduct speciÞcation the Spillover effects are relatively smaller

than the LBD effect the intertemporal conduct parameter will be smaller (more neg-

ative) for multiproduct Þrms. Taking into account that negative price effects enter

the intertemporal marginal revenue term in a multiproduct speciÞcation, it turns

out that the combined effect reduces the price-shadow cost margins for multiproduct

Þrms. As a result, the dynamic marginal costs are supposed to be higher, such that

LBD, ECS, and/or Spillover effects are smaller for multiproduct Þrms.

We can therefore conclude that analyzing multiproduct Þrms has enormous im-

plications for LBD, ECS, and/or Spillover effects that depend on the nature of the
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products and changes in Þrms� conduct, as well as the relative magnitude of the

Spillover and LBD effects. We specify the following hypothesis:

(i) When multiproduct Þrms behave more �aggressively� in the product market

than single product Þrms, or when Spillover effects are relatively smaller than LBD

effects in a multiproduct speciÞcation, then LBD, ECS, and/or Spillover effects are

smaller for multiproduct Þrms.

As is often claimed in the literature, LBD effects are greater at the beginning

of the product life cycle. It is intuitive that higher LBD effects coincide with more

rapidly declining marginal costs over time. As a consequence, Þrms continue to

increase output in order to take advantage of the learning effects. In order to

correctly estimate the varying LBD effects over the life cycle, we also must control for

varying ECS and Spillover effects, for they are also dependent on Þrm-level output.

If we neglect to do so, LBD effects may be overestimated (underestimated) at some

stages of the life cycle, when ECS effects are speciÞed as being constant over the

life cycle but are indeed higher (lower) at some stages (see Section 6.2). The same

argument applies when specifying Spillover effects, because they reduce marginal

costs as well. We conclude with the following hypothesis:

(ii) LBD, ECS, and/or Spillover effects vary over the product life cycle.

In the next section we present an empirical model that tests the two hypotheses.

We estimate a structural model by using the Þrst order condition from the theoretical

model, shown in equation (6.2).

6.5 The Empirical Model

In this section we empirically investigate how the speciÞcation of multiproduct Þrms

has an impact on LBD, ECS, and Spillover effects as well as on Þrms� conduct in the

product market. In addition, we investigate how LBD, ECS, and Spillover effects

evolve over the product cycle. In the following we brießy summarize the main facts

in order to introduce the two hypotheses.

Analyzing multiproduct Þrms has important implications for Þrms� objective

functions, for Þrms internalize the externalities on neighboring generations. When
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the behavior of multiproduct Þrms is more �aggressive� or when Spillover effects

for multiproduct Þrms are relatively smaller than LBD effects, the internalization

of externalities in a multiproduct environment leads to smaller LBD, ECS, and/or

Spillover effects, see hypothesis (i). Because LBD, ECS, and/or Spillover effects are

expected to be smaller for multiproduct Þrms, we expect dynamic marginal costs to

be higher, which decreases the price-shadow cost margin.

As is often claimed in the literature, LBD effects are greater at the beginning of

the product life cycle. In order to investigate varying LBD effects, it is necessary to

account for varying ECS and Spillover effects as well. We estimate and analyze the

dynamics of these effects over the product life cycle, see hypothesis (ii).

In order to test the hypotheses (i) and (ii), the following empirical model is

estimated, having been derived from the theoretical model. The empirical model

consists of three inverse demand functions and one pricing relation, which are ex-

plained in the following.

6.5.1 The Inverse Demand Functions

The inverse demand functions are linear speciÞcations given by11

Pk−1,t = a0 + a1 ∗Qk−2,t + a2 ∗Qk−1,t + a3 ∗Qk,t (6.3)

+a4 ∗ t+ εk−1,t

Pk,t = b0 + b1 ∗Qk−1,t + b2 ∗Qk,t + b3 ∗Qk+1,t (6.4)

+b4 ∗ t+ µk,t

Pk+1,t = c0 + c1 ∗Qk,t + c2 ∗Qk+1,t + c3 ∗Qk+2,t (6.5)

+c4 ∗ t+ ωk+1,t.
11The pricing relations are estimated for the 64K DRAM generation (k). Therefore, we must

estimate the demand equations for the 64K DRAM generation (k) as well as for the neighboring

generations (k− 1) and (k+ 1), which are the 16K and the 256K DRAM generation, respectively.
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For the sake of convenience, let us consider the inverse demand equation (6.4)

only; the same procedure applies to equations (6.3) and (6.5). As can be seen in

equation (6.4), the price Pk,t depends on the total quantities sold of the generation

under consideration (Qk,t) and also takes into account the total output of the neigh-

boring generations Qk−1,t and Qk+1,t. The parameter b2 indicates the own-price

effect. The sign is expected to be negative, for a higher output results in lower

prices. The parameters b1 and b3 refer to the cross-price effects and are supposed to

be negative (positive) when the neighboring products are substitutes (complements).

The sign of the estimated cross-price effects has important implications for Þrms�

learning effects, as mentioned in the theoretical model. The variable t represents a

time trend indicating the length of time a generation has been in the market.

Because the total output for the current and the neighboring generations are

endogenously chosen by the Þrms, we are using instruments. The instruments are

several market characteristics, such as the number of Þrms NOFk,t for every gen-

eration and every time period. We also use the Worldwide Purchase Power Parity

WPPPt, constructed by taking an average of the Purchase Power Parities of Japan,

Germany, France, Italy, and Korea. Furthermore, we use marketsize proxies given

by GDPELt and V ALUELt, which refer to the worldwide GDP and value added

in electronics and electronic products, respectively. These variables are constructed

through the production output of the Þve leading countries selling electronic prod-

ucts, such as the USA, Japan, Germany, France, and the UK. These Þve countries

account for more than 90% of the worldwide production in electronics among the

OECD countries. Finally, we also use the time trend t for an instrument.12 We as-

sume additive econometric disturbance terms which have a mean of zero and fulÞll

the orthogonality condition. The inverse market demand functions, equations (6.3),

(6.4), and (6.5) are estimated by using the GMM estimator corrected for serial corre-

lation and heteroscedasticity, see Andrews (1991 and 1992). From the estimation of

the demand equations (6.3), (6.4), and (6.5) we obtain the corresponding cross-price

effects, given by the estimated parameters ba3, bb2 and bc1, which are plugged into the
pricing relation in a second step.

12The selection of these instruments yields robust results. Different speciÞcations do not change

the results considerably.
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6.5.2 The Pricing Relation

The pricing relation is given by the Þrst-order condition from the theoretical model,

see equation (6.2). We begin with describing Þrms� dynamic marginal costs, which

are part of the pricing relation. As described in the theoretical model, the dynamic

marginal costs consist of the static marginal costs and the dynamic effects which

yield future cost reductions.

