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ABSTRACT 
In high technology markets, standards represent a source of competitive advantage for 

fin-ns,, influencing both business performance and technological development. 

Although previous approaches have suggested characterising standards along 

dimensions such as performance levels or functionality, the concept of a standard has 

not received much formal attention. In this thesis, I construct a typology to delineate 

product standards based on the interrelationships between: (i) components within the 

product, (ii) the product and other products, and/or (iii) the product and the user 

(Dhebar 1995). Drawing from marketing, business strategy and industrial organisation 

economics literature, I develop a framework linking firm, demand and industry 

characteristics to a firm's choice of standard to pursue. I argue that various 

antecedent factors may have opposing influences on the choice of standard, with 

implications for the positional advantage achieved by the firm. 

Survey data were collected from 234 marketing or technology managers from a 

representative sample of over 1700 high technology companies. The results supported 

the hypotheses that specific antecedent factors (reputation, learning costs, consumer 

heterogeneity, a radical innovation and appropriability) influence the type of standard 

pursued by a firm. 

2 



TABLE OF CONTENTS 
PAGE 

List of Figures 

List of Tables 7 

1 Introduction 9 

1.1 Overview and Motivations 9 
1.2 Research Question and Proposed Model 10 
1.3 Intended Contribution 12 

1.4 Outline of the Document 12 

2 Literature Review 14 

2.1 The Standards Literature 14 

2.2 Definitions of Standards 15 

2.3 Standards and Market Structure 16 

2.3.1 Mix and Match literature 18 

2.3.2 Network Externalities Literature 19 

2.3.3 Pace of Technological Change 21 

2.4 Demand-side factors: Standards and Adoption 22 

2.4.1 Complexity and Compatibility: Learning Costs 25 

2.4.2 Perceived Risk 27 

2.4.3 Relative Advantage and the Nature of the Innovation 29 

2.5 Supply-s ide factors: A Resource-based View of Standards 30 

2.5.1 The Resource-based View of the Firm 31 

2.5.2 Technological Capabilities: Appropriability 33 

2.5.3 Technological Capabilities: Complementary Assets 35 

2.5.4 Reputation 35 

3A Standards Typology 38 

I Definition of a Standard 38 

-I 



3.2 The Standards Typology 

3.2.1 Component Standards 

3.2.2 Compatibility Standards 

3.2.3 Consumer-interface Standards 

4 Conceptual Framework and Research Propositions 

4.1 Firm Resources 

4.1.1 Complementary Assets 

4.1.2 Reputation 

4.1.3 Appropriability 

4.1.4 Nature of the Innovation 

4.2 Demand Characteristics 

4.2.1 Performance Uncertainty 

4.2.2 Learning Costs 

4.2.3 Consumer Heterogeneity 

4.3 Industry Characteristics 

4.3.1 Rate of Technological Change 

4.3.2 Industry Concentration 

4.4 Effects of Standards Strategy on Positional Advantage 

4.4.1 Network Externality Effects 

4.4.2 Direct Product Benefits: Technological Advantage 

4.5 Performance Outcomes 

5 

6 

Data Collection and Analysis 

5.1 Data Collection 

5.2 Construct Development and Measurement Issues 

5.2.1 Instrument Development 

5.2.2 Scale Development Methodology 

5.2.3 Measurement Analysis 

5.2.4 Operational i zation of New Constructs 

Analysis of Data 

40 

42 

48 

52 

56 

57 

58 

61 

62 

64 

65 

65 

66 

68 

70 

70 

71 

73 

74 

77 

80 

83 

84 

86 

87 

89 

91 

100 

104 

4 



6.1 Response Bias 104 

6.2 Multicollinearity 105 

6.3 The Effects of Antecedent Factors on Firm Strategy 107 

6.3.1 The Standards Strategy Model w/ Industry level Constructs III 

6.3.2 The Standards Strategy Model with Dummy Variables 114 

6.4 The Effects of Standards Strategy on Positional Advantage 116 

6.5 The Mediating Effects of Standards Strategy on the Relationship 119 

between Sources of Advantage and Positional Advantage 

7 

6.6 Further Exploration with Structural Equation Modelling 126 

Discussion and Contribution 134 

7.1 Contribution to the Standards Literature 134 

7.1.1 The Standards Typology 134 

7.1.2 Industry Level Differences 136 

7.1.3 Relationships between Standards 136 

7.1.4 The Impact of Antecedent Factor on Choice of Standard 137 

7.1.5 The Effect of Standards Strategy on Positional Advantage 148 

7.1.6 The Mediating Role of Standards Strategy 155 

7.2 Contribution to the Diffusion Literature 150 

7.3 Contribution to the Resource-Based view of the Firm 152 

7.3.1 Market-based Assets 153 

7.3.2 Positional Advantage 155 

8 

7.4 Methodological Contributions 156 

7.5 Managerial Implications 157 

Limitations and Future Research 159 

8.1 Study Limitations 159 

8.1.1 Sampling 159 

8.1.2 Measurement 161 

8.1.3 Analysis 163 

8.2 Directions for Future Research 165 

5 



8.3 Conclusion 166 

References 168 

Appendices 

PAGE 

A Pilot Study and Item Development 191 

B Questionnaire and Covering Letters 196 

C Construct Development 206 

D Comparison of Responses for First and Second Mailings 213 

LIST OF FIGURES 
PAGE 

1 The Standards Typology 41 

2 The Standards Strategy Framework 57,83108 

3 Overview of Mediational Test 120 

6 



LIST OF TABLES 

I. Previous Taxonomies of Standards 

2. Summary of Research on Standards and Technology Adoption 

3. Standards Definition and Typology 

4. The CADD Product Range 

5. Summary of Propositions 

6. New Constructs 

7. Modification of Existing Constructs 

8. Classic Factor Analysis: Exogenous Variables 

9. Classic Factor Analysis: Endogenous Variables 

10. Measurement Model for Exogenous Constructs 

11. Measurement Model for Endogenous Constructs 

12. Correlation Matrix of Measures 

13. Constructs Measurement Summary 

14. Industry Response Profile 

15. Analysis of Variance by Industry 

16. Model of Hypothesised Predictors of Standards Strategy 

with Industry Constructs 

17. Model of Hypothesised Predictors of Standards Strategy 

with Industry Dummy Variables 

18. Summary of Results for Predictors of Standards Strategy 

19. Model of the Relationship between Standards Strategy 

and Positional Advantage 

20. Summary of Results for Predictors of Positional Advantage 

21. Mediational Tests 

22. ML Estimates of Full Model Parameters. 

21. Comparison of Results, OLS vs. ML: Predictors of Standards Strategy 

24. Comparison of Results, OLS vs. ML: Predictors of Positional Advantage 

25. Alternative Models 

26. Fit Statistics for Comparative Models 

'AGE 
17 

37 

44 

55 

84 

88 

89 

94 

95 

97 

98 

99 

103 

105 

III 

114 

115 

116 

118 

119 

123 

130 

131 

132 

133 

7 



27. Comparison of ACA Scales: 5 item vs 7 item scales 139 

28. Component and Radical Innovation Constructs 144 

29. Multiple Regression Model of Categorical Predictors of Standards Strategy 153 

A. I Construct Revisions from Pilot Study 

C. I Original Constructs Referenced to Questionnaire 

C. 2 Classic Factor Analysis: Original Set of Exogenous Variables 

C. 3 Classic Factor Analysis: Original Set of Endogenous Variables 

CA Measurement Model for Original Exogenous Variables 

C. 5 Measurement Model for Original Endogenous Variables 

D. I Analysis of Variance between Response Waves of Survey 

D. 1.1 ANOVA between Response Waves by Industry: Computer Hardware 

D. 1.2 ANOVA between Response Waves by Industry: Computer Software 

D. 1.3 ANOVA between Response Waves by Industry: Consumer Services 

D. 1.4 ANOVA between Response Waves by Industry: Telecommunications 

D. 1.5 ANOVA between Response Waves by Industry: Industrial Equipment 

D. 1.6 ANOVA between Response Waves by Industry: Consumer Electronics 

D. 1.7 ANOVA between Response Waves by Industry: Consumer Durables 

D. 1.8 ANOVA between Response Waves by Industry: "Other" 

192 

208 

209 

210 

211 

212 

213 

214 

215 

216 

217 

218 

219 

220 

221 

8 



1. INTRODUCTION 

1.1 Overview and Motivations 
Rapidly changing technologies are fuelling the creation of new product categories with 

new and often shorter product life cycles. Examples of these abound; subnotebook 

computers, electronic organisers, and scanners; product categories which did not exist 

a few years ago, and which see a constant stream of innovative products introductions. 

These high technology products are increasingly capable of communication with other 

products, requiring the interaction of increasing numbers of components and 

peripheral goods. Electronic organisers can be downloaded to mobile phones that then 

forward data to a PC. Electronic technology is also now incorporated in a diverse 

range of what were traditionally 'low tech' products, such as toys, thermometers and 

watches. Given this increasing interaction between components, products and users, 

standards (or the lack of them) are an increasingly important weapon in the firm's 

arsenal, potentially distancing its products from competitors. 

Once mainly the preoccupation of technical specialists, standards are now of strategic 

importance in any industry where products or individuals communicate - such as 

computers, telecommunications, banking, retail shopping and consumer electronics. 

For these industries, standards are the subject of competition and co-operation among 

industry players, and may represent a source of competitive advantage to a firm if it 

holds a dominant standard. Companies such as Microsoft (operating systems), 

Critikon (blood pressure monitors) and Novell (networking software) have capitalised 

on the need for consistent and accurate functionality across a broad scope of users 

through the development of standards. As products increasingly incorporate hi-tech 

components and electronic commerce becomes more widespread (Peterson, 

Balasubramanian and Bronnenberg 1997), standards are likely to assume greater 

importance. 
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Despite their strategic impact, our understanding of standards and the context of their 

pursuit remains underdeveloped. Although previous research has suggested 

characterising standards along dimensions such as performance levels or functionality 

(de Monthoux 1988; Reddy 1987), the concept of what actually constitutes a standard 
has not received much formal attention. This nomological gap often results in a 

restricted view of standards where "compatibility" is treated as a unidimensional 

construct. Equally important, managers lack a framework that assists in determining 

under what circumstances a standard is best pursued. Such a decision has 

ramifications for overall firm activity; influencing resource allocations, product 
development decisions and the marketing mix. Developing the firm's value 

proposition requires the integration of both technological capabilities and market 

needs (Capon and Glazer 1987). 

1.2 Research Question and Proposed Model 
In this thesis. ) a typology is developed that can be used to delineate product standards 
based on the interrelationships among: (i) components within the product, (ii) the 

product and other products, and/or (iii) the product and the user. (Dhebar 1995). 

Building on past research, a conceptual framework is built, linking firm, industry, 

technology and demand characteristics to a firm's choice of standard to pursue. The 

framework suggests that the choice of standard has implications for the positional 

advantage obtained by the firm. 

In marketing, technological innovations have been classified in terms of both the type 

and degree of uncertainty they possess (Moriarty and Kosnick 1989). Market 

uncertainty concerns the unpredictability of future demand and the lack of significant 

information on potential market acceptance for the product. Technological uncertainty 

relates to whether or not the technology' will work as expected, and the probability 

that forthcoming products will make the current one obsolete. In this paper, 
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consideration is limited to standards competition between two or more firms. in 

technology markets where high market uncertainty and variable technological 

uncertainty exist. It is assumed that the product under consideration is an innovation, 

but does not restrict the industry or technology to a particular point in its life cycle. 

Mechanisms for developing standards include competitive rivalry (e. g. the competition 
between VHS and Beta formats in video cassette recorders, which resulted in VHS 

becoming the dominant standard), standards through alliances with would-be 

competitors, and legislated standards. At one time legislated standards were the 

dominant form in the marketplace, but the speed of evolution in high-tech industries 

has made such quasi-legal specifications increasingly cumbersome (e. g. the recent 

efforts by the US to define a standard for high definition TV). By contrast, the vast 

majority of standards established in recent years have been created through market 

mechanisms,, especially in the areas of computers and telecommunications. In some 

cases, standards are proprietary, based on protected technology that reaps rewards first 

and foremost for its creator, such as Nintendo and Microsoft. No one can make a 

game that runs on a Nintendo player without paying royalties to Nintendo. In other 

cases, the standards are pursued on a fairly open field, with the winner running faster 

than all the other players. Thus Intel can't stop imitators, but by the time they have 

replicated one of its microprocessors, Intel has moved on to the next generation. 

The recent battles between Microsoft and Netscape for the Internet software standard 

and the global competition between GSM, CDMA and TDMA technologies in 

wireless communications are illustrations of the struggle for dominance between 

competing standards. Seeking to avoid such market wars has led many industry 

players to pursue coalitions with potential competitors to promote a given standard 

(e. g. the recent alliance among IBM, 3Com and Bay Networks to promote networking 

standards). However, the mechanisms of standard fon-nation are not the focus of this 

thesis, they have been covered elsewhere (see Besen and Farell 1994). 

Technoloov is the set of knowledge (or "know-how") both practical and theoretical and combined in a In 
certain way that is required to produce and sell a product or service (e. g. Dosi 1982; Capon and Glazer 
1987). 



Throughout this thesis, product standards are referred to simply as '"standards". Given 

the somewhat indefinite nature of the term 'standard', most scholars have chosen to 

view it as an industry-level or technology-level construct. However, in order to 

explore the relationships between external factors, firm strategy and consumer 

adoption, it is necessary to view standards in their most concrete form, embodied in a 

specific product or family of products (e. g. the "Pentium 350 microprocessor" as 

opposed to "Pentium technology"). A product level perspective provides a context 

for examining individual firm activity in terms of its resources, product development, 

promotional activity and relationships with other firms. 

1.3 Intended Contribution 
The framework developed in this thesis extends current thinking on standards in three 

ways. First, it broadens and delineates the notion of a standard beyond a mere 

compatibility definition. Three types of standards are identified: component, 

consumer interface and compatibility standards. Second, the framework explicates the 

influence of organisational resources and demand factors on the choice of standards. 

Influencing variables at the industry level are also considered. Finally, the 

consequences of pursuing a given standard in terms of positional advantages are 

explored. The framework can be used by managers to improve decision making, and 

by researchers to better understand standards and the positional advantage they may 

afford the firm. The theoretical frameworks presented contribute to current thinking 

on the resource-based view of the firm and to the diffusion literature. 

1.4 Outline of the Document 

This thesis is comprised of two related sections. The first section contains the 

conceptual development of the model. In chapter 2 the literature related to standards, 

technoloov adoption, firm resources III and consumer decision making is discussed. 
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Three separate types of standards are then defined in chapter 3, with an illustration of 

products that exemplify the standards typology and the differing positional advantage 

that may result. The objective of this is to provide current and specific examples of 

each standard type within an environmental context and to highlight the positional 

outcomes realised. 

Chapter 4 contain the development of the conceptual model exploring a firm's pursuit 

of a product standard to achieve competitive advantage and the extent to which the 

strategy choice is moderated by internal, competitive and demand factors The 

conceptual framework draws from the resource based view of the firm (Barney 1991), 

and utilises Day and Wensley's (1988) framework for assessing advantage. This 

framework underlies the research hypotheses identifying antecedent factors leading to 

the firm's choice of standards. It is followed by discussion of how standards 

contribute to positional advantages which allow the firm to gain market share. 

The second part of the thesis (chapters 5 through 7) is an empirical analysis of the 

framework which assesses how firm resources, demand characteristics, technology and 

environmental factors affect the standard strategy for a firm and what positional 

outcomes are achieved. Data are provided from a cross industry survey of UK high 

technology companies. 
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2. LITERATURE RIEVIEW 

In this thesis,, supply-side and demand-side factors are incorporated into a framework 

that models a firm's standard- setting strategy. The theoretical basis for construction of 

the model can be found in three different literature streams. The diffusion of 

innovations literature highlights the importance of product characteristics and 

consumer expectation in the adoption and diffusion process, and are discussed below. 

In contrast, the 1/0 economics and resource-based views of strategy are two 

established wings of strategic management; and the fin-n-level and industry-level 

factors in the model are drawn from these literatures. 

The objectives of this chapter are to a) briefly review the extant literature standards, 

and; b) provide theoretical support for the standards framework developed in Chapter 

4. Two main streams of literature are relevant here: (i) Roger's (1995) theory of 

innovation adoption and (ii) the resource-based view of the firm (RBV). Given the 

focus on developing a standards typology and exploring those factors that influence a 

firm's choice of standard to pursue, the diffusion process itself is not addressed. The 

mechanics of establishing standards (through marketing activities such as 

preannouncing and penetration pricing) are also not an objective of this research and 

are not discussed in depth here. 

2.1 The Standards Literature 
In recent years a substantial literature that examines the issue of standardisation has 

developed. Standardisation is one outcome from the formation of systems - 

collections of two or more components together with an interface that allows the 

components to work together; each component generating greater value in 

combination than it would singly. Examples of systems abound: nuts and bolts, 

facsimile machines and their associated communications protocols. automatic teller 

machines and ATM cards, camera bodies and lenses, etc. Market competition 
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between systems, as opposed to market competition between individual products, 

highlights at least three important Iissues: (i) the role of expectations in the adoption 

process; (ii) the need for coordination between products and players (iii) the 

importance of compatibility (Katz and Shapiro 1994). Researchers have examined 

how these issues affect market structure, individual product selection by the consumer, 

and incentives to standardise (compatibility decisions) by the firm. 

Extant research on standards stems largely from the 1/0 literature and has largely 

focused on consequences for industry structure and economic welfare. This literature 

provides theoretical support for the private (and social) incentives to firms to bring 

about technological innovations. It also provides a perspective on how already 

existing innovations are adopted in the marketplace. Most research into standards has 

adopted an 1/0 perspective with a strong emphasis on strategic interaction between 

firms. 

2.2 Definitions of Standards 
An early definition described a standard as a "criterion, measure, or example of a 

procedure, dimension, extent, quantity, quality, or time which is established by 

authority or by general consent as a definite basis for reference or comparison" 

(Harriman 1928, p 24). This definition highlights two key aspects of any standard: a 

measurable metric and a basis for reference. Importantly, while compatibility is 

embedded in the definition,, it is by no means the only perspective on standards. 

Recent research has often been less clear in defining what a standard is, vaguely 

equating it to a technology platform (e. g. Shapiro and Varian 1999) or compatibility 

between products (e. g. Jain and Rao 1996. In a more comprehensive definition 

proposed by Putnam, Hayes and Bartlett (198 1), a standard's utility may vary with the 

intended environment but its principal functions are: 

to provide information to consumers and complementary product 

providers, 
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(2) to ensure physical/performance/communication compatibility between 

related products; and 
(3) to establish minimum acceptable levels of product performance, so that 

production economies can be realised and consumer adoption occurs faster. 

They argue that standards may serve more than one function in a market; ensuring a 

level of product performance; outlining specifications that enable the 

interchangeability of parts; allowing easy information exchange among customers or 

enabling them to build product-specific usage skills. 

Past approaches to characterising standards include: (i) minimum performance 

specification (e. g. David 1987); (ii) the method of standard formation (e. g. Reddy 

1987); (iii) compatibility (e. g. Farrell and Saloner 1987). Extant definitions and 

taxonomy of standards are summarised in Table I and are discussed further in Chapter 

3. 

2.3 Standards and Market Structure 
Early studies of standards in the economics literature focused largely on equilibrium 

conditions, examining the social welfare implications of standards selection and 

timing, (e. g Katz and Shapiro 1985), 'lock-in' by historical events (e. g. Arthur 1988) 

and 'bandwagon effects' (e. g. Farrell and Saloner 1986). The social welfare literature 

explores the private and social incentives for firms to pursue compatibility between 

products, and the social benefits or costs that result. Research on 'lock-in' examines 

markets with increasing returns to adoption that influence the choices of individual 

players (vendors or consumers) such that the market eventually 'locks-in' to a 

monopoly by one technology 2- The process is 'path dependent" in the sense that the 

emergent standard depends on the details of the historical sequence in which 

2 In such an anak sis of increasing returns to adoption, it is assumed that individual agents have inherent 
ID heterogeneous preferences and enter the market randomly, that the technologies are posited to be more 

attractive the more they are adopted, and that the agents make irreversible, individual commitments to 
one or another technolooý (Arthur 1988). 
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individual choices occurred. In a seminal paper, Arthur (1989) argues that a sequence 

of historical events in the early stages of technology (i. e. early phase of product 

introduction) can lock the market into a technological specification regardless of 

consumer preference. Supporting this conceptual paradigm are several empirical 

cases where crucial early events shaped the adoption and development of standards 

over time. David (1985) showed how the interaction of uncoordinated decisions by 

Table 1 
Previous Taxonomies for Standards 

Definitions Sources 
_ 
" Definitional Standards (e. g. currencies, weights, measures, David (1987), de 

dimensions of materials and products) Monthoux (1977) 

" Standards for minimum admissible attributes (e. g. safety levels 
and product quality) 

" Standards for interface compatibility (e. g. screw threads, codes, 
and the physical design of interfaces) 

" De jure standards - governmental rules and regulations Reddy (1987); David 

specifying common characteristics that have to be satisfied by and Greenstein (1990) 
particular goods sold on markets. 

" De facto standards - standards achieved through market forces 

" Voluntaly standards - standards achieved through co-operation 
between market players 

Standards reflect co-ordinated product design and fall in one of Farrell and Saloner 
three classes: (1987) 

" physical compatibiliLy (e. g. cameras and film, TVs and 
broadcasting systems, stereo components) 

" communications compatibility (e. g. telephone protocols, 
common language within a country, conventions for road signs) 

" compatibility by convention - the benefits of co-ordination are 
not physically embodied (e. g. banks' cards, standard time, 
currency) 

early typists and their employers, typing schools and typewriter manufacturers resulted 

in the adoption of the QWERTY keyboard layout. Research on the development of 

VHCR standards has shown that the technical superiority of the more compact Sony 

Betamax format notwithstanding, the eventual dominance of the VHS format as the 
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industry standards emerged from the interplay of advantageous background events 

(Rosenbloom and Cusumano 1987). A closely related line of research line of research 

has focused on the role of Information in permitting coordination to be achieved 

through the emergence of a de facto standard. 

This literature also argues that consumer beliefs about the future success affect the 

likelihood of a product's dominance in the long run (Katz and Shapiro 1985). As 

mentioned earlier, Arthur (1988) and David (1987) find that consumer expectations 

may amplify existing tendencies toward lock-in. Thus even a small lead by one or 

another alternative becomes important, not only because of network benefits in the 

present, but also because early adopters expect it to have large network benefits in the 

future. Katz and Shapiro's (1985) original formulation emphasise that expectations 

can be "self-fulfilling" in the sense that an exogenous set of beliefs held by all market 

participants about the likely outcome can determine the market winner among many 

possible equilibria. 

The literature often highlights the underlying technical features of a product market, 

such as complementarities in demand or network externalities in consumption; or an 

industry's productions processes. Standardisation is treated as synonymous with 

product compatibility. Theoretical issues of product compatibility have largely been 

studied in one of two frameworks: a) the mix and match literature, and b) the network 

externality approach. 

2.3.1 Mix and Match Literature 

The mix and match literature (e. g. Matutes and Regibeau 1988,1992; Economides 

1989) focuses on situations where consumer derive utility from the use of a 'system' 

consisting of a fixed number of compatible components (such as audio or video 

equipment). A number of theoretical studies suggest that in markets for 

interdependent products, firms may be induced to design for compatibility even in the 

absence of network externalities in consumption. Greater compatibility between firms 

does not affect the degree of horizontal differentiation between components-, instead it 
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allows for greater combinations (and therefore variety) of systems. Consumers are able 

to "mix and match" components from different sources to create customised sxýsterns. 

and this freedom increases the willingness to pay for the constituent component. 

Where incompatibility is maintained, customers are obliged to choose among 

essentially pre-packaged systems. A consumer's utility does not directly depend on 

the choice of other consumers; there are no considerations of ftiture expectations or 

past events. Given this limitation, much of the mix and match literature is not 

applicable to this thesis. 

2.3.2 Network Externalities Literature 

Where network externalities are present, each consumer's willingness to pay for a 

given good increases with the size of the network associated with this good. Positive 

consumption externalities represent the increased benefit that a user derives from 

consumption of a product as the number of other agents consuming that product 

increases. Although there are several possible sources of positive consumption 

externalities, such as the increased availability of information for more popular brands, 

the role of market share as a signal of product quality and purely psychological 

'bandwagon' effects 3, consideration is limited here to network externalities. Network 

externalities represent the utility a given user derives from a product that is dependent 

on the number of other users in the same "network". They have also been described as 

a source of scale economics that arise from the demand side of the market which vary 

with consumers' expectations (Katz and Shapiro, 1985). Network externalities may 

be generated directly from the interaction of users -a fax machine becomes more 

useful as the number of fax owners increases - or indirectly - as more users purchase a 

PC the variety of complementary software and services increases. 

Research on network externalities shares a number of characteristics. Firstly, studies 

of markets NN-ith network externalities are studies of the development of compatibility 

3, Bandwago ion ,n effect' refers to the d\namic process by which users anticipate another's adopt' 
decision, potentialk resulting in inertia or momentum towards a particular standard. 
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standards. The degree of compatibility of two or more products is assumed to reflect 

the degree of transferability of network benefits. If two firms sell totally compatible 

products, they effectively share the same network and compete on non-network 

dimensions. Secondly, consumers are assumed to care about the network-related 

benefits they will receive over the whole lifetime of the product. This means that 

present buying decisions can be influenced by both past and future behaviour. The 

literature has handled this link between present and future choices in one of three 

ways: (i) consumer decisions are based solely on current network sizes (e. g. Regibeau 

and Rockett 1996); (ii) current purchasing decisions are based on consumer's 

expectations about future network sizes (e. g. Katz and Shapiro 1985,1986); or (iii) 

firms are able to commit credibly today to the size of future networks (e. g. appendix of 

Katz and Shapiro 1985). This final point is particularly relevant -standards can be 

actively pursued by firms through strategic actions and marketing activities. 

A final important point is that the relationship between standardisation and product 

differentiation differs significantly among different models. Models with exogenous 

network effects (e. g. independent of firm behaviour) generally assume that the degree 

of compatibility and the degree of product differentiation are unrelated. In models 

with endogeneous network effects, such as driven by complementary products, this is 

not necessarily the case (Matutes and Regibeau 1996). A number of papers have 

posited that indirect network externalities have a feedback effect that helps drive the 

market for standardisation. In a theoretical model, Church and Gandal (1992) argue 

that hardware platform desirability increases with the variety of software available. 

Cusumano et. Al. (1992) use similar reasoning to assert that the availability of 

complementary software in the form of pre-recorded tapes set off a second 

"bandwagon effect' during the early 1980's which led to the eventual dominance of 

VHS over Beta. In a study of computer hardware and software markets, Church and 

Gandal (1993) illustrate that complementary software variety encourages the market to 

standardise on a hardware platform. 
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An important limitation of the research to date on the effects of standards and network 

externalities is that it is primarily focused on theoretical developments. with empirical 

evidence derived largely from case studies. Recently there have been several attempts 

to empirically validate the network externality construct. Gandal (1995) and 

Brynjolfsson and Kemerer (1996) estimate it with a hedonic pricing model, showing 

that compatibility with an installed base increases consumer utility. Saloner and 

Sheppard (1995) attempt to assess the effect of network externalities on the adoption 

by banks of automated teller machines (ATMs) by using the number of branches as a 

proxy for expected network size 

2.3.3. Pace of Technological Change 

The pace of technological change can be defined as the rate at which a product and its 

features are changing. From a demand perspective, a perception of a rapid pace of 

technological change creates uncertainty and gives rise to an information processing 

problem for potential buyers. By making existing knowledge obsolete, a rapid rate of 

change increases the need for additional search and information acquisition by 

potential buyers of a product. It may also make any information acquired -time- 

sensitive", such that data acquired today is less valuable tomorrow because the 

product's features or underlying technology is improving quickly (Eisenhardt 1989). 

Following these points, research suggests that a more rapid pace of technological 

change will expand a buyer's consideration set while making it more likely that a 

familiar option is selected (Heide and Weiss 1995). 

From a supply perspective, technological progress has been treated as either an 

exogeneously-set variable, or as resulting from the R&D decision of the firms 

involved. If the rate of technological advance is exogeneous, the net gains of waiting 

and the costs of a new technology are beyond the firm's control. Where there are high 

switching costs, firms may choose to delay adoption or implementation of a new 

technology. Along the same lines, Harrigan (1985) and Balakrishnan and Wernerfelt 

(1986) note that rapid technological change tends to reduce the degree of vertical 

integration for a firm. Backward vertical integration lowers the production cost of the tn 
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final product (if the firm is efficient). and other things being equal, leaves the firm less 

able to switch to a new technology 

When the pace of technological change is assumed to be internally driven, economic 

models examining competition under a series of incremental innovations have built a 

case for increasing dominance by one player (Vickers 1986; Beath, Katsoulacos and 

Ulph 1987; Delbano 1989). In the strategy literature scholars have emphasised the 

importance of rapid performance improvement as a means of obtaining competitive 

advantage and increasing market share by denying competitors a prospective window 

of opportunity in which to earn profits (e. g. Conner 1988; Banbury and Mitchell 

1995). Along this line, Hamel and Prahalad (1994) argue that firms should form 

strategic alliances in the presence of rapid technological change, in order to acquire 

quickly the complementary assets necessary to compete under new industry scenarios. 

2.4 Demand-side factors: Standards and Adoption 
The innovation-diffusion literature in marketing has provided numerous insights into 

the adoption patterns of new products or technologies. Gatignon and Robertson (1985) 

present a comprehensive literature review of each of eight conceptual components of 

the diffusion paradigm 4: 1) the innovation itself, 2) the social system, 3) the diffusion 

process, 4) the individual's adoption process, 5) the impact of personal influence, 6) 

personal characteristics of innovators and adopters, 7) the role of marketing strategy, 

and 8) the impact of competitive activity. Research in all of these areas has 

contributed to our understanding of the diffusion process, however, the innovation 

itself and the individual's adoption process have received relatively less research 

attention (Gatignon and Robertson 1991; Moreau 2001). 

' This framework pertains to consumer diffusion processes, not adoption by firrns. Within the body of 
literature dealing with firm technology adoption, two streams may be identified. The first is the game 
theoretic approach, as developed by Fudenberg and Tirole (1986) and Reinganum (1981). The second 
stream essentially includes empirical studies on the determinants of adoption as pioneered b\ Mansfield 
(1968). The emphasis of this thesis is on the selection and promotion of a unique product standard, 
rather than adoption of an existing standard. Hence the literature on firm adoption is not addressed here. 
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There have been many attempts to define the innovation construct in a variety of 

disciplines such as marketing, economics, and organisational behaviour. Given the 

varying research focus and substantive domains in which innovation research is 

pursued, a number of different classification schemes have been developed. A widely 

adopted view considers an innovation to be "an idea, practice, or material artifact 

perceived to be new by the relevant unit of adoption" (Dewar and Dutton 1986; 

Rogers, 1995). This definition accommodates varying types of innovation examined 

(idea, practice, product) and different market players (competitors, suppliers, adopters). 

Hence an innovation can refer to the development of a new product (product 

innovation), the creation of new systems that reduce the costs of manufacturing 

existing products (process innovation), or to changes in management methods 

(management innovation). This thesis restricts its view to product innovations (i. e. 

products perceived to be new by consumers) and the standards than ensue 5. 

The literature indicates that various factors play an important role in technology 

adoption and the subsequent development of standards: (i) the innovation itself, (ii) 

the diffusion process; and (iii) the individual's adoption process. A number of studies 

have addressed other facets of technology adoption, suggesting that customers may be 

biased for or against new incompatible technologies depending on variables such as 

firm reputation, entry timing (Regibeau and Rocket, 1996), size of the existing 

installed base (Katz and Shapiro 1992), and the degree of heterogeneity in the market 

(DeBijl and Goyal 1995). From a more general perspective, research on technology 

adoption has a highlighted the importance of network effects (Majumdar and 

Ventkataraman 1992), ease of use (Hoffman and Novak 1996; Szajna 1996), 

performance uncertainty (Nowlis and Simonson 1996; Heide and Weiss 1995; Alba et. 

al. 1997), and market characteristics (Gatignon and Robertson 1989) in influencing 

technology adoption. Consumption factors such as task characteristics and learning 

requirements have been shown to be influencing factors in technology adoption ( Sheth 

198 1, Gatignon and Robertson 1989, Robertson and Gatignon 1986; Heide and Weiss 

1995) Although not explicitly measuring standards, this research complements the 1/0 

literatures perspective that customer expectations fuel standards development. 

identifying factors that influences their expectation levels. 

However, it is NN orth notin, -, that there is frequentlý an indistinct boundary between product and process 
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Characteristics of the Innovation 

Given the varying research focus and substantive domains in which innovation 

research is pursued, a number of different classification schemes have been developed 

based on the attributes of the innovation. From a demand perspective, innovation 

characteristics have typically been analysed according to Roger's (1983) scheme. 

which suggests that the innovation's relative advantage, compatibility, triability and 

observability are positively related to adoption and that innovation complexity is 

negatively related to adoption. Other researchers have drawn upon Bauer's work 

(1960) and added a six factor, perceived risk (Ostlund 1974; Ram and Sheth 1989). 

Past research has had varied results,, with relative advantage, complexity, compatibility 

and perceived risk most often associated with innovation performance. 

In his review of past research, Rogers (1983) concluded that strongest support is found 

for attributes of relative advantage, compatibility and complexity (Rogers, 1983: 212). 

Tornatzsky and Klein (1982) conducted a meta-analysis of the relationship of ten 

innovation attributes to innovation adoption and implementation in 75 studies. They 

found significant relationships with complexity, compatibility and relative advantage. 

In marketing, Holak (1988) found a significant impact of relative advantage and 

compatibility on purchase intentions for product innovations. 

Relative advantage is considered the degree to which an innovative product is 

perceived as better than previous or competitive offerings, and has been found to be 

the most strongly linked factor to a new product's success (e. g. Montoya-Weiss and 

Calantone 1994). Complexity and compatibility describe the cognitive costs that 

consumers must incur to understand and use the product. Complexity is the degree to 

which an innovation is perceived as being difficult to use. Compatibility is defined as 

the degree to which an innovation is perceived as consistent with the existing values, 

needs and past experiences of potential adopters (Moreau, Lehmann and Markman, 

2001). The perceived risk associated with the purchase is another factor identified as a 

critical determinant of consumers' willingness to buy a new product. These factors, 

relative advantage. complexity. compatibility: and perceived risk, represent key drivers 

inno\ ations. 
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in innovation adoption and the development of standards in a technological setting. 

Support for these factors can be dravvn from both decision-making theory and the 1/0 

literature. 

2.4.1 Complexity and Compatibilty: Learning costs 

One implication of decision-making theory that has been well supported empirically is 

the notion that the choice of strategy used by individuals is contingent upon certain 

characteristics of the decision (Payne, Bettman and Johnson 1993 )6 such as cognitive 

ability, training, prior knowledge and expertise effect judgment and choice. Prior 

knowledge and expertise have been shown to affect both how decisions are made and 

the final choice value (e. g. Peracchio and Tybout 1996; Nedungadi 1990, Cohen and 

Basu 1987). In their comprehensive review on consumer knowledge, Alba and 

Hutchinson (1987) draw from the empirical results in the psychology literature and 
develop some general hypothesis. They propose that consumer knowledge has two 

major components: familiarity and expertise. Familiarity is defined as the number of 

product related experiences that have been accumulated by the consumer. Expertise is 

defined as the ability to perform product-related tasks successfully. They hypothesise 

that where product usage requires brand-specific skills, the cost of developing such 

skills inhibit switching between otherwise equivalent brands. Drawing from the 

literature on analytical processing, they suggest that an individual's improved ability to 

analyse attribute information (say through training or experience) is specific only to 

those attributes involved in the past and will not transfer to new attributes. This 

research supports the notion of learning costs associated with a product, which if 

properly encouraged, could act as a deterrent to rivals. 

On a tangential note, the industrial organisation literature on switching costs also 

provides support for the influence of learning costs on the adoption process. Switching 

costs are the transaction costs or investments that the customer makes in adapting to 

6 The idea that decision making is influenced by considerations of cognitive effort is an old one (e. g. 
Simon 1955). Cognitive effort has been the focus of numerous studies in psychology (e. g. Fiske and 
Taylor 1984), decision theory (e. g. Kahneman, Slovic and Tversky 1982), economics (e. g. Conlisk 
1996), and marketing (e., -. Garbarino and Edell 1997) A consistent finding is that humans have limited 

cognitive resources and allocate them *udiciously. The choice strategy used by an individual is 

contingent upon several factors: (i) the characteristics of the problem, (ii) the individual's cognitive tý 
abilitý, prior knowledge. and expertise, and (ill) the social context (accountability, group membership) in 
which the decision is being made (Payne, Bettman and Johnson 1993). 
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the product which act as an impediment to changing vendors. These include non- 

contractual costs such as the time and resources spent in qualifying a new supplier, the 

cost of ancillary products, and the investment in learning to use the product (Farrell 

and Shapiro 1988; Klemperer 1987; Weiss and Heide 1993, Werrierfelt 1985). 