The static marginal costs function is speciÞed in the following semilog linear

form

∂Ci,k,t

∂qi,k,t
= γ0,i+γ1 lnLBDi,k,t+γ2 (lnLBDi,k,t)

2+γ3 ln ILBDi,k,t+γ4 (ln ILBDi,k,t)
2

+γ5 lnSpilli,k,t + γ6 (lnSpilli,k,t)
2 + γ7 ln ISpilli,k,t + γ8 (ln ISpilli,k,t)

2

+γ9 lnECSi,k,t + γ10 (lnECSi,k,t)
2 + γ11 ln IECSi,k,t + γ12 (ln IECSi,k,t)

2

+γ13 lnMATt+ γ14 lnUCCi,t+ γ15 lnLABi,k,t+ γ16 lnEi,k,t+ γ17 lnFPi,k,t

+ηi,k,t

where γ0,i is positive and represents Þrm-speciÞc effects that are supposed to capture

unobserved heterogeneities.

For the empirical speciÞcation of Þrms� marginal costs we take into account that

dynamic effects reduced static marginal costs, through current as well as intertem-

poral effects from former periods.

The variables LBD and LBD2 indicate Þrms� current LBD effects which de-

termine static marginal costs through the Þrms� own past production; lnLBDi,k,t

measures Þrm i�s experience in production and is constructed by taking the loga-

rithm of the accumulated past production of Þrm i for generation k until period

t− 1. LBD2 tests whether the learning curve has a different slope over the product

cycle.

The variables ILBD and ILBD2 indicate Þrms� intertemporal LBD effects which

occur through intertemporal output reactions in the past. Intertemporal LBD ef-

fects result from the current LBD effects the Þrms achieved in the former period

t− 1 which impact Þrms� output decisions in period t− 1 and Þnally determine the
accumulated past production in period t; ln ILBDi,k,t measures each Þrm i�s expe-

rience in production and is constructed by taking the logarithm of the accumulated
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past production of Þrm i for generation k until period t− 2. ILBD2 is the squared

expression of ILBD and captures the variation over the product cycle.

The overall LBD elasticity is the combined effect of the current and the intertem-

poral LBD elasticities, given by
¡
γ1 + 2γ2lnLBDk + γ3 + 2γ4ln ILBDk

¢
Á∂Ck

∂qk
(a bar

indicates the average of the corresponding variable over time). The overall elasticity

is expected to have a negative sign since a higher degree of experience is supposed

to reduce marginal costs. The sign of the parameters γ2 + γ4 indicates whether the

LBD curve is concave or convex and tells us whether the LBD effects are greater at

the beginning or the end of the life cycle. A positive (negative) sign shows that the

learning effects are higher (lower) at the beginning of the life cycle.

The variables Spill and Spill2 measure the current LBD effect that Þrms gain

from the rivals� experience through Spillovers; ln ISpilli,k,t represents the logarithm

of the accumulated past production of all other Þrms for generation k until period

t−1. Spill2 tests if the learning curve, inßuenced by Spillovers, has a different slope
over the product cycle.

The variables ISpill and ISpill2 measure the intertemporal LBD effect that Þrm

i gains from the rivals� experience through Spillovers and initiated by its own output

decision in period t−2. The variable ISpill represents the logarithm of its production
in period t − 2. ISpill2 gives information if Spillovers affect Þrms� learning curve
differently over the product cycle.

The overall Spillover is given by
¡
γ5 + 2γ6lnSpillk + γ7 + 2γ8ln ISpillk

¢
Á∂Ck

∂qk
.

The sign of γ6+γ8 is positive (negative) if Þrm i is able to beneÞt more from others�

experience at the beginning (end) of the life cycle.

The current ECS effects are measured by the variables ECS and ECS2, which

are constructed by using the logarithm of Þrms� current output of generation k in

period t.

The variables IECS and IECS2 indicate Þrms� intertemporal ECS effects. They

are constructed by using Þrms� output in generation k in period t− 1.
The overall ECS effect is given by the expression¡

γ9 + 2γ10lnECSk + γ11 + 2γ12ln IECSk
¢

Á∂Ck

∂qk
. The sign is expected to be nega-

tive, zero, or positive when increasing, constant, or decreasing returns are prevalent.

The squared expressions ECS2 and IECS2 capture varying ECS effects over the

product life cycle.
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We use four different input prices. The variable MAT measures the price of

material during a certain period and is taken from the �Metal Bulletin�. The other

three input prices are calculated on a Þrm-level basis. The variable UCC is the

Þrm-speciÞc user costs of capital, which is calculated on the basis of the business

reports. For the remaining two factor prices LAB and E (labor and energy costs),

we take into account the international generation-speciÞc production locations for

each Þrm and correct for different factor prices in different countries (production

locations). We use the number of different production plants for each Þrm, each

generation, and each period, in every country. In addition, we use country-speciÞc

wages and energy prices. The country-speciÞc input prices are then weighted with

the proportion of plants that each Þrm operates for each generation, in every country.

The labor costs for Þrm i, offering generation k in period t, are indicated by LABi,k,t

and are collected for the Semiconductor Industry (SIC 3674) and taken from the

Annual Survey of Manufacturers. The energy prices for Þrm i, offering generation

k in period t, are indicated by Ei,k,t and are taken from the International Energy

Agency, OECD. The parameter estimates of the input prices are expected to have

a positive sign since higher input prices increase marginal costs. The variable FP

captures all other factor prices. Because the Þrms produce in different countries and

the other factor prices vary considerably from country to country, we construct the

variable by multiplicatively combining the Producer Price Index with the Purchase

Power Parity of each of the countries where production takes place, such as the USA,

Japan, Germany, the UK, Korea, and Taiwan. These indexes are then weighted with

the proportion of plants that each Þrm operates in each country.

As mentioned above dynamic marginal costs also induces a dynamic aspect which

yield future costs reduction. For that reason we must account for the fact that Þrms

price below their static marginal costs in order to achieve future costs reductions.

In order to enable the estimation procedure, we capture the future effects in Þrm-

speciÞc constants as set out in Roberts and Samuelson (1988) and Jarmin (1994).13

13Note that the marginal revenues for period t+ 1 enter the pricing relation directly in order to

get an estimate for the intertemporal conduct parameter
∂Qk,t+1

∂qi,k,t
.
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The sign of λ is ambiguous. Current output decisions yield future cost savings which

requires a negative sign. However, intertemporal output reactions like
∂Qk,u

∂qi,k,t
may

have a positive or negative sign, depending on the strategic nature of the products

and the relative magnitude of the Spillover and LBD effects, as mentioned in the

theoretical part.

Inserting the static marginal cost function and the dynamic effects into the Þrst

order condition (equation (6.2)) of the theoretical model and solving for the price

P gives the pricing relation.

Multiproduct Firm SpeciÞcation

The pricing relation for the multiproduct Þrm speciÞcation is given in the following

form14

Pk,t = β0,i+β1 lnLBDi,k,t+β2 (lnLBDi,k,t)
2+β3 ln ILBDi,k,t+β4 (ln ILBDi,k,t)

2

+β5 lnSpilli,k,t + β6 (lnSpilli,k,t)
2 + β7 ln ISpilli,k,t + β8 (ln ISpilli,k,t)

2

+β9 lnECSi,k,t + β10 (lnECSi,k,t)
2 + β11 ln IECSi,k,t + β12 (ln IECSi,k,t)

2

+β13 lnMATt+β14 lnUCCi,t+β15 lnLABi,k,t+β16 lnEi,k,t+β17 lnFPi,k,t

−β18CONDM
i,k,t − β19ICONDM

i,k,t + ωi,k,t. (6.6)

14In order to guarantee that the cost function is well-behaved, it is necessary to impose a linear

homogeneity of degree 1 in input prices. The restriction is taken care of by setting the parameter

for the remaining factor prices FP ß17 = 1− ßi
16P
i=1

.
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The parameter β0,i is a composite of several Þrm-speciÞc constants given by β0,i =

γ0,i + λ0,i, whereby the sign of the composite can be positive or negative. The pa-

rameter β18 represents the conduct parameter for the multiproduct speciÞcation,

given by
∂Qk,t

∂qi,k,t
in the Þrst order condition, equation (6.2) where CONDM

i,k,t rep-

resents the expression
h
∂Pk−1,t

∂Qk,t
qi,k−1,t +

∂Pk,t

∂Qk,t
qi,k,t +

∂Pk+1,t

∂Qk,t
qi,k+1,t

i
. The parameter

β19 represents the intertemporal conduct parameter given by
∂Qk,s

∂qi,k,t
in the Þrst or-

der condition, equation (6.2). The variable ICONDM
i,k,t represents the expression,

δ
h
∂Pk−1,t+1

∂Qk,+1
qi,k−1,t+1 +

∂Pk,t+1

∂Qk,t+1
qi,k,t+1 +

∂Pk+1,t+1

∂Qk,t+1
qi,k+1,t+1

i
, where the discount factor δ

is set equal to 0.9. We use the estimated parameters ba3, bb2 and bc1 from the demand
equation for the price effects

∂Pk−1,v

∂Qk,v
,
∂Pk,v

∂Qk,v
, and

∂Pk+1,v

∂Qk,v
for v = t, t + 1. Because

Þrms� output is endogenously chosen we use instruments for the LBD, ILBD,

ECS, IECS, COND and ICOND variables. As instruments we use the num-

ber of Þrms, NOF , the average market shares, AMS, of the current (k) and the

neighboring generations (k − 1, and k + 1), the GDP in electronics GDPEL, and
all other exogenous variables from the equation. We assume additive econometric

disturbance terms, which are identically distributed with mean zero and variance Φ.

The pricing relation is estimated by using 2-stage least squares.

Single Product Firm SpeciÞcation

We also estimate the pricing relation for the single product Þrm speciÞcation in order

to compare the different effects. The speciÞcation is the same as for multiproduct

Þrms, and given by15

Pk,t = δ0,i+ δ1 lnLBDi,k,t+ δ2 (lnLBDi,k,t)
2+ δ3 ln ILBDi,k,t+ δ4 (ln ILBDi,k,t)

2

+δ5 lnSpilli,k,t + δ6 (lnSpilli,k,t)
2 + δ7 ln ISpilli,k,t + δ8 (ln ISpilli,k,t)

2

+δ9 lnECSi,k,t + δ10 (lnECSi,k,t)
2 + δ11 ln IECSi,k,t + δ12 (ln IECSi,k,t)

2

+δ13 lnMATt + δ14 lnUCCi,t + δ15 lnLABi,k,t + δ16 lnEi,k,t + δ17 lnFPi,k,t

−δ18CONDS
i,k,t − δ19ICONDS

i,k,t + ψi,k,t. (6.7)

15Note that we impose the same restriction as for the multiproduct speciÞcation on the cost

parameters, which is given by δ17 = 1− δi
16P
i=1

.
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The parameter δ18 represents the conduct parameter given by
∂Qk,t

∂qi,k,t
for the single

product Þrm speciÞcation where the variable CONDS
i,k,t represents the expressionh

∂Pk,t

∂Qk,t
qi,k,t

i
from equation (6.2). The parameter δ19 represents the intertemporal con-

duct parameter. The variable ICONDS
i,k,t represents the expression δ

h
∂Pk,t+1

∂Qk,t+1
qi,k,t+1

i
,

with δ = 0.9. Because the difference between the single product and multiproduct

speciÞcation is given in that cross-price effects do not enter the pricing relation in

a single product speciÞcation, we only have to substitute the own-price effect
∂Pk,v

∂Qk,v

for v = t, t + 1 with the estimated parameter bb2 from the demand equation. The

estimation procedure as well as the instruments are the same as for the multiproduct

Þrm speciÞcation.

6.6 Data

The analysis requires data from a variety of different sources. The database, pro-

vided by Dataquest, consists of two different parts. The Þrst part consists of quar-

terly Þrm-level shipments and average industry prices for ten different generations

beginning in 1974 for the 4K generation and ending in 1996 for the 64MB genera-

tion. The second part consists of factor prices. Summary statistics and deÞnitions

of the variables used in the estimation are given in Table 6.2.
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Variables Description N Median Min. Max.

Pk,t Average selling price of one chip 68 1.49 0.75 135.00

of generation k in period t.

Qk−1,t Total number of chips of the k-1�th 68 0.00 0.00 78.54E+06

generation being sold in period t.

Qk,t Total number of chips of the k�th 68 70.86E+05 3000 26.44E+07

generation being sold in period t.

Qk+1,t Total number of chips of the k+1�st 68 23.52E+06 0 24.24E+07

generation being sold in period t.

t Time trend. 68 13.63 5.25 22.00

Pk,t Average selling price of k in period t. 546 1.47 0.75 100.00

lnLBDi,k,t LBD for Þrm i 546 18.01 8.70 19.62

offering generation k in period t.

ln ILBDi,k,t Intertemporal LBD for Þrm i 546 14.22 6.91 17.27

offering generation k in period t.

lnSpilli,k,t Spillover measure for Þrm i 546 21.36 9.55 21.66

offering generation k in period t.

ln ISpilli,k,t Intertemp. Spillover measure for 546 21.30 8.70 21.66

Þrm i offering generation k in period t.

lnECSi,k,t Measure of ECS for Þrm i 546 14.22 8.52 17.27

offering generation k in period t.

ln IECSi,k,t Measure of intertemp. ECS for Þrm i 546 14.22 6.91 17.27

offering generation k in period t.

lnMATt Logarithm of material costs in period t. 546 8.49 2.27 16.74

lnUCCi,t Logarithm of Þrm i�s User Cost 546 -2.38 -4.61 -0.69

of Capital in period t.

lnLABi,k,t Logarithm of Þrm i�s Labor Cost 546 14.56 1.39 24.69

for generation k in period t.

lnEi,k,t Logarithm of Þrm i�s Energy Cost 546 2.20 -5.71 15.84

for generation k in period t.

(Table continues)
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Variables Description N Median Min. Max.

qi,k−1,t Firm i�s number of chips from the 546 0 0 123E+05

k-1�st generation being sold in period t.

qi,k,t Firm i�s number of chips of the 546 15E+05 5000 315E+05

k�th generation being sold in period t.

qi,k+1,t Firm i�s number of chips of the k+1�st 546 15E+05 0 39E+06

generation being sold in period t.