Economic models have demonstrated the benefit of inducing brand loyalty through 

'leaming costs' (Nilssen 1992, Gabsewicz, Pepall & Thisse 1993; Jovanovic and 

Nyarko 1996). Brand loyalty arises because "the learning required to use one brand 

may not be transferable to other brands of the same product, even though all brands are 

functionally identical" (Klemperer 1987). These learning costs may vary across 

individuals. An individual may become so skilled at a technology that she will refuse 

to switch to a better, but unfamiliar one (Jovanovic and Nyarko 1996; Alba and 

Hutchinson 1987). Although most of these models treat learning costs as exogeneous 

to the firm, Gabsewicz,, Pepall & Thisse (1993) have proposed that leaming costs are 

related to product design. The process by which consumers learn about products and 

form preferences plays an important role in creating advantage for the firm; it can 

influence what product attributes are valued and their ideal combination. 

Katz and Shapiro (1986) argue that "Any technology requiring specific training is 

subject to network externalities: the training is also more valuable if the associated 

technology is more widely adopted". This premise is supported indirectly in a study of 

network externality effects in the computer software industry (Shurmer 1993). Shurmer 

found a significant association between the number of software packages used and the 

use of support documentation, implying that the increased number of packages used 

makes it hard for the user to recall package- specific commands, and so the greater the 

need to consult user documentation. 

The above discussion on learning costs is analogous to the literature on organizational 

learning and innovation diffusion. In this research stream, "complex organizational 

technologies" are described as those that when first introduced, impose a substantial 

burden on would-be adopters in terms of the knowledge needed to use them effectively 

(Attewell 1992). Although innovation theory incorporates communication of new 

information about innovation and hence learning by potential adoptions, classical 
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diffusion theories implicitly focus on signalling information and assume that a 

prominent factor explaining differences in innovativeness is differences in the time it 

takes this information to reach potential adopters. By contrast, Attewell argues that 

acquiring technical knowledge and know-how places far greater demands on potential 

adopters and as a result plays a more important role in influencing adoption than does 

signalling. 

2.4.2 Perceived Risk 

Perceived risk has been a focus of attention in the marketing literature since Bauer 

(1960) characterised consumer choice in terms of risk taking/reducing behaviour. In 

recent years, perceived risk has been used as an explanatory variable in consumer 

behaviour 7 (e. g. Rao and Farley 1987). Perceived risk is typically identified in two 

components: (i) the likelihood of unfavourable outcomes (performance uncertainty), 

and (ii) the consequences or importance of a loss (Peter and Ryan 1976; Dowling and 

Staelin 1994). It is most often defined by consumer researchers in terms of the 

consurner's perceptions of the uncertainty and adverse consequences of buying a 

product or service 8. Performance uncertainty has frequently been considered a key 

parameter in predicting innovation adoption (e. g. Labay and Kinnear 1981; Sheth 

1981). In hi-tech markets, negative consequences such as product obsolescence (e. g. 

incompatibility, capacity constraints, performance lag, etc. ) can considerably reduce 

product utility (Dhebar 1995). The literature on network externalities emphasizes the 

importance of performance uncertainty in the development of standards. Farrell and 

Saloner (1985; 1986; 1992) identified two phenomena that impact on demand in 

markets with network externalities; excess inertia and excess momentum. 

Excess inertia is defined as the "socially excessive reluctance to switch to a new 

standard". It has been found to relate to incomplete information regarding the benefits 

7 This section addresses the literature on risk perceptions only. This is distinguished from risk 
prýlýrences (e. g. Dyer and Sarin 1982). Both may drive suboptimal choice behaviour. However I am 
considering risk preference to be a stable, "individual-difference" construct, in line with Sitkin and Pablo 

(1992) and Weber and Milliman (1997). Studies have suggested that it maybe more effective to change 
risky choice behaviour by working on people's perception of the riskiness of different alternatives, rather 
than their risk preference (Weber and Milliman 1997; Cooper, Woo and Dunkelberg 1988). 

8 Bauer (1960) stated that "consumer behavior involves risk in the sense that an), action of a consumer 
will produce consequences which he cannot anticipate with anything approximating, certainty. and some 

13 of which, at least, are fikelý to be unpleasant" [, p190] 
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of the new product/technology and/or the existence of a large installed base of an 

incompatible technology. In the latter situation. network externalities can inhibit the 

adoption of the product due to excessive costs of incompatibility. Excess inertia can 

be reinforced through a firm's anti -competiti ve behaviour, such as predatory pricing. 

Arguably, excess inertia is a market-wide manifestation of the perceived risk 

associated with the product. 

Conversely, excess momentum represents the tendency for adopters of an old product 

technology to move too quickly to a new one. Here, perceived risk is arguably very 

low; there is no reluctance to adopt on the part of the consumer. This is most likely to 

occur in markets where technological change is endogeneous and consumers are 

relatively homogeneous in their preferences. Researchers have long differentiated 

between product class risk and product specific risk (Bettman, 1975; Dowling and 

Staelin 1994). A number of studies have examined the relative riskiness of products 

and found significant differences across product categories (e. g. Kaplan, Szybillo and 

Jacoby, 1974; Derbaix 1983; Brooker 1984). 

Although studies of excess inertia and excess momentum have tended to focus on the 

timing of a new product/technology's adoption, it has been argued that perceived risk 

can also have direct repercussions on the final success of a new technology. In a game 

theoretic framework, studies have demonstrated that consumers are more likely to 

adopt a new product if they believe that they will not be stuck with an antiquated 

product in the near future (Katz and Shapiro 1985). 

Past research on methods for reducing uncertainty has focused on either reducing the 

amount at stake for the consumer (the negative consequences) and/or the perceived 

uncertainty itself. Information search and processing has been widely studied as a 

means of reducing the perceived uncertainty about the consequences of a purchase (e. g. 

Dowling and Staelin 1994, Urbany, Dickson and Wilkie 1989; Capon and Burke 

1980). It is worth noting that perceived risk is not necessarily independent of other 

innovation characteristics; the degree of complexity and compatibility inherent in the 

product can influence the consumer's sense of perceived risk. One feature that has 

been modelled as a determinant of risk behaviour is the decision maker"s experience or 
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familiarity with a situation. In recent years, diffusion models have been developed that 

specify adoption at the individual level, where the potential adopter's utility for an 

innovation is based on her uncertain perception of the innovation's performance value 

or benefits (e. g. Chatterjee and Eliashberg 1990; Lattin and Roberts 1989) As she 
learns more about the innovation (from either internal or external sources), the utility 

of the innovation increases until it becomes greater than the status quo and is adopted. 

2.4.3 Relative Advantage and the Nature of the Innovation 

As mentioned previously, the relative advantage of an innovation "is the degree to 

which an innovation is perceived as being better than the idea it supersedes" (Rogers 

and Shoemaker, 1971, p 138). As noted by Tornatzky and Klein (1987), "being 

better" is such a general notion that the measurement of relative advantage has 

presented problems. Their meta-analysis found the degree of relative advantage was 

sometimes expressed as effectiveness, economic profitability, social prestige, and other 

benefits. The nature of the innovation determines what specific type of relative 

advantage is important to adopters. Despite these limitations, Tornatzsky and Klein 

found relative advantage to be positively related to adoption. In a later meta-analysis 

of 47 new product perfon-nance studies, Montoya-Weiss and Calantone (1994) found 

relative advantage (called 'product advantage' in their study) to be the primary 

discriminator between success and failure of a new product. 

Looking at an innovation's impact on market players, a number of typologies have 

been developed. Robertson (1971) looked at established consumption patterns, 

distinguishing between "continuous" innovations where there was minimal change, 

and "discontinuous" ones that created new consumption patterns. Dewar and Dutton 

(1986) considered "radical" and "incremental" innovations as extremes measuring the 

degree of "newness" along an innovation continuum. Incremental innovations are 

minor improvements having minimal impact on firm knowledge or consumption 

patterns. They tend to be driven by the search for competitive advantage by exploring 

the potential of the design for better meeting consumer preferences (Gatignon and 

Robertson 1991). Radical innovations significantly modify consumption patterns and 

9 For their anak sis. product advantage refers to "the customer's perception of product superioritý, with 
respect to qual it,,. cost-benefit ratio, or function relative to competitors" (Montoya-Weiss and Calantone, 
1994). 
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the firm's basic knowledge and break substantially with past generations of products in 

form and function. it is important to note that a radical innovation does not necessarily 

imply a misfit with existing technology. This classification has gained Widespread 

acceptance among researchers, and empirical studies have found the predictors of 

radical and incremental innovation adoption to be different (Dewar and Dutton 1986). 

Several other typologies exist. Focusing on supply-side concerns, Tushman and 

Anderson (1986) use a classification of competence enhancing and competence 
destroying. The former alters the pattern of existing knowledge for the firm; the latter 

can be mastered using existing competencies and tend to reinforce the advantage of 

firms already operating in an industry. Abernathy and Clark (1984) identified four 

different modes of innovation - regular, revolutionary, architectural and niche- 

creating, depending on its effect on the value and applicability of established 

competencies in markets and technology. Extending this framework, Henderson and 

Clark (1990) introduced a modified classification scheme where innovations are 

categorized as architectural if the components of a product are not changed, but the 

way they are integrated into the system that is the product is. A limitation of the 

typologies of Tushman and Anderson (1986), Abernathy and Clark (1984) and 

Henderson and Clark (1990) for this research is their primary focus on the 

competencies within the firm, as opposed to the innovation's impact on consumption 

patterns. 

2.5 Supply-side factors: a resource based view of standards 
Another area of research explores the strategic behaviour of firms with competing 

standards. The presence of externalities has important implications for competitive 

behaviour. The firm's ownership of assets is also viewed as an important influence on 

standardisation. 

Within the technology management literature, the development of standards is strongly L- ý 
linked to the emergence of a "dominant design', at points of technological upheaval, 

wliich corresponds to the emergence of a new product class or the substitution of an 

existing product jushman and Anderson 1986). Several factors have been argued to 

10 



increase the likelihood of a particular design becoming dominant. such as 

technological superiority. market demand, the power of a dominant consumer and the 

pursuit of alliances (Tushman and Rosenkopf 1992). These sources of competitive 

advantage are derived not only from the demand characteristics of the market, but also 

from the firm's resources. 

2.5.1 The Resource-based View of the Firm 

While numerous theories have been advanced about the sources of competitive 

advantage, many cluster around a few loosely structured paradigms. One class of 

theories emphasises building competitive advantage through capturing entrepreneurial 

rents stemming from firm-level efficiency advantages. A strand of this literature, often 

referred to as the 'resource based perspective', emphasises firm-specific assets and 

capabilities and the existence of isolating mechanisms as the fundamental determinants 

of firm performance (Penrose 1959; Rumelt 1984; Wemerfelt 1984). This resource 

based view (RBV) of the firm grew out of a frustration with the structure-conduct- 

performance paradigm of the industrial organisation (10) view of the firm, which 

dictated that a firm's success was wholly determined by its external environment (Bain 

1959; Porter 1980). To counter the 10 view, Wernerfelt (1984) Dierickx and Cool, 

(1989) and Prahalad and Hamel (1990) built resource-based theory around the internal 

competencies of firms. In these contributions, competitive advantage is rooted inside a 

firm, in assets that are valuable and inimitable. A firm's capabilities or competencies 

and management's abilities to marshal these assets to produce superior performance 

determine competitive advantage. Resources are classified as tangible (e. g. financial 

and physical resources), intangible (e. g. reputation, service systems, technology), and 

personnel-based (Grant 1991). Firm resources are used to meet the firm's objective of 

above-normal returns, either through production of a distinctive product or one that is 

the same as the competition but lower in cost (Conner 1991). 

Later researchers expanded on the notion of firm resources beyond those internal to the 

firm oiil,, -. Barney's work (1991) addressed the issues of the firrns link to its external 

ei-ivironment by pinpointing the conditions under which resources become valuable. in 

--exploiting opportunities or neutralising threats" in the firms environment (Barney 

1991: 106). The notion of a finn resources expanded to include those assets, 



capabilities. organisation processes, firm attributes, infori-nation. knowledge, 

relationships, etc. controlled by a firm than enable it to implement strategies that 

improve its efficiency and effectiveness. Further refinements expanded the RBV 

framework to include specific interrelationship between factors (Black and Boal 1994; 

Grant 1991). In particular, Amit and Schoemaker (1993) expanded the framework to 

include a link between strategic industry factors and internal complementarity. 

Using the RBV as a foundation, researchers in marketing have generally distinguished 

between two broad sources of competitive advantage - unique resources (assets) and 

distinctive skills (capabilities). Day and Wensley (1988) characterise superior skills as 

the distinctive capabilities of a firms personnel that set them apart from the personnel 

of competing firms and superior resources as more tangible requirements for advantage 

that enable a firm to exercise its capabilities. These two broad sets of sources enable a 

business to perform the various activities that compose its value chain either at a lower 

cost or in a way that leads to differentiation. Firm-specific skills and resources are also 

referred to as "drivers" of cost/and or differentiation advantages (Porter 1985). A wide 

variety of drivers have received attention, including resource-based drivers such as 

scale and scope, brand equity and reputation, and skills-based drivers built around 

innovativeneess and superior quality. Day and Wensley (1988) link "sources of 

advantage" (skills and resources) to positional advantages on the basis of these cost 

and/or product differentiation advantages. In turn, positional advantages influence 

performance outcomes, including satisfaction, loyalty, market share and profitability. 

In order for the firm to achieve sustained competitive advantage, the firm resources 

utilised must be valuable, rare, imperfectly imitable, and lacking strategically 

equivalent substitutes (Barney 1991). Longevity also depends upon the rate at which 

the underlying resources depreciate or become obsolete. The durability of resources 

varies considerably; the increasing pace of technological change in many high tech 

industries has shortened the useful lifespan of most capital equipment and 

technological resources. On the other hand, less tangible assets appear to depreciate 

relatix, el), slowly. The literature on determinants of new product success has 

highlighted the importance of company resources, such as technological capabilities, 
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reputation, and internal/external relations (Montoya-Weiss and Calantone 1994)10. 

Technological capabilities. such as R&D and manufacturing capabilities have been 

acknowledged to be a driver of product development outcomes (Hayes. Pisano and 

Upton 1996; Helfat 1997). Two sets of technological capabilities have been linked to 

the formation of standards: appropriability (e. g Katz and Shapiro 1992) and access to 

complementary assets (Kotabe, Sahay and Aulakh 1996) 

2.5.2 Technological capabilities: Appropriability 

When there is an emerging technological market (Teece 1981) many new players may 

not enter the market, either because the principal firm is unwilling to sell its knowledge 

or because of difficulties in transacting in the market. A firm's technological assets 

may or may not be protected by the standard instruments of intellectual property law. 

Appropriability refers to the attributes of innovations that make it easier for their 

producers to benefit from their innovative activity (Montaguti, Kuester and Robertson 

2002). According to Teece (1987), an appropriability regime refers to the 

environmental factors, excluding firm and market structure that govern an innovator's 

ability to capture the profits generated by an innovation. The most obvious basis of 

appropriability would seem to be patents; however the relevance of patents varies 

considerably for different technological domains (Levin et al. 1987). A distinction 

drawn in the marketing literature (Kotabe, Sahay and Aulakh 1996) is between 

appropriability regimes based on legal enforcement, and firm-level regimes based on 

learning curve, lead time, secrecy, and the independent ability of other firms to develop 

a similar technology concurrently. This builds on Levin et al (1987) who studied 

methods of appropriating the benefits of innovation across a cross-section of 

industries. Results indicated that first mover advantage, learning curve advantage and 

superior sales or service are more important than patents in achieving appropriability 

benefits. 

10 The importance of organisational processes and their impact on innovation success has also received 
systematic attention in the marketing, technology, and organisational behaviour literature (e. g. Griffin 

and Hauser 1996, Teece, Pisano and Shuen 1997) argue that organisational processes have three roles in 
building sustainable competitive advantage: coordination/ integration, learning and reconfiguration. 
Although acknowledging the importance of or-anisational processes, particularly for interfirm activities 
(Hagedoorn 1993), it is not included in this discussion. Although the standards literature highlights 
those firm activities useful in the pursuit of standards (such as alliances), it does not address organisation 
structure or procedures. 
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An appropriability regime is considered ,, N, eak when an innovation is particularly 

difficult to protect, be it through patents, secrecy. lead times, or learning curve 

advantages. One of the factors that influence whether a firm will engage in innovative 

activities or not is the speed with which an innovation is likely to be imitated. 

Overall,, weak appropriability regimes appear to be the nor rn.. Several studies have 

documented the reduced time and cost of imitating an imitation, despite patent 

protection (e. g Levin et al 1987; Mansfield, Schwartz and Wagner 1981). Scholars 

who focus on the problems of appropriability often argue that unless a firm can reap 

profits from an innovation, it will under-invest in the future. However, one 

counterargument proposes that avoidance of loss is an equal incentive to invest in 

innovation, where the pressure for firms to innovate originates more often from the 

environment outside the firm than within (Porter 1990). Several papers have 

highlighted the trade-off between the economies of specialisation and the 

appropriability of returns through horizontal and vertical integration (e. g. Robertson 

and Langlois 1995, Teece 1986). 

Scholars have also examined differences in the ability of different agents in the value 

chain to appropriate the rewards of innovation, and suggested that these may translate 

into systematic differences in the functional source of innovation - whether it is user, 

supplier or manufacturer led (Geroski 1995). This is consistent with evidence 

suggesting that users play a major role in the innovative process in some sectors, while 

manufacturers or suppliers dominate others (e. g von Hippel 1978,1982). In general, 

users are more likely to innovate when the structure of the manufacturing industry is 

very competitive, when buyers are highly concentrated, and when scale economies in 

the production or use of the innovation are modest. Under these conditions,, users are 

more likely to appropriate the gains of innovation. 

Relatively little attention has been paid in the standards literature on how 

appropriability of a technology influences its competitive behaviour. Katz and Shapiro 

(1992) examined a model with endogeneous technological change and homogenous 

consumers, and show the incentive to achieve compatibility (by designing a new 

technology to NN ork with an old one) to be a function of a firm's proprietary rights 
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(defined as licensing fees). They found a sponsor of a new technologý' to be biased 

against compatibility if licensing fees were infeasible. suggesting that appropriability 

would have a negative influence on compatibility. Kotabe, Sahay and Aulakh (1996). 

argue that a lack of technological protection negatively affects the degree and timing of 

technology licensing, making standardization less likely. 

2.5.3 Technological capabilities: Complementary Assets 

Technological innovations also require the use of certain related complementary assets 

to produce and deliver new products and services. In almost all cases, the successful 

commercial i sati on of an innovation requires both technical expertise and such services 

as marketing, competitive manufacturing and after-sales support (Teece 1988). In high 

tech markets where the final product often requires the mating of numerous hardware 

and software elements, access to additional assets is required. Given that establishing 

a standard requires the widespread adoption of an innovation based on certain key 

attributes, access to complementary assets is of strategic importance for the firm's 

strategy. 

Church and Gandal (1993) found the availability of complementary assets to 

positively influence the evolution of compatibility standards. Farrell and Monroe 

(1998) show that greater vertical integration makes a firm less inclined to pursue 

compatibility with other players. Vertical integration has also been shown to influence 

firm's standards strategies in other ways. The circumstances in which systems 

developers may have an advantage over single component producers, and in which 

integrated system suppliers can manipulate interface standards for their private benefit 

have been examined in early studies by Adams and Brock (1982), Braunstein and 

White (1985), Carlton and Klamer (1983) and Greenstein 1990. The relationship 

between compatibility and competition in product systems (e. g. Matutes and Regibeau 

1988,1992; Economides 1989) identifies component leadership as a viable strategy for 

market leadership. 

2.5.4 Reputation 

Reputation refers to the recognition and expectations by other players and consumers 

in the market established by a firm as a function of past actions (Weigelt and Camerer 
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1988). Reputations often summarize a good deal of information about firms and shape 

the responses of customers, suppliers, and competitors. Within resource-based theory. 

reputation is seen as one of the key asset bases that depreciates slowly and can be 

maintained by modest rates of investment (Grant 1991). From a game theoretic 

perspective, models have emphasized the role of reputation in influencing competitive 

behaviour where the consequences of certain actions are not fully known. Thus 

reputation can act as a barrier to imitation. 

Various research efforts have focused on the incentives for a firm to make its products 

compatible with a installed base or with rival technological specification. Katz and 

Shapiro (1985) show that the private incentives to achieve compatibility are low when 

a firm has both a large installed base and a good reputation. More recently, 

Padmanabhan, Rajiv and Srivnivasan (1997) examined the strategic implications of 

new product innovations with network externalities. They develop a theoretical model 

showing that a new entrant may select incompatibility to signal credibly its ability to 

achieve higher sales and a bigger network. 

Strategic activities found to influence the emergence of compatibility standards are (i); 

first mover advantage (Garud and Kumaraswamy 1993), (ii) second sourcing (Farrell 

and Gallini 1988) (iii) attracting complementary suppliers (Conner and Rumelt 1991), 

(iv) preannouncing (Besen and Farrell 1994, (v) alliances (Axelrod et al 1995) and (vi) 

penetration pricing (Katz and Shapiro 1986). The literature on firm strategy in high 

tech markets also touches on strategic activities in standards competition, although to a 

lesser degree. This research has examined the benefits of complementary product 

strategies (Bucklin and Sengupta 1993), technology licensing (e. g. Kotabe, Sahay and 

Aulakh 1996, Dutta and Weiss 1997), launch strategies (e. g Padmanabhan, Rajiv and 

Srinisvasa 1997) and distribution channels (Hoffman and Novak 1996). 

Table 2 provides a brief summary of current research on standards and technology 

adoption. 
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Table 2 Summarv of Research on Standards and Technoloj! y Adoption 
Research Focus Citations Key findings Relevance for standards 

(Theoretical unless otherwise stated) framework 
Technology adoption Karmen and ')ch\\artz 1972: Consumers beliefs about future success Tcchnologý expectations are of 

Rosenberg 1976. Balcer and affect the likelihood of a product's critical importance in understanding 
Lippman 1984, Katz and dominance in the long run. adoption and diffusion of a standard 
Shapiro 1985.1986,1992: 
McCardle 1985, Kandoon Customers' expectations about pace of 
and Rob 1993-, Weiss 1994, technological improvements affect 
Heide and Weiss 1995 adoption (theoretical and empirical 

Support) 
Sheth 1981; Gatignon and Consumption factors such as task High s\\ itching costs. learning 
Robertson 1989, Robertson characteristics, switching costs, and requirements and task complexity 
and Gatignon 1986, Heide learning requirements are important increases the likelihood that 
and John 1990 (c)): 1- leide and drivers of technology adoption familiarity \\Ill be used as a decision 
Weiss 1995 (theoretical and empirical support) heuristic 
Chou and Shy 1996, Consumers regard network size as either a Network effects and technological 
Shy 1996 complement or a substitute for quality of performance are separate and 

the technology distinct benefits which consumers 
vary in their preference for 

Product compatibility Katz and Shapiro 1985,1986: Product compatibility often benefits both Firms with good reputations \N III be 
and competition* Axelrod et al 1995, Xie and the Incumbent firm and imitators. against compatibility 

Sirbu 1995-, Esser and Leruth Incumbent can usually deter entry by Existing installed base and pace of 
1996; Fncaoua, Moreaux. and committing to remaining incompatible technological change affect 
Perrot 1996, Jain and Rao xN ith potential entrants incumbents firms' preferences for 
1996 standards. 

Incumbents can deter entry by 
investing in complementary 
industries 

(Mix and match Matutes and Regibeau 1988, Compatibility can result in greater variety Not applicable 
literature 1992; Econornides 1989 of systems but little differentiation among 

components 
Product compatibility, Farrell and Saloner 1985, Markets may be biased for or against new The stage ofinarket evolution. 
and innovation* 1986b; Katz and Shapiro incompatible technologies, depending on competitive environment and 

1992; Choi 1994, Bucklin variables such as the date of new product customer switchin7g costs are 
and Sengupta 1993-, De BijI introduction, relative costs, competitive critical factors in standards 
& Goyal 1995; Sengupta and market entry, size of installed base of competition. Where consumers are 
Bucklin 1995: Dhebar 1995, incumbent technology, and the very heterogeneous, multiple 
Regibeau and Rockett 1996; consumer's switching costs. standards may exist. 
Shy 1996 

Strategies for Farrell and Saloner 1986a; Strategies that influence the emergence of A firm's choice of standards strategy 
establishing product Gabel 1987; Hergert 1987, product standards are: (1) first mover is influenced by firm resources and 
standards* Swarm 1987, Saloner 1990; advantage. (10second sourcing. the competitive environment. The 

Postrel 1990: Conner and (110attracting complementary suppliers. focus is entirely on compatibility 
Rurnelt 1991, Khazam and (iv)pre-announcing, (v) alliances, standards. 
Mowery 1992, Garud and (vi)vertical integration, (viOpenetration 
Kumaraswarny 1993, Besen pricing, and (vill)long-term pricing 
and Farrell 1994, Lee et. al. commitments (theoretical and empirical 
1995, Axelrod et al 1995 Support) 

Standardisation and Matutes and Regibeau 1988, In technological]y advancing fields, Identifies leadership in component 
competition in 1992. maintaining leadership in one central technology as a viable strategy for 
product systems* Fconomides 1989. component could be leveraged into market leadership for a product 

Greenstein 1990. leadership for the entire svstern. system under a rapid pace of 
FconornIdes and Salop 1992 Compatibility between components technological change 

/systems influence the level of price 
competition between suppliers 

Path dependenc\ David and Burin 1988. Arthur ýIniing of small historical events can have Emphasises the role of consumer 
1989. Redmond 1991: Rosen- important and lasting consequences in expectations and complementary 
bloorn & Cusumano 1987- establishing product standards products in successfully 
IJebo\N itz and Margolis 1992 (theoretical and empirical support) establishing a standard 

Determinants 01, Link 19833. Found pre\ alence of standards to be a Markets with more complex 
supplý and demand LecraNN 1984 function of buyer/seller concentration. products and higher risk associated 
t'or \ oluntarv importance of product quality for \ý ith performance failure are more 
standards health/safetý. demand elasticity. product likely to stanclardise 

complexity. R& D and advertising 
intcnsitý. and producer or consumer good 

Assume markets \\ ith nem ork extermil it ic 
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IA STANDARDS TYPOLOGY 

Most quasi-monopolies in technology markets owe their position 
to their ownership of a standard. Such standards were 
created and are owned by one company which, either through 
might or luck, has managed to persuade the rest of the industry to 
do things its way. 

The Economist, December 7,1996 

This chapter briefly reviews past definitions of standards and provides support for a 

new typology of three distinct types of standard that lies at the heart of the conceptual 

work of this thesis. The differences and interrelationships among these types are 

discussed and industry examples are provided as illustrations of the standards types. 

3.1 Past Definitions of Standards 
As outlined in Table 1, previous taxonomies of standards have taken a number of 

approaches. In an early exposition, de Monthoux (1977) distinguished between 

quality standards (i. e. grades of lumber; safety regulations for cars, etc) which could 

be either regulatory or voluntary; and uniformity standards, which could apply to 

single products (e. g. bricks, paintbrushes), across industries (e. g. the QWERTY 

keyboard, garment sizing) or dictate the interaction between products (e. g. nuts and 

bolts, guns and ammunition). A more straightforward classification is outlined by 

David (1987), which distinguishes between reference standards (e. g. currencies, 

weights and measures), minimum quality standards, and interface or "compatibility" 

standards. Reddy (1987) takes a different approach, classifying standards by the 

method of formation: regulatory (de jure), voluntary, or market-driven (de facto). In 

their review article, David and Greenstein (1990) adopt a similar nomenclature, 

categorising standards as (a) unsponsored, (b) sponsored, (c) voluntary, or (d) 

mandated. Farrell and Saloner (1987) define standardization as " the process by 

\N, -Iiich compatibility is attained". and distinguish three classes of compatibility: (i) 

"physical" (e. g. cameras and lenses, TVs and broadcasting systems); (ii) 

f communications"' (e. g. road sign coiiventi ax protocols): and (iii) "convention 
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a ýcatch-all' category similar to the uniformity classification proposed by David 

(1987). Subsequent game theoretic research centred on physical and particularly 

communications compatibility as the 'de facto' definition of standards. 

For this typology, a standard is defined as a set of technological specifications 

agree 11 to by one firm, or a set of firms, which is promoted as a basis for reference 

and use. Two or more standards, which are compatible or incompatible with one 

another, may exist at the same time (Farrell and Saloner 1992). 

Although past typologies have usually been concerned with "product standards". the 

unit of analysis is often not clearly distinguishable as either a product- spec i fic or a 

technology-wide standard. Given that this conceptual work is the basis for a empirical 

study, it is important to clearly define both standards and the product and industry 

classifications which are relevant. A product category is considered to be as a set of 

competing brands that consumers perceive as close substitutes, in line with Day, 

Shocker and Srivastava (1979). The premise that underlies the substitution- in-use 

perspective is that people seek benefits that products provide rather than the products 

per se, and that those benefits sought are dictated by the usage situation or application. 

Products are considered to be part of a set of substitutes if they are perceived by users 

to provide functions that satisfy the needs determined by intended usage. 

As stated earlier, technological innovations have been classified in terms of both the 

type and degree of uncertainty they possess (Moriarty and Kosnick 1989). Market 

uncertainty concerns the unpredictability of future demand and the lack of significant 

information on potential market acceptance for the product. Technological uncertainty 

relates to whether or not the technology 12 will work as expected, and the probability 

that forthcoming products will make the current one obsolete. In this paper, 

consideration is limited to standards competition between two or more firms, in 

technology markets "-here high market uncertainty and variable technological 

uncertainty exist. It is assumed that the product under consideration is an innovation 

" formalk. inforniall\ or inadvertentlý 
12 Technolog is the set of knowledge (or "know-how") both practical and theoretical and combined in a !, y III 
certain way. that is required to produce and sell a product or service (Dosl 1982; Capon and Glazer 
1989). 
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(i. e. perceived as new to the user), but does not restrict the industry or technology to a 

particular point in its life cycle. 

As discussed earlier, the presence of network externalities has important consequences 
for the development of standards. In markets not subject to network externalities. 

there will be less pressure to achieve a "dominant design" in order to accelerate 
diffusion of the product or technology in the marketplace. In markets where network 

externalities are important, firms can benefit by standardisation. As standards increase 

the size of the "network", the size of the market and the profits of firms increase (Katz 

and Shapiro, 1985). From a demand perspective, the presence of network externalities 
induces consumers to make adoption choices based on their expectations about which 

network will prevail, potentially resulting in either excess inertia or excess 

momentum. Given the relationship between network externalities and the 

establishment of standards, subsequent conceptual development in this thesis assumes 

the presence of markets with network externalities (direct or indirect). 

3.2 The Standards Typology 
Hi-tech products are composed of an increasing number of technologies (Granstrand 

et. al. 1992) that complement each other in providing benefits to the user. These 

complementarities depend on the physical or functional fit between: (i) components 

within the product, (ii) the product and other products with which it is typically used, 

and/or (iii) the product and the user. Disrupting these interrelationships can result in 

switching costs for both consumers and complementary product providers (Dhebar 

1995). Switching costs are the penalty a consumer pays in moving from one brand to 

another reflected by the additional transactions or learning requirements that arise if 

the two products are not compatible on relevant attributes. 

Standards are directly related to three factors most often associated with an 

innovation's adoption; relative advantage, complexity and perceived risk (Ostlund 

1974, Rogers 1995). Rclath, c advaniage appears as the most consistently important 

product characteristic in explaining adoption (Holak 1988, Parker and Sarvary 1994) 

and new product success (Montoya-Weiss and Calantone 1994). It is central to the 
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notion of differentiation, where a product offering is perceived to be better than the 

competition on some key dimension valued by vendors and customers (Porter 1980). 

Reducing complexity, the degree to which an innovation is perceived as difficult to 

understand and use, is a primary requirement for product adoption. Perceived risk 
describes consumers' perceptions of the uncertainty associated with the innovation. 

Standards can serve to reduce uncertainty for both consumers and complementary 

product providers by decreasing the learning and/or switching costs which can hamper 

product adoption (Davis, Bagozzi and Warshaw 1989; Weiss and Heide 1993). 

I build on these notions to define three types of compatibility standards relating to a 

product: a) component standards; b) compatibility standards; and c) consumer- 

interface standards. This typology is described below and Figure I illustrates the 

relationship between the standards' types. Table 3 gives brief definitions of these 

standards with examples. 

Figure I 
The Standards Typology 
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A component standard is composed of the technical specifications 111thin a component 

that defines its performance and its interaction ii, ith other components. This definition 

draws from David's (1987) definitions, with the component becoming a de facto 

standard in the market due to its perfon-nance attributes. Unlike standards that are a 

statutory set of specifications used as a basis for reference or to ensure production or 

composition quality, component standards are fonned around user (and 

complementary supplier) perceptions. A component standard arises when the 

product's relative advantage over other products stems from perceived technical 

superiority. This perceived technical superiority is derived from the performance 

inherent in the component technology and the degree to which it successfully 

combines with other components to deliver benefit to the user. 

Emphasising the technical superiority of a new product is perhaps the most common 

launch strategy in high-tech markets (Beard and Easingwood 1996) and research has 

associated technological superiority with greater adoption and market share (Banbury 

and Mitchell 1995; Lawless and Anderson 1996). Some component standards have 

more impact on end consumers than others, such as Intel's Pentium family of 

microprocessors. Others are more significant for complementary product and service 

providers, such as the influence of tool path technology on hip implant manufacturers 

and surgeons. 

In hi-tech markets,, firms often attempt to maintain a technological lead over 

competitors through a strategy of rapid performance improvements (Conner 1988; 

Dickson 1992). Component standards will therefore rarely be static; they will evolve 

to reflect ongoing technological developments. The evolution of the Intel 

microprocessor, from the 8086 up to the latest Pentium chip, is an example of a 

component standard controlled by a single firm. Key to Intel's success has been its 

ability to follow a path of continuing and rapid incremental innovation in computing 

power and functional capacity of microprocessors. By contrast, the computer hard 

disk drive has been an evolving standard owned by a number of firms over time. 

Microprocessors, DVD and PC removable storage media typify component standards 
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because the technology is defined within the component and is widely preferred by 

both complementary suppliers and/or consumers. 13 

The Electronic Storage Device Industry as an Exemplar of Component Standards 

The worldwide demand for electronic storage is believed to double every nine months 

and has diversified to include products based on different combinations of magnetic 

and optical technologies. Storage can be broadly grouped as "rigid/hard disk drives" 

and "removable storage". The history of the development of the two types of storage 

represents both the emergence and establishment of industry standards and the attempt 
by companies to challenge these standards and establish new ones. 

Rigidlhard disk drives 

The electronic storage industry operates in a market with fast growing demand. 

Despite this, the hard disk industry is considered to be one of the toughest 

commercially. This is demonstrated by the fact that, in its 40 year history, the disk 

drive industry has witnessed the withdrawal of more than 220 disk drive 

manufacturers, leaving a count of about 18 active hard disk drive manufacturers today. 

As technology developed, the component standard moved from the 14 inch 

Winchester drives to 8 inch drives (dominated by Control Data Corp) to 5.25 inch 

drives (winner: Seagate), consolidating in the 1980s on two component standards the 

3.5 inch and 2.5 inch formats currently available. There is no single dominant 

manufacturer in the hard disk drive market. Over the last 10 years new storage 

providers have exploited developing technologies to supply niche storage markets. 

Today, the market is shared between Seagate, Quantum, Western Digital and a host of 

smaller players. Manufacturers are constantly gearing toward smaller yet higher 

capacity offering which are cost effective to produce. 