GDPELt GDP in electronics in period t. 546 1.24E+13 1.68E+12 2.63E+16

NOFk,t Number of Þrms competing in the 546 9.5 0 20

market of generation k at period t.

AMSk,t Average market share of Þrms in 546 0.05 6E-05 1

generation k at period t.

Table 6.2: Variable deÞnitions and summary statistics

6.7 Results

The estimation results of the inverse demand equations (6.3), (6.4), and (6.5) are

presented in Table 6.3. For the estimation procedure of the three demand equations

for generations k − 1, k, and k + 1, 38, 68, and 57 observations could be used,
respectively. All three estimations have a remarkably good Þt. The adjusted R-

squares are 0.64 and higher. All estimates but one are signiÞcant at the 1% level. The

own-price effects carry the expected negative sign, indicating that a higher industry

output decreases prices. The negative cross-price effects show that neighboring

generations represent substitutable products and indicate that a negative externality

enters Þrms� pricing relations. The estimates of the previous generation have a

more inelastic impact on the generation under consideration than the estimates of

the subsequent generation. This fact indicates that an increase in output of the

previous generation reduces the price of the current generation to a higher extent

than an increase in output of the subsequent generation. The time trend is negative,

which is a plausible outcome, for consumers substitute away from the generation as

time passes.
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GMM Estimates for

16K Generation 64K Generation 256K Generation

Variables Estimates Std. Err. Estimates Std. Err. Estimates Std. Err.

Constant 92.68** 10.98 142.01** 21.23 222.08** 25.02

Qk−2 -3.06E-6** 5.72E-7 - - -

Qk−1 -3.94E-7** 9.67E-8 -7.19E-7** 2.16E-7 - -

Qk -7.89E-8 7.65E-8 -2.91E-7** 4.14E-8 -5.90E-7** 1.17E-7

Qk+1 - - -1.78E-7** 4.07E-8 -2.81E-7** 3.15E-8

Qk+1 - - - - -1.32E-7** 5.73E-8

t -6.07** 1.45 -6.73** 0.99 -9.49** 0.94

Obs.=38, adj. R2=0.64 Obs.=68, adj. R2=0.73 Obs.=57, adj. R2=0.70

**signiÞcant at the 1% level.

Table 6.3: Demand equations

With regard to the estimation of the pricing relation for the multiproduct and the

single product speciÞcation, a Durbin-Watson statistic by Bhargava, Franzini, and

Narendranathan (1982) indicated that the residuals are positively correlated, which

we corrected for by applying a Þrst order moving average process.16 The estimates

are given in Table 6.4. In both regressions, 526 observations could be used. Both

estimations have a very good Þt. The adjusted R-squares for the multiproduct

and the single product speciÞcation are 0.75 and 0.77. The autocorrelation tests of

1.89 and 1.91 show that no further serial correlation exists. Most of the parameter

estimates are signiÞcant at the 1% level. From the estimates of the pricing relations,

we were able to test the two hypotheses.

16Because of the panel data structure the Þrst observation for every Þrm must be dropped for

the correction procedure.
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Multiproduct Comp. Single-Product Comp.

Variables Estimates Std. Err. Estimates Std. Err.

LBD 66.06** 8.38 47.01** 8.67

LBD2 -2.65** 0.31 -1.96** 0.32

ILBD -46.61** 7.23 -34.39** 7.21

ILBD2 1.99** 0.28 1.51** 0.28

Spill 11.37** 2.19 -15.18** 6.29

Spill2 -0.25** 0.06 0.37** 0.15

ISpill -2.08 2.20 -0.91 2.11

ISpill2 0.08 0.09 0.05 0.08

ECS 7.69** 2.16 13.79** 2.32

ECS2 -0.33** 0.08 -0.60** 0.09

IECS -9.14** 2.95 -4.52* 2.97

IECS2 0.37** 0.11 0.21* 0.11

MAT 0.03 0.09 0.003 0.08

UCC 0.20 0.28 0.21 0.26

LAB 0.10 0.07 0.07 0.07

E -0.02 0.05 -0.004 0.05

CONDM,S 0.15 0.10 1.81** 0.35

ICONDM,S 0.01 0.11 0.05 0.28

β0,1 -3.51* 1.81 -3.11* 1.73

β0,2 -6.63* 3.35 -6.31* 3.21

β0,3 -3.43** 1.07 -1.99* 1.05

β0,4 -5.88** 1.79 -5.04** 1.70

β0,5 -2.65* 1.66 -1.66 1.59

β0,6 -6.73** 1.82 -6.20** 1.74

β0,7 5.79** 1.73 7.18** 1.75

β0,8 2.29 1.53 3.68* 1.54

β0,9 1.39 1.72 3.23* 1.70

β0,10 -2.35** 1.33 -0.59 1.29

β0,11 -2.56* 1.17 -1.56 1.11

(Table continues)
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Multiproduct Comp. Single-Product Comp.

Variables Estimates Std. Err. Estimates Std. Err.

β0,12 1.06 1.05 2.38* 1.06

β0,13 1.40 1.47 2.80* 1.50

β0,14 -5.08 3.89 -7.16* 3.77

β0,15 2.61 2.53 6.43* 2.33

β0,16 0.73 1.21 2.05* 1.21

β0,17 -1.61 4.05 -2.54 3.95

β0,18 -0.91 0.94 0.17 0.87

β0,19 0.50 1.29 2.01 1.30

β0,20 -0.23 1.15 1.58 1.16

MA(1) -0.56** 0.04 -0.56** 0.04

Obs.=526, adj. R2=0.75, DW=1.89 Obs.526, adj. R2=0.77, DW=1.91

**signiÞcant at the 1% level, *signiÞcant at the 10% level.

Table 6.4: Pricing relation

The parameter estimates of the current LBD variables LBD and LBD2 as well

as the intertemporal LBD variables ILBD and ILBD2 are highly signiÞcant for the

multiproduct and the single product speciÞcation. In general, we Þnd evidence that

a higher degree of past experience reduces marginal costs in both speciÞcations. Ta-

ble 6.5 shows the calculated learning elasticities and learning rates for both model

speciÞcations.17 The learning elasticity for the multiproduct (single product) spec-

iÞcation is -1.28 (-1.15) which corresponds to a 58% (55%) learning rate. As can

be seen, the LBD effects for multiproduct Þrms are slightly higher than those for

single product Þrms. A doubling in Þrm�s accumulated output (at the sample mean)

reduces the marginal costs by more than 50%. We Þnd that the learning effects are

about double as high as in the previous literature. At Þrst glance, the learning effects

seem to be incredible high. However, keeping in mind that the learning effect refers

to a Þrm�s accumulated past output which is on average 43 times higher than its

current output, a doubling of its current output reduces marginal costs by around

1.3% through learning, which is a very reasonable number.