13 Regulatory standards for minimal admissible attributes, such as safety levels and product quality, have 
been I defended in terms of the need to reduce the risk bome by consumers who are at a disadvantage in 
terms of information about the product (Arrow 1963). Such standards are assumed to safeguard the 
consumer against extreme risk because thev truncate the lower region of the variance of product qualit\. 
Recent studies have also asserted that such minimum quality standards reduce the transaction costs of 
user evaluation through more efficient signalling of product quality, so that less time and effort is 
required for assessment (Jones and Hudson 1996). Component standards serve the same purpose, 
providino an assurance of qualit\ and performance to the potential customer - be they consumers, 
vendors or complementar\ product providers. Though regulatory standards are not the focus of this 
paper, market determined and negotiated standards do tend to incorporate quality features that truncate 
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Table 3 
Standards Definition and Typology 

Standard: 'A standard is a set of technological specifications that has been agreed to 
ba firm or set of firms,, is promoted as a basis for reference and use, and adopted by 
5% or more of the relevant potential users (consumers or complementary product 
vendors) 
Type of standard Definition Examples 
Component standard The standard referring to the Microprocessor technology 

technical specifications within a (Intel Pentium family, RISC) 
component that define its Video players (VCR, DVD) 
performance and its interaction 
with other components 

Compatib ill ty standard The standard referring to the Internet browsers (Netscape, 
technical specifications that define Microsoft) 
the fit and interaction of Software interconnectivity 
components within a product, or standards (OLE, ODBC, 
between products and MAPI); Cellular telephony 
complementary products roaming interface standards 

Consumer intei, -/ace The standard referring to the Infusion pumps (Syringe, 
standard technical specification that defines bag, or ambulatory cassette) 

the pattern of interaction utilised PC graphical user interfaces 
between the individual user and an (Windows, Mac, Unix); 
end-product for deriving benefits. Robotic Surgery Video 

interfaces (RDOC) 

Removable Storagefor PCs 

The removable storage industry is a dynamic market whose history reflects the 

establishment and evolution of component standards. For the past 15 years, the 

component standard in removable storage has been the 3.5 inch floppy disk. 

Developed by Japanese inventor Yoshiro Nakamatsu in 1952, the floppy disk design 

was modified by IBM and first introduced as a consumer storage medium in the early 

1970's. 

The original floppy drives were physically large and used 8 inch diskettes recorded on 

tile IoNver end of the variance in quality. Regulatory standards can sometimes be a part of component, 
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only one side. The storage capacity of these early read-only drives was less than 100 
I 

kilobytes. In 1973, a new 8-inch drive with read/write capability and increased 

capacity (250 kilobytes) was adopted by IBM for their data entry systems. This drive 

incorporated many technical improvements and became a model for drives still in use 

today. As time went on, designers learned to reliably record on both sides of the 

diskette as well as increase the density of the data recorded. Over the next 10 ýIears. 

the floppy drive continued to evolve, downsizing to a 5.25 in format, while increasing 

its storage capacity through the development of the double-sided, "double density" 

format. In 1980, the 3.5 inch floppy drive and diskette was introduced by Sony. Over 

the next five years many competing formats vied with the 3.5 inch drives for the 

market standard. From various companies, 2.0,2.5,2.8,3.0,3.25, and 4.0 inch formats 

were introduced. Over time the industry settled on the 3.5 inch format which is now 

standardized and manufactured by many companies. Today's standard 3.5 inch 

diskettes hold a formatted capacity of about 1.5 megabytes while still using the same 

basic technology of the second generation 8 inch drives. 

The primary factor that influenced designers to reduce the size and cost of floppies 

was the introduction and evolution of the personal computer. It was in the PC market 

that the low cost, mass produced floppy drive found its first real home. Very quickly 

the floppy became the de facto standard for exchanging data between personal 

computers. The basis for this standard lies in the technical specifications that define 

its performance (e. g. capacity) and interaction with other components (e. g. size, 

rigidity, removability) 

Over the past decade a plethora of new products has challenge the floppy drive as the 

component standard in removable storage, including CD-rewritable (CD-RW), DVD 

rewritable (DVD-RW), read/write optical disks, hard disk cartridges, card-format rigid 

disks, and high capacity floppies. 

In higli capacity floppies, Iomega, Imation and Syquest pitched their high capacity 

offering as the successor to the floppy disk drive. Iomega Is Popular Zip drives were 

the early leader, initially offerin(,,, the Zip as a peripheral product. However. Iomega's 

cornpatibilit\ or consumer interface standards. 
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quest for the component standard was hampered by a promotional emphasis on ease of 

use rather than product perfon-nance, and relatively poor access to complementar. N 

assets. Iomega was not vertically integrated as a computer manufacturer, nor did they 

have strong partnerships with PC manufacturers. The early market lead has fizzled as 

other technologies took a more integrated approach and Iomega ran into performance 

problems with later models, which affected its reputation. The company belatedly 

began partnering with OEMS to offer the technology as an internal component for the 

PC; by this time other technologies such as DVD and rewriteable CDs were gaining 

rapid acceptance as the removable storage standards for the next generation of PCs. 

Recently, several manufacturers have attempted to introduce the 5 inch DVD, initially 

a playback medium for video, as the component standard for electronic storage. The 

story of the DVD format reflects key manufacturers' understanding of the benefits for 

their industry of establishing a single component standard. 

In January 1993 Nimbus demonstrated a DVD prototype, using a standard audio 

compact disc (CD), recording at double density to increase disc capacity. Nine months 

later, Optical Disc Corporation unveiled a "quad" density CD. Philips and Sony, who 

had jointly developed the original CD technology , refused to endorse any of these 

formats because they contravened agreed technical specifications and instead 

announced their plans for an alternative design, a high-density disc called MMCD to 

be targeted at the professional electronic publishing and computer markets. Time 

Warner and Toshiba then entered the fray with their own disc design aimed at the 

home entertainment market. At the heart of the divergence was the opportunity for 

royalties from the licensed specifications of each platform. 

Eight months of arguments followed between the various camps as they each gathered 

supporters, claimed technical superiority and vowed never to compromise. However, 

in late 1995 a consortium of ten electronics giants came to a general agreement on one 

standard. They formed the DVD Consortium, which would set standards going 

forward. By settling their differences and promoting a single component standard, a 

damagino format war was avoided. 
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The removable electronic storage market provides a clear example of a component 

standard and its evolution At each stage in its evolution, the floppy drive's relative 

advantage derived from its perceived technical superiority over previous generations 

and alternative offerings. Its successful integration into the PC delivered increased 

benefits to users. The floppy drive is not a static standard, instead evolving to reflect 

ongoing technological development. Because of this evolution, ownership of the 

standard has changed over time. 

This example also suggests factors that are important to the successful establishment 

of a component standard. As various contenders vie to replace the floppy drive, the 

importance of promoting technical superiority, pursuing complementary assets (either 

through vertical integration or alliances) and keeping pace with technological change 

are revealed. 

3.2.2 Compatibility standards 
A compatibility standard refers to the technical specifications that define the 

interaction between components in a product, or between the product and 

complementary products. Compatibility standards arise when a product's competitive 

advantage stems from access to a broader range of product attributes through its 

interaction with other products. The greater the access to complementary products and 

users. ) the more valuable the product becomes to the consumer. Few high technology 

products function in isolation. They usually interact with numerous other hardware 

and software units upon which they depend for optimal performance (Bucklin and 

Sengupta 1993, Reddy, Aram and Lynn, 1991), such as computer systems' 4, 

photographic equipment, and television and audio systems. In this scenario, 

compatibility standards are an essential ingredient for the end product. 

The vast majority of scholarly attention has focused on "compatibility" standards (e. g, 

David and Greenstein 1990; Greenstein 1990: Katz and Shapiro 1986) where the 

design of the interface between two or more products is the subject of competition. 

14 As considered here. a "system" is a group of subproducts (which may or may not be used 
individually) that consumers can arrati-ge into various combinations according to their personal 
preferences (Langlois and Robertson 1992) 
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This emphasis stems from a focus on underlying technical features of those product 

markets typically associated with de facto standards in telecommunications, 

computing, and consumer electronics. Product interface standards are relevant not 

only for consumers, but also to complementary product providers and related vendors. 
For example, consumers want all DVD (digital versatile disc) players to be 'backward 

compatible', i. e. able to play the existing CD format. Similarly, it is in the best 

interest of firms that any DVD player be able to play any manufacturer's DVD; only 
by conforming to some compatibility standard will consumers derive maximum 
benefit, making adoption more likely. 

An Example of Compatibility Standards: Adobe Systems 

Building a competitive advantage based on a product interface standard is a tricky 

business. By keeping the product interface standard too proprietary, a firm runs the 

risk of low adoption. Make it too open for complementors, and they may lose control 

of the standard. IBM created a standard for personal computers in the early 1980's 

that it deliberately left open, by way of getting its design more universally accepted. 

The standard is all but universal, yet IBM lost control to clone makers. Hayes 

Microcomputer Products created "Hayes-compatible" as a standard in modems, yet 

ended up in bankruptcy court despite that success. Open compatibility standards can 

also fragment into multiple, incompatible versions of a standardized technology, such 

as occurred with the Unix operating system. 

The story of Adobe Systems demonstrates how a company can use compatability 

standards to establish its success. If you read a newspaper or use a personal computer, 

chances are Adobe is part of your everyday life. Many of the graphics in today's 

newspapers and magazines are created by Adobe programs such as Illustrator and 

Photoshop. Many websites are built using Adobe Acrobat and the computer language 

which translates code into type for most laser printers was also created by Adobe. 

Adobe offers two examples of the use of compatibility standards to establish 

competitive advantage. 

Adobe Postscript 
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Adobe CEO John Warnock and President Chuck Geschke first met at Xerox's Palo 

Alto Research Center (PARC). Together they developed PostScript, a computer 
language that translates code into printable pages of type. After failing to convince 
Xerox to market the application, the two left to start Adobe. They developed the 

PostScript technology for the Apple Macintosh, launching the Apple LaserWriter. 

PostScript quickly became the industry standard for desktop publishing 

During the 1980s and early 1990s Adobe established a strong relationship with Apple 

and largely ignored the PC market. However, as Apple foundered, Adobe used a 

compatibility standard approach with PostScript to expand its market. Adobe 

developed PostScript to be compatible with a range of hardware devices including the 

PC. To establish PostScript as the industry standard, Adobe put PostScript into the 

public domain, asserting no intellectual property rights to the language itself. Adobe's 

plan was to profit from this open strategy by selling adjunct software interpreters. 

These translate PostScript into electronic commands that a printer can handle. They 

are not the only supplier of such a package, several vendors took advantage of the 

open standard and there are now several suppliers of PostScript interpreters. Adobe 

maintains market leadership by innovating faster than competitors to stay in front. 

PostScript remains a core moneymaker for Adobe. The language accounts for the 

majority of Adobe's licensing revenues, mostly in the form of fees from manufacturers 

of printers that are Adobe-compatible. Their strategy has worked well, with Adobe 

maintaining a leading position in the document origination and distribution market, 

leveraging this position in several complementary products in the publishing field 

(Shapiro and Varian 1999). 

Adobe PDF 

Adobe has followed a similar compatibility strategy with its portable document format 

(PDF). A difference between PDF and PostScript is the way in which the company 

makes its revenue. The company allowed PDF to become an open standard but 

cleverly exploited the complementarities between creating and viewing a document. 

Adobe charged for the PDF creation software, while giving away the vie,, N-ing 

software. 

/000.. ", MIN Oý 49 



Adobe's more recent strategy has focused on a twin track approach introducing new 

products in the area of document creation and manipulation extending its products 

across a greater range of customer segments. The company has developed user- 
friendly imaging software like PhotoDeluxe, and bundles its products at reduced 

prices with PCs to entice buyers. Adobe plans to release more "consumer versions" of 
its professional software in the near future. 

Postscript and PDF illustrate the premise of a compatibility standard - competitive 

advantage stems from access to a broad range of attributes (other hardware devices), 

which increases in value as more products and users adopt Postscript/PDF. The 

importance of alliances among vendors is apparent. 

3.2.3 Consumer interface standards 
A consumer interface standard refers to the technical specifications that define the 

pattern of interaction utilised between the individual user and an end product for 

deriving benefits. With consumer interface standards, the product's relative advantage 

stems from its improved usability across a broad scope of users. It provides a unique 

and consistent interface format that reduces uncertainty and complexity, and simplifies 

usage for the customer. Microsoft's Windows operating system and application 

software is an example of a consumer interface standard. Prior research suggests that 

new technologies are often commercialised using innovative interfaces that determine 

how consumers interact with anew product to obtain its functionality (Floque and 

Lohse 1999). As consumers become familiar with a particular interface, it becomes 

costly for them to switch to another product offering the same functional benefits 

and/or technology. but requiring a different pattern of interaction. A consumer 

interface standard reduces the complexity of a new product, providing a unique and 

consistent interface format that clarifies the features and output of the product. 

Theoretical foundations for consumer interface standards arise from the concept of 

bounded rationality in consumer decision-making. Bounded rationality suggests that 

consumers have limitations on their ability to comprehend, evaluate and process 
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information (Simon 1955). Developing the skills necessary to use a product requires a 

certain level of information processing entailing a learning investment that is often 
both technology-specific and brand-specific. The degree of skill achieved affects the 

consumer's behavioural adaptation to the product characteristics and increases the 

product's utility (Stigler and Becker 1977; Wernerfelt 1985). In their review of 

consumer expertise, Alba and Hutchinson (1987) argue that familiarity results in less 

cognitive effort in using a product, which in turn contributes to consumer loyalty. 

particularly when product usage requires brand-specific skills. Thus, consumer 

interface standards are related to a buyer's learning costs and the way preferences are 

formed. They may be a logical step in the development of brand equity for a hi-tech 

product. 

As stated earlier, learning costs are the customer's investment in learning to use the 

product that act as an impediment to changing vendors. The process by which 

consumers learn about products and form preferences for them plays an important role 

in creating advantage for the firm; it can influence what product attributes are valued 

and their ideal combination. This learning process can produce an additional 

competitive advantage; the consumer may associate the product with the product 

category such that it becomes the category exemplar against which later entrants are 

judged (Carpenter and Nakamoto 1989). Once such a category stereotype is formed, 

research suggests that it is extremely resistant to change (Zazonc and Markus 1982). 

Extending this logic, I suggest that once a consumer interface standard is accepted, 

user familiarity will reinforce its hold, making future change difficult. 

Consumer interface standards exist in many product markets and are particularly 

strong in markets where product usage is complicated or difficult, or where health and 

safety concerns exist. Medical equipment markets provide some clear examples of 

consumer interface standards: for infusion therapy and vital signs monitoring 

equipment there are well established consumer interface standards. SIMS Deltec has 

established a consumer interface standard for their ambulatory infusion pump range, 

called CADD. Ambulatory infusion pumps allow patients to remain mobile while 

receiving infusion therapy. and have elaborate set-up and usage protocols. CADD 

pumps have dominated the market for over a decade. despite the efforts of various 
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challengers. This is largely due to the substantial installed base of clinicians. 4_1 
particularly field-based nurses. who are familiar with the intricacies of CADD 

programming and operation. Given the complexity of ambulatory drug therapies and 

the safety issues concerning drug delivery. user expertise represents a formidable 

barrier to any rival. 

An Example of a Consumer Interface Standard: The CADD Infusion Pump 

The user interface as competitive weapon is typically associated with personal 

computers. The graphical user interface (GUI) was heavily promoted by both 

Macintosh and Microsoft in their products. The success of the Apple 11 compared to 

earlier hobbyist machines like Altair and ImSai was due to its ease of use and 

application (Langlois 1992). Over the past decade, the expansion of digital technology 

has seen user interface standards become a source of competitive advantage in a host 

of other product areas. As argued earlier, pursuit of a user interface standard is more 

attractive when certain market conditions are present: high learning costs, 

performance uncertainty, a heterogeneous user population, and rapid technological 

change, and when the firm is vertically integrated. Many medical applications meet 

these criteria; the past two decades has seen the replacement of traditionally manual 

procedures by electromechanical devices which are becoming increasingly 

sophisticated. Vital signs monitoring, robotic surgery and infusion pumps all contain 

examples of CIS standards promoted as a source of advantage. 

Infusion devices range from very simple mechanical devices based on elastic 

containers, springs and flow restrictors to sophisticated microprocessor controlled 

pumps. Traditionally used for the controlled delivery of drugs and fluids in hospitals, 

these devices are now increasingly used for home therapy. The market has a sizeable 

number of manufacturers ranging from multi-industry players like Abbott 

Laboratories, Bard and Baxter, to smaller specialist firms such as IVAC, Sigma and 

MiniMed. Infusion pumps can be divided further classified by their deliver), method: 

syringe pumps, which deliver the drug via a syringe that is controlled by the pump; 

volumetric pumps (which use bags instead of syringes to deliver larger volumes of 

drugs). and ambulatory pumps. Ambulatory pumps use small customised containers 

(--cassettes") to deliver drug therapy NN-lille the patient is mobile. either in hospital or at 
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home. As compared to syringe and volumetric pumps, ambulatory infusion devices 

are relatively new, with the first models launched in the early 1980's by companies 

such as Graseby Medical, Abbott Medical and Bard. In many treatment areas, such as 

cancer therapy and pain control. new drug regimes were developing whIch entailed 
lower, discontinuous infusions over a longer period of time. The fact that patients 
benefited from not being bedridden during treatment and the growing need for cost- 

containment in the US market helped fuel the development of ambulatory therapies. 

The drug regimes for ambulatory pumps varied in sophistication, from a few simple 

continuous delivery modes to programmes that offered dozens of different drug 

protocols and delivery rates. Early pump manufacturers offered a range of products 

that varied in their level of sophistication and had dramatically different methods of 

programming and use. Training was usually done on an ad hoc basis by the company 

sales rep, with an often laborious programming guide available for reference. Seeing 

an opportunity, a new entrant SIMS Deltec took a different approach to the market. 
Launching its first ambulatory pump CADD-1 in 1984, Deltec focused effort on 

promoting the product's ease of use and distinctive interface. The company offered 

comprehensive on-site training programmes and support documentation, such as 

reference guides, in-service guides, programming applications, case studies, and 

assembly guides; all individually tailored to meet the needs of doctors, nurses, and 

patients. This support was far greater than available from competitive offerings at the 

time. All material and support placed heavy emphasis on the programming sequences 

used in setting up the pump and in monitoring and troubleshooting the pump's 

performance. 

Within 2 years of launch, Deltec was the market leader for ambulatory therapies, 

despite having come to the market after larger competitors such as Abbott and Bard. 

As ambulatory therapies expanded. the need for simple and consistent usage protocols 

increased. Community nursing staff and the patients themselves were now operating 

pumps that had traditionally been used solely by trained clinicians in hospital. Clear 

and concise operating procedures coupled , N-ith superior documentation and support 

provided a market advantage that Deltec capitalised on. As the market grew. Deltec 

introduced new models tailored for specific therapeutic needs. but maintained the 
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unique user interface across the product line (see Table 4). Network effects benefited 

Deltec; as the market grew, clinicians were inclined to stay with the Deltec protocol as 
it minimised learning costs and reduced performance uncertainty in the field. 

Revenues grew from $17 million in 1987 to $110 million in 1993. 

Existing competitors and new entrants reacted to Deltec's lead by introducing models 

which offered additional features and greater performance over the CADD range. 

None of these were successful in capturing market share from Deltec. When 

confronted with a comparison of performance between products, clinicians cited the 

established user base familiar with the intricacies of CADD programming and 

operation as a major factor influencing their selection of future pumps. By the mid 

1990's, the industry had stabilised with Deltec holding 60% of the ambulatory 

infusion market. 

The Deltec CADD pump illustrates how a consumer interface standard's relative 

advantage over the competition is derived from the user's learning investment in a 

complex, safety-critical product, with this advantage being greater for markets with 

many heterogeneous groups of users. Once this investment was made, it was very 

difficult for competitors to dislodge Deltec's hold on the market, despite technically 

superior product offerings. 
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Table 4 
The CADD Product RanLye 

Infusion Pump Therapies 
CADD-I Chemotherapy 
CADD-PLUS Antibiotics 

CADD-TPN Nutrition 

CADD-PCA Pain Management 

CADD-MICRO Low Volume Therapies 

CADD-Prizm PCS Pain Management 

CADD-Prizm VIP Multi-therapy 
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4. CONCEPTUAL FRAMEWORK AND 

RESEARCH PROPOSITIONS 

The proposed framework draws from the resource-based view of the firm (Barney 

1991), the innovation adoption research (Gatignon and Robertson 1989. and Rogers 

1995), and utilises Day and Wensley's (1988) approach for assessing competitive 

advantage. Barney (1991) suggests that firms are able to leverage those resources they 

possess into competitive advantage. In an organisational context, Gatignon and 

Robertson (1989) find that consumer characteristics affect technology-related firm 

decisions. 

The adoption literature emphasises the importance of product characteristics on 

adoption. Day and Wensley's (1988) conceptualisation of competitive advantage is 

used to assess the impact of these antecedent factors on the firm's choice of standard 

to pursue. Day and Wensley map a progression from sources of advantage (e. g., 

resources) to positional advantages (e. g. differentiation), to positive performance 

outcomes (e. g., market share). 

It is important to note that Day and Wensley view differentiation as perceived 

superiority on attributes that are important to customers. Network externalities and/or 

technological advantage are viewed as the key differentiating elements in high 

technology markets, in line with Kotabe, Sahay and Aulakh (1996) and Shy (1996). 

Adding to Day and Wensley's framework, this thesis suggests that sources of 

advantage lead to strategic actions by firms in terms of choice of standards - which 

lead to positional advantage. Drawing from the literature in marketing, industrial 

organisation economics, and management science the framework in Figure 2 is 

developed. The remaining sections of this chapter outline and support the research 

hypotheses associated with the framework. 
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Figure 2 Standards Strategy Framework 

FIRM RESOURCES 

Access to Complementary asset- 
Reputation COMPETITIVE DIFFERENTATION' 
Appropriability EMPHASIS 
Radical vs Incremental Innov 

C us to nier- ii it erface Increased 
DEMAND CHARACTERISTICS Standard 

NetA ork 
Externalities OR 

Performance Uncertainty 
Learning Costs Compatibility 
Consumer Heterogeneity Standard 

OR 

Technological 
INDUSTRYCHARACTERISTICS Component Advantage 

I -I Standard 

Industry Concentration 
Rate of Technological Change 

Sources of Advantage : 0- Positional Advantage 

4.1 Firm Resources 
The resource based perspective views a firm's resource endowment as a source of 

competitive advantage (and rent generation) if it is characterised by the properties of 
heterogeneous distribution among firms, imperfect mobility and protection from 

competition (Barney 1991), These properties indicate that the most critical ingredients 

of the resource endowment are factors that accumulate over time and are strictly 

idiosyncratic, such as reputation and capabilities. 

These factors affect the product development process and influence a firm's choice of 

a standard to pursue. Firm-specific capabilities are not necessarily restricted to within 

the firm's boundaries (Morgan and Hunt 1995). Firms can create inimitable assets 

that are unique to the firm but exist within the market, such as customer relationships 

and supply chain management practices (Heide and John 1990; Srivastava. Shervani 

and Fahey 1998). Two types of resources, access to complementurj, cissets and 

i-eInatuion, have been shown to influence the development of standards in an industry 

(Church and Gandal 1996: Kotabe. Sahay and Aulakh 1996; Wilson 1985). The 
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literature on network externalities emphasises the importance of complementary assets 

and reputation in influencing a consumer; s choice between differing technologies 

(Choi 1994; Farrell & Saloner 1985: Katz & Shapiro 1986,1992), and is one reason 

that imitators sometimes outperform innovators (Schnaars 1995). 

4.1.2 Complementary Assets 

Ever since the work of Penrose (1958), much strategic management literature has 

proposed that firms tend to create value if they access complementary resources. 
Complementary assets are unique, inimitable resources or capabilities that contribute 

toward the composition of a 'whole' product. Teece (1986) identified the role of 

complementary assets in determining which pathways firms might take in exploiting 

their knowledge. Complementary assets have value when they are associated with 

differentiated skills and routines that provide the basis of the firm's competitive 

advantage. They may be technical (e. g. complementary technologies) or non-technical 

resources (such as marketing, distribution, or service). Complementary assets may 

also be complementary products or services that function in tandem with the finn's 

product in providing benefits to the customer (Sengupta 1998). In diabetes care, 

insulin injections and blood sugar monitoring systems are complementary products, 

which provide optimal benefits to the patient when used together. With PC software, 

training courses and manuals supplement the core product and serve to reinforce user 

demand. 

Firms gain access to complementary assets through vertical integration or by 

contractual means. The influence of contractual arrangements on standardisation, 

through licensing, alliances, second sourcing, and attracting complementary suppliers 

has received a great deal of attention (e. g. Axelrod et. al. 1995; Conner and Rumelt 

1991; Kotabe, Sahay & Aulakh 1996; Shephard 1987). Microsoft first established its 

DOS operating system as a standard through a strategic alliance with IBM hardware. 

Todav, Microsoft is forging alliances with Intel and HP to establish its network 

soffix-are. NT, as a standard. 
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The opportunities for vertically integrated firms to set standards has been examined in 

studies of bundled "product systemS1555 (Adams and Brock 1982; Economides 1989; 

Matutes and Regibeau 1988,1992). During the 1980's, IBM established its PC format 

as the market standard in part because it controlled most component production and 

downstream activities. At the time, the IBM standard could be generalised to include 

floppy disk format, keyboard layout, printer interface, video display, modems, memory 

chips and other components. 

Accessing complementary assets through vertical integration 

Vertical integration refers to the extent to which a firm is actively engaged in different 

stages of the product transformation process. Research has indicated a positive 

relationship between vertical integration and new product development activity 

(Collier, Monz and Conlin 1984; Buzzell and Gale 1987). The vertically integrated 

firm controls a larger proportion of all interfaces within a product system than less 

integrated rivals. Such a competitive asset reduces the incentive to pursue 

compatibility with other players, encouraging the firm to manipulate interfaces as a 

means of temporarily reducing competition (Greenstein 1990). This tendency is 

reinforced when the economic return from one component is multiplied across the 

final product, providing an incentive to change the interface with previously 

compatible components in an effort to maximise rent. 

A vertically integrated firm also has greater influence over the total product design and 

can more easily tailor specific features to meet customer needs. It does not need to 

expend resources in negotiating, monitoring and enforcing exchange with other 

vendors. It has greater proximity to the customer through sale and support functions. 

These factors increase the likelihood of pursuing a consumer interface standard. 

Accessing complementary assets through contractual arrangements 

As products incorporate an increasing number of technologies, firms are finding it 

difficult to develop a hi-tech product alone (Ohmae 1989). The literature on alliances 

15 A "product s)steni- is defined here as a (Troup of inter-related products that operate together to give 
increased functionaliv, TheN can be either integrated into a single product "unit" or can be obtained 
separately (ex: hi-fi equipment, personal computers). The individual products may or ma% not be 
functional as separate offerings. 
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highlights the importance of contractual arrangements in creating new technological 

standards and shaping industry structure (Varadarajan and Cunningham 1995). There 

are numerous examples of standards promoted and established through alliances 
between component and complementary product suppliers, such as the Unix and 
Windows operating systems. 

When firms access complementary assets through contractual arrangements, 

partnership clearly requires technical compatibility standards to coordinate product 
design between firms and markets if a viable end product is to be produced. A further 

incentive for compatibility standards is the reduced transactions costs that will be 

realised by alliance partners when stable interface specifications are implemented, The 

need for a fixed interface becomes even stronger when alliances encompass a family 

of products. 

Obtaining complementary assets through contractual arrangements requires the rapid 

and ongoing deployment of technological know-how. This knowledge has two 

components, codified and tacit, which can impact alliance success (Teece 1988). 

Codified knowledge is easily transmitted through designs and specifications. By 

contrast, tacit knowledge is experience-based information residing in an organisation 

which may offer the greatest potential for a firm's sustainable advantage. Tacit 

knowledge can takes on several forms, such as hands-on experience, company culture, 

skill and insight. A consumer interface standard has a large tacit component, requiring 

an in-depth understanding of consumers' patterns and methods of using a product 

acquired through ongoing interactions with users. Tacit information is a distinctive 

capability of the firm that is jealously guarded and difficult to transfer across 

organisations. Empirical studies have found minimum transfer of tacit knowledge by 

hi tech firms in partnership agreements (Dutta and Weiss 1997; Mowery & Rosenberg 

1989). Given this it is logical to assume that a consumer interface standard will be a 

less desirable strategy NAhen contractual arrangements are used. 

When a product is comprised of independent components, vendors have an incentive 

to expand the role of their component to increase its influence. One means of doing 

this is through pursuing a component standard. Intel's marketing campaign, "Intel 
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Inside", and Rockwell's promotion of its chip technology for the developing 56K 

modem standard are examples of firms following a component standard strategy. 
To summarise, it is suggested that: 

Pla: The more a firm accesses complementary assets through vertical 
integration (contractual means), the lower (greater) the propensity to 
pursue compatibility standards 

Plb: The more a firm accesses complementary assets through vertical 
integration (contractual means), the greater (lower) the propensity to 
pursue consumer interface standards 

4.1.2 Reputation 

Reputation refers to the recognition and expectations established by a firm as a 
function of past actions (Weigelt and Camerer 1988). Both resource-based theory and 

game theory highlight reputation's role in signalling it's likely stance in the market 

(Robertson, Eliashberg and Rymon 1995; Shapiro 1982; Wilson 1985). From a 

demand perspective, a firm's reputation signals its product quality and can directly 

affect the customer's expectation about the value of a new product technology 

(Bridges, Yim, and Briesch 1995). Reputation's importance in influencing product 

adoption has been widely documented. Studies of umbrella branding highlight 

reputation's role in guaranteeing product quality and reducing perceived risk (Erdern 

1998; Montgomery and Wernerfelt 1992; Werrierfelt 1988). Economic theory reveals 

a strong positive link between consumer expectations regarding technology success 

and the technology becoming a standard (Katz and Shapiro 1986). 

Reputation's impact on standards strategy is dependent on the type of standard 

considered. A consumer who expects a firm's technology to become the market leader 

will be willing to pay more for the firm's products. A strong reputation also makes it 

more likely for the firm to realise gains through product enhancements (Nowlis and 

Simonson 1996). and product extensions (Choi and Scarpa, 1992). In hi-tech markets, 

Bresnahan, Stern and Trajtenberg 1997 found a positive relationship between leading 

edge technology features. brand reputation and advantage in the market. Consumer 

expectations of success are greater for the more reputable firm. increasing the potential 
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returns on its innovations. Pursuing a component standard would allow the firm to 

make a technology-related investment in product quality that capitalises on and 

reinforces its reputation. 

However, a strong reputation also gives the fin-n a better bargaining position with 

complementary product producers because consumers will be more likely to assume 

that that a high reputation firm will have a successful product technology (in terms of 

quality and longevity). It is therefore logical to assume that firms with strong 

reputations will have lower incentive to pursue compatibility with other players as a 

strategic objective, preferring to maximise economic rents. 

Finally, a strong reputation increases the propensity for a consumer interface standard. 

With many high tech products, substantial product interaction is not available prior to 

purchase. When the potential benefits of a new product are not readily observable, 

reputation is an additional cue to the consumer. This is particularly true where 

understanding and evaluating the potential benefits requires lengthy product 

experience or a level of expertise (Alba and Hutchinson 1987). A strong reputation 

provides an extrinsic incentive for adoption, which can be strengthened through 

consumer interface standards. 

It is therefore proposed: 

P2a: The stronger the firm's reputation, the greater the propensity for a firm 
to pursue a component standard. 

P2b: The stronger the firm's reputation, the lower the propensity for a firm 
to pursue a compatibility standard. 

P2c: The stronger the firm's reputation, the greater the propensity for a firm 
to pursue a consumer interface standard. 

4.1.3 Appropriability Regime 

Appropriability refers to the features of the technology (and the legal environment) 

that make it easicr for the owner of the technology to benefit from the technology 

(Teece 1986). Stronger appropriability regimes prevent rival firms from reverse 

62 



engineering a technology owned by another firm, and thus enable innovators to derive 

4 economic rents' from their inventions. Previous research identifies appropriabilitý- 

conditions as an influencing factor in the type and strength of interorganisational 

networks that develop in a market (Robertson and Langlois 1995; Gemser and 
Wijnberg 1995). 

Economic analysis argues that compatibility between products and technologies is less 

likely to occur when firms have strong appropriability regimes (Greenstein 1990; 

Farrell and Saloner 1989_- Adams and Brock 1982). However, research on "open 

systems" has frequently emphasised vendors' ability to produce innovative products 

using proprietary technology that meets common interface specifications. This 

apparent conflict is resolved if the type of standard is considered. Economic 

treatments have focused on the technical interface between complementary products or 

components (i. e. compatibility standards) when considering appropriability. Open 

systems studies highlight the greater degree of product differentiation that occurs 

along other dimensions when firms agree to a common interface between 

complementary products. This product differentiation is most often demonstrated by 

emphasising superior technical performance through pursuit of component standards. 

When firms can protect the component technologies through strong appropriability 

regimes, they have an incentive to pursue component standards in order to extract the 

maximum economic rent,, either through their own sales or through licensing (Garud 

and Kamaraswamy 1993; Contractor 1990). 

This same literature does not support a link between appropriability and consumer 

interface standards. When firms are not able to protect their technologies from being 

copied, they may have an incentive to create situations where the consumer is closely 

tied to their products. It is therefore proposed: 

P3a: The stronger the appropriability regime, the greater the propensity to 
pursue component standards. 

P "'b: The stronger the appropriability regime, the weaker the propensity to 
pursue compatibilitY standards. 
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4.1.4 Nature of the Innovation: Radical versus Incremental 

innovation 

It is well recognised that the distinction between radical and incremental innovations 

is an important one. As stated earlier, incremental innovations tend to be driven by the 

search for competitive advantage by making the technology more attuned to consumer 

preferences (Gatignon and Robertson 1991). It is proposed here that an incremental 

innovation is most likely to be associated with short-run improvements in any given 

product and is best associated with a component standard. 

Initially, it might appear that incremental innovations would lend themselves to 

consumer-interface standards as well. However, ongoing small improvements in the 

user interface could easily lead to confusion and resistance on the part of the customer. 

In contrast, a radical innovation is competence-destroying for the firm and requires the 

consumer to learn a new consumption pattern. Adhering to an existing consumer- 
interface standard may not be practical, given the potentially dramatic change in 

consumptive patterns. However, it may provides an opportunity for the firm to 

establish a new consumer- interface standard centred around an altered customer 

interaction. It is also likely that a radical innovation will require the producer to attain 

new complementary technologies and assets (Teece 1988). For these reasons, a 

radical innovation may encourage a firm to pursue a compatibility standard as a means 

of ensuring adequate access to these resources and support. 

It is therefore proposed that: 

P4a: Given an incremental innovation, the greater the propensity for a firm 
to pursue a component standard. 

P4b: Given a radical innovation, the greater the propensity for a firm to 
pursue a compatibility standard 

P4c: Given a radical innovation. the greater the propensity for a firm to pursue 
A consumer- interface standard. 
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4.2 Demand Characteristics 
The impact of demand characteristics on a firm's technology related decisions has 

received limited attention in the literature. Most research has focused on 

organisational buyers as opposed to individuals (Heide and Weiss 1995; Weiss and 

Heide 1993; Gatignon and Robertson 1989). Despite these limitations, the literature 

suggests several factors play a significant role in the adoption process in high 

technology markets. First, high technology markets are characterised by considerable 

uncertainty (Norton and Bass 1987). Secondly, buyers frequently face switching costs, 

as a result of earlier commitments to particular product technologies or vendors (Heide 

and Weiss 1995). These include the time and resources spent in qualifying a new 

supplier, the cost of ancillary products and the investment in learning to use the 

product (Klemperer 1987). Katz and Shapiro (1992) argue that the level of consumer 

heterogeneity in a market influences adoption of new technologies by consumers. 

4.2.1 Performance uncertainty 
Performance uncertainty connotes the probability that a product or service will not 

function as expected and provide the desired benefits. It may be due to a lack of 

relevant experience with the product category, or because particular market conditions 

impose demands on consumers' information processing capacity (von Hippel 1988; 

Achrol and Stern 1988). By designing components that ensure compatibility with a 

wide spectrum of equivalent and complementary technologies, a firm can reduce 

uncertainty and increase the rate of diffusion of the new product amongst consumers 

and vendors (e. g. Hamel and Prahalad 1994; Mansfield 1968; Robertson and Gatignon 

1986, Weiss and Heide 1993). 

Another means of reducing uncertainty is to simplify the infon-nation processing 

necessary for completing a task in a consistent manner (Ackerman 1992; Wahlstrom 

1988). In this case, performance uncertainty may be reduced through a consumer 

interface standard, wliich provides a consistent means of interacting with the product. 

Research on decision making shows a positive relationship between complexity of a 

task and performance uncertaiiitý' (Taylor 1987). 

65 



Firms may also reduce the uncertainty associated with the product market by 

emphasising technology performance (Gatignon and Xuereb 1997). Studies have 

emphasised the role of perceived technological performance in assisting late entrants 

to overtake market pioneers (Golder and Tellis 1993). A component standard strategy 

will help to reassure consumers regarding product performance and encourage 

adoption. For example, Critikon, a manufacturer of the non-invasive blood pressure 
(NIBP) monitor Dinamap, has focused its marketing efforts on alleviating clinician 

concerns regarding accuracy and consistency of blood pressure measurements in 

mobile settings. The Dinamap is considered to be the industry standard for blood 

pressure measurements, and its technology is widely perceived by users to be more 

accurate. The company has maintained market dominance by pursuing component and 

consumer interface standards., despite the entry of lower-priced rivals offering superior 
benefits. To summarise, it is proposed: 

P5: The greater the performance uncertainty: 

a) the greater the propensity to pursue a component standard; 
b) the greater the propensity to pursue a compatibility standard; 

c) the greater the propensity to pursue a consumer interface standard. 