17The learning rate is calculated by 1− 2β, where β represents the learning elasticity.
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Turning to the parameter estimates of the current and intertemporal Spillover

effects measured by the variables Spill, Spill2, ISpill,and ISpill2, we Þnd that cur-

rent Spillover effects are highly signiÞcant in both models, whereas intertemporal

Spillover effects are not. However, Table 6.5 shows that the learning elasticity is

positive for the multiproduct speciÞcation corresponding to non-existing Spillover

effects. For the single product model the learning rate through Spillovers is 6.7%.

However, because the accumulated past output of the total number of Þrms is re-

ferred to the Spillover effect (see
P
j 6=i

∂Ci,k,s

∂Xi,k,s

∂qj,k,t

∂qi,k,t
in equation (6.2)) we have to divide

the Learning Rate of 6.7% by the average number of Þrms in the market, which is

7.9. A doubling in output decreases marginal costs by 0.85% through Spillovers.

Comparing the Spillover with the LBD effects for single product Þrms, we see that

own experience reduces costs to a higher extent (1.28%) than rivals� experience

through Spillovers (0.85%).

The results show that the cost reduction obtained through Spillovers is a signif-

icant factor in a single product speciÞcation, but has no signiÞcant cost reducing

effect for multiproduct Þrms. Single product Þrms achieve higher Spillover effects

than multiproduct Þrms, which supports hypothesis (i).

The parameter estimates for the current ECS measured by ECS and ECS2, as

well as the estimates for intertemporal ECS effects, given by IECS and IECS2,

are shown to be signiÞcant in both models. Table 6.5 shows that the overall ECS

elasticity is negative in both speciÞcations indicating that increasing returns to scale

are evident. Moreover, we see that the elasticity for the multiproduct Þrm speci-

Þcation is -0.11, indicating that a doubling in output decreases marginal costs by

11%. The elasticity of -0.55 for the single product model shows that the ECS are

higher compared to the multiproduct speciÞcation, which supports hypothesis (i).

Furthermore, we see that current and intertemporal ECS have a much higher cost

reducing impact than LBD or Spillover effects. Note, the intertemporal ECS effect

is a combination of current ECS and LBD effects, which has a high cost reducing

impact.

Comparing the LBD, Spillover and ECS effects under both speciÞcations we Þnd

strong support for the contention that ECS and Spillover effects are different for

single and multiproduct Þrms. Whereas ECS and Spillover effects are smaller for

multiproduct Þrms than for single product Þrms, LBD effects are slightly higher.
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We provide evidence that the single product speciÞcation results in overestimated

Spillover and ECS effects, see hypothesis (i). The LBD effects are rather similar

under both speciÞcations. In general, the learning and ECS rates indicate that the

model speciÞcations support reliable results.

Multiproduct Comp. Single-Product Comp.

Effects Elast. Rate Elast. Rate

LBD -1.28 58% (1.35%) -1.15 55% (1.28%)

Spill 1.56 0% -0.1 6.7% (0.85%)

ECS -0.11 11% -0.55 55%

Table 6.5: LBD, Spillover and ECS effects

Table 6.4 also shows the estimates for the current conduct parameters CONDM,S

for the multiproduct and single product speciÞcation. As we see in Table 6.4 the

conduct parameter for the multiproduct model is close to zero, indicating that mul-

tiproduct Þrms charge prices close to static marginal costs and behave as if in perfect

competition. The parameter estimate for the single product model indicates that

Þrms charge even higher price mark-ups than Cournot players. This result is consis-

tent with the previous literature indicating that the model speciÞcation gives reliable

results. Moreover, the comparison of the conduct parameters is very important for

our model speciÞcation and supports the claim that a different model speciÞcation

describes Þrms� behavior in the market differently. We therefore gain support for

hypothesis (i) that multiproduct Þrms behave more �aggressively� than do single

product Þrms.

Furthermore, we see in Table 6.4 that the intertemporal conduct parameter

ICONDM,S is not signiÞcantly different from zero under both model speciÞcations.

As mentioned above, when Spillover effects and learning effects are balancing each

other the intertemporal conduct parameter is zero. Since we know that the in-

tertemporal LBD and ECS effects are signiÞcant we can exclude the argument that

the intertemporal conduct parameter may not be important because Þrm i�s output

decision in period t may have no effect on other Þrms� output decisions in period s.
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In a next step, we calculated the Þtted average Þrm-speciÞc price-marginal

shadow cost margins for the multiproduct and the single product speciÞcation.

Price-Cost∗ Margin in Price-Cost∗ Margin in

Country Firms Multiproduct Comp. Single Product Comp.

USA Adv. Micro Dev. 0.10 0.65

Fairchild 0.43 0.40

Inmos 0.19 0.99

Intel 0.22 0.65

Micron 0.75 1.69

Mosel Vitelic 0.40 0.42

Ntl. Semiconductor 0.10 0.73

STC 0.04 0.21

Texas Instruments 1.02 2.92

Mean 0.36 0.96

JAP Fujitsu 0.84 3.23

Hitachi 1.55 4.93

Matsushita 0.36 1.10

Mitsubishi 1.40 4.41

NEC 3.20 2.31

OKI 0.74 1.63

Sharp 0.15 0.27

Toshiba 0.02 0.85

Mean 1.03 2.34

KOR Hyundai 0.39 0.02

Samsung 1.06 2.17

Mean 0.73 1.10

GER Siemens 0.31 1.40

Mean 0.31 1.40

∗ costs refer to the marginal shadow costs, here.

Table 6.6: Firm- and country-speciÞc price-cost margins
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Table 6.6 shows that Þrms� price-cost margins are indeed lower for multiproduct

Þrms than for single product Þrms. Because prices are observed in the market, mar-

ginal shadow costs are higher for multiproduct than for single product Þrms. This

result supports the Þnding that multiproduct Þrms behave more �aggressively� in

the market and achieve lower learning effects. Keep in mind, that the intertemporal

ECS effect, which is a combination of the LBD effect and the current ECS effect, is

much smaller for multiproduct Þrms.

Turning to our hypothesis (ii), we see that the parameter estimates for LBD2

and ILBD2 are signiÞcantly different from zero in both models, indicating that LBD

effects are different over the product life cycle, which conÞrms our hypothesis. The

negative signs show that LBD effects are smaller at the beginning of the life cycle,

an outcome that runs contrary to previous assumptions.

The parameter estimates of ECS2 and lECS2 indicate that the increasing ECS

effects diminish throughout the product life cycle in the multiproduct model, but

increase over time in a single product model. Finally, the parameter estimate of

Spill2 shows that current Spillover effects vary over the product life cycle. The

Spillover effects are larger at the beginning of the life cycle for single product Þrms.

We Þnd evidence for our hypothesis (ii) that LBD, Spillover, and ECS effects

vary throughout the product life cycle. In the multiproduct model the LBD and

Spillover effects become larger whereas the ECS effects become smaller throughout

the product life cycle.