4.2.2 Learning costs 
As new technologies become more accessible, learning plays an important role in their 

adoption and diffusion amongst consumers and firms. Increased demands are placed 

on potential users to develop skills related to the use of these technologies and there is 

a greater propensity for increased productivity over time (Rosenberg 1982). Learning 

costs are the loss of productivity when a user changes to a new product or technology. 

This loss can be at the end product level (the cost of learning a new word processing 

package), at the component level (complementors must learn how to utilise a new 

product or interface); or at the organizational level. Brand-specific consumer learning 

costs have been found to lead to less price sensitivity and greater brand loyalty 

(Nilssen 1992; JovanoN-ic and Nyarko 1996, McWilliam and Zilberman 1996). 

Researchers found that the higher the consumer's learning requirement for a new 
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alternative, the slower the rate of adoption observed (Payne Bettman and Johnson 

1993; Shugan 1980). 

Cognitive effort has been the focus of numerous studies in psychology (e. g. Fiske and 
Taylor 1984), decision theory (e. g. Kahneman, Slovic and Tversky 1982) and 

economics (e. g. Conlisk 1996). A consistent finding is that humans have limited 

cognitive resources and allocate them judiciously. Therefore logic implies that where 
learning costs are high there is a disincentive for the customer to change to a different 

product that claims to provide improved benefits but requires a new learning 

investment. New interfaces often imply novel tasks for a consumer (Glazer 1999; 

Veryzer 1998). A consumer interface standard would encourage a distinct pattern of 

interaction with the product that is concordant and reduces the learning investment 

needed to maximise product utility. This view is supported by studies in ergonomics 

and human-computer interface which reveal that consistency across a user interface 

reduces learning time, improves a product's performance for consumers, and can 

result in higher adoption rates for new products (Nielsen 1989 Mitta and Packebush 

1995; Rasmussen 1987). 

However,, learning costs may not be a negative influence on adoption when the new 

product offers a compelling advantage over existing products. Where a new product 

provides the consumer with a new functionality, consumers may well focus on the 

functionality and ignore the novel task required to use the product (Cooper 1999; 

Ziamou and Ratneshwar 2002). The first spreadsheet, Visicalc, was very successful 

despite its novel and complex interface (Ziamou 2003). Its success was attributed to 

the compelling advantage of its functionality - analyses that could be easily repeated 

and immediately displayed (Norman 1998). Ziamou (2002) found that new interfaces 

are more likely to be compared with existing interfaces (to the new product's 

detriment) if the functionality of the new offering is similar to existing products. This 

suggests that where an innovation is discontinuous, learning costs may not encourage 

the firm to adhere to an existing consumer interface standard. This is compatible 

with the discussion in 4.1.2. indicating that a discontinuous (i. e. radical) innovation 

encourages the firm to break NN-Ith existing consumption patterns and develop new 

ones. 

67 



The impact of learning costs on component standards is less clear. Component 

standards draw their competitive advantage from perceived technological 

performance. Although this advantage may not require noticeable intellectual 

consumer costs (e. g. there is little usage distinction between Intel Pentium or an AMD 

chip from a consumer's perspective), a learning investment is almost always present 
for complementary suppliers. And for many component standards, there is some 
learning investment by consumers in order to maximise product application. For 

instance,, as computer data storage standards have varied over time (e. g. magnetic tape. 

floppy disks, Zip drives, CD-ROM), consumers have needed some understanding of 

product specifications in order to effectively use the end product. 

Compatibility standards reduce learning costs for vendors and complementary product 

providers by simplifying the interface between the product and other complementary 

products or components. Consumers and vendors need only learn one means of 

interfacing products as opposed to several if no standard existed. Studies of 

organisational and individual adoption highlight the importance of having "related 

knowledge", such as expertise with the technologies incorporated in a product 

(Fichman and Kemerer 1997; Rogers 1983). 

The discussion above suggests that pursuing a standard (regardless of type) is 

beneficial for those product categories where learning costs are present for the 

consumer. Therefore it is suggested that: 

P6: The higher the learning costs associated with the product: 

a) the greater the propensity to pursue component standards. 
b) the greater the propensity to pursue compatibility standards; 

c) the greater the propensity to pursue consumer interface standards; 

4.2.3 Consumer Heterogeneity 
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Consumers are heterogeneous with respect to their individual demands and 
demographic characteristics, their susceptibility to advertising and the "N-ay they make 

purchasing decisions (Kamakura, Kim and Lee 1996). The innovation literature 

indicates heterogeneity often serves to reduce product adoption and diffusion (Wind. 

Robertson and Fraser 1982; Higgins and Shanklin 1992. Chatterjee and Eliashberg 

1990). Consumer heterogeneity encourages firms to differentiate their products along 

quality or attribute dimensions as a means of reducing price competition and obtaining 

greater market power in its strategic niche (Hauser 1988; Shaked and Sutton 1982). It 

is logical to assume that in markets with high heterogeneity, firms will be more 
inclined to pursue component standards as a means of differentiating their product and 

encouraging adoption. 

Research on network externality effects emphasise the role of heterogeneity in 

explaining multiple standards equilibria in markets (e. g. De BijI and Goyal 1995). In 

the early stages of a product market, this consumer diversity may encourage 

"bandwagons" to develop behind a number of products, encouraging the development 

of compatibility standards (Shurmer 1993). However, Chou and Shy (1996) argue 

that product compatibility may not benefit the consumer, as it limits the variety of 

products offered. Where there are many varying customer needs, a firm may have less 

incentive to pursue compatibility with other products, as it will restrict the available 

format for meeting diverse customer demands. A counterargument to this 

hypothesises that firms who have a heterogeneous customer base will be more likely 

to pursue compatibility with other products as the most efficient means of meeting 

diverse customer performance requirements. 

Consumer heterogeneity in a market indicates diverse requirements and preferences 

for product usage. A consumer interface standard provides a means to accommodate 

diverse usage under a common template which would decrease user costs in sharing 

information, training. and troubleshooting and would amortise costs for a firm over a 

wider user base. The provision of such interfaces enables a larger number of 

consumers to aggregate and interact NN, -ith firms and products (Hoffman and Novak 
Z-- 

1996). 

On review it is proposed: 
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P7a: The greater the consumer heterogeneity present in the market, the greater 
the propensity to pursue component standards. 

P7b: The greater the consumer heterogeneity present in the market, the greater 
the propensity to pursue compatibility standards. 

P7c: The greater the consumer heterogeneity present in the market, the greater 
the propensity to pursue consumer interface standards. 

4.3 Industry Characteristics 
Final sets of variables influencing a firm's choice of standards are industry-level 

factors. 

The literature indicates three dimensions of market structure are particularly relevant: 
industry concentration, growth rate, and the pace of technological change. Technology 

characteristics such as the rate of technological change have been linked to the 

dissemination of standards (Kotabe, Sahay and Aulakh 1996; Shepard 1987; Weiss 

and Heide 1993). The intensity of competition and the rate of growth within the 

market will have an impact on the type of standards pursued by the players in that 

industry. The number of competitors affects the expected level of competitive rivalry. 

Game theoretic analysis supports the proposition that rivalry intensifies as the number 

of competitors increase, and they become closer in size and capability. Industry 

munificence is an important consideration in understanding product innovation 

decisions (Zahra 1994). 

4.3.1 Pace of Technological Change 

The pace of technological change refers to the speed of technology development in a 

product market captures the idea that pending improvements in current technology and 

innovations can influence firm behavior (Weiss and John 1989). Day and Wensley 

(1988) argue that when technology experiences rapid change it is imperative that firms 

interact closely with customers to assess chanc-Ting needs and preferences. In a general 

sense, a perception of a rapid technological change creates uncertainty and gives rise L- 

to an information processing problem for buyers (Weiss and Heide 1993). Firrns are 
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faced with the challenge of improving their product offerings by using the latest 

technologies without disrupting their existing relationships with suppliers, 

complementary product providers and consumers. 

Consumers familiar with a product are likely to incur switching costs in changing to a 

new offering and may prefer a consistent user interface as a means of reducing the 

complexity of product evaluation (Klemperer 1987). At the same time, maintaining an 

established interface between components keeps transactions costs down with 

complementary product providers (Sengupta 1998). Compatibility between products is 

also desirable as it increases the installed base advantages of incumbent firms against 

an entrant firm and can often deter entry (Jain and Rao 1996). Faced with these 

constraints, new entrants are more likely to incorporate rapid, discontinuous changes 

in technology that result in lower costs (see Tang and Zannetos (1992) for discussion). 

This 'leapfrog competition' makes pursuit of a component standards strategy less 

likely by all parties. 

The preceding discussions suggest that: 

P8a: The higher the pace of technological change, the lower the propensity to 
pursue component standards. 

P8b: The higher the pace of technological change, the greater the propensity to 
pursue compatibility standards. 

P8c: The higher the pace of technological change, the greater the propensity to 
pursue consumer interface standards. 

4.3.2 Industry Concentration 

Past research does not present a clear picture as to the impact of industry concentration 

on standard- setting behaviour. The industrial organisation literature suggests rivalry 

intensifies as the number of competitors increases, and they become more equal in 

size. As the level of market concentration and the market power of each competitor 

increases, a firm may feel more able to enforce its own standard and initiate a 

"bandwagon of innovation" increases. The incentives to engage in a "winner-takes- 

all" race are therefore high among concentrated industries, compared with the 

incentives to develop a standard- sett i ng alliance or to manufacture products that are 
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compatible with those of a rival (Axelrod et. al 1995). This suggests that where 

markets are concentrated., compatibility standards are less like attractive. However. 

Link (1983) and Bresnahan and Chopra (1990) found a positive relationship between 

industry concentration and the existence of standards. Perhaps this is because 

coordination is easier among a few partners - rates of cooperation have been found to 

lower the greater the number of subjects that participate in an interaction (Moore and 
6 Moore 1990)1 The standard may also act as a barrier for new firms seeking to enter 

the industry an activity easier to coordinate among a few existing players. 

Conversely, several scholars have argued that when a market is fragmented, there is a 

greater need for co-ordination , and therefore compatibility, in order to reduce 

consumer uncertainty (Economides 1989). 

High industry concentration has also been found to discourage firms from new product 

development programs, decreasing the number and timing of new product entries 

(Zahra 1994). Several factors suggest this negative association. Concentration often 

discourages the entry of new firms (Hax and Majluf 1991), results in stable market 

share distributions where frequent new product introductions would disrupt the 

equilibrium, and encourages quick retaliation from established competitors (Scherer 

1980). These factors would indicate that the pursuit of component standards is less 

likely in concentrated markets. 

It is not clear that industry concentration would have any impact on a firm's 

consumer-interface standard strategy. 

On balance, it is proposed that: 

P9a: The higher the industry concentration, the lower the propensity for a 
firm to pursue a components standard. 

P9b: The higher the industry concentration. the lower the propensity for a 
firm to pursue a compatibility standard. 

Implications q standards strategyfor product development tf 

16 Link(19833) examined \oluntary standards, and did not distinguish between compatibilitý -based and 
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The type of standard pursued by a firm has direct implications for new product 

attributes and the product development process. The advent of digital cameras 

illustrates the implications for standards in the NPD process. 

Nearly all digital camera manufacturers have accessed complementary assets such as 

chips (CCDs), memory cards and serial links to computers from other firms through 

contractual means. Not surprisingly, they have concentrated their NPD efforts on 

component technology and compatibility issues. They have not adhered to one way of 

transferring images to a PC; instead different compatibility standards are being 

pursued. These competing formats include serial-cable links, credit-card sized options 

for notebook computers, flash memory cards for desktop PCs, floppy disk formats, 

and infra-red technology. 

A firm's choice of a standard affects its new product development process activities. 

From the initial concept assessment through to the market launch, the nature and 

intensity of the marketing-R&D interface will be influenced by the type of standard 

pursued by the firm. Pursuing a customer-interface standard will dictate direct 

involvement with customers early in the design cycle using techniques such as quality 

function deployment (Griffin and Hauser 1993). Pursuing a compatibility standard 

will require an early and ongoing interface with complementary product providers 

throughout the design process. A component standard strategy may necessitate greater 

specialisation in research and development. 

4.4 Effect of Standards Strategy on Positional Advantage 

In the previous section, the impact of firm resources, product characteristics and 

customer characteristics on the firm's choice of standards were addressed. The 

implications of the standards choice for a firm's positional advantage is now 

examined. Day and Wensley (1988) view differentiation as perceived superiority on 

attributes that are important to customers. They see positional advantage as directly 

analogous to competitive mobility barriers that could deter a firm from shifting its 

Illillimurn qualit% standards 
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strategic position and argued that it is best understood within the value chain 

framework. Only activities that have a great impact on differentiation (with customers 

paying a price premium that exceeds the added cost of superior performance) or 
deliver a lower cost position (while offering a parity product) can result in a positional 

advantage. In this paper, the focus is on differentiation as a function of the benefits 

derived by the consumer. Two principal sources of consumer benefits in high tech 

markets that provide positional advantage through differentiation are direct product 
benefits and network benefits (commonly called network externalities). 

4.4.1 Network Externality Effects 

Network externalities represent the utility a given user derives from a product that is 

dependent on the number of other users in the same "network" (Katz and Shapiro 

1985). They may be generated directly from the interaction of users- a fax machine 

becomes more useful as the number of fax owners increases - or indirectly - as more 

users purchase a PC the variety of complementary software and services increases. 

Increased network externalities can meet the criteria of positional advantage in a 

number of ways. Network externalities represent a basis for positional advantage to 

the firm because the increased consumer benefits of membership in the network serve 

to distance the product's performance from that of its competitors. As the network 

grows, the opportunities to use the product increase and the variety of complementary 

products and services offered increases, vis-a-vis competitors with smaller networks. 

The larger installed base facilitates easier information exchange with other users 

familiar with the product. These effects serve to make the product's performance 

more valuable to the consumer compared to competitive offerings with smaller 

networks. It also reduces the uncertainty about future product usage. 

Consumers may also regard the size of a network to be a substitute for quality of the 

technology (Chou and Shy 1996). Indirect network effects, such as increased support, 

maintenance and complementary products has been shown to be associated with 

higher prices for hardxvare in the computer industry(Cottrell and Koput 1998). 

Increased network effects also serve to increase switching costs associated with the 

product (Shapiro and Varian 1999). In particular. brand-specific learning costs have 
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been found to lead to less price sensitivity and greater brand loyalty (Nilssen 1992; 

Jovanovic and Nyarko 1996). In summary, increased network effects can enhance 

positional advantage by way of both Day and Wensley mechanisms: a) they serve to 

provide added value that customers are willing to pay a premium for; and b) the scale 

economies that ensue can result in lower costs for a firm with increased network 

effects. 

Network Externalities and Standards 

There is a large literature, beginning with Farrell and Saloner (1985) and Katz and 

Shapiro (1985) on the advantages conferred upon large networks due to demand-side 

scale economies and positive feedback Past research has largely treated network 

externalities as an exogenous market characteristic that helps create these demand 

effects. Although network effects are an intrinsic characteristic of many high 

technology markets, it can be argued that firm behaviour serves to increase (or 

decrease) these effects for the consumer and distance a product's performance from its 

competitors H7 
. Several studies have highlighted the competitive advantage available 

to a sponsor of open systems compatibility through enhanced network effects (Gabel 

1987; Conner and Rumelt 1991; Garud and Kumaraswamy 1993). Maltz and Kohli 

(1996) argue that managers can use market intelligence to enhance the prospects of 

increasing network benefits for consumers in rapidly changing markets. Here 

increased network benefits are the increased benefit the consumer realises from the 

product due to the existence of larger network of users and/or larger base of available 

complementary products 

By focusing on the complementarities (interrelationships) in a given product market, a 

firm can enhance the network benefits perceived by the consumer in several ways. 

Compatibility standards encourage the development of a uniform technological 

" Because externalities confer an advantage to firm(s) that create it, or to firms that become a 
part of an externalitN network, I consider externality creation and management to be within 
the ambit of managerial discretion. It is, of course, possible, sometimes. for firms to benefit 
frorn externalities through serendipity rather than foresight (Besen and Farrell 1994). Also, 

while negative externalities exist in some markets (e. g., Rolls Royce), I do not consider them 
in this paper. 
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platform for which suppliers can create a NA-ider variety of complementary products 
(Robertson and Gatignon 1986). The value of complementary products that conform 

to an interface vendors and complementary product producers are already familiar 

with will be higher than for an incompatible product that requires new skills. This acts 

to further encourage the development of complementary products (Sengupta 1998). A 

consumer's ability to use the product in conjunction with a broader range of other 

offerings will increase the product's benefit to the user. A firm's pursuit of a 

compatibility standard will naturally encourage these actions (uniform technological 

platform, wide variety of complementary products) which increase the product's 

network benefits. 

Secondly, a firm can increase the network benefits associated with the product through 

a consumer interface standard. When consumers adopt a particular product interface, 

the 'network' of users skilled in using that product increases. This network is of direct 

benefit to the consumer as a source of reference and information, particularly where 

the product is functionally complex. As stated earlier, users skills can also contribute 

to the growth of complementary products and services by discouraging suppliers from 

adopting a different interface. Once they have developed a skill, users avoid acquiring 

alternative skills, due to learning and switching costs (Alba and Hutchinson 1987). 

Finally, a component standard does not directly impact the level of network externality 

associated with a product as the consumer benefit it provides is not directly related to 

the number of other consumers using the product. However, recent work by Chandy 

and Tellis (1998) identifies a willingness to cannibalise existing investments as an 

important factor in radical product innovation. These investments might entail 

products, organisational processes and routines, or external relationships. While not 

necessarily entailing radical innovation, a component standard strategy requires an 

ongoing investment in technology that can work to the detriment of existing network 

effects. Therefore, it is proposed: 

PI 2a: The greater the propensity to pursue component standards, the lower the 
network extemality related to a product. 
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P12b: The greater the propensity to pursue a compatibility standards. the 
greater the network benefits (network externality) related to a product. 

PI 2c: The greater the propensity to pursue consumer interface standards, the 
greater the network benefit (network externality) related to a product. 

4.4.2 Direct Product Benefits: Technological Advantage 

Previous research suggests that new product attributes, such as quality, reliability and 

uniqueness provide a tangible picture of a firm's ability to meet customer needs 

(Cooper 1984; Edgett, Shipley and Forbes 1992; Griffin and Hauser 1993). In hi-tech 

markets, the technological capabilities of the product may also form an important 

attribute in providing customer benefits. Technological capabilities represent a 

positional advantage for the firm if they translate into perceived performance 

superiority for the consumer (Day and Wensley 1988). 1 categorise a positional 

advantage gained in this way as stemming from technological advantage. For the 

consumer, this may arise from unique performance features which distance the product 

from its competitors. Technological advantage may also stem from the interaction 

with other products that enhances the main product's performance (such as the 

hardware/software paradigm). In either case, technological advantage results in a 

positional advantage (as defined by D&W) if it results in premium-priced 

differentiation or lower costs. 

Expanding technological superiority allows firms to become increasingly dominant 

(Gruber 1992, Riordan and Salant 1994; Vickers 1986). Studies of consumer and 

industrial products support the concept of sustaining competitive advantage through 

the introduction of technologically advanced products (Banbury and Mitchell 1995; 

Lawless and Anderson 1995). In markets with rapid technology diffusion. firms may 

benefit more by attempting to maintain a technological lead by moving on to the next 

generation of the product technology and maintaining product disruption (Dickson 

1992). 

Quality has usually been viewed as being dependent on the level of product attributes 

(c. (-). Hauscr and Shugan 19833. Rosen 1974) and has been used to denote the direct 
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consumer benefits derived from a product (Jeannert and Verdier 1996, Sil\-erman and 
Grover 1995). Perceived quality has been defined as the consumer's judgement about 

a product's overall excellence or superiority (Zeithaml 1988), and is frequently based 

on consurnersý perceptions of product attributes relative to available alternatives 
(Monroe and Krishnan 1985; Karnes et al, 1995). Technological advantage is that 

aspect of perceived quality related to the performance of the product. For products in 

which consumers value quality and network size as substitutes, consumers may forego 

the network externality benefits for ongoing performance improvements. (Shy 1996). 

Technological Advantage and Standards 

The impact of standards on a product's perceived technological advantage to the 

consumer depends on where the principal source of product benefits lie. A component 

standard enhances the technological advantage associated with a product by 

emphasising unique performance features which distance the product from 

competitors The Intel microprocessor family is a component standard that survives 

despite the existence of higher performing rival products produced by Motorola, IBM 

and DEC that follow different standards. By pursuing a component standard for its Zip 

drive,, Iomega is the market leader in the PC removable storage market, even though 

companies such as Sony and Imation offer equal performance. 

Technological advantage for the consumer may also arise from the perceived 

performance attributes derived from compatibility with complementary products. 

Compatible products provide enhanced or new benefits through interaction among 

themselves. Interaction among components is important because combinations of 

technologies can lead to further innovations (Wind and Mahajan 1988). Whereas each 

advancement in a component can perform enhanced functions on its own; together a 

group of interacting components can do things that none alone can do thereby 

increasing the benefits offered by the interacting technologies. The Wright brothers 

used the interaction of emerging technologies in two components When they invented 

the airplane. The first was the gasoline engine designed in the 1880s and the second 

\), -as the advancement in aerodyiiamics developed from experiments on gliders 

(McGrath 1995). 
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When product performance depends on the interaction with other products (such as 
between computer hardware and software components), a compatibility standard 

which embraces a broad range of peripherals increases the technological edge of the 

product (Langlois and Robertson 1992). Diffusion studies have highlighted the 

enhanced configuration possibilities of the PC over minicomputers and mainframes as 

an illustration of the product advantage PC technology represented over previous 

generations (Goslar 1987). 

User benefits from hi-tech products reach the consumer through the consumer 

interface. Where a firm has followed or set a consumer interface standard', the benefits 

of using the product are delivered through the standard, so long as the standard exists. 

This implies that any technological developments at the component level, or possible 

increases in benefits from interaction among components, have to be delivered within 

the constraints set by the consumer interface standard. Therefore, the pursuit of a 

consumer interface standard,, will circumscribe the degrees of design freedom 

available to product developers to provide new functionalities and new benefits in a 

product. For example, existing consumer interfaces on bank ATMs, severely restrict 

the range of services that can be delivered to consumers despite the availability of 

advanced technologies capable of delivering greater benefits. 

Therefore it is proposed: 

Pl3a: The greater the propensity to pursue component standards, the greater 
The technological advantage for the consumer associated with a 
product. 

Pl3b: The greater the propensity to pursue a compatibility standard, the 
greater the technological advantage associated with the product. 

P 13 c: The greater the propensity to pursue a consumer interface standard, the 
lower the technological advantage associated with the product. 
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4.5 Performance Outcomes 
Having looked at how choice of standard(s) can lead to positioning in a market 

positioning which affects the level of network externality and technological advantage 

associated with the product, it is worth considering the effect of these positional 

advantages on the product's market performance. 

A network externality has been defined as the increased utility that good provides the 

consumer that results from an increase in the number of other consumers using the 

product and/or complementary products (Katz and Shapiro 1985). Therefore an 

increase in the level of network externality associated with a product should increase 

consurner's perceived utility for the product, and subsequently increase adoption. 

Scholarly opinion regarding the impact of network externalities on consumer adoption 

has been mixed,, with evidence that it could accelerate or retard new product diffusion. 

One key factor in determining the impact on adoption is the level of firm sponsorship. 

Several studies of markets with network externalities suggest that a firm's investments 

can positively affect adoption (Katz and Shapiro 1994). Given the focus on standards 

promoted by a firm, it is logical to assume that an increase in the level of network 

externality associated with a product will result in increased adoption and market 

share. By the same token a higher perceived utility can be expected to lead to a rise in 

loyalty of consumers (where loyalty is a behavioural construct) who see advantages in 

being part of one network as opposed to another. 

Likewise, the degree to which a product technology represents an improvement over 

previous technologies will influence how rapidly it gains customer acceptance. 

Studies of new product development have highlighted the relationship between 

relative perceived product quality, unique performance characteristics and various 

performance measures, including relative market share (e. g. Cooper and Kleinschmidt 

1993). The premise is that firm's ongoing pursuit of technological advantage has a 

positive impact on consumer adoption and therefore market share. 
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Table 5. 
Summarv of Propositions 

Prop Independent Dependent E. A* Representative supporting 
# Variable Variable Literature 
I Vertical Integration a) Compatibility Std + Axelrod et al 1995: Varadarjan 

b) Cons-interface std + and Cunningham 1995, Kotabe, 
Sahay & Aulakh 1996; 
Shepherd 1987; Greenstein 
1990; Hugh 1987, Garud & 
Kumaraswamy 1993. 

2 Reputation a) Component Std + Nowlis and Simonson 1996, 
b) Compatibility Std - Brehnahan, Stern & Tratjenberg 

c) Cons-interface Std + 1997, Katz and Shapiro 1986; 
Alba & Hutchinson 1992; 

3 Appropriability a) Component Std + Garud & Kumaraswamy 1993: 
b) Compatibility Std - Greenstein 1990; Farrell and 
c) Cons-interface Std + Saloner 1989; Adams and Brock 

1992; Contractor 1990 
4 Radical Innovation a) Component Std Gatignon and Robertson 1991 

b) Compatibility Std + Teece 1988 

c) Cons-interface Std + 
5 Performance a) Component Std Robertson & Gatignon 1986; 

Uncertainty b) Compatibility Std Weiss and Heide 1993; 

c) Cons-interface Std Gatignon and Xuereb 1997; 
Katz and 

6 Learning Costs a) Component Std + Rosenberg 1982; Nilssen 1992; 
b) Compatibility Std + Mitta and Packbush 1995 

c) Cons-interface Std + Payne, Bettman and Johnson 
1993 

7 Consumer a) Component Std + Hauser 1988; Shaked and Sutton 
Heterogeneity b) Compatibility Std + 1982; DeBij1 and Goyal 1995; 

c) Cons-interface Std + Hoffman and Novak 1996 
8 Rate of a) Component Std Weiss and John 1989; Weiss 

Technological b) Compatibility Std + and Heide 1993; Tang and 
Change c) Cons-interface Std + Zannetos 1992; Day and 

Wensley 1988 
9 Industry a) Component Std Link 1983; Bresnahan and 

Concentration b) Compatibility Std Chopra 1990; Axelrod et. Al 
1995; Scherer 1980; Hax and 
Majluf 1991 

10 a) Component Std Network Gabel 1987: Conner and Rumelt 
b) Compatibility Std Externalities + 1991; Garud and Kumaraswamy 

c) Cons-interface Std + 1993, Maltz and Kohli 1996; 
Robertson and Gatignon 1986 

11 a) Component Std Technological + Langlois and Robertson 199", 
b) Compatibility Std Advantage + Goslar 1987 

c) Cons-interface Std 
* Expected Association 
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PART 11 

A CROSS-INDUSTRY SURVEY 
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5. DATA COLLECTION AND ANALYSIS 

The objective of this research is to investigate the impact of firm, demand, and 

environmental factors on a firm's decision to pursue a given standards strategy, and 

the positional advantages that can result. The contribution is made through testing the 

conceptual model discussed in chapter 4. The model is presented once more below. 

The hypotheses are tested first via regression and then with path analysis using data 

collected through a cross industry survey of UK marketing and/or technology 

managers operating in hi-tech markets. The interaction between supply-side and 

demand side factors on the firm's standard- setting strategy is explored. 

Figure 2 Standards Strategy Framework 
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5.1 Data Collection 
The aim of the study is to test the model across a range of high technology industries 

and environmental conditions. A taxonomic approach to model-building also requires 

a data base which has both depth and breadth if it is to be successful (McKelvey 

1975). Therefore, in order to substantiate the purported relationships between firm 

resources, consumption characteristics, standards strategy and outcomes. a multi- 
industry analysis is desirable. The subjects for this study are marketing managers or, if 

they were not available, technology managers operating in a broad range of high- 

technology industries. Marketing managers in particular are thought to have the best 

combination of product knowledge, firm knowledge and customer usage knowledge. 

The survey collected data from a key contact in each company who had sufficient 

knowledge of industry, firm, product and demand factors. The key informant method 

has generated some debate in marketing, identifying potential sources of error in 

informant reports, such as position bias and vested interests (Phillips 1981). 

However, recent research (e. g. Heide and John 1990, Weiss and Heide 1993) indicates 

that informants can describe organi sational -level phenomena if appropriate selection 

procedures are used. The study gathers data on firm resources, demand characteristics, 

technology characteristics, standard strategy, environmental factors, positional 

outcomes, and the firm's perception of the demand characteristics. Although some of 

the variables represent demand-level constructs (such as performance uncertainty, 

learning costs, and consumer heterogeneity), In this research it is argued that the firm's 

perceptions of its product market drive strategy, and the data will reflect this 

perspective. 

The sample consisted of marketing managers of private and public sector firms within 

the computer soffix-are, computer peripheral, telecommunications. computer hardware, 

consumer electronics, pharmaceuticals and industrial equipment. Firms selected from 

these industry groups are categorized as manufacturers of their respecti%'e products and 

engage in new product development. technology innovation. or both. Firms were tn. 

selected if they had an established UK office, regardless of whether de\'elopment 

actually took place in the UK. The choice of marketing managers \vas based on the 
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requirement that the individual be sufficiently senior to have knowledge of fin-n 

perfon-nance. whilst still having a detailed understanding of product strategy. 

On the basis of the industry criteria, firms were aggregated from three sources. The 

first two were published directories, the 1999 Fame on-line directory of UK 

companies and the 1998 Software Company Directory, from which 1084 companies 

were selected. The third was from a national database supplied by AP Information 

Services, from which 686 companies were obtained. Within each of these sources, a 

portion of companies had no contact name. For these firms, the survey was sent to 

"The Marketing Manager". 

A total of 1770 firms were identified, of which 600 were computer software 

companies, 550 were computer hardware and peripherals, 140 were consumer 

electronics and durables, 200 telecommunications, 30 medical equipment 

manufacturers, 50 pharmaceutical firms and 200 industrial equipment. Questionnaires 

were mailed with a cover letter, asking them to respond by including a self-addressed, 

postage-paid envelope. Of the original 1770 surveys, a total of 247 were returned 

marked " person no longer at company", "address undeliverable", "company no longer 

at address", or simply "return to sender". This reduced the actual sample to 1523 

companies. Of this sample, 30.3% had no contact name; the balance had a full name 

and position title. 

I attempted to enhance the response rate using several methods, as advocated by 

Dillman (1978). First a preannouncing letter was sent two weeks prior to the survey 

mailing, introducing the study, its potential value, and the importance of the 

executive's participation. Secondly, the survey packet contained a personalised cover 

letter, reiterating the points of the preannouncing letter and offering respondents a 

copý- of the surveý, results and research conclusions. Third a follow-up mailing was 

sent to all non-respondents 4 weeks after the initial mailing. Throughout this process, 

the confidentiality of the results was emphasized. A copy of the survey and all 

accompanying letters is provided in Appendix B. 
ý tý 
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Of the surveyed executives, 134 (a response rate of 8.8 %) responded to the surN, eN- 

within 3 months of the initial mailing. This poor response rate may be attributed to 

several factors: marketing managers often under significant time restraints; the 

strategic focus of the survey would result in responses often considered sensitive and 

confidential; and the survey was relatively long (6 pages). These issues would 

produce a downward bias to the response rate. 

In order to obtain a sufficient number of responses for structural modelling, a 

telephone survey firm was recruited to obtain the additional responses. The 

questionnaire was modified slightly for ease of reading aloud; however all questions 

remained consistent with the printed survey. A random selection of 500 companies 

was selected from the remaining sample frame of 1389 firms, proportionally 

representing the industry classifications. An additional 100 surveys were obtained 

approximately 5 months after the initial mailing, giving a total of 234 responses, and 

analysed for consistency between sampling methods. 

Data set Description 

The responses varied across a number of industries. Respondents self-reported their 

industries as follows: computer hardware and peripheral manufacturers (19), computer 

software firms (60). consumer services, (14), telecommunications (19), industrial 

equipment (59), consumer electronics (11), consumer durables (8), and "other" (43). 

One respondent failed to report industry. Respondents also ranged in the size of firm 

reported: 48 had turnover less than f 5M per year, 82 were in the f 5M to f 50M range, 

49 in the f 50M to f 500M and 26 reported sales of over f 500M per year. Twenty-nine 

companies failed to report company sales. 

5.2 Construct Development and Measurement Issues 

One objective of this research is to achieve progress in the development of a reliable 

set of measures for the standards strategy and subsequent positional advantage 

experienced by the firm. For this reason, additional effort is expended here in 

explaining the survey development and scale purification process. 
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5.2.1 Instrument Development 
The procedures adopted in developing the survey instrument were as follows: 

eA thorough review of the relevant marketing, economics and technology literatures 

to develop key dimensions of the relevant constructs and identify existing scales 

developed in previous research. 

e In depth interviews were conducted to help assess the face validity of the survey 
instrument. These were taken from a convenience sample of 4 marketing managers 

in telecommunications, medical equipment, and software. Difficulties or 

ambiguities with specific items (such as questions surrounding the consumer- 

interface standard) were identified and adjusted. 

eA pilot study was undertaken to assess the convergent validity of the scale items 

and the general response rate. Using Gerbing and Anderson's (1988) paradigm, 

item-total correlations and exploratory factor analysis were used to refine the scales 

for the principal survey. A detailed description of this analysis is provided in 

Appendix B. 

These steps were intended to test and refine the draft instrument so that the final 

survey achieved face validity and provided an effective (and efficient) means of 

collecting the data of interest. 

Respondents were asked to refer to their "most recent product launch" as the point of 

reference. This perspective is well established in NPD research (e. g. Hultink et. al. 

1999; Cooper and Kleinschmidt 1993). By asking respondents to focus on the 

most recent product launched by the firm, minor product changes that would not merit 

marketing support should not be considered as new products. However, the most 

recent product launch could easily represent a range of product innovativeness (from 

minor changes to 'really new' products) and this variation is a desired element of the 

research. 
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The variables of interest in this study, with a few exceptions, are measured with 7- 

point interval scales 18 
. In most cases. these measures were anchored at each end of the 

scale by "Strongly Disagree" and "Strongly Agree". Interval scales are arguably the 

most frequently used measures in marketing research. An important property of 
interval scales is their ability to maintain a measurement value for any linear 

transformation,, making them suitable for multiple regression analysis. 

New Constructs in the Framework 

Existing scales from the marketing literature were adopted where applicable to 

measure the theoretical constructs in the proposed framework. This was possible for a 

subset of the constructs only. New scales were developed for learning costs, the three 

standards strategies and the two positional advantage constructs. As these scales were 

untested, 5-9 items per construct were provided in the survey instrument with the 

intention of further refinement down to 4-5 items per construct at the analysis stage. 

A description of the initial survey constructs is presented in Tables 5 and 6. 

Table 6 New Constructs Description 
Construct Operational Definition No of 

Items 
Consumer Interface Two dimensional construct measuring degree to which 
Standard product user interface is: 6 items 
Strategy a) consistent across products 

b) ease of use is emphasised 
Compatibility Measuring degree to which compatibility with 
Standard competitive and complementary products is source of 6 items 
Strategy competitive advantage 
Component Measuring degree to which product technology 
Standard presents a key source of competitive advantage to 5 items 
Strategy company 
Learning Costs Comprising degree to which either training and/or 9 items 

experience is required 
Increased Network Treated as a two dimensional construct consisting of a) 4 items 
Effects direct effects and b) indirect effects. Measures the formative 

presence of complementary products and services, scale 
reference information, and data exchange among 
customers 

Technological Offering product technology that is recognised as 6 items 
Advantage being unique and superior and is widely preferred by 

Customers 
Industi-N, Combined measure of number of competitors in 3 items 
Concentration market, market share of largest competitor and 

combined market share of top 3 firms 

18 The majoritN of qUestions are formatted as Likert or suniniated rating scales. I 
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Table 7 
Modification of Existiniz Constructs 

Complementary Assets Formative scale that assesses reliance on Derivation of 
external versus internal relationships Zahra 1994 

(5 items) 
Reputation Treated as formative construct composed of Derivation of 

a) product quality and innovativeness, Dollinger, Golden 
b)customer orientation; and c) financial and Saxton 1988 
soundness (6 items) 

Performance Uncertainty Construct reflects two dimensions of Derived from 
perceived risk: a) performance uncertainty Oglethorpe and 
and b) impact of negative consequences. Monroe 1994 

(5 items) 
Consumer Heterogeneity Construct reflects variation in background Derived from 

and product usage Eliashberg and 
Robertson 1988 
(4 items) 

Appropriability Measuring difficulty of product imitation Derivation of 
Levin et al 1987 
(4 items) 

Rate of Technological Measured as frequency of change in Modification of 
Change hardware technology, applications Weiss and Heide 

software/accessories & overall technology 1993 
(3 items) 

Nature of Innovation Measuring degree of improvement in Dewar and Dutton 
component or manufacturing processes 1986 

(2 items) 

Aside from the constructs described above, some contextual questions were included 

to provide a richer data set for descriptive purposes. These were items covering 

market breadth, buyer groups and market share. Loyalty was measured as a four item 

construct for initial exploration into performance outcomes. The complete 

questionnaire is provided for reference in Appendix B. 

5.2.2 Scale Development Methodology 

As presented in tables 6 and 7, the scales used in this study were either newly 

developed or modified from previous studies. This increased the importance of the 

scale purification procedures described here. Construct validity was assessed with the 

guidelines outlined by Churchill (1979) and Gerbing and Anderson (1988). The 

measures xx ere revised Linder a two stage process, principal components factor 

analysis to assess dimensionality of the scales; and confirmatory factor analysis to 

confirm the factor structure and validate the measurement model. Scale reliability was 
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assessed by computing Cronbach's alphas (195 1). The formative measures. 

reputation, vertical integration. and increased network externalities. were not included 
in this process. 

Dimensionality 

In the first step of the analysis, the item pool for each reflective construct needs to be 

"purified" and the dimensionality (factor structure) of the data set confirmed 

(Churchill 1979). This can be done using 'classic' factor analysis. Factor analysis 

reduces the number of observed indicators to a set of underlying latent factors which 

are fewer in number than the observed indicators. The assumption is that a common 
factor is the mutual cause of indicators that are correlated. In this study, each 

reflective construct from the model are considered a latent factor measured by the 

indicators (items). Factor analysis was used to confirm the association of each set of 

reflective indicators with each other under a single factor. Additionally, factor 

analysis provides a check of discriminant validity. 

The factor structure for each scale was first examined through principal components 

analysis using Quartimax 19 
. Quartimax is a rotation method that minimises the 

number of factors needed to explain each variable, simplifying the interpretation of the 

observed variable. Given the large number of items under consideration, this 

technique is useful in keeping the number of factors within manageable levels for 

review. The formative constructs, reputation and degree of vertical integration, were 

not considered in this analysis. To identify the number of factors that emerged from 

the analysis, the convention of accepting factors with eigen values greater than one 

was used. 

Internal Consistency 

To assess the internal consistency (reliability) of a reflective multiple indicator 

construct, both Churchill (1979) and Peters (1979) recommend using Cronbach's 

(1951) coefficient alpha. Scores for coefficient alpha (0.7 or above) indicate that the 

indicators are performing well in capturing a particular construct. 
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Bagozzi 0 994) suggested testing the congeneric measurement model developed by 

Joreskog (1971) as an additional check of reliability to Cronbach's (1951) coefficient 

alpha as recommended by Churchill (1979). In confirmatory factor analysis, a set of 

observed variables is related to a set of hypothesized unobserved (latent) variables. In 

the congeneric model, the relationship between an indicator and a theoretical construct 
is represented by (assuming linearity): 

Xi = lkjý + 6i 
where: 

xi = ith item in a set of unidimensional indicators 
=factor loading 
= underlying factor 

61 =residual 

The statistical significance of the factor loadings (ki) is of particular interest as this 

indicates the significance of the relationship between the item and the construct. The 

error variances (81) provides information pertinent to the assessment of 

unidimensionality. These two parameters are used to calculate a reliability index for 

an individual item: 

pi = (ki 2)/ (ki2 + 61) 

as well as for the composite measure formed by the indicators: 
2)/ ((yXI)2 + 

'161) PC (Y-Xj 

The congeneric model can be tested using confirmatory factor analysis, either one 

construct at a time (a single factor measurement model) or by testing a number of 

constructs together (a multifactor measurement model). When there are fewer than 

four indicators per construct, Bagozzi (1994) suggests a multi-factor measurement 

model. 

5.2.3 Measurement Analysis 

Appendix C displays the classic factor analysis and subsequent reliability analysis 

(confirmatory factor analysis, Cronbach alpha) for the original framework measures. 

The classic factor analysis used a principal components analysis extraction method 

19 The SPSS software package was used for this anak sis. 
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(PCA) and initially resulted in a 10 factor solution relating to the 7 reflective multi- 
item exogeneous constructs in the model (learning costs, consumer heterogeneity. 

performance uncertainty, appropriability, nature of the innovation, industry 

concentration,, rate of technological change). The three additional factors revealed by 

the PCA were the result of 5 items which did not fit their construct groupings: 
learning costs (2 items), performance uncertainty (2 items), and nature of the 

innovation (I item). The items were eliminated from the analysis. The consumer 
heterogeneity construct was found to load on two factors. The first four items 

reflected heterogeneity of use; the last two items reflected heterogeneity of skills or 

education. As the construct was intended to capture heterogeneity of use, the second 

group of items was eliminated. 

The nature of the innovation (NINV) construct was not identified as a separate factor. 

NINV relates to the degree of new knowledge or improvement in existing processes 
incorporated in the product. The PCA revealed an underlying commonality with the 

appropriability construct, which measures the ability to capture rents as a result of 

patent protection, secrecy, speed, and/or internal processes. Given these definitions, a 
degree of correlation between high (low) appropriability and high (low) NINV is to be 

expected, and would account for the shared underlying factor. For this reason, NINV 

was retained in the framework. 

Principal components analysis was then used for the mediating constructs of standards 

strategies (component, consumer- interface, compatibility). This analysis resulted in a4 

factor solution relating to 3 constructs, with consumer interface standard loading 

across two factors (ease of use and consistency) as predicted. For the compatibility 

standard construct, one item (reflecting backwards compatibility) loaded on two 

factors, sharing dimensional value with the consumer interface standard "consistency" 

dimension. This item was eliminated from the construct. Principal components 

analysis outcomes for positional outcome measures (technological advantage and 

increased network effects) resulted in a three factor solution for the two constructs, 

reflecting the two dimensional nature (direct and indirect) of the increased network Z-- 

effects construct. One item was eliminated from the increased network effects 
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construct. The principal components analysis for the revised construct set is provided 
in Tables 8 and 9. 

Lisrel 8.12a software was then used to perform the CFA on all reflective constructs 

containing 3 or more items. It was not possible to run the CFA on all exogeneous 

measures in the study simultaneously because of sample constraints; the ratio of 

sample size to the number of parameters did not approach the minimum 5: 1 ratio 

required (see Bagozzi and Baumgartner 1994). Hence, two analyses were run, one for 

the relevant industry and firm resource variables (appropriability, industry 

concentration, and rate of technological change) and another for the demand 

characteristics (performance uncertainty, leaming costs, and consumer heterogeneity). 

Although not as desirable as a multi-factor model incorporating all constructs, the 

CFA analysis allows for comparison between those constructs within a common 

grouping. 

Each construct was reviewed in light of the factor analysis, CFA results and traditional 

reliability analysis, as well as consideration for the item formation. Parsimony was 

also a consideration, and the total number of items per construct was reduced to 5 for 

the longer constructs with little detrimental effect on reliabilities. Eighteen items 

were eliminated and the confirmatory factor analysis was then conducted on the 

revised construct sets. The results are provided in Tables 10 and 11. Reliabilities 

were improved, although several individual items did not reach the desired levels. 

Although it might be possible to further enhance the fit of the models by eliminating 

additional items (e. g. the factor loading for one performance uncertainty item is 

modest at . 38) the remaining items were retained to capture the breadth of the 

constructs. 
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Table 8 
Classic Factor Analysis: Exogenous Variables 

Items descriptions (respondents responded on a7 point Likert scale) Factor 
excep t for Industry Concentration Loading 
Learning Costs 
LC1 Our product requires a major learning experience by the customer . 731 
LC2 Most users need practice to learn to use our product well . 772 
LC3 Users have to change their way of doing things when switching to our . 606 

product from a competitor 
LC4 Most users require training on how to use our product . 846 
LC6 The skills acquired in using our product make it less likely for our customers . 662 

to switch to a competitor. 
Consumer Heterogeneity 
CH1 Our product is used in a wide variety of applications . 695 
CH2 Our product is used in a wide variety of industries 

. 781 
CH3 There is no "typical " user for our product (reverse coded) . 773 
CH4 Our users come from diverse backgrounds 

. 812 
Perfo rmance Uncertainty 
PU2 On average how confident are prospective customers that your product will . 814 

work satisfactorily? 
PU3 On average, how sure are prospective customers that your product will . 765 

perform the functions described in your advertising? 
PU4 On average, how wary are prospective customers of your product . 651 

technology? 
Appropriabillity 
APP1 The unique features of our product cannot be easily imitated by our . 711 

competitors. 
APP2 We protect our competitive advantage by maintaining secrecy regarding . 699 

product and process technology. 
APP3 Our patents prevent our product technology from being duplicated by . 695 

competitors. 
APP4 We maintain our competitive advantage by introducing new product features . 685 

ahead of the competition. 
Industry Concentration 
lCi Number of Competitors in your Market . 638 
IC2 Market Share of your largest competitor . 714 
IC3 Combined market share of the top three firms in your industry . 813 
Rate of Technological Change 
RTC1 How frequently does the technology incorporated in your product change? . 858 
RTC2 What is the pace of change for complementary products or services . 872 
RTC3 At what pace does the overall technology in your industry change? . 866 
NINV was not included as it is a two item construct. 
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Table 9 
Classic Factor Analvsis: EndoLienous Variables 

Items descriptions (respondents responded on a7 point Likert scale) Factor 
Loading 

Compatibility Standard 
"Our marketing efforts for the product have emphasized ............... COMPAT1 compatibility with a broad range of complementary products . 815 

COMPAT2 easy exchange of data with other products . 865 
COMPAT4 how it can be used in conjunction with complementary products. . 673 
COMPAT5 customer's ability to easily exchange data and information with other . 780 

users 
COMPAT6 how easily the product works with other products . 782 
Cons umer-i nterface Standard 

"Our marketing efforts for the product have emphasized ............. 
Dimension 1 
CISTD1 how easy it is for users to interact with the product . 676 
CISTD2 the use of graphics and symbols to simplify product usage . 812 
CISTD3 a set of sequence of operational steps guiding product use . 738 
Dimension 2 
CISTD4 consistency of the user interface across several gen of product . 421 
CISTD5 a consistent user interface for a broad spectrum of users . 557 
CISTD8 a consistent user interface through the development of support and . 383 

training materials. 
Component Standard 

71 "Our marketing efforts for the product have emphasized ............. 
COMPSTD1 cutting edge technology 

. 708 
COMPSTD3 the uniqueness of the product technology . 720 
COMPSTD4 superiority of the product technology over competitive products . 793 
COMPSTD5 performance benefits of the product technology . 745 
Technologic al Advantage 
TA1 Our product is viewed as the technology leader in the marketplace . 783 
TA2 On average customers perceive our product to be technically . 812 

superior to other products on the market. 
TA4 On average, customers perceive our product to incorporate cutting . 554 

edge technology 
TA5 On average, customers perceive our product to perform better than . 766 

other products. 

Composite rellabi lIty2O and average variance 
21 

extracted are two measures of reliability 

SLIggested by Fornell and Larcker (1981) to examine the shared variance among a set 

of observed variables measuring an underlying construct. In general, composite 

reliabilities of at least .6 and average variances extracted of at least 
.5 are considered 

desirable (Bacyozzi and Yi 1988). Individual i1 11 1 r-, item reliability is typically assessed by 

20 Calculated for the constructs as (Y-std. loadings)2//( I std. loadincs)2 + Y-c, 
1 17 2' Calculated for the constrUcts as (I std. loadin (-, S)2! (ýS)2 + 2: Cl (Y- std. loading 
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examining standardised loadings, with . 70 or greater being considered a desirable level 

(implying that roughly 50%. i. e. loading squared, of the variance in the observed 

variable is shared with the construct). 

For the exogenous items, the results in Table 10 reveal that internal consistencies for 

individual items ranged widely, with slightly more than half (12) meeting the desired 

. 
70 level. Composite reliabilities were within an acceptable range for all reflective 

except industry concentration, which was borderline (. 591). However, variance 

extracted was low for two additional variables, appropriability (0.321) and learning 

costs (0.494). For the reflective endogeneous measures, all composite reliabilities and 

variance extracted were within an acceptable range. Overall construct reliability 
22 remains at an acceptable level for exploratory research 

Discriminant validity among the revised constructs shown in Tables 10 and II was 

then assessed by two independent procedures: First, the fit of the factor groups was 

compared with a model for which the correlation between the factors was fixed to be 

equal to unity. Because this additional restriction led to a significant increase in X2, 

discriminant validity is evident. Secondly, using criterion set forth by Dillon and 

Goldstein (1984), the average variance extracted (AVE) was compared against the 

variance share between a construct and other constructs in the model (ie the squared 

correlation between two constructs). A greater AVE is indicative of discriminant 

validity. A comparison of Tables 10 and II with Table 12 shows AVE to be greater in 

all cases. 

'12 This statement is supported b% Peterson's (1994) review of coefficient alpha as published in 
marketin- related _journals 

and proceedin-s: the mean cc = 0.76. 
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Table 10 
Measurement Model for Exogeneous Constructs 

Construct/ Stdised T-value Reliabilities Composite Cronbach's Ave 
Measures Factor (CFA) Reliability Alpha Variance 

Loadings 23 Extracted 
Rate of Tech 0.842 0.843 0.640 
Change 
RTC 1 0.82 13.71 0.67 
RTC 2 0.83 14.04 0.69 
RTC 3 0.75 12.38 0.56 
Appropriability 0.646 0.633 0.321 
Appropl 0.50 6.46 0.25 
Approp2 0.73 8.80 0.53 
Approp3 0.51 6.56 0.26 
Approp4 0.49 6.36 0.24 
Industry 0.591 0.647 0.330 
Concentration 
ICI 0.54 6.02 0.29 
IC2 0.47 5.53 0.22 
IC3 0.69 6.75 0.47 
Learning Costs 0.826 0.824 0.494 
LCI 0.77 13.16 0.60 
LC2 0.83 14.45 0.69 
LC3 0.58 9.00 0.33 
LC4 0.77 13.04 0.59 
LC6 0.51 7.83 0.26 
Consumer 0.814 0.819 0.523 
Heterogeneity 
CHI 0.63 9.79 0.40 
CH2 0.72 11.48 0.52 
CH3 0.75 12.17 0.57 
CH4 0.78 12.68 0.61 
Performance 0.731 0.674 0.500 
Uncertainty 
PU2 0.89 11.66 0.79 
PU3 0.75 10.18 0.56 
PU4 0.38 5.52 0.15 

These are "completely standardised" factor loadings, and are based on both the latent and observed 
%ariables being standardised: parameters are therefore constrained to have an absolute value less than 
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Table 11 
Measurement Model for Endol! eneous Constructs 

Stdised T-value Reliability Composite Cronbach*s Variance 
Factor (CFA) Reliability Alpha Extracted 

Loadings 
Consumer Interface 0.769 0.755 0.537 
Std - Factorl 
cis 1 0.56 7.88 0.31 
CIS2 0.93 12.12 0.86 
CIS3 0.66 9.22 0.44 
Consumer Interface 
Std - Factor 2 0.797 0.799 0.568 
CIS4 0.79 12.03 0.62 
CIS5 0.77 11.74 0.59 
CIS8 0.56 10.64 0.49 
Compatibility Std 0.861 0.867 0.557 
Compatl 0.78 0.61 
Compat2 0.89 13.59 0.80 
Compat4 0.62 9.24 0.38 
Compat5 0.74 11.36 0.55 
Compat6 0.67 10.7 0.45 
Component Standard _ 0.824 0.823 0.540 
Componentl 0.7 11.02 0.50 
Component3 0.71 11.18 0.51 
Component4 0.79 12.83 0.63 
Component5 0.73 11.56 0.53_ 
Technological 0.848 0.848 0.585 
Advantage 
TAI 0.85 14.58 0.72 
TA2 0.83 14.25 0.69 
TA4 0.72 11.67 0.52 
TA5 0.64 10.08 0.41 
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These constructs, their definitions and sources, and a cross reference to the 

corresponding questionnaire items are provided In Table 13. The new constructs 
developed for this analysis are in the following section. 

5.2.4 Operation alizatio n of New Constructs 

Existing scales from the marketing literature were adopted where applicable to 

measure the theoretical constructs in the proposed framework. This was possible for a 

subset of the constructs only. New scales were developed for learning costs, the three 

standards strategies and the two positional advantage constructs. These are described 

as follows: 

Learning Costs A five item scale was used to measure this construct. The 

five items describe the learning investment in terms of the required activity of 

the consumer, specifically: a) repeated practice, b) modification of typical 

operating practices for a given activity, c) training , and d) general skill 

enhancement,, and e)overall learning experience. 

Standards Strategy The standards strategy items (consumer-interface, 

compatibility and component) reflect the marketing efforts for the product; 

viewing them as the clearest illustration of a firm's propensity to pursue a 

given strategy 24 
. The strategies are: 

Consumer Interface Standard Strate Five consumer interface items 

measure the degree to which the company's promotional efforts for the 

product have focused on a) ease of use, b) consistency of the product 

interface, and c) establishment of a specific protocol for product usage. 

Compatibiliýy Standard Strate The compatibilty standard construct 

focuses on the degree to which compatibility with competitive and 

complementary products is promoted by the firm. The four item scale 

addresses compatibilitý- in terms of a) usage -vvith complementary products, 
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b) data exchange between products, and c) compatibility with previous 

generations. 

Component Standard Strate The component standard strategy scale 
describes the degree to which product technology is promoted in the firm's 

marketing efforts. The four item scale measures the marketing emphasis 

placed on the a) product technology's performance benefits, b) superiority 

over competition, and c) uniqueness. 

It is reasonable to believe that there would be a link between a firm's promotion 

of a standard and its successful establishment. Past research promotes the 

premise that the greater the amount of marketing resources a firm invests in the 

development and launch of a new product, the higher its probability of success. 
(e. g. Green, Barclay and Ryans 1995; Szymanski, Troy and Bharadwaj 1995). 

Within the standards literature, a firm's marketing activities (and other directed 

efforts) have been shown to be associated with the establishment of compatibility 

standards. (e. g. Besen and Farrell 1994; Postrel 1990). For consumer-interface 

standards, a great deal of uncertainty is associated with the performance of new 

interfaces, since they are likely to imply novel tasks for the consumer (Glazer 

1999; Sujan 1985). Firms introducing products that involve a novel interface 

have to communicate effectively with consumers such that this uncertainty is 

reduced. Prior research in consumer behaviour suggests that emphasizing ease of 

use (Hoffman and Novak 1996; Szajna 1996) can serve to reduce uncertainty and 

increase adoption. 

Increased Network Effects This four item scale is intended to measures the 

degree to which a user sees increased benefit from the product by the existence 

of other product users. As such it attempts to measure the level of exchange 

between products (direct externality effect) and level of supporting products 

and services that have resulted from the product's existence and growth 

(indirect externality effects). 

emphasizing ease of use (Hoffman and Novak 1996, Szajna 1996) can serve to reduce uncertainty and 
increase adoption. 
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Technological Advantgge The four item technological advantage scale describes 

the degree to which the product is viewed as a) technologically superior. and b) 

higher performing, by customers as compared to competitive offerings. 

Aside from the constructs described above, some contextual questions were included 

to provide a richer data set for descriptive purposes. These were single items covering 

industry growth rate, market breadth, and market share. Loyalty was measured as a 

four item construct for initial exploration into performance outcomes. The complete 

questionnaire is provided for reference in Appendix B. 
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Table 13 
Construct Measurement Summary 

(Revised Construct Set) 
Construct Operational Definition Construct Sources Q'aire 

Reference 
Consumer Measuring degree to which product user New Construct 5 items: 
Interface Standard interface is : a)unique, b)easy to use, and 21j-1. p, q 
Strategy c)promoted by company 
Compatibility Measuring degree to which compatibility New Construct 4 items: 
Standard with competitive and complementary 21 a-c, I 
Strategy products is source of competitive advantage 
Component Measuring degree to which product New Construct 4 items: 
Standard technology presents a key source of 21m, t, v, w 
Strategy competitive advantage to company 
Complementary Formative scale that assesses reliance on Derivation of Zahra 5 items: 
Assets external versus internal relationships (1994) 16a-e 

Formative measure 
Reputation Treated as multi-dimensional construct Derivation of 6 items: 

composed of a) product quality and Dollinger, Golden 15a-f 
innovativeness, b)customer orientation; and and Saxton 1988 
c)financial soundness Formative measure 

Performance Construct reflects two dimensions of Derived from 5 items: 
Uncertainty perceived risk: a) performance uncertainty Oglethorpe and 20a-e 

and b) impact of negative consequences. Monroe 1994 
Learning Costs Comprising two dimensions: Training New construct 5 items: 

required and experience required 18a-d, f 
Consumer Construct reflects dimensions measuring Derived from 4 items: 
Heterogeneity a)skills b) training Eliashberg and ]8j-m 

Robertson ( 19 8 8) 
Increased Network Treated as a multidimensional construct New construct 4 items: 
Effects consisting of direct and indirect effects Formative measure 19c, fh, i 

Measures the presence of complementary 
products and services, reference 
information, and data exchange among 
customers 

Technological Offering product technology that is New Construct 4 items: 
Advantage recognised as being unique and superior 22e-j 

and is widely preferred by customers 
Appropriability Measuring difficulty of product imitation Derivation of 4 items: 

Levin et. al 1987 22a-d 
Rate of Measured as frequency of change in Modification of 3 items: 
Technological hardware technology, applications Weiss and Heide 12a - 12c 
Change software/accessories & overall technology 1993 
Nature of Measuring degree of improvement in Dewar and Dutton 3 items: 
Innovation component or manufacturing processes 1986 22k-m 
Note: NINJI was not included as it was a rivo item construct. 
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6. ANALYSIS OF DATA 

This chapter describes the analytical procedures and results for the conceptual 

framework developed in chapter 4. The impact of firm resources, demand 

characteristics and technology characteristics is explored. The influencing factors 

reviewed are the degree of vertical integration within the firm, firm reputation, 

performance uncertainty, learning costs, consumer heterogeneity, degree of 

appropriability, the rate of technological change and the nature of the innovation 

(where the innovation was radical). The outcome of this strategy is then assessed for 

positional advantages - greater network externalities and/or technological advantage. 

Two approaches are taken to test the hypothesised relationships: (i) regression analysis 

and (ii) structural equation modelling approach. 

6.1 Response Bias 
Given that the data was collected in several waves and because postal and telephone 

surveying was conducted, it is important to investigate for any response or 

methodology bias. Nonresponse bias was tested by comparing early and late 

respondents (Armstrong and Overton 1977). The data set was divided into thirds: i) 

those responding to the first mail survey wave, ii) those responding to the second 

wave, and iii) those responses that resulted from the telephone survey. The basic 

rationale is that late respondents are more similar to nonrespondents than are early 

respondents. To examine the possible difference between groups, analysis of variance 

was conducted with mean responses to each of the variables included in the model. 

These tests indicated significant differences for some variables between the three 

groups. Further investigation revealed these findings to be attributable to industry 

differences between the three groups. When industry level effects were controlled for, 

differences between the waves were largely eliminated. (the exception to this is the 

industry group labelled "other", which could be expected to contain a spread of 

industries). Results of this analý,, sis are provided in Appendix D. Industry- spec i fic 

variation was observed for vertical integration. rate of technological change. teaming 

costs, consumer heterogeneitv. nature of innovation. ) and all the standards strategies. 

104 



This last finding is not unexpected given the anticipated influencing impact of t= 
industry-level characteristics such as concentration, gro"th rate, and pace of 

technological change. However, variation in learning costs, consumer heterogeneityý 

nature of the innovation and vertical integration was not anticipated and is discussed 

in the next section. However,, as industry level effects are controlled for (both directly 

and indirectly) in the model, it was concluded that the data were sufficiently free of 

nonresponse bias to permit further analysis. 

Table 14 
Industry Response Profile 

Industry Frequency Percent 
Computer Hardware 19 8.1 
Computer Software 60 25.6 
Consumer Services 14 6.0 
Telecommunications 19 8.1 
Industrial Equipment 59 25.2 
Consumer Electronics 11 4.7 
Consumer Durables 8 3.4 
Other 43 18.4 
Total 234 100.0 

6.2 Multicollinearity 
Prior to any formal analysis of the hypothesis, the variables were examined for 

multicol linearity. The econometric literature typically takes the theoretical position 

that predictor variable constructs are not collinear in the population, and that any 

observed collinearity in empirical data is a sample-based problem (Mason and 

Perreault 1991). However, in many marketing situations, it is unrealistic to assume 

that predictor variables will always be strictly orthogonal at the population level. 

Typically, multicol linearity is present to some degree within any multivariate analysis. 

High collinearity does have several potentially undesirable consequences though, such 

as parameter estimates that fluctuate dramaticall. v xvIth small changes in the sample. 

theoretically important variables with insignificant coefficients and/or the wron(-, sign. 
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The literature provides numerous suggestions for diagnosing collinearity, ranging from 

simple rules of thumb to complex indices. The presence of one or more large bivariate 

correlations indicates strong linear associations, suggesting collinearity may be a 

problem; .7 or .8 are commonly used cutoffs. Table 12 reports correlations among the 

variables previously presented. On examining the correlation matrix, we find that 

there are small, but significant associations between a number of exogeneous variables 

(e. g. appropriability and reputation (r = . 267), learning costs and performance 

uncertainty (. 309), performance uncertainty and reputation (-. 348). The potential 

moderating affect of appropriability has already been discussed and will be 

investigated further in the analysis. The multicol linearity between performance 

uncertainty and other factors may lessen it's impact within the analysis. 

The impact of multicol linearity was further investigated by regressing each 
independent variable on all the other independent variables and looking at the R2. This 

test is superior, as the user will never mistakenly reject the possibility of severe 

multicol linearity because the pattern of intercorrelation is not reflected in the bivariate 

correlations. independent variables. A common rule of thumb suggests that 

collinearity is a problem if any of the R2ks exceed the R2 of the overall model (Mason 

and Perreault 1991). This analysis revealed that for most variables the proportion of 

variance not accounted for by the other independents in the model was at least 
. 
80. (R 2 

< . 
20). For these variables, multicollinearity should not be a substantial issue among 

the data, as the three standards models have higher R2 values. However, reputation (R 2 

2 =. 287) and performance uncertainty (R =: . 274) are more problematic. The regression 

showed reputation to be a linear combination of several variables: vertical integration, 

performance uncertainty, appropriability and nature of the innovation. Likewise, 

performance uncertainty showed a strong relationship with reputation and learning 

costs. 

Numerous approaches have been proposed for coping with collinearity, none entirely 

satisfactory. The simplest approach is to drop one or more of the collinear variables, 

but it introduces new complications, as model may then be misspecified, and it 

becomes impossible to identify the relative importance of the predictor variables. 
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Another remedy is to transforin the raw data to create a new orthogonal matrix. One 

straightforward approach is to mean-centre the data to reduce multiplicative effects. 

This was attempted, but did not eliminate the collinearity effects. Another common 

technique is to use principal components analysis to create an orthogonal data set. 

However this method also sidesteps the question of relative importance of the original 

variables and there is no guarantee that the new composite variables will have some 

useful interpretation 25 
. 

Ultimately, a decision was made to retain the suspect constructs in the model. 

Referring to Mason and Perreault's (1991) simulation studies on collinearity effects, 

the level of Type 11 error introduced into the model should be relatively low given the 

large sample size and low bivariate correlations. 

6.3 The Effects of Antecedent Factors on Firm Standards 

Strategy 
In hypotheses HI to H 11, the effects of antecedent factors representing a potential 

source of advantage to the firm (firm resources, demand characteristics and industry 

characteristics) are proposed to impact a firrn's propensity to pursue a given standards 

strategy in the marketplace (consumer interface standard, component standard, 

compatibility standard). To test the hypotheses, 3 models are proposed (equations I 

to 3 below) in which the competitive emphasis (i. e. the standard strategy pursued) is 

regressed on the antecedent factors and environmental characteristics. 

involves biased estimators such as ridge regression (Vinod 1978). These Another class Of approaches I Zý, I 
models attempt to produce an estimator with lower mean square error than the OLS estimator by trading 
off a small amount of bias in return for a substantial reduction in variance. This technique was not 
attempted as there is no NN aý to confirm either the reduction in mean square error or the introduced bias 
le\el (Mason and Perreault 1991) 
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Figure 2 Standards Strategy Framework 

FIRM RESOLIRCES 

Access to Complementary assets 
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Customer-interface 
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DEMAND CHARACTERISTICS )111 N erw ork 

0R Externalities 
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OR 
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Rate of Technological Change 

Sources of Advantage 30- Positional Advantage 

EQUATIONS 

Equation 1: Choice of Consumer Interface Standard Strategy 

ClSi = PIO + P1 IVIi ++ P12PEPi + P13 RADj + P14PUi + P15LCI + P16CHi 

+ P17RTCI+ Fji 

Equation 2: Choice of Compatibility Standard Strategy 

CSI = P20 + P21VII + P22R-F-Pi + 023 APPi +P24RAD, + P25PUi + P26LCi 

P27CH, +P28RTC, + +P29 IQ + F-2i 

Equation 3: Choice of Component Standard Strategy 

CPSI ---::: 
P30+P31 REPI + P32APPI + P33RAD, + P34PU + P35LCI + P36CHi 

+ P37RTC, +P38 IQ + F-3i 

where 
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CISI = Consumer- interface Standard Strategy for firm i 

CS, = Compatibility Standard Strategy for firm i 

CPSi = Component Standard Strategy for firm i 

VII = Complementary Assets through Vertical Integration for firm i 

REPi = Reputation for firm I 

APPI = Appropriability for product of firm i 

RADi = Nature of Innovation (radical vs. incremental) for firm i 

Pui = Performance uncertainty of product for firm i 

LQ = Leaming costs associated with product of firm i 

CHi = Consumer Heterogeneity in market for firm i 

RTC, = Rate of Technological Change for industry of fin-n I 
ICI = Industry Concentration for firm i 

Error term for the C onsumer- interface standard equation 

F-21 = Error term for the Compatibility standard equation 

F-31 = Error term for the Component standard equation 

Regression Analysis 

The antecedents of a firm's standards strategy were first examined in an ordinary least- 

squares multiple regression analysis. Regression is the dominant analytical 
framework in the marketing literature for survey research using continuous variables. 

A key assumption underpinning use of OLS regression analysis is that the dependent 

(predicted) variable of interest is measured on a continuous, interval scale (ie the 

measurement has both order and is meaningful in respect of the distance between 

valueS)26. Many research applications in marketing are concerned with a dependent 

variable which is categorical, but which is also ordinal in nature - where the categories 

can be ordered from lower to higher. In recent years, many researchers have argued 

that Likert-type scales of preference or agreement should be treated as discrete choice 

26 If this OLS assumption is violated (e. g. where the dependent variable is nominal or categorical), then 
a number of serious problems may arise with the OLS model: a)meaningless predictions outside the 
range, or between the values, of the scale of the nominal dependent variable may occur; b) invalid 
hypothesis testing may occur in respect of the coefficients of the explanatory variables (t-values) and the 
regression line (F-values) - based on incorrect sampling variances and inconsistently estimated standard 
errors, and c) as a result of (a) and (b). the R2 as a measure of goodness of fit may be misleading (see 
Aldrich and Nelson 1984). 
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variables as opposed to continuous variables. For these cases, an ordered logit model 

may be appropriate. which uses a maximum likelihood function to estimate the model 

parameters. 

An ordinal approach was not applied to this thesis for two reasons. First,, the use of 

established formath, e predictor scales (e. g. reputation, complementary assets) in the 

model made a logit approach problematic. Although, it is possible to incorporate 

formative measures in an ordered logit (for example, by using WLS analysis of 

polychoric correlations in Lisrel) it is not widely adopted. Second, given that one 

objective of the study was to develop a model that would be relevance to managers, an 

OLS framework is the easiest approach for practitioners to understand. Using an OLS 

approach with Likert scales is widely done in the marketing literature, particularly 

when the DV has 5 or more categories as this research does. 

The five models contain 13 latent variables indicated by 53 manifest variables (items). 

Two approaches were used to study industry level effects. In the first, industry 

characteristics from the framework; rate of technological change and industry 

concentration, were measured to investigate for firm-level differentiation. The results 

were then compared against a respecified model containing additional industry dummy 

variables, and the hypotheses were tested. In both cases, a measure of firm sales was 

added to the analysis to account for differences in firm size. With each standards 

strategy as the dependent variable, Pl-P9 were tested by examining the statistical 

significance of the coefficients in the three models. 

This approach is intentionally pragmatic, allowing for the assessment of the specific 

industry-level constructs hypothesised in the conceptual framework, and also allowing 

for broader scope in accounting for industry-level variation. As noted in section 6.3, 

industry-specific variation was observed for most of the exogeneous and endogeneous 

constructs (See Table 15) Vertical integration, rate of technological change, learning 

costs, consumer heterogeneitý,. nature of innovation; all standards strategies were 

found. Standards strategies were also found to van, with company size 

(operational i sed as f sales). Dummy variables in the regression analysis should 
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absorb these industry-level differences. However, the use of dummy variables xvill 

also dilute the impact of the industry level constructs; hence it is appropriate to 

evaluate the model using two methods. The first, using industry constructs, allows for 

industry level variation to be reflected fully by the constructs. In the second, a broader 

adjustment for industry using the dummy variables allows the firm and demand level 

characteristics to reflect their relationship with standard strategy independent of any 

industry level factors, regardless of whether they were initially hypothesised. 

Table 15 
ANOVA by Industry 

F Sig. 
Reputation 1.404 . 205 
Vertical Integration 3.318 . 002 
Rate of Technological 
Change 

6.473 
. 000 

Learning Costs 3.569 
. 001 

Consumer 
Heterogeneity 

2.772 . 009 

Performance 
Uncertainty 

1.161 . 326 

Appropriability 1.194 . 307 
Nature of Innovation 2.391 . 022 
Consumer Interface 
Std 

2.619 . 013 

Compatibility Std 6.175 . 000 
Component Std 3.477 . 001 
Increased Network 
effects 

1.872 . 075 

Technological 
Advantage 

. 
908 . 501 

6.3.1 The Standards Strategy Models with Industry-level Constructs 

The regression results for the three standards strategies with industry level constructs 

are provided in Table 16. Across the three standards, eleven (11) out of 24 

relationships were supported. Examination of each model reveals that the significant 

associations varied among the standards strategies, with only one construct. learning 

costs, supported across all models R2 varied between 
. 
279 for compatibility standard 

to . 
428 for component standards. 



Each of the antecedent factors is discussed below. Weak associations (p<. 10) are 

included for discussion, as one-tailed significance testing is appropriate when the 

phenomena under study suggests the sign of the slope, as hypothesized in the 

standards framework. 

Firm resources 

HI examines whether a firm's standard strategy is affected by the degree of vertical 

integration. No significant relationships were found for consumer interface standards 

and compatibility standards. For component standards, the relationship was weak 

(p<. 10, one-tailed test) and the direction of the relationship was the reverse of that 

predicted by the literature. 

For H2, reputation was supported for all standards types but the relationship was the 

reverse of expected for compatibility standards. The original hypotheses postulated a 

negative relationship for compatibility standards, but the relationship is positive. A 

possible argument for this positive association is that a firm with a stronger overall 

reputation is more likely to successfully pursue alliances with competitors and 

complementary providers and therefore will have a stronger propensity to pursue 

compatibility between products. 

H3 was supported. The analysis revealed that appropriability had a positive impact on 

a firm's propensity to pursue a component standard or consumer interface standard, 

and a negative impact on propensity to pursue a compatibility standard as 

hypothesised. The influence of appropriability would be expected to be strongest for 

component standards, which the analysis reveals. 

For H4, a radical innovation was found to positively affect the propensity to pursue a 

component standard and a consumer interface standards. H4 was not supported for 

compatibility standard strategy. L- I 

ii? 



Demand Characteristics 

The influence of demand characteristics (H5-7) on firm standards strategy 'kvas 

partially supported. No relationship was found for component standards. This may 

be due to the lower reliability of the performance uncertainty construct. and its 

correlation with other exogeneous variables. 

Learning costs (H6) were found to be positively and significantly associated with 

consumer interface and compatibility standards strategies, as hypothesised. 

Consumer heterogeneity (M) was postulated to have a positive impact on all 

standards types. Support was found for both compatibility (strong association) and 

consumer-interface strategies, but no relationship was found for component standards. 