Most of the estimated Þrm-speciÞc effects are negatively signiÞcant, indicating

that unobserved heterogeneities among Þrms and shadow marginal cost pricing are

important aspects. Firm-speciÞc effects are shown to be signiÞcantly different from

each other. The parameter estimates for material prices, user cost of capital, and

labor are positive but not highly signiÞcant. The estimates for energy is negative

and not signiÞcant, either. We Þnd support to the argument that marginal costs

are signiÞcantly determined by LBD, Spillover, and ECS effects but not as much by

factor prices.
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6.8 Conclusion

In this chapter, we derive a dynamic oligopoly model and compare a multiproduct

with a single product Þrm speciÞcation. In the theoretical model we show that

cross-price effects on neighboring generations enter Þrms� objective functions once

multiproduct Þrms are speciÞed. We derive two hypotheses from the theoretical

model and test them by estimating a structural dynamic model of demand and pric-

ing relations under the assumption of multiproduct as well as single product Þrms.

Using quarterly Þrm-level output and cost data as well as industry prices from 1974

to 1996, we empirically estimate and compare the impact of the different speciÞca-

tions on current and intertemporal LBD, ECS, and Spillover effects, as well as on

Þrms� behavior in the product market. We then compare the Þrm speciÞc price-

cost margins for multiproduct and single product Þrms. Furthermore, we allow the

effects to vary over the product life cycle. We Þnd that these two aspects, multi-

product Þrms and allowing for dynamics over the product life cycle, have important

implications and yield results that differ from previous Þndings or expectations.

Estimating the inverse demand functions yields negative cross-price effects, which

indicates that neighboring generations are substitutable goods, conÞrming the no-

tion that negative externalities enter Þrms� pricing relations under multiproduct

speciÞcation. Focusing on multiproduct Þrms reveals that Þrms take into account

losses for their neighboring generations in their output decisions, for a higher out-

put reduces neighboring revenues. Because, in the assumption of single product

Þrms, externalities previously have not been taken into account, LBD, ECS, and

Spillover effects as well as Þrms� behavior in the product market and their price�

cost margins yield different results. We provide evidence for our hypothesis (i) that

ECS and Spillover effects are overestimated when assuming single product Þrms.

LBD effects are slightly higher for multiproduct Þrms. The analysis shows that the

enormous price decrease over time is induced by LBD, and ECS effects with ECS

having a higher cost reducing impact on average than LBD effects. The signiÞcant

intertemporal LBD and ECS effects as well as the negative Þrm-level Þxed effects

give evidence that Þrms follow an intertemporal output strategy and invest in future

cost reductions by increasing output. Moreover, an intertemporal conduct parame-

ter not signiÞcantly different from zero, shows that LBD and Spillover effects are
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balancing each other. In addition, we provided evidence that multiproduct Þrms

behave as if in perfect competition, whereas single product Þrms behave even more

�softly� than Cournot players in the product market.

We Þnd strong support for our hypothesis (i) and can conclude that a multiprod-

uct speciÞcation better suits the DRAM industry and yields lower Spillover and ECS

effects, as well as a more �aggressive� behavior by Þrms in the product market. As

a consequence, Þrms� price-cost margins are smaller for multiproduct Þrms than for

single product Þrms.

Furthermore, we have provided evidence that LBD, ECS, and Spillover effects

vary throughout the product life cycle, see hypothesis (ii). LBD effects are higher at

the end of the life cycle. One reason might be that new processes and technologies

are developed over time, which induces more intensive cost savings at the end of

the generation. It is often argued in the literature that process innovations can

be carried over to the next generation, which is characterized by intergenerational

Spillovers, see Irwin and Klenow (1994). This fact explains why Þrms produce new

technologies mainly at the end of the life cycle and continue to stay in the market,

despite their small chosen price-cost mark-ups.

The fact that LBD effects are relatively low at the beginning and greater at the

end of the life cycle explains the drastic price decline more accurately (see Figure

6.4) than does the former explanation, in which below-cost pricing should have been

practiced at the beginning (see Figure 6.1).

This study suggests that Japanese Þrms did not engage in dumping with regard

to the 64K DRAM generation. The reason dumping margins have been found for

the 64K DRAM chip is that the product life cycle was already far advanced when

the investigation took place. According to the previous theory, the fact that LBD

effects are greater at the beginning of the life cycle should lead to Þrms� price-cost

margins being rather small (if not negative) at the beginning but large at the end of

the life cycle. However, Þnding smaller or even negative mark-ups at the end of the

life cycle (when the investigation took place) does not seem to be consistent with

the former explanation of price-setting behavior in the presence of LBD.
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Figure 6.4: Price setting with respect to shadow marginal costs

Moreover, the results of this study support the notion that LBD effects are

greater at the end of the life cycle, which induces Þrms to charge larger mark-ups

at the beginning and smaller (or even negative) mark-ups at the end of the cycle.

The calculated dumping margins of 20% at the end of the 64K life cycle (see Dick

[1991]) illustrates quite clearly the Þnding of marginal shadow cost pricing, which is

again consistent with the Þndings of this study.

We can conclude that both the existence of multiproduct Þrms and the dynamics

over the product life cycle have important implications for LBD, ECS, and Spillover

effects, as well as Þrms� behavior in the product market. The results of this study

suggest that one should take into account the form of competition and the dynamics

over the life cycle when evaluating Þrms� behavior in the product market. This study

demonstrates the importance of adjusting for these two aspects in future antitrust

investigations.



Chapter 7

Summary and Concluding

Remarks

In this study we analyzed the interactions between multiproduct competition and

innovation. The contribution of this thesis was to study the relationship between

multiproduct competition in demand and costs and three aspects of innovation: Re-

search Joint Ventures with asymmetric Þrms, new product introduction, and innova-

tion with multiproduct Þrms. We investigated the main mechanisms and effects that

impact on market structure, behavior and performance by analyzing theoretical and

estimating structural models.

We theoretically and empirically analyzed the link between multiproduct compe-

tition in demand and the Þrst aspect of innovation, which is Research Joint Ventures

with respect to asymmetric Þrms. Our model predicts that large Þrms have less in-

centives to form an RJV with smaller Þrms in order to increase market power. As

a consequence RJVs may lead to a more concentrated market structure and raise

competitive concerns in terms of a more asymmetric industry structure. Further-

more, we Þnd that RJVs tend to be formed between Þrms selling complementary

products. There are certain industry pairs (possibly vertically related) in which com-

plementarities signiÞcantly increase RJV formation. Our results indicate in general

that cost-sharing increases the likelihood to form RJVs. However, we also provide

evidence that the dominance of the cost-sharing or free-rider effect depends on the

industry and the size of the RJV.

The contribution of this study to current research is that multiproduct competi-

171
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tion in association with asymmetric Þrm size represents an important determinant

for explaining the incentives to innovate and to cooperate, which reach different

conclusions about market structure and market power than investigations of mul-

tiproduct competition with symmetric Þrms. We can conclude that these determi-

nants lead to a reconsideration of welfare implications. While RJVs between Þrms

in complementary industries would seem to have positive welfare implications, the

welfare impacts of cost-sharing and symmetric (large) sized Þrms in the same indus-

try are less clear. Cost-sharing may reduce the investment required for a particular

outcome, however, as R&D is uncertain a successful outcome may be less likely. In

the presence of asymmetric Þrms RJVs lead to a more concentrated market struc-

ture when the RJV is overexclusive. It is important to examine which Þrms will

participate in RJVs and what the incentives for joining are. Consequently, antitrust

authorities should be wary of why Þrms form Research Joint Ventures.