Industry Characteristics 

The impact of industry characteristics was only somewhat supported. The rate of 

technological change (1-18) was supported for consumer interface and compatibility 

standards strategy. Industry concentration (1-19) was found to be a strong significant 

factor for component standards strategy, and more weakly supported for compatibility 

standards. 
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Table 16 
Multiple Regression Model of Hypothesized Predictors of Standards Strategy 

With Industm-level Constructs 
Dep endent Variable 

Cons umer- interface Compatibility Standard Comp onent Sta ndard 
Standard 

Independent Exp Std T-stat Exp Std T-stat Exp Std T-stat 

Variables Sign Beta Sign Beta Sign Beta 

FIRM RESOURCES 
Vertical Integration (H I) + . 

076 1.095 . 
030 

. 416 na 
Reputation (1-12) + . 

227 3.023*** 
. 
042 0.518 + . 

061 0.964 
Appropriability (1-13) na -. 146 -1.933* . 

335 5.305*** 
Radical Innovation (1-14) + . 

174 2.496** + . 
079 1.059 

. 
343 5.532*** 

DEMAND 
CHARACTERISTICS 
Perf. Uncertainty (1-15) + -. 076 -. 989 + -. 150 -1.869* + -. 027 -. 432 
Learning Costs (1-16) + . 

256 3.379** + . 
285 3.554*** + . 

222 3.462*** 
Cons. Heterogeneity (1-17) + . 

106 1.504 + . 
230 3.071 + -. 021 -. 3) 1 3) 

INDUSTRY 
CHARACTERISTICS 
Rate of Tech. Change (1-18) + . 

148 2.118** + . 
242 3.317*** -. 014 

. 
238 

Industry Concentration (1-19) na + . 
057 

. 
806 13 5 -2.335** 

Constant - . 
157 - 1.026 - 2.589** 

MODEL SUMMARY 

R2 . 
312 

. 
279 

. 
428 

F (p-value) 9.144 (. 000) 6.080 (. 000) 15.467 (. 000) 

*** = p<. 01, **= p<. 05, *= p<. 1 

na Not Applicable. The relationship was not hypothesised. 

6.3.2 The Standards Strategy Model with Dummy Variables 

Given the mixed support for industry factors but the presence of large industry level 

differences noted in the descriptive analysis, it appears that other industry level 

tactors may be influencing the results. In order to further explore these effects, the 

model was re-specified with the inclusion of industry level dummy variables as well as 

the original industry characteristics (see Table 17). 

Across the three standards, II out of the 24 relationships were supported. A 

comparison of the expanded model against the original framework reveals an increase 
2 

in the explanatory power of all three models as expected, ranging from R= . 
345 to 
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. 492. At the factor level, overall differences in impact were negligible between the 

two analyses, with one exception. Given the minimal impact of the dummy variables 

and in the interest of a parsimonious model, the original model containing industry 

characteristic constructs was retained for the subsequent analyses. 

Table 17 
Multiple Regression Model of Hypothesized Predictors of Standards Strategy 

With Industrv Dummv Variables 
Dependent Variable 

Consumer- interface Standard Compatibility Standard Component Standard 

Independent Expect Std. T-stat Exp. Std. T-stat Exp. Std. T-stat 
Variables Sign Beta Sign Beta Sign Beta 

FIRM RESOURCES 
Vertical Integration (H I) + . 083 1.131 -. 021 -. 278 na 
Reputation (1-12) + . 215 2.826*** -. 003 .03 33 + . 061 . 966 
Appropriability (1-13) na -. 081 -1.060 . 

298 4.767*** 

Radical Innovation (1-14) + . 
187 2.60')** + . 

115 1.530 3 44 5.593*** 

DEMAND 
CHARACTERISTICS 
Perf Uncertainty (1-15) + -. 088 -1.120 + -. 169 -2.103** + -. 046 -. 729 

Learning Costs (1-16) + . 
241 '). 012*** + . 

234 2.859*** + . 
276 4.261 

Cons. Heterogeneity (1-17) z: 1 + . 
114 1.550 + . 

242 3.226*** + -. 018 
. 
302 

INDUSTRY 
CHARACTERISTICS 
Rate of Tech. Change + . 

165 2.148** + . 194 2.528*** 
. 
025 

. 
402 

(H8) 
Industry Con. (1-19) + . 

062 
. 900 -. 156 2.752*** 

Constant - -. 161 - 1.417 - 3.268*** 
MODEL SUMMARY 

R2 -34 
5 . 

359 
. 
492 

F (p-value) 5.401 (. 000) 4.936 (. 000) 10.822_ (. 000) 

***=p<. Ol **=p<. 05 *=p<. l 
a p<O. 10 for one-tai led test of sign ificance 
na Not Applicable. The relationship was not hypothesised. 
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Table IS 
Summary of Results for Predictors of Standards StrateLjy 

Component Compatibility Consumer- 
Standard Standard interface Standard 

Prop Independent E. S Supported ES Supported E. S Supported 

Not Not Not 
Supported Supported Supported 

x x x 
HI Vertical Int. x + x 
H2 Reputation + x + 
H3 Appropriability + 4 - 4 

H4 Radical + x + 
Innovation 

H5 Perf. + x + x + x 
Uncertainty 

H6 Learning Costs + + + 
H7 Cons. + x + + x 

Heterogeneity 
H8 Rate of x + + x 

Technological 
Change 

H9 Industry Con. x 

6.4 The Effects of Standard Strategy on Positional 

Advantage 
In chapter 4, a positive relationship between the firm's standards strategy and 

positional advantage in the marketplace was hypothesised. To test the hypotheses, two 

models are proposed (Equations 4 and 5 below) in which positional advantage is 

regressed on the firm's standard strategy. 

Equation 4: Network Effects 

NEI = P40 + P41CISi + P42CSi + P43CPSi + F-41 

Equation 5: Technological Advantage 
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TAi = P50 + P5 
I ClSi + P52CSi + P53CPSi + 85i 

where 
cisi 

Csi 

cpsi 

NEj 

TA, 

F-41 

E 51 

= Consumer-interface Standard Strategy for firm i 

= Compatibility Standard Strategy for firm i 

= Component Standard Strategy for firm i 

= Increased Network Effects for product of firm i 

= Technological advantage for product of firm i 

= Error ten-n for the Increased Network Effects equation 

= Error term for the Technological Advantage equation 

Using the same methodology used in equations 1-3, the impact of a particular 

standards strategy on the firm's positional advantage was then investigated (Table 19). 

Looking at increased network externalities, the analysis reveals strong relationships 

for both compatibility standards and consumer interface standards, and a relatively 

strong (but reverse) association with component standards. 

The relationship between increased network effects and component standards merits 

further discussion. It appears that a propensity to pursue a component standards 

strategy is more likely to result in higher network externalities for the firm, the 

opposite of what the literature suggests. This result is at first difficult to interpret. 

However, it is possible that products which become component standards are more 

likely to receive indirect network externalities in the market, through complementary 

products which interface or the availability of increased training and support and 

reference material. Indeed. ) when the network externality construct is divided into two 

components, direct and indirect effects, a strong and significant relationship is found 

between component standards and indirect effects, but no relationship is revealed 

between component standards and direct externality effects. 
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The analysis also supports the hypothesis that pursuit of component standards would 

result in increased technological advantage. The relationship between technological 

advantage and compatibility standards was not supported. A weak positive 

relationship is indicated between consumer interface standards and technological 

advantage (p<. 10, one tailed test), whereas a negative relationship had been 

hypothesised. It is possible that a successful consumer interface standard encourages 

the development of product features enhancements and their increased utilisation that 

are interpreted as technological advancements by the marketplace. 

Table 19 
Model of the Relationship Between Standards Strateav and Positional AdvantaLye 

Dependent Variable 
Increased Network Externalities Technological Advantage 

Predictor 
Variables 

Exp. 
Sign 

Beta T-Statistic Exp. 
Sign 

Beta T-statistic 

(Constant) 4.333*** 7.687*** 
Consumer 
Interface 
Standards 

+ . 16 2.211 . 090 1.434 

Compatibility 
Standards 

+ . 250 3.503*** + . 044 . 739 

Component 
Standards 

. 105 1.588 + . 595 10.83 1 

R2 . 169 . 421 
F 15.111 54.495*** 
** *= p<. O I** p<. 05 * p<. 10 
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Table 20 
Summarv of Results for Predictors of Positional AdvantaLye 

Prop 4 Independent Dependent Exp. Supported -' 
Assoc. Not Supp. X 

H12 Compatibility Increased Network + 
Std Effects 
Component Std Increased Network x 

Effects 
H12 Consumer Increased Network + 

interface std Effects 
H13 Compatibility Technological + x 

Std Advantage 
H13 Component Std Technological + 

Advantage 
Consumer Technological x 
interface std Advantage 

6.5 The Mediating Effects of Standards Strategy on the 
Relationship between Sources of Advantage and Positional 
Advantage 

The integrated framework I proposed in chapter 4 positions sources of advantage (firm 

resources, demand characteristics, industry characteristics) as influencing factors on 

the firm's standards strategy which in turn affects the positional advantage achieved 

by the firm. I am therefore arguing that the effect of these antecedents on positional 

advantage is indirect and mediated by the behaviour (the standards strategy pursued) 

of the firm. In reality, it is likely that these exogeneous factors can affect positional 

advantage both directly and indirectly through the firm's competitive emphasis 

(standards strategy). Examination of the significance of the mediating variables is 

helpful in assessing these direct and indirect links. 

To establish mediation, Baron and Kenny (1986) argue that the following conditions 

must hold: 

1) the independent variable must affect the mediator in (a) 
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2) the independent variable must affect the dependent variable in (b) 

3) the mediator must affect the dependent variable in (c) 

4) and if all above conditions hold, then the effect of the independent variable 

on the dependent variable must be less in (c) than in (b), i. e. having 

controlled for the effect of the mediator, the observed effect between the 

independent and dependent variables will decrease. If it reduces to zero 

there is perfect mediation. 

Following Baron and Kenny (1986) 1 estimated three regression equations to test the 

mediational effects. In (a) I regressed standards strategy (the hypothesised mediators) 

on sources of advantage (the independent variables), the results of this model are 

reported in the previous section. In (b) I regressed positional advantage (the 

dependent variable) on the sources of advantage. In (c) I regressed positional 

advantage on both standards strategy and antecedent factors (the sources of 

advantage). 

Figure 3 Overview of Mediational Test 

b 
Sourc es of Positio na I 
Advan t age Advan tage 

a 

Standards 
Strategy 

C 
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With (a) having already been estimated in section 6.3.1, four positional advantage 

equations (6) through (9) were proposed to represent (b) and (c) above respectively 

(6) NEj = 060 + 061VIi ++ P62REPi +i+ P63 APPi + P64 1*"ýl 

065PUi + P66LCi +067CHi +P68GR, - + P69CONi+ P610 RTCi 

F- 61 

(7) TAi = P70 + P71VIi ++ P72REPi ++ P73 APPi + P74NINVi + P75PUi 

ß76LCi + ß77CH, + ß78GRi + ß79C0N1+ ß71o RTCj +F- 71 

(8) NlEj = P80 + P81VIi ++ P82REPi +i+ P83 APPi + P84NINVi + P85PUi 

+ P86LCi + P87CHj +P88GRi + P89 CONj+ No RTCi + 

P81 
ICISi + P812CSi + P813CPSi + F-81 

(9) TAi = P90 + P91VIi ++ P92REPi +i+ P93 APPi + P94NINVi + P95PUi 

P96LCi + P97CHi + P98 GRi + P99 CON, - + P910 RTCj + P91 ICISj 
P912CSi + P913CPSi + 691 

where 
CISI = Consumer-interface Standard Strategy for firm i 

CSI = Compatibility Standard Strategy for firm i 

CPSI = Component Standard Strategy for firm i 

vii = Complementary Assets through Vertical Integration for firm i 

REPI = Reputation for firm i 

APPi = Appropriability for product of firm i 

NINVj = Nature of Innovation (radical vs. incremental) for firm i 

Pui = Performance uncertainty of product for firm i 

LQ = Learning costs associated with product of firm i 

CHI = Consumer Heterogeneity in market for firm i 
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RTC] Rate of Technological Change for industry of firm I 

CON, Industry concentration for firm i 

661 - Error term for the Increased Network externalities equation without 

standards strategy 

F- 71 = Error term for the Technological Advantage equation without standards 

strategy 

681 = Error term for the Increased Network externalities equation with standards 

strategy 

F-91 = Error ten-n for the Technological Advantage equation with standards strategy 

The results for the restricted models (6) through (9) are reported in Table 2 1. 
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Table 21 
Mediational Tests 

Dependent Variable 
Incr. NE (6) Tech Adv (7) Incr. NE (8) Tech Adv (9) 

Independent Beta t-stat Beta t-stat Beta t-stat Beta _ t-stat 
Variables 
Vert Integ. (HI) 024 -. 330 -. 109 -1.755* -. 046 -. 655 -. 096 - 1.721 
Reputation (H2) . 035 . 443 . 284 4.112 *** -. 018 -. 224 . 245 3.805*** 
Appropriability (1-13) . 172 2.304** . 213 3.312*** . 213 2.671 . 093 1.476 
Radical Innovation . 131 1.756* . 312 4.827*** . 095 1.182 . 126 1.972** 
(1-14) 
Perf. Uncertainty (1-15) -. 137 -1.733* -. 145 -2.123 -. 123 -. 1.593 -. 156 -2.543** 
Learning Costs (1-16) . 166 2.188** . 167 2.547** . 068 . 860 . 088 1.421 
Cons. Heterogeneity . 060 . 819 -. 038 -. 603 . 004 . 056 -. 046 -. 805 
(1-17) 
Rate of Tech. Change . 192 2.663** -. 026 -. 422 . 124 1.702* -. 034 5 82 
(1-18) 
Industry Con. (1-19) . 056 . 780 -. 077 -1.251 . 026 . 371 -. 032 -. 565 
cis . 124 1.465 -. 025 -. 374 
COMPAT STD " 1) 6 2.733*** . 092 1.409 
COM PON ENT STD -. 012 -. 140 . 454 6.581 
(Constant) . 899 4.032*** 1.103 2.879*** 
R2 . 164 . 372 . 227 . 512 
F 3.998 12.09 4.366 15.627 

9 
-1 1 1 - ***= p<. Ol ** p<. 05 * p<. 10 

a p<. 10, one tailed test 

Equations (7) through (9) have reasonable R2s and have F values significant at p< . 01. 

Equation (6) shows weaker results (R 2= 
. 153 and F significant at p< . 05). The 

maximum variance inflation factor 27 (VIF) associated with any of the independent 

variables is 1.756, which is well below the cut-off of 10 recommended by Mason and 

Perrault (1991). These equations can therefore be relied upon to provide good 

estimates of the statistical significance and effect sizes modelled. 

2' VIF 
,j 

is a measure of the impact of collinearity on the precision of estimation, for a coefficient bj 

captured by I /( I -Rj2). It reflects the multiple correlation for the regression of a particular x on the other 
I-I 

independent variables. 
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Equation (6) clearly demonstrates that only two sources of advantage affect increased 

network effects: appropriability (P < . 201. p<. 05) and rate of technological change 

(P=. 178, p<05). When network effects is regressed on both sources of advantage and 

standards strategy (equation (8)), appropriability is found to be significant (P = . 
214, 

P<. 05), with a weaker relationship displayed with rate of technological change (P = 

. 
107, p<. 10, one tailed test) Amongst the standards strategy, only compatibility 

standard has an effect (P = . 372, p<. 01) 

For technological advantage, equation (7) show that many antecedent factors impact 

strongly and significantly on technological advantage (reputation, appropriability, 

radical innovation, growth rate) and three additional factors have a marginal effect 

(performance uncertainty, learning costs, industry concentration). When technological 

advantage is regressed on both sources of advantage and standards strategy (equation 

9), only reputation and growth rate are found to be significant at P<. 10, with weaker 

relationships displayed with radical innovation and performance uncertainty (p<. 10, 

one tailed test). Amongst the standards strategy, only component standard has an 

effect (P = . 396, p<. 01). 

I then applied the four conditions specified by Baron and Kenny (1986): 

ý, Condition I specifies that the independent variables must affect the 

hypothesised mediator. The resulted reported in Table 16 show that II of 

the 23 relationships hypothesised affect the mediating variable of standards 

strategy. 

Condition 2 specifies the independent variables must affect the dependent 

variable (equations 6 and 7). As described above, two variables 

(appropriability. rate of technological change) were found to significantly 

affect increased network effects. For technological advantage, six variables 

were positively related: reputation, appropriability, radical innovation, 

growth rate and industry concentration; with performance uncertainty and 

learning costs marginally related. 
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Condition 3 specifies the mediator must affect the dependent variable 

(equations 8 and 9). For this condition, the dependent variable is regressed 

on both the mediator and the independent variables. For increased network 

effects (equation 8), compatibility standards had an effect. For 

technological advantage. component standards had an effect. 

Condition 4 specifies that if conditions 1-3 hold, the effect of the 

independent variable must be less in equations (8) and (9) than in (6) and 

(7) respectively. For increased network externalities, this was true for all 

variables except appropriability, which saw a marginal increase in equation 

(8) over equation (6) W83 = . 214, P63 = . 201). For technological 

advantage, the effect of all independent variables was less in equation (9) 

than in equation (7). 

This procedure produces evidence of mediation when (a) the independent variables are 

statistically significant in the estimates of condition 1; (b) the independent variables 

are statistically significant in the estimates of condition 2; and (c) the mediator 

variable is statistically significant in the estimates of condition 3. There are three 

mediation outcomes - no mediation, partial mediation and full mediation. 

No mediation exists if the regression coefficient for an exogeneous variable is 

insignificant under condition 1, or if the regression coefficient for the mediator 

variable under condition 3 is insignificant. Partial mediation exists if the regression 

coefficient for an exogeneous variable is significant in conditions I and 3. Full 

mediation exists if the regression coefficient for an exogenous variable is significant in 

condition 1, but not in condition 3. Condition 2 provides a more comprehensive test 

for mediation effects. 

This analysis supports the following mediated relationships 

I, Compatibility standards strategy mediates the relationship between two 

exogeneous variables, rate of technological change and appropriability. 

and the dependent variable increased network effects 
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.- Component standards strategy mediates the relationship between three 

exogeneous variables; appropriability, radical innovation and learning 

costs; and the dependent variable technological advantage. 

No other mediated relationships are supported, because either the exogeneous 

variables were found to be insignificant under condition 1. or no relationship was 
found between the mediating variable and the dependent variable, as was the case with 

consumer-interface standard. These results are discussed in Chapter 7. 

6.6 Further Exploration with Observed Variable Path 

Analysis 
Observed variable path analysis was next employed as a more rigorous test of the 

several hypotheses, and as an opportunity to further explore the relationships between 

variables. Path analysis with observed variables is the oldest variety of structural 

equation modelling. A structure equation model (SEM) specifies variables as latent 

(unobservable) constructs and represents a set of hypothesis as a network of causal 

paths between constructs. (Bagozzi 1994). Each latent construct is measured by a set 

of observable indicators (e. g. measures on a questionnaire) which are either reflective 

or formative. 

Goldberger (1973) suggests three situations where structural equation modeling may 

be more appropriate than analytical techniques such as regression: (i) when the 

observed measurements contain measurement errors; (ii) when there is 

interdependence or simultaneous causation among observed variables; and (iii) when 

important explanatory variables have not been observed. Given the interdependence 

identified between antecedent factors, such as reputation and performance uncertainty., 

and potential interdependence between standards types, the application of a structural 

equation model is appropriate for further investigation of the data.. The path diagram 
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in Figure 2 forms a non-recursive system; there are only one-NA-ay causal flows in the 

sys em 
28 

. 

LISREL 

LISREL 8.12 was used to test the hypotheses and maximum likelihood estimation was 

used, as the model was sufficiently identified. A complete LISREL model contain 

two sub-models: (i) the measurement (congeneric) model; and (ii) the structural 

equation model itself (called the path analysis). The measurement model relates to the 

way in which the constructs (latent variable) are measured by their indicators (the 

items in the questionnaire) and provides a check for validity and reliability. The 

structural equation model seeks to specify the causal relationships between the 

constructs reflecting the hypothesis being tested 29 
. Inputs for the analysis are the 

covariance matrix of the measures described in chapter 4. Outputs are parameters 

relating indicators to constructs (measurement model) and measuring the linear 

association between constructs (structural model). These "free" parameters are 

estimated by an iterative process that attempts to derive a covariance matrix like the 

observed one. All paths other than those specified by the measurement and structural 

models are fixed at 0. 

Having developed reliable and valid measurement models using confirmatory factor 

analysis in chapter 5, LISREL is now applied to test the structural models (path 

analysis), with the variables treated as manifest variables. The significance of the 

paths were tested using the t-statistic, with parameter estimates considered 

significantly different from zero when t>1.96 (p<0.05). Initially, the path analysis was 

conducted for all the hypothesised relationships, despite a greater number of estimated 

parameters, (approximately 3: 1) than recommended for the sample size. Though of 

concern, the small sample to estimators ratio is mitigated for the following reasons: 

28 Recursive models, with the assumption of independent errors, fulfil the rank and order-conditions for 
identification with no additional exclusion restrictions (Bollen 1989). 

29 There have been many criticisms (e.,,. Freedman 1987) of SEM and the that it can 
establish causal relations in non-experimental data, as opposed to a mere empirl I For ical association. 

causalitN. independent variables must be isolated, their association determined, and the directionality 

established (Hoyle and Smith 1994). For cross-sectional data, this last condition cannot be achieved 
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1. The model is a path model., not a confirmatory factor model 

2. The total sample size is over 200 responses, in line with recommendations 

(Kelloway 1998). 

3. The model is sufficiently identified. 

4. At no stage in the analysis were there problems with non-convergence. 

5. At no stage in the analysis were there problems with negative residual 

variances. 

The parameter estimates and their t-values are reported in Table 22. The first column 

in Table 22 lists the parameter symbols of the analysis, the second column lists the 

standardised Maximum Likelihood Estimates for each parameter, the third column 

lists the non-standardised estimates and the fourth column lists the resulting t-values 

for each estimate. As expected he results of the full model analysis indicated a 

relatively poor fit to the data: X2= 131.77 (P=0.0) with 26 degrees of freedom. (In the 

obverse of traditional hypothesis testing, a non-significant X2 implies that there is no 

significant discrepancy between the covariance matrix implied by the model and the 

population covariance matrix. Hence, a non-significant X2 indicates that the model 

"fits" the data). 

Comparison with OLS approach 

The path analysis and least squares analyses provide largely equivalent results. Two 

antecedent factors varied in significance between the approaches. Radical innovation 

was found to be weakly associated with compability standards (p<0.10) using the 

path analysis approach, but was not supported for the OLS analysis. Conversely, the 

relationship between performance uncertainty and compatibility standards was weakly 

supported (p < 0.10) using a OLS approach, but no relationship was found with a path 

analysis. No other relationships varied between the analytical approaches (see Tables 

23 and 24). 

conclusivek b\ structural equation modelling alone. Significant path parameters between constructs for 
'H be interpreted as causal ba II this research \\ i sed on the theoretical arguments presented in chapter 4. 
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Comparison with Alternative Models 

As this research is exploratory, the model was further tested by adding relationships 

suggested by the analysis, in an effort to improve fit. Each alternative model was 

compared with the full model by taking the differences in the Chi-square value 

between the revised model and the alternative,, and the corresponding differences in 

the degree of freedom. The results are show in Table 25. In the first revised model I 

(RMI), a path from compatibility standard to consumer interface standard is added. In 

RM2, an additional path from reputation directly to technological advantage is added. 

In RM3, a third path from consumer interface standard to component standard is 

added. Each additional path indicates a substantial improvement in the overall model 

fi t. 

It is worth noting that there are some problems with the X2 test in addition to the 

logical problem of being required to accept the null hypothesis. At the point where the 

x2 distribution becomes a tenable assumption, the test has a great deal of power. As N 

increases, the value of X2 must also increase. This makes it highly unlikely that a 

nonsignificant test statistic will be obtained with large sample sizes (Kelloway 1998). 

Because of the problems in assessing the absolute fit of a model to the data, 

researchers have increasingly turned to the assessment of comparative fit. The 

question of comparative fit deals with whether the model under consideration is better 

30 than competing models 

The statistics shown in Table 26 provide additional overall fit measures for the 

different models presented in Table 25 and evaluate how well the model reproduces 

the observed variables' covariance matrix 31 
. The simplest fit index is the standardised 

root mean squared residual (RMR), which standardises the square root of the mean of 

the squared discrepancies between the implied and observed covariance matrices. 

Generally, for this index. values less than 0.05 are interpreted as indicating a good fit 

'0 The most common baseline model for comparison is the null model, which specifies no relationship 
between the variables in the model. Ho\\'ever, this is not a useful comparison. 

X2 Because the test in covariance structure analysis is subject to seri of X2 ious limitations the ratio 
over the degrees of freedom (df) has been suggested as a descriptive measure of overall fit (Bagozzi and 
Baumgartner 1994, Medsker et al 1994). However, conflicting standards of interpretation abound for zn 
this statistic, and it no\\ appears to be in decline (Kelloway 1998). 
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to the data. The analysis indicates that the revised model with 3 additional parameters 

(RM+3) provides the best fit., although the full model is close to acceptable. 

Two additional measures, the goodness-of-fit index 32 (GFI) and the adjusted 

goodness-of-fit index 33 (AGFI) are also widely used (Kelloway 1998), for which 

usually a minimum value of .9 (Bagozzi and Yi 1988; Baumgartner and Homburg 

Table 22 
ML Estimates of Full Model Parameters 

ExoLieneous Factors to Standards Strate2v 
Parameter Path Description ML Estimated 

Standardised 
ML Estimate 
Nonstandardised 

t-value 

y(3 , 
1) Reputation to Component Std 0.07 0.02 1.16 

y(3 , 
3) Appropriability to Component Std 0.11,10 

-) _1 
0.34 5.76 

y(3 , 
4) Radical Innovation to Component Std '18 0.1 0.36 6.67 

y(3 5) Learning Costs to Component Std 0.18 0.17 3.22 
y(3 , 

6) Heterogeneity to Component Std -0.03 -0.02 -0.61 
y(3 , 

7) Performance uncertainty to Component 
Std 

-0.01 -0.02 --0.25' 

y(3 , 8) Rate of Tech Change to Component Std -0.01 0.00 -0.11 
y(3 , 9) Industry Concentration Component Std -0.12 -0.01 -2.33 
y(4,1) Reputation to Compatibility Std 0.09 0.03 1,39 
y(4,2) Vertical Integration to Compatibility 

Std 
0.03 0.01 0.46 

y(4,3) Appropriability to Compatibility Std -0.11 -0.14 -1.63 
y (4,4) Radical Innovation to Compatibility Std 0.14 0.17 2.14 
y(4,5) Learning Costs to Compatibility Std 0.29 0.34 4.48 
y (4,6) Heterogeneity to Compatibility Std 0.17 0.16 2.71 
y (4,7) Performance uncertainty to 

Compatibility Std 
-0.04 -0.07 -0.66 

y (4,8) Rate of Tech Change to Compatibility 
Std 

0.19 0.07 3.01 

y(4,9) Industry Concentration to Compatibility 
Std 

0.06 0.01 0.96 

Y(5 , 1) Reputation to Consumer- interface Std 0.28 0.15 4.39 
y(5,2) Vertical Integration to Consumer- 

interface Std 
0.08 0.05 1.34 

y(S , 4) Radical Innovation to Consumer- 
interface Std 

0.15 0.30 2.42 

Y(5 5) Learning Costs to Consumer-interface 
Std 

0.21 0.43 3.39 

y(5,6) Heterogeneity to Consurner-interface 1 ID Std 
0.02 0.04 0.40 

y(S , 7) Performance uncertainty to Consumer- 
interface Std 

-0.01 -0.04 -0.20 
1 

y(5,8) Rate of Tech Change to Consumer- 
interface Std 

0.12 0.09 2.07 

y(5,9) Industry Co_ncentration to Consumer- 0.03 0.00 0.43 

32 Based on a ratio of the suni of the squared discrepancies to the observed variances. It is worth noting 
that the GFI has no known sampling distribution and therefore the "rules" about when an index indicates 
a good fit to tile data are highly arbitrarv. 

The AGFI ad Lists the GFI for degrees of freedom in the model. 
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_ - 
interface Std 

3 ý1,13ý Compatibility Std to Technological 0.05 0.03 0.90 
Advantage 
Consumer Interface Std to 0.04 0.04 1.68 
Technological Advantage 

P U, 5) Component Std to Technological 0.60 0.52 11.43 3 
Advantage 

P(2 3) Compatibility Std to Network 0.26 0.85 4.03 
Externalities 

ý(2 4) Consumer Interface Std to Network 0.16 0.31 2.46 
Externalities 

ý(2 5) Component Std to Network 0.11 0.46 1.74 
Externalities 

Table 23 
Comparison of Results, OLS vs. ML: Predictors of Standards Strategy 

Dep endent Variable 
Consu mer- interfa ce Compatibility Standard Component Standard 
Standard 

Independent Exp OLS Path Exp OLS Path Exp CILS Path 

Variables Sign Anal. Sign Anal. Sign Anal. 

FIRM RESOURCES 
Vertical Integration (H I + . 

076 
. 
08 - 0 3) 0 . 

03 

Reputation (1-12) + . 
227*** 

. 
28*** - . 

042 
. 
09 + . 

061 0.07 

Appropriability (1-13) - -. 146* -0.11* + . 
335*** 

. 
33*** 

Radical Innovation (1-14) + . 174*** . 
15** + . 

079 0.14** 
. 
343*** 

. 
38*** 

DEMAND 
CHARACTERISTICS 
Perf. Uncertainty (1-15) + -. 076 -. 01 + 150* -0.04 + -. 027 -0.01 
Learning Costs (1-16) + . 

256** 
. 
21 *** + . 

285*** 
. 
29*** + . 

222*** 
. 
18*** 

Cons. Heterogeneity (H7) + . 
106 . 

02 + . 
2')0*** 0.17*** + -. 021 -0.03 

INDUSTRY 
CHARACTERISTICS 
Rate of Tech. Change + . 

148** . 
12** + . 

242*** . 19*** -. 014 -. 01 
(H 8) 
Industry Concentration . 

057 
. 
06 135** -0.12** 

(1-19) 
MODEL SUMMARY 

R2 0.3 12 0.27 . 
279 0.23 

. 
428 0.44 

F (p-value) 9.144 6.080 15.467 
(000) (000) (000) 

***= p<. O I ** p<. 05 * p<. 10 
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Table 24 
Comnarison of Results. OLS vs. ML: Predictors of Positional Advantne 

Dependent Variable 
Increased Network Externalities Technological Advantage 

Predictor Variables Exp 
Sign 

OLS Path 
Analysis 

Exp OLS 
Sign 

Path 
Analysis 

Consumer Interface 
Standards 

+ . 16** . 16** . 090 0.09 

Compatibility 
Standards 

+ . 250*** . 26*** + . 044 0.05 

Component Standards - . 105 . 11 + . 595*** 0.61 
R2 . 169 0.15 . 421 0.41 
F 15.111*** 54.495*** 
** *= p<. O I** p<. 05 * p<. 10 

1996) is considered acceptable. The results indicate that only the final model RM3 

approaches an acceptable level for AGFl. The same threshold value may be applied to 

the comparative fit index (CFI), which is an incremental fit index. The final fit indice, 

RMSEA is the root mean squared error of approximation (Steiger 1990). Steiger 

(1990) suggest that values below 0.10 indicate a good fit to the data, and value below 

0.05 a very good fit to the data. Once again, the final alternative model provides the 

best fit. 

In summary, the measures shown in Table 26 suggest that the revised model with three 

additional paths (RM3) fits the data reasonably well. These findings suggests that an 

interaction between consumer interface standards and both component standards and 

compatibility standards. It also reveals a direct effect by reputation on the 

technological advantage enjoyed by the firm. These results are discussed in Chapter 7. 
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Table 25 
Alternative Models 

Model Parameter Path D. F. X2 p-value Differences Differences 
s Included D. F. in X 

Full 26 1321.77 0.0 - - 
Model 
Revised P(4,3) Consumer 25 84.75 0.00 1 54.32 
Model I Interface Std to 

Compatibility Std 
Revised P(4,3) Consumer 24 58.85 0.0000 2 83.62 
Model 2 Interface Std to 93 

Compatibility Std 
y(2 , 1) Rep to Tech 

Advantage 
Revised P(4,3) Consumer 23 46.03 0.003 3 94.39 
Model 3 Interface Std to 

Compatibility Std 
y(2 , 1) Rep to Tech 

Advantage 
P(4,5) Component Std to 

Consumer 
Interface Std 

Table 26 
Fit Statistics for Alternative Models 

Model Chi-square Stanclardised GFI AGFI CH RMSEA 
RMR 

Full model 131.77 26 d. f. . 056 0.93 0.68 0.85 0.14 
p=0.0 

Revised Model 1 84.75 25 d. f 0.047 0.96 0.79 0.91 0.10 
P= . 00000 

Revised Model 2 55.85 24 d. f. 0.038 0.97 0.84 0.95 0.081 
p= 0.000093 

Revised Model 33 46.03 23 d. f. 0.0310 0.98 0.87 0.97 0.067 
p=0.003 

1 
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7. DISCUSSION AND CONTRIBUTION 

This chapter brings together the major points of the thesis and presents the key 

conclusions of the study. The main contributions to knowledge will be identified as 

will the theoretical and managerial implications of the results. Recommendations for 

future research are also given. 

7.1 Contribution to the Standards Literature 
In broad terms, this research found that specific firm and environmental factors 

influence a firm's decision to pursue a given standard in a competitive environment. 
More specifically, reputation, learning costs, consumer heterogeneity, a radical 
innovation and appropriability were found to influence the standard pursued. The 

typology of three separate forms of standard was supported by the analysis, with 

antecedent factors varying in their influence on each type. The relationship between 

standards strategy and positional advantage was partially supported. 

Reflecting the structure of the standards framework and subsequent analysis, the 

findings are discussed under the following headings: (i) the standards typology; (ii) the 

impact of antecedent factors on choice of standards pursued by the firm; (iii) the 

effect of standards strategy on positional advantage; and (iv) the mediating role of 

standards strategy on the relationship between antecedent values and performance. 

7.1.1. The Standards Typology 

This thesis rejects the conventional notion of a unidimensional definition of a standard 

as a measure of compatibility in favour of typology that focuses on the interaction of 
the product xN-ith other constituents (users, other products, internal). This is a 

substantial change over existing definitions and represents an expanded way of 

viewing standards which is potentially more useful to researchers and practitioners. 
The typoloov differentiates a standard by the level of interaction (internal vs. external 
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to the product) and by whether the standard is based on interaction (consumer- 

interface standards; compatibility standard or perforinance (component standard). This 

is important for a number of reasons. Firstly, for many years the term 'standard' has 

been used by practitioners to reflect products or technology that have leadership 

position in terms of product performance. At the same time, a 'standard' has also 
been used to define a technical specification that defines fit and interaction between 

products or sub-products. It logical to assume that the activities conducted in pursuit 
(and maintenance) of a standard would vary considerably depending on whether it is a 

performance-based standard or a compatibility-based standard were desired. They 

might also vary depending on whether the standard's formation depended on the 

interface with other products or components, or with consumers. It also possible that 

the influence of environmental and industry factors on the firm's behaviour (and/or 

success) would vary depending on whether the focus of concern is internal to the 

product, with other complementary products or with consumers. However, research 

on standards has focused almost solely on compatibility with other products. This 

means that the broad context of how standards are conceptualised, pursued and 

ultimately realised by a firm has not been fully addressed by existing research. By 

developing a multi -dimensional construct for standards, his research is a step toward 

rectifying this problem. 

The lack of empirical research on standards has been noted previously. As stated 

earlier, whilst there have been a number of case studies relating to standards 

development (e. g. David and Bunn 1988), most work has looked at standards from a 

game theoretic framework. The measurement tool for standards in this study is an 

important step towards the development of a valid and reliable measurement tool that 

can be used for quantitative analysis. This type of research design is needed if 

empirical generalizations regarding standards are to be developed. The analysis 

supports the proposed typology of three distinct types of standards that a firm might 

pursue for competitive advantage. A paired samples t-test indicated significant 

differences among respondents between standards strategies. 
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7.1.2 Industry-level differences 

The data also revealed industry-level differences in the propensity to pursue a 'liven 

standard. Comparison of mean values for each standard type by industry reveal a 

greater propensity to pursue compatibility standards or consumer interface standards in 

the software industry than in other markets. A component standards strategy \\-as 

(slightly) more likely in consumer electronics and consumer durables than in other 

industries, including computer hardware and telecommunications. This finding. and 

the mixed support for the antecedent factors, raises the question of whether propensity 

to pursue a particular type of standard is partially a function of certain structural 

features of the industry in which it operates. This is logical given that compatibility 

and consumer- interface standards are more likely pursued in product markets where 

network externality effects are already present to some degree. The dummy variables 

originally tested in the regression analysis reflect this, a presence in the software 

market was shown to be positively associated with compatibility standards, whilst 

being a player in telecom was associated with consumer interface standards. If 

structural differences between industries exist that encourage the development of one 

type of standard over another, this is important information that managers should 

incorporate into their decision-making processes. Recently, managerial wisdom has 

viewed successful standards- setting as being largely dependent on firm activities such 

as preannouncing, pursuing alliances, and 'versioning' the product (e. g. Shapiro and 

Varian 1999). The identification of industry-level influences (other than the 

ubiquitous network effects) means that managers need to broaden their decision- 

making framework. 