Further research on Research Joint Ventures is necessary and required in order

to better understand the interrelation of multiproduct competition and innovation.

Especially the impact of Research Joint Ventures on efficiencies and market power

effects needs to be analyzed further. More research on the process, success and

performance of RJVs especially in a dynamic context is desired since a cooperation

might be an unstable organizational form. Furthermore, it is interesting to know

more about competition between Research Joint Ventures, especially when Þrms

might be involved in more than only one RJV. A further aspect concerns Spillovers

in an RJV. How do RJVs impact market structure and conduct when Þrms can

determine the extent of Spillovers themselves? All these issues may have signiÞcant

impact on market structure, conduct and performance and may contribute to more

precise antitrust investigations. However, they are beyond the scope of this study.

Another part of our study concentrated on the interrelation betweenmultiproduct

competition in demand as well as costs and the second aspect of innovation, which is

new product introduction. We presented two theoretical models of vertical product

differentiation and investigated the incentives for incumbent Þrms to introduce new

products in different quality areas. Firms are allowed to keep or withdraw their

former products from the market.

We have shown that product innovation depends on the credibility of Þrms� in-

novation strategies and occurs only in certain quality areas. Preempting (deterring)
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the low quality Þrm from innovation is not a credible strategy for the high quality

Þrm. Furthermore, we derived the result that innovators always introduce a new

product of higher quality at a higher price and withdraw their former product in

order to reduce price competition and to avoid a cannibalization effect towards their

own product demand.

This part of the thesis has shown thatmultiproduct competition in demand as well

as costs are important determinants which determine the incentives for new product

introduction. The main contribution of this study to current research is given by the

following statement: Proliferating the product space by incumbent Þrms in order

to preempt the rival�s innovation is not a credible strategy, which does not only

apply for horizontally differentiated product markets but also holds for markets

characterized by vertical product differentiation. This Þnding contributes to further

conclusions about the interaction between market structure and vertical product

innovation as well as the impact on entry and exit in an industry.

For future research on this area it might be interesting to investigate how the

incentives to produce higher quality change when the invention process is stochastic

instead of being deterministic. Furthermore, dynamic considerations of product

introduction by Þrms but also on the consumer side (like different preferences over

time for consuming goods of different quality) may change the relation between

innovation and product market competition and may lead to different conclusions.

Another part of our study focused on the link between multiproduct competition

in demand and the third aspect of innovation, which is product innovation with

multiproduct Þrms. We analyzed the Dynamic Random Access Memory industry

with respect to multiproduct Þrms and the dynamics over the product life cycle.

One feature that our study highlights is the fact that decisions by multiproduct

Þrms for product innovation or output are taken at a centralized level. A multi-

product Þrm takes the effects on other products into account when they draw their

output decisions. These effects have been neglected in a single product Þrm competi-

tion. We Þnd that the assumption of multiproduct Þrms has important implications

for empirical studies.

We obtained evidence that Spillover and ECS effects are smaller, whereas LBD

effects are slightly higher, for multiproduct Þrms than for single product Þrms. Mul-

tiproduct Þrms behave more �aggressively� in the product market than single product
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Þrms. Furthermore, we provided evidence that Learning by Doing, Economies of

Scale, and Spillover effects vary over the product cycle. In a multiproduct speciÞca-

tion, LBD effects are increasing whereas ECS effects are decreasing over the product

life cycle. The two aspects of multiproduct Þrms and dynamics over the product

life cycle have signiÞcant impact on the above mentioned effects and lead to differ-

ent conclusions concerning market structure, conduct, and performance. These two

aspects need to be considered in antitrust investigations.

One of the central issues in Industrial Organization is to investigate the determi-

nants of market structure, technological developments and the dynamics of markets.

Many studies focus on innovation and stress the interdependence between market

structure, technological change or R&D spending, and product market competition.

We can conclude this study with the result that the interdependence between multi-

product competition and innovation is an important aspect which needs to be taken

into account when market structure, Þrms� behavior and market performance are

under investigation.



Chapter 8

Data Description

In the following we provide a description about the databases we used in our study.

We Þrst describe the Research Joint Venture Database we used in Chapter 3 before

we turn to the Semiconductor Database we used in Chapter 6.

8.1 Description of the Research Joint Venture

Database

The Research Joint Venture Database has been constructed by using information

from the United States Department of Commerce. The information from the United

States Department of Commerce are based on the Federal Register notiÞcations

Þrms are required to Þle when they desire potential antitrust protection, see also

Chapter 3 for more information. The Þlings contain the participating members and

the beginning date of the RJV as well as a short description on its research Þeld.

One example is shown in the following.

Consortium Name: SEMATECH

Federal Register Date: 05/19/88

Record Number: 98

Number of Members: 14

175
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Objective: SEMATECH�s area of planned activity is research and development

related to advanced semiconductor manufacturing techniques that can be used by

SEMATECH�s members in their own manufacturing process.

Members:

AT&T

Advanced Micro Devices

International Business Machines

Digital Equipment

Harris Semiconductor

Hewlett-Packard

Intel

LSI Logic

Micron Technology

Motorola

NCR

National Semiconductor

Rockwell International

Texas Instruments.

The RJV database covers the period from beginning 1985 until August 1994,

and consists of 409 Þlings. In the following we present some Þgures and tables in

order to illustrate the database.

As can be seen in Figure 8.1, the number of registrations increases over time. The

high number of registrations in 1985 is due to initial Þlings just after the National

Cooperative Research Act (NCRA) has been enacted. The reason why there are

just a few registrations in 1994 is due to the fact that this year is covered only until

August.
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Figure 8.1: Number of registered RJVs over time

Figure 8.2: Size distribution of RJVs

Figure 8.2 shows that most of the RJVs are formed between 2 Þrms. The average

number of participants in an RJV, however, is between 5 and 10 members.
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RJV-ClassiÞcation No. of No. of

(2-digit SIC-Code) RJVs Firms

Forestry (SIC8) 0 1

Metal Mining (SIC10) 1 11

Coal Mining (SIC12) 0 1

Oil and Gas Extraction (SIC13) 35 0

Nonmetallic Minerals, except Fuels (SIC14) 0 1

General Building Contractors (SIC15) 2 7

Heavy Construction, except Building (SIC16) 0 3

Food and Kindred Products (SIC20) 3 5

Tobacco Products (SIC21) 1 1

Textile Mill Products (SIC22) 0 1

Apparel and other Textile Products (SIC23) 0 1

Lumber and Wood Products (SIC24) 4 0

Furniture and Fixtures (SIC25) 0 1

Paper and Allied Products (SIC26) 0 15

Printing and Publishing (SIC27) 0 1

Chemical and Allied Products (SIC28) 30 101

Petroleum and Coal Products (SIC29) 36 77

Rubber and Misc. Plastic Products (SIC30) 0 1

Stone, Clay, and Glass Products (SIC32) 7 18

Primary Metal Industries (SIC33) 11 39

Fabricated Metal Products (SIC34) 1 9

Industrial Machinery and Equipment (SIC35) 35 244

Electronic and Other Electrical Equipment (SIC36) 85 209

Transportation Equipment (SIC37) 34 230

Instruments and Related Products (SIC38) 11 61

Misc. Manufacturing Industries (SIC39) 1 2

Railroad Transportation (SIC40) 1 5

Local and Interurban Passenger Tansit (SIC41) 2 0

Transportation by Air (SIC45) 0 2

(Table continues)
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RJV-CLASSIFICATION No. of No. of

(2 DIGIT SIC CODE) RJVs Firms

Pipelines, except Natural Gas (SIC46) 1 0

Transportation Services (SIC47) 0 1

Communications (SIC48) 32 71

Electric, Gas, and Sanitary Services (SIC49) 4 36

Wholesale Trade - Durable Goods (SIC50) 0 35

Wholesale Trade - Nondurable Goods (SIC51) 0 7

Building Materials & Garden Supplies (SIC52) 0 4

General Merchandise Stores (SIC53) 0 3

Automotive Dealers & Service Stations (SIC55) 0 5

Depository Institutions (SIC60) 0 8

Nondepository Institutions (SIC61) 0 1

Security and Commodity Brokers (SIC62) 0 3

Insurance Carriers (SIC63) 0 7

Holding and other Investment Offices (SIC67) 0 58

Business Services (SIC73) 13 138

Auto Repair, Services, and Parking (SIC75) 0 76

Motion Pictures (SIC78) 1 1

Engineering and Management Services (SIC87) 1 11

Environmental Quality and Housing (SIC95) 1 1

No. of RJVs/Firms until Aug. 1993 353 1664

Table 8.1: Number of RJVs and number of participating

Þrms by 2-digit SIC Code

Table 8.1 presents the number of RJVs and the number of participating Þrms

classiÞed by the primary 2-digit Standard Industrial ClassiÞcation (SIC)-Code. Most

of the RJVs as well as the participating Þrms belong to manufacturing industries

(SIC 20 to SIC39). Exceptions are the Oil and Gas Extraction (SIC13) and the

Communications (SIC48) industry, see also Link (1996). More speciÞcally, most of

the RJVs are performed in the Electronic and Other Electrical Equipment (SIC36)

industry whereas most of the participating Þrms belong to the Industrial Machinery
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and Equipment industry (SIC35).

Table 8.2 shows the number of RJVs from 1985 to mid 1993 classiÞed by a pri-

mary and secondary 2-digit SIC Code, by using the research outline descriptions for

every RJV from the Federal Register Þlings. The numbers on the diagonal indicate

RJVs whose research purpose is related to exactly one industry and classiÞed by one

RJV Code. These RJVs are rather industry speciÞc in their research area. As we see

in Table 8.2 many RJVs are performed with the purpose of developing technologies

within the electronics industry (SIC36). The numbers on the off-diagonal indicate

RJVs classiÞed by a primary and secondary SIC Code. The research area of those

RJVs is spread over more than one industry indicating that complementary tech-

nologies are developed. Many inter-industry RJVs are performed with the purpose

of developing complementary technologies, especially between the electronics and

communications industry.
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SIC-Codes 1 13 15 17 20 21 24 27 28 29 30 32 33 34 35 36 37 38 39 40 41 46

1 1

13 31

15 1

17 1 0

20 2

21 1

24 5

27 1 0

28 1 27

29 1 23

30 0

32 1 5

33 8

34 1

35 2 1 1 2 14

36 2 10 36

37 1 12 1 2 2 14 2 23

38 2 2 3 7

39 1

40 1 1 0

41 0

46 0

48 57

49 1 1

73 1 1 1 2

78

87

95

Table 8.2: RJV classiÞcation by primary and secondary SIC Code
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8.2 Description of the Semiconductor Database

The data for the Dynamic Random Access Memory (DRAM) chips were acquired

from Dataquest Inc. Dataquest undertakes quarterly surveys on shipments of parts

of the semiconductors by producers with signiÞcant merchant production. The

DRAM data consist of quarterly world-wide average selling prices and quarterly

world-wide unit shipments by producers and cover a period from 1974 to 1996. The

data can be broken up into ten different DRAM-generations: the 4K, 16K, 64K,

256K, 1Mb, 2Mb, 4Mb, 8Mb, 16Mb, and 64Mb generation. For providing some

insight in the database, we present the shipments by generation for every Þrm. The

quarterly average selling prices and world-wide unit shipments over time are shown

in Chapter 6, Figure 6.2 and 6.3, respectively.

Figure 8.3: Units of shipments per generation over time from Advanced Micro

Devices
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Figure 8.4: Units of shipments per generation over time from Alliance
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Figure 8.7: Units of shipments per generation over time from Eurotechnique



CHAPTER 8. DATA DESCRIPTION 185

Figure 8.8: Units of shipments per generation over time from Fairchild

Figure 8.9: Units of shipments per generation over time from Fujitsu
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Figure 8.10: Units of shipments per generation over time from G-Link

Figure 8.11: Units of shipments per generation over time from Hitachi
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Figure 8.12: Units of shipments per generation over time from Hyundai

Figure 8.13: Units of shipments per generation over time from IBM
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Figure 8.14: Units of shipments per generation over time from Inmos

Figure 8.15: Units of shipments per generation over time from Intel
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Figure 8.16: Units of shipments per generation over time from Intersil

Figure 8.17: Units of shipments per generation over time from LG Semicon
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Figure 8.18: Units of shipments per generation over time from Matsushita

Figure 8.19: Units of shipments per generation over time from Micron
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Figure 8.20: Units of shipments per generation over time from Mitsubishi

Figure 8.21: Units of shipments per generation over time from Mosel Vitelic
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Figure 8.22: Units of shipments per generation over time from Mostek

Figure 8.23: Units of shipments per generation over time from Motorola
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Figure 8.24: Units of shipments per generation over time from National

Semiconductor

Figure 8.25: Units of shipments per generation over time from NEC
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Figure 8.26: Units of shipments per generation over time from Nippon Steel

Figure 8.27: Units of shipments per generation over time from OKI
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Figure 8.28: Units of shipments per generation over time from Ramtron

International

Figure 8.29: Units of shipments per generation over time from Samsung
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Figure 8.30: Units of shipments per generation over time from Sanyo

Figure 8.31: Units of shipments per generation over time from SGS-Ates
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Figure 8.32: Units of shipments per generation over time from Sharp

Figure 8.33: Units of shipments per generation over time from Siemens
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Figure 8.34: Units of shipments per generation over time from Signetics

Figure 8.35: Units of shipments per generation over time from STC and STC-ITT
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Figure 8.36: Units of shipments per generation over time from Texas Instruments

Figure 8.37: Units of shipments per generation over time from Vanguard
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Figure 8.38: Units of shipments per generation over time from Vitelic

Figure 8.39: Units of shipments per generation over time from Zilog
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