7.1.3 Relationships between standards 
Although the analysis supports the standards typology, it also shows a correlation 

between the three types, particularly between consumer interface standards and 

compatibility standards. This reflects the shared focus on building interactivity 

(betvveen users and product or bet,, veen products) that is a core objective of the two 

standards. CIS standards measure two dimensions: 1) ease of use, and 2) consistency 

of the user interface (across generations of product, users. among supporting 

materials). Consistency of the user interface is arguably a requirement for easy 
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exchange of data between users. which is one facet of a compatibility standard. 

Indeed, when the CIS construct dimensions are separated, a higher correlation is 

observed between the consistency dimension and compatibility standard [. 579 

(p<0.01)] than is seen between the ease of use dimension and compatibility standard 

[. 330, (p<0.01)]. 

The shared variation between compatibility and component standards is less easily 

explained, but may reflect a firm's propensity to pursue more than one standard to a 

varying degree. For instance, it may be that in pursuing a consumer interface standard, 

a firm decides that compatibility with a wide range of peripherals is also 

advantageous, because it reinforces the user interface by ensuring that standard is 

applicable to a broad range of applications. This was arguably the strategy of 

Windows software; Microsoft promoted a standardised graphical user interface (GUI) 

in part by making it available on an ever-expanding range of equipment and 

peripherals through compatibility alliances with hardware and software suppliers. 

The relationship between component standards and consumer interface standards is 

less obvious, but may reflect the underlying relationship with radical innovation. 

Radical innovations represent a substantial degree of new knowledge in a product, 

significantly modifying consumption patterns. These changes represent an opportunity 

to promote new patterns of use through a consumer interface standard, and the new 

knowledge may also represent an opportunity to promote improved performance or 

technical superiority through a component standard as well. For example, the 

literature on 'really new products' (RNP) highlights the need for active learning and 

(sometimes) an significant modification of behaviour by consumers (Aggarwal, Cha, 

and Wilemon, 1998). RNPs define new product categories and 'set the standard" (ie a 

component standard) against which future innovations are measured. For instance, the 

first oscillometric blood pressure monitors were 'really new products' - they were 

radical innovations representing a quantum leap in 

7.1.4 The Impact of Antecedent factors on choice of Standard 
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The hypotheses (PI through P9) proposed that firm resourcesi demand characteristics 

and industry characteristics have a significant impact on a firm's propensity to pursue 

a standard, and that this relationship will be positive or negative depending on the type 

of standard pursued. Support for these hypotheses was mixed, with II of the 24 

proposed relationships supported. Each of these relationships is now examined. 

Access to Complementary Access through Vertical integration or Contractual Means 

For any standards type, the relationship with access to complementary assets through 

vertical integration (or contractual means) was not supported. This is surprising given 

the level of theoretical support for the link between complementary assets and 

positional advantage in the RBV literature and the use of an existing scale for 

measurement. There was no correlation with other antecedent factors. However,, a 

modest but significant correlation (. 227) existed between access to complementary 

assets and consumer interface standards. 

Management researchers have provided conflicting recommendations regarding the 

importance of vertical integration. Are higher levels of vertical integration necessary 

to further a firm's market position (e. g. Kumpe and Bolwijn 1988) or can a firm rely 

more effectively on suppliers? Lindstrom and Rozell (1993) argue that conflicting 

findings are in part due to the measurement instruments used to capture vertical 

integration. During the measurement stage, the original 7 item scales by Zahra (1994) 

were simplified to 5 item scales that covered R&D, component sourcing, production 

and assembly, marketing activities and servicing. The final two items: "OEM sales" 

and "Retailing Activities" were eliminated from the final analysis as unnecessary. 

When these items are included in the scale, we find that access to complementary 

assets has a significant impact on propensity to pursue a consumer interface standard. 

(Table 27). However, their remains no impact on compatibility standards. This 

suggests that further refinement in the scale would obviously be beneficial, but that 

something fundamental is missing given the lack of relationship with compatibility 

standards. It may be that the Zahra scale is appropriate for measuring vertical 

integration (or lack of it) but is not well suited to measuring contractual arrangements. Z: ) 

alliances, or other types of partnership. This makes sense when the expected sign of 
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the relationship of ACA with consumer interface standards (CIS) and compatibility 

standards is considered. For CIS, a positive relationship with vertical integration is 

hypothesised. For compatibility standards, a positive relationship with contractual 

means is proposed. The use of such a semantic differential scale, which does not 

permit item analysis, may have resulted in a scale that attempted to measure too much. 

A frequency analysis of the scale items shows most responses to be grouped towards 

the "internal relationship" end of the scale ("components" being the exception to this) 

In summary, the data suggests that the lack of findings for access to complementary 

assets and standards development may be due largely to poor measurement. 

Table 27 
Comparison of ACA scales 

5 item vs. 7 item scale for Access to Complementary Assets 
Dep endent Variable 

Consumer-inte rface Compatibility Standard Component Standard 
Standard 

Independent Exp Orig 7 point Exp Orig 7 point Exp Orig 7 point 
Variables Sign Analysis ACA Sign Z: ) Analysis ACA Sign Analysis ACA 

scale scale scale 
FIRM RESOURCES 
Vertical Integration (P I) + . 076 . 238*** - . 030 . 128 
Reputation (P2) + . 227*** . 3851** - . 042 . 150 + . 061 . 215** 
Appropriability (P3) - -. 146* . 0189** + . 335*** . 313*** 
Radical Innovation (P4) + . 174*** . 121* + . 079 . 175* . 343*** . 347*** 
DEMAND 
CHARACTERISTICS 
Perf. Uncertainty (P5) + -. 076 -. 019 + 150* -. 039 + -. 027 . 028 
Learning Costs (P6) + . 256** . 164*** + . 285*** . 296*** + . 222*** . 138*** 
Cons. Heteroceneity (P7) + . 106 . 003 + . 230*** . 159*** + -. 021 -. 007 
INDUSTRY 
CHARACTERISTICS 
Rate of Tech. Change + . 148** . 097 + . 242*** . 2')0*** -. 014 . 033 
(P8) 
Industry Concentration . 057 . 069 "5** -. 1 -. 066* 
(Pq) 
** *= p<. O I** p<. 05 * p<. 10 

Reputation 

The importance of reputation for consumer-interface standards suggests that such 

products are "experience goods" whose benefits are not readily L- 1 observable (because of 

learning, investments) prior to purchase and for whom firm reputation is therefore is an 
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important signal. This finding supplements existing consumer research that indicates 

that corporate image affects consumer product judgements and response in a positive 

manner (Belch and Belch 1987; Keller and Acker 1994-, Wansink 1989). The 

literature on consumer inference making (e. g. Simmons and Lynch 1991) suggests that 

consumers may form inferences about missing product attributes by drawing a 

connection between an available piece of information (e. g. company reputation) and 

the missing attribute (e.. g product sophistication, usage pattern, etc). Recently Brown 

and Dacin (1997) found that what consumers know about a company can influence 

their beliefs about and attitudes toward new products manufactured by that company. 

They found that a consumer's belief in a company's expertise in producing and 
delivering products influenced his/her perceptions of product sophistication. This 

study suggests that firms may inherently understand that strong reputation positively 
influences consumer perceptions of the product, and that the presence of a strong 

reputation is therefore essential for products that require an additional investment by 

the user. This is in line with the literature on signalling the quality of experience 

goods. Past research in this area has presented price (e. g. Judd and Riordan, 1994; 

Daughety and Reinganum; 1995), advertising (e. g. Schmalensee, 1978; Kihlstrom 

and Riordan, 1984) and warranty (e. g. Grossman, 1980) as signals of quality . This 

thesis findings suggests that firm reputation should be considered as another means of 

signalling the quality of experience goods. 

The lack of relationship between compatibility standards and reputation raises several 

important questions. Are there product markets where compatibility is a pre-requisite 

to participate in the market, and therefore all players pursue compatibility regardless of 

reputation? For instance, is it possible that software manufacturers consider 

compatibility to be necessary to participate in the market? An examination of the 78 

responses self-declared as "computer software, hardware or peripheral manufacturers" 

shows the median point to be either 5 or 6 on the 7 point Likert scale for all items 

measuring compatibilitý'- A separate control question asking whether the firms 

promoted "adherence to an existing standard" had a median value of 6.0. This 

indicates that compatibilitý- per se is de rigour in these indListries. It may be that the 

generati deorce of compatibility varies across ions or due to sheer number of alliances 
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(for instance the measure of promotion of backward compatibility (COMPAT-3) had a 

lower mean value than the other compatibility standard items) but that the existing 

compatibility measure is not sufficiently sensitive to register this. As stated earlier, 
further refinement of the measurement tools for assessing standards and standard- 

setting activity is needed to deal with issues such as this. 

Putting measurement issues aside, are there situations where the compatibility decision 

is made (rather than being fait compli) but is not influenced (positively or negatively) 

by firm reputation? Kim (2002) considered the compatibility decision as a signalling 

device for quality. He demonstrated that high quality can be signalled through low 

compatibility, and that a firm might find it disadvantageous to introduce a new high- 

quality technology that is widely compatible with existing products since it give users 

of the established technology large network benefits from the new offering. He defined 

high-quality as product- specific, not fin-n specific, and therefore not linked to firm 

reputation. Although a theoretical finding, there are some examples in practice that 

support this argument. In 1982, SSI introduced WordPerfect 2.0 that was made 

incompatible with WordStar by designing it specifically for the new standard MS- 

DOS. Similarly, Apple introduced the Macintosh GUI (Graphical User Interface) - 
based MAC OS without concern about compatibility wit the IMB-PC using MS-DOS 

which was popular at the time. In these examples, neither WordPerfect nor Mac OS 

held a superior reputation, but were introducing products into markets that were 

changing rapidly. It may be that reputation plays less of a role than the pace of 

change in a given industry. This is supported by the study findings. This implies that 

market structure may play a more important role in the development of compatibility 

standards than do firm resources. If so, this argues that managers should consider the 

evolution of the market over reputation or brand positioning in their decision to 

pursuit compatibility. This is an important point given the emphasis on branding and 

brand development among market practitioners. 

The lack of association between component standards and reputation ", -as 

disappointing. and maY be attributed to the correlation between the reputation 

construct and nature of the innovation. Despite being significant. the correlation 

141 



between reputation and radical innovation was considered sufficiently small to merit 

inclusion of both variables in the analysis. However. regression analysis reveals that 

reputation becomes a significant factor for component standards if radical innovation 

is omitted from the model. A possible explanation for the correlation between 

reputation and radical innovation is respondent bias; managers consider their firms (as 

manifested by its reputation) and their technology to be "leading edge". 

Another interpretation of the findings is related to the discussion regarding reputation 

and and compatibility standards. If reputations are identified with particular products 

rather than the firm itself, the existing study which measure firm-level reputation 

would not capture a relationship with component standards. This seems appropriate if 

the product innovation is substantial and therefore is widely promoted as a major 

innovation,, in line with pursuit of a component standard. This perspective is in line 

with the work of Miller (1988) who modelled a scenario where each successive 

innovation establishes (through market signalling) its own reputation within the 

marketplace. If product reputation (rather than firm reputation) is associated with 

component standards, this has implications for the marketing activity needed to 

promote the standard. Where firm reputation is the dominant effect, signalling to the 

market is done largely through promotion of the brand; where product reputation (or a 

family of products) is key this is signalled through broad distribution and penetration 

pricing (Miller 1988). 

Radical vs incremental innovation (Nature ofInnovation) 

As stated earlier, a radical innovation has a significant impact on consumer-interface 

standards, supporting the notion that a really new product innovation may require the 

consumer to learn a new consumption pattern and provides an opportunity for the 

firm. This is in line with recent research by Ziamou (2002) and Ziamou and 

Ratneshwar (2002,2003) which addresses consumers' response to a new interface. 

Our finding suggests that the more radical the innovation the more likely the firm is to 

pursue a consumer interface standard. Radical innovations have functionalities that are 

more likely to be atypical of existing products. Therefore our finding suggests that 

products xvith new functionalities present the opportunity for new interfaces and 
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therefore consumer interface standards. . Recent research indicates that consumers 

perceive lower uncertainty about the performance of a new interface and higher 

intentions to adopt a new product when the new interface is introduced with a new (N's 

pre-existing) functionality (Ziamou 2002). In this situation, promotional imagery that 

encourages the consumer to imagine the product in use actually increases consumer 

uncertainty and therefore decreases the intention to adopt. For new interfaces ý\-ith 

pre-existing functionality, the reverse is true. In a similar vein, Ziamou and 
Ratneshwar (2003) found comparative advertising (against existing products) to be 

effective when a new functionality is encapsulated in a new interface. The preceding 
discussion suggests that pursuit of a consumer interface standard is more likely to be 

associated with a innovative product containing both a new interface and a new 
functionality, and that this has implications for the communications strategy best used 
to pursue the standard. 

Radical innovation and Compatibility Standards 

The premise that a radical innovation would demand that vendors attain new 

complementary technologies or assets, and therefore encourage the pursuit of a 

compatibility standard, was not supported. It is possible that such a llrd., - would 
depend on the presence of technological or market uncertainty regarding the 

innovation to serve as a catalyst to firms; without which organisations would seek to 

reap the economic rents from the innovation independent of other players. The lack of 

correlation between radical innovation and performance uncertainty supports this 

view. Another interpretation is that the decision to pursue a compatibility standard is 

not supply-driven but demand-driven. In this case, the need to access complementary 

assets in order to be able to offer the product to the market is not the key issue, the 

opportunity to provide an enhanced (and therefore improved) product offering is. The 

lack of correlation between access to complementary assets and radical innovation 

indicates that is the case. Compatibility standards require access to complementary 

assets, but this does mean the product innovation was necessarily a radical one - the 

compatibility decision is driven by market opportunities rather than technological 

factors. In summary. the lack of relationship between radical innovation and 

compatibility standards might be considered in light of recent thinking on market r_- 
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based assets in gaining competitive advantage (Srivastava, Fahey and Christensen 

2001) 

Radical innovation and Coniponent Standards 

The strong positive association between radical innovation and component standards 
(as opposed to the negative one hypothesised) indicates that the proposed view of a 

component standard as a series of incremental innovations may be incomplete. A 

radical innovation may provide a springboard for the initial pursuit of a component 

standard, giving the firm an opportunity to promote the product's technical superiority 

and performance, which would be reinforced by incremental improvements in the 

product offering. Alternatively, if a [radical] technology does not measure up to its 

promised level, or benefits are not immediately perceptible to customers, there is 

evidence that firms choose to incorporate the technology into an existing platform as 

the next incremental innovation in the natural progression of a product family. Rather 

than consider potential application markets that may benefit in discontinuous ways 
from the new technology, firms have been found to allow the potential of the 

technology to be "suboptimally marketed" (McDermott and O'Connor, 2002). 

However, it is also possible that the positive relationship found is due to similarities 

between the radical innovation construct and the component standards measure. A 

review of individual items in both measures suggests overlap between component 

standards (cutting edge technology, uniqueness, performance superiority) and radical 

innovation (technological advance, improvement in existing processes)ý. 

TABLE 28 Constructs 

COMPONENT STANDARDS CONSTRUCT 

. 
fortsfor the product have emphasised: Our marketing qf 

a) uniqueness of the product technology. 
b) cutting edge technology. 
c) superiority of the product technology over competitive products. 

d) performance benefits of the product technology. 
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RADICAL INNOVATION CONSTRUCT 
a) At the time of introduction. our product contained no new knowledge in its 

components or manufacturing process. 

b) At the time of introduction, our product represented an improvement over existing 
technology or manufacturing processes. 

c) At the time of introduction, our product represented a major technological 
advance. 

Appropriability 

The data suggests a link between component standards and appropriability, supporting 

theoretical research that proposes that firms will seek differentiation through product 

attributes when appropriability is strong. This is supported by cross-industry research 

which shows appropriability to be positively related to R&D investment (Nelson and 

Wolff, 1997). It is interesting that appropriability is a strong factor influencing 

component standards, whilst reputation was not significant. This suggests that firms 

are more confident of pursuing a component standard when they feel able to protect 

the technology from competitor imitation rather than relying on the strength of their 

brand to command a market premium. However, as discussed earlier, researchers who 

study appropriability often argue that unless a firm can reap profits from an 

innovation, it will under-invest in the future. A counterargument to this proposes that 

avoidance of loss is an equal incentive to invest in innovation, where the pressure for 

firms to innovate originates more often from the environment outside the firm than 

within. The study's finding is not conclusive on this issue, but an examination of the 

individual items of the construct indicates that most firms see appropriability as 

stemming from staying ahead of the competition through rapid introductions (item 

mean = 5.3) and secrecy (item mean = 4.58 as opposed to patents (item mean = 3.83). 

This difference suggests that appropriability is more competitively driven than 

technology-driven 

The weak negative relationship (p<. 10, one-tail) between appropriability and 

compatibility standards is a fairlY straightforward endorsement of the economic viexv 

that compatibility between products or technologies is less likely to occur when firms 

have strong appropriabilitý, regimes. 
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Performance uncertainty 
No relationship between performance uncertainty and any of the standards strategies 

was supported. This was particularly disappointing as performance uncertainty is 

widely associated in the literature with the forination of standards. It may be that the 
lack of relationship stems from the definition of performance uncertainty utillsed. In 

this study, the performance uncertainty construct was derived from the work of 
Oglethorpe and Monroe (1994). An alternative conceptual i sation of perceived risk 

provided by Dowling and Staelin (1994) suggests two subcategories: product-category 

risk and product specific risk. Product category risk is the risk "inherent in 

purchasing any particular product in a specific product category" while product- 

specific risk is the risk associated with "the particular product being considered in the 

product class" (p. 120). The original definition embodies only product-specific risk, 

rather than at the product category level. The standards literature tends to ignore 

these differences, assuming new product categories where a single new product (or 

two) may be the only representative in its product category. Consequently, all 

perceived product-category and product- specific risk would center on the individual 

product. This may not reflect many market situations, and this analysis did not restrict 

consideration to product categories in their infancy. The lack of results for this 

construct may then be due in part to these measurement differences. 

This possibility was explored through an aternative regression models. Firstly 

performance uncertainty as a formative two item construct measuring category-level 

performance uncertainty. Category-level PU was defined as the "wariness of 

prospective customers toward your product technology" and "concerns about being 

stranded with an obsolete technology". (This last item had been measured, but not 

included in the original construct formation). However, when placed with the other 

predicted variables in the regression framework, category-level perfonnance 

uncertainty was not a significant factor. 

Lcarning costs 

Learning costs were stronglý, and significantly associated with each standards strategy 

as orig othesised, hiohlitgrhting the important role of learning and experience inally livp II 
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in te adoption of high technology products. The strength of the findings suggest that 

the consumer"s (or complementary vendor's) learning costs are a critical factor in the 

pursuit of any standard, meriting further research. This echoes recent work suggesting 

that learning costs predict both the adoption and the extent of use a new technology 

(Astebro 2003). The organizational leaming perspective of technology diffusion 

suggests that the adoption of technological innovations involves the creation of 

new knowledge by adopting units and firms that are unable to carry out this 

knowledge creation process may be prevented from adopting the innovation, 

even if they have the intention to adopt. In other words, the opportunity to adopt 

a given innovation may differ among adopting units based on their ability to 

address the innovation-based learning needs 

Consumer Heterogeneity 

Consumer heterogeneity was found to be a significant factor only for compatibility 

standards. This suggests that for firms are more likely to pursue compatibility with 

other products as the most efficient means of meeting diverse product requirements for 

a heterogeneous customer base. Conversely differentiation along performance lines, 

as embodied in a component standard, was not supported by the data. This would 

indicate that such differentiation does not result in reduced price competition for 

specific niches in a heterogeneous market, or that these market segments are 

sufficiently small as to be unattractive. This is in line with the innovation literature 

finding that heterogeneity often serves to reduce product adoption and diffusion. 

Managers may feel that a broader market must be penetrated rapidly and therefore a 

compatibility standard approach is the best method for serving heterogeneous needs 

quickly. 

The lack of association with consumer interface standard suggests that the advantage 

of reduced user costs for heterogeneous markets might not be as strong as projected. It 

is possible the advantage a consumer-interface standard presents for firms is offset b.,, - 

the difficulty of actually developing the interface to meet varý'ing wants and needs. 
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Rate of Technological change 
Rate of technological change was found to be positively associated with compatibility 

standards and consumer interface standards, suggesting that increased network effects 

are an important tool when technology is changing rapidly. Two factors are 

potentially at play here: (i) an attempt by firms to reduce consumer uncertainty 

through consistent interfaces between user and product or between the product and 

other products; subsequently encouraging adoption; and (ii) the establishment of 

switching costs that make it less likely for the consumer to move to a new 

product/technology. 

Industry concentration 

As hypothesised, the pursuit of component standards was found to be less likely in 

concentrated markets. This may be due to fewer new entrants into these markets, and 

the fear of quick retaliation from established competitors. The lack of relationship 

between concentration and compatibility standards suggests that concerns about 

coordination may not be pertain to actual players within a high-tech firm's own 

industry; instead the focus of these alliances comes from outside its core industries. 

Hence industry concentration would be irrelevant, depending on how narrowly the 

home industry is defined. 

7.1.5 The Effect of Standards Strategy on Positional Advantage 

The results generally support the conceptual framework developed in chapter 4 linking 

competitive emphasis (standards strategy) to positional advantage in the market. 

Inci-eased Network effects 

Both consumer interface standards and compatibility standards were found to have a 

positive significant association with increased network effects as hypothesised. The 

negative relationship betweeii component standards and increased network effects was 

not supported, suggesting that an ongoing investment in technology (be it through 

radical or incremental innovation) iiiaý' not impact existing network effects in the 

market. 
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The result also suggests that the standards strategies are not direct tradeoffs - pursuit 

of compatibility standards does not necessarily mean a total lack of propensity to 

pursue component standards. The partial correlation between the standards types 

raises the point that firms may pursue more than one standards strategy simultaneously 

for a product, with one type standard being the primary focus for building competitive 

advantage. 

Technological Advantage 

This research supports the association between technological advantage and 

component standards, but did not find any relationship with the other two standards 

types. Upon reflection, the component standard construct and the technological 

advantage construct may well be too similar; there may be insufficient discriminant 

validity for the constructs. 

7.1.6 The Mediating Role of Standards Strategy on the Relationship 

between Antecedent Values and Positional Advantage. 

The findings here support the general thrust of Day and Wensley's (1988) framework 

that sources of advantage (unique resources and distinctive skills) lead to positional 

advantage (increased network effects or technological advantage) for a firm through 

development of product differentiation strategy (the standards strategy). 

The analysis revealed that a compatibility standard strategy acts as a mediator between 

rate of technological change and increased network effects, and also between 

appropriability and increased network effects. This suggests that the pace of change in 

an industry and the degree of appropriability enjoyed by the firm directly influence the 

level of network externalities observed by consumers in the market, and that pursuit of 

a compatibility standard lessens the impact of these factors. Therefore one might 

sun-nise that a compatibility standard strategy is particularly appropriate for firms in 

fast nioN-ing industries that are not in a position to exploit technological developments. 
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A component standards strategy was found to act as a mediator between the 

antecedent factors appropriability, radical innovation and learning costs, and 

technological advantage respectively. This suggests The relationship between 

consumer- interface standards and increased network effects was present, but wasn't 

significant (t=1.465). 

Looking at the direct impact of the exogeneous factors on a firm's positional 

advantage, two relationships are of interest. First, although reputation was found only 

to be an influencing factor for a consumer interface standard strategy, it does appear to 

have a direct and significant impact on the technological advantage enjoyed by a finn. 

Perhaps in high technology markets, reputation serves as a proxy for technical 

superiority, independent of marketing initiatives. 

Secondly performance uncertainty was found to have a significant negative impact on 

the technological advantage enjoyed by the firm. This can be explained by an 

examination of the performance uncertainty construct. The construct's reliance on the 

prospective customer view of a firm's product (as opposed to the industry overall) 

would naturally make for negative relationship with the technological advantage 

construct. ) whose dimensions are based on technological and quality leadership. What 

is puzzling is the lack of relationship between performance uncertainty and pursuit of 

any standard strategy. 

7.2 Contribution to the Diffusion Literature 

This study contributes to the difftision literature in three ways. Firstly it puts forward 

that the learning investment required to use a new product effectively is an important 

component of the adoption decision process. This learning investment entails training 

and/or product experience, as opposed to being a signalling benefit through which 

product information is relayed (e. g. advertising). Although any theory of innovation 

incorporates communication of iiew information about innovations. and hence 

factor in the adoption process, the learnino by potential adopters as an II 

areas has received little attention. Classical diffusion theories implicitly focus on 
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signalling information, and assume that a prominent factor explaining differences in 

innovativeness is differences in the time it takes this information to reach potential 

adopters. Rogers (1995) briefly discusses -software information. 'awareness 

knowledge' and 'how-to -knowledge' as important to the innovation-decision process. 

'How to knowledge' is described as information necessary to use an innovation 

properly, but "to date, few diffusion investigations are available that deal with how-to 

knowledge" (Rogers 1995, p 166). In the organisational. adoption literature. Attewell 

(1992) provides a reconceptualization of diffusion theory for "complex organizational 

technologies" - technologies that when first introduced, impose a substantial burden 

on would-be adopters in terms of the knowledge needed to use them effectively. He 

argues that acquiring technical knowledge and know-how places far greater demands 

on potential adopters and as a result plays a more important role in influencing the 

diffusion process of complex technologies than does signalling. This study suggests 

that 'how-to knowledge' 
, as opposed to signalling, is an important consideration of 

product adoption in many industries and merits further research. 

This study also suggests the means by which this learning investment can be defrayed 

to encourage adoption. Cohen and Levinthal (1990) developed the idea that a firm's 

ability to assimilate and apply a new innovation (its 'absorptive capacity') is largely a 

result of the firm's pre-existing knowledge in areas related to the focal innovation. 

This prior related knowledge makes it easier for individuals to acquire and retain new 

knowledge because it gives them rich well-organized mental schemas into which new 

knowledge can be placed, and allow the associative connections needed for insights 

related to the new knowledge. Building on this, Fichman and Kemerer (1997) argue 

that ease of organizational learning follows from ease of individual learning. 

Mechanisms that reduce the distance between a current bundle of skills and a needed 

bundle of skills (in terms of effort and cost) will induce the individual to innovate. 

Standards present a means by which the learning investment (in terms of effort) can be 

reduced. 

Finally, the strong association between learning costs and standards pursuit found here 

suggests that standards" role in reducing uncertainty (and thereby encouraging 
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diffusion) goes beyond the traditional view of reduced risk of obsolescence and Nvider 

availability of complementary products. Learning costs may fuel uncertainty bý' 

making the consumer less confident that he can obtain the desired performance 
benefits of the product, even when he is sure that they are available. Folkes (1988) 

addressed the issue of consumer uncertainty regarding new product performance and 
linked it to the notion of "functional" risk. She pointed out that little is known about 

the information-proces sing mechanisms that are involved in assessments of 

performance uncertainty and called for more research to understand the factors that 

determine performance uncertainty in regard to new products. Recent work by 

Ziamou and Ratneshwar (2002) has emphasised the importance of matching the 

quantity of information provided to the products' functionality. Expanding on this 

notion, it may be that standards reduce the learning-related uncertainty associated with 

a new product. The strong association between learning costs and standards; and the 

lack of relationship found between the traditional measure of performance uncertainty 

and standards suggests this may be the case. Further research is needed to better 

characterise the performance uncertainty construct. 

7.3 Contribution to the Resource-Based view of the Firm 
This research also contributes to extant theoretical and empirical research on the 

resource-based view. To illustrate this discussion, firm resources, demand 

characteristic and industry characteristic variables were aggregated to consider their 

overall impact on the choice of standard. The regression analysis (provided in the 

table below) illustrates the greater importance of firm resources for consumer interface 

standards and component standards choice than either demand characteristics or the 

structure of the industry. The pursuit of standards appears to driven by an internal 

perspective regarding the capabilities of the fin-n, rather than being dictated by the 

structure of the industry. This adds empirical support to the discussion abox'e. 

particularly for component and consumer interface standards strategies. 
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However, the analysis indicates that all three factors influence compatibility standards, 

with demand characteristics being the most impactftil. It is interesting that firm 

resources has a strong influence in aggregate but yet the individual factors were not 

strongly associated with the choice of compatibility standard. 

Table 29 

Multiple ReLyression Model of Cateizorical Predictors of Standards Strateav 
Dependent Variable 

Con sumer- interface Compatibility Standard Component Standard 
Standard 

Independent Std Beta t-stat Std Beta T-stat Std Beta t-stat 
Variables 
Firm Resources . 402 6.159*** . 136 1.988** . 316 4.543*** 
Demand . 211 3.260*** . 299 4.411 . 108 . 121 
Characteristics 
Industry . 103 1.571 . 149 2.187** -. 010 -. 142 
Characteristics 
Constant -1.338 . 834 2.893 
MODEL 
SUMMARY 

R2 . 208 . 124 . 002 
F (p-value) 17.703 (. 000) 10.114 (000) 7.485 (. 000) 

***=p<. Ol; **=p<. 05 

7.3.1 Market-based Assets 

Aside from empirical support, this thesis builds on current thinking regarding firm 

resources. Leading RBV proponents (e. g. Barney 1991; Grant 1991; Wernerfelt 1984) 

have recognized the role of marketing specific resources, such as brands and customer 

relationships, in gaining and sustaining competitive advantage. However, there has 

been little emphasis on the fundamental processes by which such resources are 

transformed (by managerial guidance) into something that is valuable to customers. 

Recently. Srivastava, Fahey and Christensen (2001) have attempted to remedy this 

disconnect by developing a framework that links market-based assets-(Srivastava, 

Shervani and Fahey 1998) to market-based processes (e. g. Srivastava, Shervani and 

Fahey 1999) resulting in positional advantages that yield customer value that is 

measurable. 
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Market-based assets are defined as either relational - based on entwined assets and/or 

relationships with external stakeholders; or intellectual - types of knowledge a firm 

possess about its competitive environment. Relational resources tend to be 

intangible, hard to measure and therefore not well-nurtured. These relational assets 

include perceptions held by external stakeholders, such as customers, channels. 

strategic partners and providers of complementary goods. To date, there have been 

only a few empirical studies measuring market-based assets. Frels, Shervani and 

Srivastava (2003) examine market market-based assets in the context of network 

markets. Reid (2003) looks at the impact of integrated marketing communications on 

brand performance. This thesis contributes to this small empirical literature by testing 

two relational variables, access to complementary assets and reputation, as factors 

that influence the subsequent value-creation process. 

More importantly, the analysis suggests that learning costs are a market-based asset 

that has not yet been addressed directly In the literature. Although learning costs were 

considered to be demand-based in this research, the above discussion on market based 

assets suggests it is an actionable factor under the firm's control. Using Barney's 

(1991) definition, an asset can be broadly defined as any physical, organizational or 

human attribute that enables the firm to generate and implement strategies that 

improve its efficiency and effectiveness in the marketplace. The resource-based 

perspective of what accounts for competitive success (e. g. Hunt and Morgan 1995) 

suggests that an asset is more likely to generate value when it is convertible (e. g. can 

be used to exploit opportunities or neutralize threats); is rare, is imperfectly imitable, 

and does not have perfect substitutes. Learning costs fulfill these criteria, representing 

a "market based asset that is the outcome of the relationship between a firm and key 

external stakeholders. The bonds constituting these relationships and the sources of 

them can vary from one stakeholder type to another. " (Srisvastava, Shervani and 

Fahey 1998, p5). If brand equity and channel equity reflect the bonds between the firm 

and its customer and channels, learning costs reflect the bond between the firm's 

product and its customer or channel. In their study of network markets, Frels, 

Shervaiii. and SrivastaN, a (200-3) show how organisational product adoption is 

mediated by the strength of the networks (user, complementor, producer) that surround 

it. The strengtli of the user network is measured by compatibility. accessibility and 
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quality of the network. I believe the construct would be improved by the addition of 

learning costs as a fourth dimension of user network strength. 

7.3.2 Positional Advantage 

The results of processes provide the metrics that determine the presence and 

comparative worth of capabilities or competitive advantage (Collis& Montgomery 

1995). In the RBV literature, capabilities reflect how well a firm performs in 

translating assets into value. There has been criticism of RBV for its lack of a 

parameterization of value (Priem and Butler 2001) and for a general vagueness in its 

delineation of competitive advantage (Deligonul and Cavusgil 1996). Recent authors 

have postulated a need to address "the value of resources with theoretical tools that 

specific the market conditions under which different resources will and will not be 

valuable (Barney 2001, p 43). Srivastava, Fahey and Christensen (2001) suggest that 

the four dimensions of customer value are product attributes, experiential benefits, 

attitudes and network effects. This thesis contributes to the development of value 

metrics by outlining two areas of positional (ie competitive advantage): increased 

network effects and technological advantage. Network effects have been shown to 

enhance the value of a product to customers above that of stand-alone products (Frels, 

Shervani and Srivastava 2001). This thesis adds to the small empirical research on 

network effects. 

Technological advantage is defined as perceived superiority that stems from the 

technical performance of the product. For the consumer, this may arise from unique 

performance features which distance the product from its competitors. The literature 

on marketing and technology has suggested that consumer's decision making in 

'technology' markets differs from those where information is less time-sensitive 

and/or intensive (Glazer 1991 -, Glazer and Weiss 1993). A key issue in this area is the 

manner in which consumer uncertainty is impacted by information that is provided to 

the consumer. Our findings suggest that marketers emphasize technical superiority of 

the product as a means of reducing uncertainty. Technological advantage may also 

stem from the interaction with other products that enhances the main product's 
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performance (such as the hardware/software paradigm). In either case. technological 

advantage can results in increased value for the consumer. 

7.4 Methodological Contributions 
It was noted in the literature review that standards research had been largely been 

game-theoretic and empirical research has largely been case-study oriented. This has 

to some extent hindered empirical validation of standards phenomena. This study 

used existing measures for antecedent measures where possible to facilitate 

comparison with other technology-oriented research. For the dependent variables of 

interest, standards', increased network externalities and technological advantage, new 

constructs were defined and scales were developed. An exception to the case based 

empirical work has been the use of hedonic pricing models (Gandal 1994; 

Brynjolfsson and Kemerer 1996). This method restricts the study of standards to a 

given industry, is focused solely on compatibility as a definition of a standard and 

allows only a post-hoc view of standards development. An advantage of the survey 

approach adopted in this thesis is that it measures current firm strategy toward 

standards development as opposed to a retrospective view of market outcomes, and 

gathers the data across a number of industries as opposed to a single application. 

The scales developed in this research measure standard- setting activity through the 

marketing efforts pursued by the firm. This approach to standard setting has not been 

used in previous studies. The focus of the survey was on the firm's marketing effort in 

promoting the standard, as opposed to the actual existence of the standard. This was 

intentional, as a major objective of the study was to explore how firm-level and 

environmental factors influence a firm's strategy - its decision to pursue a given type 

of standard over another (regardless of the outcome). However, it is reasonable to 

believe that there would be a link between a firm's promotion of a standard and its 

successful establishment. Past research promotes the premise that the greater the 

amount of marketing resources a firm invests in the development and launch of a new 

product, the higlier its probability of success. (e. g. Green, Barclaý, and Ryans 1995; 

Szymanski, Troy and BharadN\-aj 1995). Within the standards literature. a firm's 
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marketing activities (and other directed efforts) have been shown to be associated NN-ith 

the establishment of compatibility standards. (e. g. Besen and Farrell 1994; Postrel 

1990). For instance,, for consumer- interface standards, a great deal of uncertainty is 

associated with the performance of new interfaces, since they are likely to imply novel 

tasks for the consumer (Glazer 1999; Sujan 1985). Firms introducing products that 

involve a novel interface have to communicate effectively with consumers such that 

this uncertainty is reduced. Prior research in consumer behaviour suggests that 

emphasizing ease of use (Hoffman and Novak 1996; Szajna 1996) can serve to reduce 

uncertainty and increase adoption. In summary, measuring firms' marketing efforts 

toward standards seems a logical way to measure competitive behaviour across 
industries in a consistent manner that is accessible to a wide variety of practitioners 

and not just economists or mathematicians. 

7.5 Managerial implications 
Marketing managers should be aware of how demand-related and supply-side related 
factors influence the development and probable success of standards in their markets. 

By utilising these relationships, managers can define an appropriate standards strategy 

for the firm. The conceptual framework developed here suggests conditions under 

which it may be advisable for high tech firms to pursue one type of standard over 

another depending on the nature of firm resources (reputation, access to 

complementary assets, nature of the innovation, appropriability), demand 

characteristics (learning costs, consumer heterogeneity, performance uncertainty and 

industry structure (rate of technological change, industry concentration). In particular, 

the analysis highlights the importance of learning costs to the manager's decision- 

making framework; a factor that has hitherto received little attention. This research 

suggests that explicit consideration of the consumer's learning investment in existing 

products is needed to encourage adoption of new technologies. 

The distinction between compatibility standards, component and customer interface 

standards means that the NPD process has to be tailored to fit different types of 

standards. For instance. a firm pursuing compatibility standards 'will need to devote a 
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greater proportion of its development efforts to the functional interfaces of its product 

with those of complementary product providers and its promotional efforts on 

educating consumers as to the breadth of complementary products available. 

Conversely, a firm focusing on a component standards strategy may focus greater 

marketing resources on individual consumers as opposed to complementary product 

providers. Promotional activity might focus on the breadth of features and 

performance attributes of the product. Thus, the framework provides an explicit link 

between strategy and marketing tactics in line with the suggestion of Webster (1992). 

This aspect of new product development has hitherto not been researched in the 

literature. This study is a first step in this direction. With the advent of more and more 

information based products, where the interface for consumption (where the customer 

interface standard resides) determines the consumption experience, and hence the 

purchase decision, the distinction between customer interface standards and other 

types of standards cannot be overemphasized. 

The conceptual framework also provides guidance for marketers through the 

positional advantages sought. If the firm's focus is on creating network externalities, 

this implies greater allocation of resources to persuading complementary product 

providers and associated vendors apart from the targeted end-consumers. In this 

setting, penetration pricing strategies have been shown to have particular value 

(Montaguti, Kuester and Robertson 1997). If the firm seeks technological advantage, 

a different marketing mix will prove optimal. Sales may be greatest for high quality 

products (where high quality equals technological performance) when prices are 

average or above average (Nowlis and Simonson 1996). Promotional activity may 

focus on building the firm's reputation as a technological leader. 
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Limitations and Future Research 

8.1 Study Limitations 
Although every attempt has been made to identify and incorporate various aspects of 

technological standards, this paper does not claim to be exhaustive. It is my hope that 

the framework and hypotheses advanced here will lead to further theory development 

and empirical testing in this area. Before considering the study's claimed 

contribution, it is important to recognise its limitations, which are partially a 

consequence of the methodological choices made. The main limitations related to the 

use of this survey-based research design should be considered, relating to the sampling 

frame,, measurement, and analytical procedures. 

8.1.1 Sampling 

The data in this study were collected from 234 high technology firms in the UK. The 

overall sample was limited to a handful of high technology industries. These ventures 

were from firms listed on three databases: the FAME online source for UK 

companies, AP's proprietary database of firms organised by SIC code, and the 1998 

UK Directory of Computer Software Firms. The first limitation that must be 

recognised is associated with using this sampling frame. Although they are the most 

extensive and up-to-date of their kind, they are not exhaustive lists and therefore do 

not contain the full population of relevant high technology firms in the UK. Although, 

gross industry level differences were accounted for (e. g. computer software vs. 

hardware, medical equipment, etc), it may be that these categories do not fully capture 

industry level differences, such as growth rate or barriers to entry. 

Managerial perceptions of activities and product positioning are being measured in 

this study. Although this methodology is common in the NPD literature (e. g. Di 

Benedetto (1999). several problems can be created - the establishment of true cause- 

and-effect relationships is impossible, there is the possibility that respondents illay 

have upwardl,, - biased their responses (to make their efforts look good) and 

respondents true perceptions maýý not accurately reflect realitý-. 
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The study used the key informant method. Limitations of the key informant method 

have been well documented elsewhere (Philips 1981). The respondents should be well 

qualified to answer the research questions, including those questions not directly 

related to marketing activities. In technical ly-oriented products, marketing managers 

are knowledgeable about Product functionality, as it core to the product positioning 

(unlike FMCG managers, where one could argue that positioning is less tangibly tied 

to the features of the product). More than any other constituency, the marketing 

manager is responsible for presenting (and defending) the product's positioning to 

internal and external customers. At the same time, the marketing manager is able to 

appraise firm resources and environmental conditions better than more junior 

members of his/her department who may have slightly greater individual product 

knowledge. Most questions in the survey related to customer perceptions and product 

positioning efforts, which the marketing manager would be well placed to answer. 

Queries regarding firm resources and the external environment focused on reputation, 

vertical integration, technological change, and competitive activities. Among these, 

only vertical integration could be argued to be beyond the remit of the average 

marketing manager. However, in technical ly-oriented markets, knowledge of R&D, 

component technology and production systems are integral elements of the product 

offering. The marketing manager would be familiar with core technologies and key 

components, and whether these were sourced internally to the firm or through outside 

relationships, as they can present opportunities for positioning (or liabilities to be 

manoeuvred around). 

Drawing on the literature, recent studies in related areas have found that senior-level 

key informants with a high level of knowledge and involvement regarding the project 

provide reliable, valid data on strategy and performance that is very similar to 

secondary objectiN, e data (e. g. Zahra and Covin 1993). 

A limitation of using key informants however, is that there is only a single 

questionnaire for each firm, and therefore the validitý' or reliabilitýý of the responses 

cannot be assessed statistically. Talking to more than one infon-nant within each 

organisation might have yielded additional insights regarding firm strategy and 
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positional advantage. A portion of firms sampled did not have contact names 

available. Analysis of respondents did not reveal differences between those surveys 

sent to named individuals and those simply sent to " Marketing Manager". However. 

it is possible that these data were supplied by less qualified individuals than would 

have been the case if internal contacts were available. 

The sample consisted of firms with UK sites; these firms did not necessarily have 

technology development operations in the UK. It is possible that respondents in 

companies without UK development activities might be less knowledgeable of 

technology-related subjects. Because the survey was anonymous and confidential, 

company names were not requested from respondents and country of origin data was 

also not collected. This is a limitation of the research. A portion (70 respondents) 

provided contact details in order to obtain a summary of the results. Of these, 46 were 

from UK-based firms and 24 from companies with headquarters outside the country. 

The low number of named respondents makes reliable regression analysis impossible. 

Although these differences between respondents can not be statistically tested, I would 

purport that the distinction between the groups is negligible. The majority of survey 

questions focused on the market, competitive activities and promotional efforts of the 

firm. These should be well known by the key respondent - the marketing manager - 

regardless of where the physical operations of the company are located. 

The response rate of 15% is slightly low compared with other marketing studies 34 
, and 

it is reasonable to be concerned about the non-response rate. The difficulties that were 

experienced in obtaining the desirable number of responses intensifies the need to 

evaluate potential biases in the data set. The analysis of early versus late respondents 

provided in Appendix D is normally relied upon to support claims that respondents 

were not biased (Armstrong and Overton 1977). 

8.1.2 Measurement 

-, 4 Ho\\e\ei-. a recent stud\ of ne\\ product practices in the U. S. resulted in much lo\ýer response rates 
(l. 'Iqo to 9.90o) across a range of sLir\e\s of marketing managers (Griffin 1997). 
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The measures in this study were a combination of new and existing scales. The 

questionnaire design was pre-tested and piloted. AnaPy'sis of the measurement models 

showed that most scales performed well in terms of validity and reliability. 
Nevertheless, the data reduction procedures (PCA and CFA) reported in chapter 5 

resulted in a loss of some data. Deeper analysis revealed that two measures, reputation 

and performance uncertainty, to be linearly related to other independent constructs, 

resulting in a decreased impact for these measures. A high degree of collinearity is 

also present between component standards and technological advantage (r = . 643). 

Although more independence in these measures would be desirable. reference to 

existing literature indicated that the degree of multicollinearity would be considered 

within acceptable bounds. It can also be argued that a main tenet of this research is to 

further the development of new constructs addressing standards strategy and 

outcomes, and the reduced significance of antecedent factors does not jeopardise this. 

However, as noted previously, no support was found for a relationship between two 

antecedents (vertical integration and performance uncertainty) and any standard type. 

This finding may be partially attributable to poor item development for these 

measures. 

In particular (VI) was constructed as a semantic differential -type scale with reliance on 

external relationships at one end internal relationships at the other. In retrospect, this 

approach may have obfuscated the results - the distinction between external and 

internal relationship may not be clear for a given respondent. The scale also assumed 

equal importance for each stage of the value chain - this may not be correct. All 

exogeneous variables had low AVE scores, indicating a substantial level of variation 

between individual items for a construct. These limitations were recognized during 

the analysis, with the most problematic items eliminated from the construct 

development. The borderline measures were retained for the analysis as the research 

is exploratory and the items were new. Interestingly. performance uncertainty and 

industry concentration (another poor performer) are both existing constructs that had 

been used in previous research. 
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A second measurement concern is the retrospective nature of the measurement 

instrument. Reporting on past evens opens the research to potential problems relating 

to memory and post-rationalisation. Memory issues are of less concern as respondents 

were asked to consider the most recent product launched; results indicated 70% were 

within the last year. An attempt to control for post-rationalisation was made by 

having respondents consider the most recent product launched and not just a 

successful or "typical" product. 

This study is based on the assumption that strategy drives positional advantage, and 

that certain firm resources and environmental considerations influence strategy. A 

case can be made for the reverse, where existing positional advantage drives strategy, 

which in turn influences firm factors such as vertical integration. I attempted to 

control for this by introducing variability in the industries selected. 

8.1.3 Analysis 

The analytical methodologies used in testing the hypotheses was ordinary least squares 

regression and structural equation modelling (LISREL 8.12). Multivariate regression 

analysis requires meeting certain assumptions in order to provide unbiased estimates 

and valid significance tests: no specification error, no measurement error, no 

homo skedasti city or autocorrelation, and normal distribution of the error term. The 

data were examined in light of each of these requirements prior to the analyses. 

However, the possibility of measurement error is difficult to safely rule out. A 

thorough attempt was made to eliminate (or greatly reduce) measurement error 

through interviews, the pilot study and examinations of construct validity, but it 

remains the most pertinent concern for the empirical study. There is some 

disagreement in the statistical literature over how serious the violations of the 

regressions assumptions are. Some researchers argue that regression analysis is 

"robust"'). with the parameter estimates not meaningfully influenced by violations of 

the assumptions (Kerlinger and Pedhazar 1973). 
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In recent years, many researchers have argued that Likert-type scales of preference or 

agreement should be treated as discrete choice variables as opposed to continuous 

variables. For these cases, an ordered logit model may be appropriate, which uses a 

maximum likelihood function to estimate the model parameters of the current 

research. Recent studies comparing OLS and ordered probability models (e. g. Peel, 

Goode, and Moutinho, 1998) indicate that in terms of the signs and significance levels 

of the coefficients of the explanatory variables, the techniques should provide similar 

results. However, the OLS method may provide results that lead to a serious 

underestimate of the magnitude of the significant explanatory variables, and marginal 

variables might prove significant (if not impactful) in a ordered logit analysis. This 

suggests that appropriability and performance uncertainty might prove significant 

factors (at p<0.05) influencing compatibility standards pursuit if they had been tested 

in an ordered logit model. It would have therefore been appropriate to have used an 

ordered logit analysis to confirm that the use of OLS did not seriously distort the 

findings. This is a limitation and an area for further development. 

In addition to these restrictions, the network of relationships reflected in the structural 

models implies causality. However, as pointed out by Hoyle and Panter (1995), 

techniques such as LISREL8.12 cannot on their own prove causality. Theory or logic 

is also needed. Thus the significant linear associations found between constructs in 

this study are interpreted as causal based on logic and the theoretical development in 

Chapter 4. 

One possible area where this is important is in the question of whether standards 

strategy leads to positional advantage or whether positional advantage leads to 

standards strategy. In reality there is likely to be a two-way causal link between the 

two that can only properly investigated through a longitudinal or experimental design. 

However, support for standard strategy preceding positional advantage in the first 

instance is provided by both logic and the existing literature on standards. 
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8.2 Directions for Future Research 
Studies in product development and firm strategy can be classified as (1) generalist 

studies that identify key variables that contribute to the success and failure of projects. 

or (2) specific studies that examine in depth one or more variables identified by 

generalist studies (Craig and Hart 1992). This research follows the generalist style in 

that it has identified and tested a broad set of variables that contribute to positional 

advantage. Substantive issues must be tackled in future studies of both types. For 

example, other factors such as industry growth rate or alliances, have not been 

addressed. ) 
but might influence the development of standards. In contrast, the impact 

of variables such as consumer heterogeneity warrant further study to deten-nine those 

dimensions of heterogeneity (skill, education, industry background, etc) which drive 

standards strategy. 

In order to focus on how firm resources,, demand characteristics and industry and 

technological variables affect the firm's choice of standards to pursue, I have 

neglected the means by which firms establish standards. A firm's ability to implement 

a given strategy will affect the choice of standard to pursue for both individual 

products and across product families. Considerable research has been done on tactics 

for establishing standards (e. g., Axelrod et. al. 1995; Kotabe, Sahay and Aulakh 1996, 

Montaguti, Kuester and Robertson 1997). Firms may pursue standards in one of two 

ways. They can attempt to develop the standard themselves. 35 Alternatively, they can 

follow or adapt to a standard created by another party (Hagel 1996). 1 have not 

addressed the issue of whether a firm should attempt to shape or follow a standard, or 

what selection criteria should be used for competing standards. Clearly, some firms 

will be better positioned to shape standards while others would be better positioned to 

adopt an existing standard. This choice may be related to the resources available to 

the firm. For example, appropriability considerations influence a firm's ability to 

benefit from its technologies (Kerin, Varadarajan and Peterson 1992) and may 

persuade a firm to follow licensing as a means of adopting standards (Wind and 

Mahajan 1988). It may also influence a firm's decision on whether to develop or 

c ng. alliances and licensing in attempts to establish standards (e. g., Firms have used penetration pri II 
Netscape). Ho\\, e\et-. \Ne do not focus on the methods used, or their relative efficacy. In establishing 
standards (see A\elrod et. al. 1995: Shepard 1987). 

165 



follow standards. However, the decision of whether to develop or follow standards is 

not the focus of this paper. Future research should investigate how these factors affect 

the decision to develop a new standard or follow an existing one, and what tactics are 

optimal given the antecedent factors present. 

Future research efforts should also focus on identifying those conditions where 

multiple standards equilibria occur. Is this more likely under certain environmental 

conditions? It is also possible that multiple equilibria are more likely to occur for 

certain types of standard. 

Finally this research serves as a baseline for the development of the standards typology 

and the positional advantage constructs. Following on the empirical work presented, 

further refinement in these constructs is needed. 

8.3 Conclusion 
Standards are an important characteristic of products and innovations. While product 

standards are an important determinant of market share in both business and consumer 

markets (Besen and Farrell 1994), there has been very little effort in the marketing 

literature to understand how firms can choose particular types of standard and the 

implications of that choice for the positional advantage of the firm.. The hypotheses 

and framework represent an effort to build the foundations towards integrating 

standards into the scope of the hi-tech firm's marketing strategy. To the best of my 

knowledge, this paper represents the first effort to develop an understanding of 

standards, choice of standards and the implications for positional advantage of firms. 

Hopefully this work will encourage further research on the interface of technology and 

marketing that has potentially important implications for a firm's competitive position. 

This framework contributes to the marketing literature in the follownig, areas. First. it 

defines and demarcates a standards tYpology that can guide firm action: it delineates 

notions of consumer interface and component standards that have been neglected in 

the literature. Secondly. the paper relates firm resources and consumer 

characteristics to a firm"s choice of standards to pursue, as well as the more traditional 
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considerations of industry and technological factors. An important aspect of a firm's 

decision to pursue a standard type is that while one antecedent factor may encourage 

compatibility standards and discourage consumer interface standards. another may 

encourage choosing consumer interface standards over compatibility standards. 

Pursuing the appropriate standard is important as it will encourage differentiation in 

the marketplace in terms of the build up of network externalities and/or increased 

technological advantage. Thus, the framework illustrates how sources of advantage 

lead to positional advantage through firm action. Finally, this paper suggests that 

extant research on compatibility standards should be supplemented by research on 

other forms of standards. 
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APPENDIX A 

PILOT STUDY AND ITEM DEVELOPMENT 

The pilot study simulating the conditions planned for the main survey was conducted 

over the period of October 1998-January 1999. The objective of the pilot study was to 

ensure that the instrument items were properly understood and to further refine the items. 

A total of 30 sets of responses were obtained from two principal sources: a) LBS 

students with recent previous experience in marketing or technical development in a high 

tech company and b) a subset of the targeted sampling frame, i. e. marketing managers for 

UK high-tech companies. Data was collected from 23 from an initial sampling frame of 

40 MBA students at LBS, all whom have worked (or, if they were executive students, 

were currently employed) in high tech product/marketing management. Seven marketing 

managers from telecommunications, software, web-based, medical and pharmaceutical 

industries also completed the pilot test. A cover letter was sent with each survey, and 

questionnaires were either collected personally or returned via LBS internal mail. 

Following Yu and Cooper (1983), the importance of each response and the overall 

research was highlighted. However despite these appeals, repeated email reminders were 

necessary in order to obtain the 23 responses. 

All measures except heterogeneity had reliabilities above 0.70. Using Gerbing and 

Anderson's (1988) paradigm, item-total correlations and exploratory factor analysis was 

used to refine the scales for the principal survey. This resulted in several individual 

items being dropped, and a complete revision of the loyalty and performance uncertainty 

constructs to enhance their content validity. After revisions, the final survey was 6 pages 

in length. A detailed description of these changes is provided in the table below. 
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Table A. 1 Original Construct Revisions from Pilot Study 
Cronbach Recommended 

Construct Alpha Measures 

Reputation . 80 7 point scale: Strongly Disagree/Strongly Agree 
7 items Our company has a reputation for - 
Formative Measure a) being technologically advanced. 

b) producing high quality products. 
C) being innovative. 
d) strong customer relationships. 
e) good customer service. 
f) user-friendly products. 
g) financial soundness. 

Access to . 6624 7 point scale: Relied Solely on ext. relationship/Internal Relationship 
Complementary To what extent does your rely on external relationships (such as purchases 
Assets or contractual agreements) vs internal resources in the following areas for 

7 items the product: 
Formative Measure a) R&D 

b) Components 
C) Production (Assembly) 
d) Marketing Activities 
e) Servicing 
f) OEM Sales 
g) Retailing Activities 

Learning Costs . 8315 Strongly Disagree/Strongly Agree 
7 items a) Our product requires a major learning experience by the customer. 

b) Most users need practice to learn to use our product well 
C) Users have to change their way of doing things when switching to our 

product from a competitor. 
d) Most users require training on how to use our product 
e) Most users refer to the documentation when first using our product. 

f) The skills acquired in using our product make it less 
likely for our customers to switch to a competitor. 

g) It takes very little time to learn to use the product well. 
h) The user must apply skill and judgement, as well as correct usage, in 

order to obtain the desired results. 
Consumer 

. 1035 Strongly Disagree/Strongly Agree 
Heterogeneity overall a) Our product is used in a wide variety of applications. 
5 items 

. 7817 for b) Our product is used in a wide variety of industries. 
Formative Measure last 3 c) There is no "typical" user for our product. 

items d) Users come from diverse backgrounds and education levels 

e) Users typically possess a pre-defined set of skills. 
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Loyalty Pilot 7 point scale: Strongly Disagree/Strongly Agree 

4 items contained a) Customer loyalty to our product is higher than average for the 
3 items industry. 

with alpha b) On average, our customers are reluctant to switch to competing 

of . 
75 products. 

Items C) On average, our customers consider our product to be pretty much 

have been the same as competitive products in the market. 

revised. d) On average, our customers are repeat buyers. 
New 
items in 
bold 

Appropriability . 
76 7 point scale: Strongly Disagree/Strongly Agree 

4 items a) The unique features of our product cannot be easily imitated by our 
Formative Measure competitors. 

b) We protect our competitive advantage by maintaining secrecy 
regarding product and process technology. 

C) Our patents prevent our product technology from being duplicated by 
competitors. 

d) We maintain our competitive advantage by introducing new product 
features ahead of our competition. 

Performance . 
7987 All 7 point Scales: 

Uncertainty Pilot had a) On average, how frequently do prospective customer qUery the 
5 items 6 items reliability of your product? 

with . 
8451 Rarely/Frequently 

alpha -I 
b) On average, how confident are prospective customers that your 

product will work satisfactorily? item 
Highly Confident/Not at all Confident 

rejected as C) On average, how sure are prospective customers thatyour product will duplicatio 
perform the functions described in your advertising? 

n- All 
questions Very Sure/Somewhat Sure/Not at all Sure 
revised to d) On average, how wary are prospective customers of your product 
state "on technology? 
average" Very Wary/Reasonably Confident/Very Confident 

e) On average, how concerned are prospective customers about the 
possibility of being stranded with an obsolete technology? 
Very Concerned/Not at All Concerned 

Rate of . 
8372 7 point scale: Rare ly/Occas ional ly/Frequently 

Technological a) How frequently does the technology incorporated in your product 
Change change? 
3 items b) What is pace of change for complementary productsor services? 

C) At what pace does the overall technology in your industry change? 
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, 
Nletwork Effects 

. 
7859 7 point Scale: Strongly Disagree/Strongly Agree 

6 items Note: I a) Our customers frequently exchange output data from the product. 
item 
dropped. b) Our product allows users to communicate or exchange data with each 
3 other. 

additional C) The number of complementary products offered by other companies 
has increased as our product sales increase. items in 

pilot were d) The services offered by other companies relating to our product (such 
retained as training and support) have increased with our installed base. 
as 
indicator e) The quantity of published reference material for our product has 

of 
increased over the life of the product. 

t) The benefits to a user from our product have increased as the installed 
marketing base has grown. 
activity to 
promote 
network 
effects 
(see 
below). 

Network Effects . 
7834 7 point scale: Strongly Disagree/Strongly Agree 

Promotion Our marketing effort for the product have emphasised: 
3 items a) the range of services available such as training, support & 
NOT IN MODEL troubleshooting. 

b) the existing installed base of users for the product. 
C) the amount of reference and support material available for it in the 

marketplace. 
Pursuit of . 

8872 7 point scale: Strongly Disagree/Strongly Agree 
Compatibility Note: Our marketing effort for the product have emphasised: 
Standard Pilot of 6 a) compatibility with a broad range of complementary products. 
6 items items 

(. 4813)- b) easy exchange of data with other products. 
I item C) how it can be used in conjunction with complementary products. 
dropped, I d) customer's ability to easily exchange data and information with other 
new item users. 
added (in e) how easily the product works with other products. 
bold) f) backwards compatibility with previous generations of product. 

Pursuit of . 
8675 7 point scale: Strongly Disagree/Strongly Agree 

Component Standard (I item Our marketing effort for the product have emphasised: 
5 items dropped) a) cutting edge technology. 

b) performance features unavailable on other products. 
C) uniqueness of the product technology. 
d) superiority of the product technology over competitive products 

e) performance benefits of the product technology. 
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Pursuit of . 
9371 7 point scale: Strongly Disagree/Strongly Agree 

Consumer-Interface (I item Our marketing effort for the product have emphasised: 
Standard dropped) g) its unique user interface. 

8 items h) the use of graphics and symbols to simplify product usage. 
Note: i) a set sequence of operational steps guiding product use. 
May be j) consistency of the user interface across several generations of product. 

too much 
k) a consistent user interface for a broad spectrum of users. 
1) how easy it is to learn to use. 

repetition M) a consistent user interface through the development of 
-for support and training materials. 
discussion n) the user interface it shares with similar products 

Growth Rate 7 point scale: Low/Medium. /High 
0 item) The short term (last 3 years) market growth rate for your product as 

compared against the average in your industry is: 

Buyer Concentration a) What percentage of the product's sales when to your four largest 
(2 items) buyers? 

b) Who purchases the product? Consumers/Organisations/OEMs 
(Give percentage) 

Industry a) What combined market share do the top three firms in your product's 
Concentration industry have? 
(2 items) (timeframe = past 12 months) 

b) How many competitors exist in your market? 

Nature of Innovation . 
9376 7 point scale: Strongly Disagree/Strongly Agree 

(3 items) a) At the time of introduction, our product contained no 
new knowledge in its components or manufacturing 
process. 

b) At the time of introduction, our product represented 
an improvement over existing technology or 
manufacturing processes. 

C) At the time of introduction, our product represented 
a major technological advance. 

Technological 
. 
8556 7 point scale: Strongly Disagree/Strongly Agree 

Advantage (I item a) Our product is viewed as the technology leader in the marketplace. 
(6 items) dropped) b) On average, customers perceive our product to be technically superior 

to other products on the market. 
C) On average, customers perceive our product to be of higher quality 

than competitors' products. 
d) On average, customers perceive our product to incorporate cutting 

edge technology. 
e) On average. customers perceive our product to perform better than 

other products 
f) On average, customers perceive our product to offer more 

performance features than competitive products. 

Proximity to New item 7 point scale: OEM product with no marketing(])/ Consumer product 
Consumer - for marketed directlý 
0 item) discussion Circle the scale value that most accurately reflects how close the product 

is to the end consumer. 
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18 May, 2004 

Name 
Title 
Company 
Addressl 
Town, 
Postal code 

Dear 

Thank you for agreeing to complete my pilot survey. I am a PhD student at London 
Business School studying the role of standard-setting as a strategic activity by high 
tech firms. I am particularly interested in determining the different types of standards 
a firm can pursue, and what factors influence this decision. It will take approximately 
15 minutes to complete the questionnaire. 

This pilot questionnaire is intended to help me refine my questions prior to 
undertaking a survey of over 1500 UK companies next month. The survey will be 
targeted at marketing managers or product managers in high technology industries. 
With that in mind, any additional comments you would like to make about Particular 
questions or the general design of the questionnaire would be much appreciated. 
Your survey responses will be analysed to determine the consistency and reliability of 
individual questions. 

On the first page are questions regarding market share and sales. If this is sensitive 
information, please feel free to omit that data. All questions are confidential and will 
be used only for determining the validity of the survey design. 

If you have any questions about this, please feel free to call me on 01753-883514 or 
e-mail to drileyklbs. ac. uk. If you would like to know the results of the final survey, 
please enclose a business card and I will send the data when it is completed. 

Thanks again for your help on this. 

Debra Riley 
PhD Programme 
London Business School 
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14 September 1999 

<<Name>> 
<<Position>> 
<<Company>> 
oAddress I >> 
<<Address2>> 
oCity>> 
Rostal-Code>> 

Dear <<Title)) <<Iastname>>: 

SURVEY of STANDARDS DEVELOPMENT 

We would like to invite your participation in a major survey of UK technology-based 
businesses being undertaken by London Business School. It will explore the ways in 
which companies establish new products as standards in their industry. We expect 
the research to highlight sources of competitive advantage, and to suggest 
strategic activities most appropriate to particular market settings. 

The study is one of the broadest of this kind every carried out in the UK. The sample 
will encompass over 1800 businesses in the areas of consumer electronics, computer 
software, hardware, telecommunications and industrial equipment. 

The survey will be sent to you later this month. Please set aside 15 minutes to 
complete the questionnaire. Participants will receive an executive summary of the 
key findings later this year. Questionnaires returned by November 15 th will be 
entered into a draw to win E500 cash. 

Thank you, in anticipation, for your time and input. 

Sincerely yours, 

ý)Ji 

Dr. Arvind Sahay 
Assistant Professor of Marketing L-ý 

) 
La \- 

Debra Riley 
Doctoral Student 
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I October 1999 

oName)) 
Rosition)) 
Xornpany)) 
(<Address I >> 
oAddress2>> 
Xity>> 
Rostal-Cocle>> 

Dear oTitle>> olastname>>: 

SURVEY of STANDARDS DEVELOPMENT 

We invite you to participate in a major survey of UK technology-based businesses 
being undertaken by London Business School. It will explore the ways in which 
companies establish new products as standards in their industry and will focus on 
three sources of competitive advantage: 

" compatibility with other products; 

" perceived superior technological performance; 

"a unique user interface between the product and customers. 

The study is one of the broadest of this kind, covering over 1800 UK businesses in the 
areas of consumer electronics., computer software, hardware, telecommunications and 
industrial equipment. We expect the research to suggest strategic activities most 
appropriate to particular market settings. 

Please take 15 minutes to complete the questionnaire. Participants will receive an 
executive summary of the key findings later this year. Although questionnaires are 
coded to facilitate analysis, all responses are entirely confidential. Questionnaires 
returned by November 15 th will be entered into a draw to win E500 cash. 

Thank you, in anticipation, for your time and input. 

Sincerely yours, 

ýv 

Dr. Arvind Sahay 
Assistant Professor of Marketing t-- 

Debra Riley 
Doctoral Student 
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PRODUCT STANDARDS SURVEY 

1. please check the industry your firm fits most closely: 

What are your company's annual sales? 

D Computer Hardxýare and Peripherals 
F-1 Computer Software 
El Consumer Services (including Internet) 
F-1 Telecommunications 
F-1 Industrial Equipment 
F-1 Consumer Electronics 
F-1 Consumer Durable Goods 
Fý Other 

Billion $ million 
OR 

f Billion f million 

Please answer all of the remaining questions in this survey with regard to the 
most recent new product launched by your firm. 

Name of the Product: 

Annual sales for the product 
qeave blank if confidential): 

7. Number of competitors in your market: 

Who purchases the product? (please give %) 

Commercial Launch Date: 

Current market share of product: 

Market share of your largest competitor: 

Consumers 
Organisations 
OEMs 

10. What percentage of the product's sales went to your four largest buyers? 

11. What is the combined market share of the top three firms in your industry? 

Circle the scale value that most accurately describes 
the market in which you compete: 

13. Circle the scale value that most accurately reflects 
how close the product is to the end consumer: 

14, The short term (last 3 years) growth rate for 
your product as compared against the average 
in Your industry is: 

Broad market Narrow 
classification with speciality 
numerous products niche 

1 

OEM product Consumer product 
with no marketing marketed directly 

1 

Lo\\ Medium High 

234567 
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15. The following questions ask about your company's REPUTATION for this product. 
Please circle the value that most accurately represents the level ofyour agreement with thefollowing 

statements with regard to your nearest competitor 

Strongly Strongk 
Disagree Agree 

Our company has a reputation for - 

a) being technologically advanced. 12 3 4 5 6 7 

b) producing high quality products. 12 3 4 5 6 7 

C) being innovative. 12 3 4 5 6 7 

d) strong customer relationships. 12 3 4 5 6 7 

e) good customer service. 12 3 4 5 6 7 

0 user-friendly products. 12 3 4 5 6 7 

g) financial soundness. 12 3 4 5 6 7 

16. The following question asks about the use of VERTICAL INTEGRATION and/or 
ALLIANCES. 

Please circle the value that most accurately represents each component below. 

To what extent did your company rely on external 
relationships (such as purchases or contractual 
agreements) vs. internal resources in the following 
areas for the product: 

Relied solely Relied solely 
on external on internal 
relationships relationýjhips 

a) R&D 12 3 4 5 6 7 

b) Components 12 3 4 5 6 7 

C) Production (Assembly) 12 3 4 5 6 7 

d) Marketing Activities 12 3 4 5 6 7 

e) Servicing 12 3 4 5 6 7 

0 OEM Sales 12 3 4 5 6 7 

g) Retailing Activities 12 3 4 5 6 7 

17. The following questions ask about the RATE OF TECHNOLOGICAL CHANGE in your 
industry. 

Please circle the scale valite that most closely reflects your answer to thefollowing questions: 

How frequently does the technology incorporated in 
Your product change? 

b) What is pace of change for complementary products 
or services" 

0 At what pace does the overall technology in N OLII- 
industry change? 

ZL- ý 

Rarely Occasionally Frequeqtly 

124567 

Verv slowiv Verv fast 

2 3 4 5 6 7 

12 3 4 5 6 7 
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18. The tollowing questions ask about your CUSTOMERS and their LEARNING 
investment. 

Please circle the value that most accurately represents the level ofyour agreement with the following 
statements with regards to your principal customtCýe (i. e. consumer, OEM, etc. ) 

our product requires a major learning experience by 

the customer. 

b) Most users need practice to learn to use our product well 

c) Users have to change their way of doing things when 
switching to our product from a competitor. 

d) Most users require training on how to use our product. 

e) Most users refer to the documentation when first using 
our product. 

The skills acquired in using our product make it less 
likely for our customers to switch to a competitor. 

g) it takes very little time to learn to use the product well. 

h) The user must apply skill in order to obtain the desired 
results. 

i) The user must apply judgement, as well as correct usage, 
in order to obtain the desired results. 

j) Our product is used in a wide variety of applications. 

k) Our product is used in a wide variety of industries. 

1) There is no "typical" user for our product. 

M) Our users come frorn diverse backgrounds. 

n) Our users have varying education levels. 

0) Users typically possess a pre-defined set of skills. 

P) Customer loyalty to our product is higher than 
aNtrage for the industry. 

(1) Oil average, our customers are reluctant to sxN itch 
10 competino products. 

n On average, our customers consider our product to be 
prettý- much the'sarne as competitive products in 
the market. 

On average, our customers are repeat buyers. 

Strongly Strongly 
Disagree Agree 

1234567 

1234567 

12 3 4 5 6 7 

12 3 4 5 6 7 

1 

12 3 4 5 6 7 

12 3 4 5 6 7 

1 

12 3 4 5 6 7 

12 3 4 5 6 7 

12 3 4 5 6 7 

12 3 4 5 6 7 

12 3 4 5 6 7 

12 3 4 5 6 7 

12 3 4 5 6 7 

1 

1 

12 3 4 5 6 7 

12 3 4 5 6 7 
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19. The next set of questions ask for information about COMPLEMENTARY PRODUCTS 
and SERVICES in your industry. 

Please circle the value that most accurately represents the level ofyour agreement with thefollowing 
statements 

Strongly Strong]v 
I Disagree Agree 

a) our customers frequently exchange output data 
from the product. 1234567 

b) Our product allows users to communicate or exchange 
data with each other. 1234567 

The number of complementary products offered by 

other companies has increased as our product sales 
increase. 1234567 

d) The services offered by other companies relating to 
our product (such as training and support) have 
increased with our installed base. 1234567 

The quantity of published reference material for our 
product has increased over the life of the product. 1234567 

The benefits to a user from our product have increased 
as the installed base has grown. 1234567 

20. The following questions ask about PERFORMANCE UNCERTAINTY in your industry. 
Please circle the scale value that most closely reflects your answer to thefollowing questions. 

a) On average, how frequently do prospective customers 
question the reliability of your product? 

b) On average, how confident are prospective 
customers that your product will work satisfactorily? 

Very Very 
Rarely frequently 
1234567 

Highly Not at all 
Confident 

-Confident 1234567 

0 On average, how sure are prospective customers that Very Somewhat Not at all 
ýMir product will perform the functions described in Sure Sure Sure 
our advertising? 12 345 67 

Very Reasonably Very 
d) On a\ erage, ho\\ \\ ary are prospective customers of 01 

Wajy Confident Confident 
ýour product technology" L-- * 

1 345 67 

On average, how concerned are prospectix e customers 
about the possibil it\ of being stranded \\ ith an obsolete 
technoloavo 

, L-. . 

Verv Not at all 
Concerned Concemed 
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21. The next set of questions ask for information about PRODUCT DESIGN 
and sources of COMPETITIVE ADVANTAGE. 

please circle the value that most accurately represents your agreement with thefollowing statements. 

our marketing efforts for the product Strongly Stronglý 
bavc emphasised: Disagree Agree 

a) compatibility with a broad range of complementary 12 3 4 5 6 7 
products. 

b) easy exchange of data with other products. 12 3 4 5 6 7 

C) backwards compatibility with previous generations of 
product. 12 3 4 5 6 7 

d) the range of services available such as training, 
support & troubleshooting. 12 3 4 5 6 7 

e) the existing installed base of users for the product. 12 3 4 5 6 7 

the amount of reference and support material available 
for it in the marketplace. 12 3 4 5 6 7 

g) how it can be used in conjunction with complementary 
products. 12 3 4 5 6 7 

h) customer's ability to easily exchange data and 
information with other users. 12 3 4 5 6 7 

1) how easily the product works with other products. 12 3 4 5 6 7 

j) how easy it is for users to interact with the product. 12 3 4 5 6 7 

k) the use of graphics and symbols to simplify product usage. 12 3 4 5 6 7 

1) a set sequence of operational steps guiding product use. 12 3 4 5 6 7 

M) cutting edge technology. 12 3 4 5 6 7 

n) adherence to an existing standard. 12 3 4 5 6 7 

0) consistency of the user interface across several 
generations of product. 12 3 4 5 6 7 

P) a consistent user interface for a broad spectrum of users. 12 3 4 5 6 7 

q) hmN easy it is to learn to use. 12 3 4 5 6 7 

r) performance features unavailable on other products. 12 3 4 5 6 7 

, N) the product's unique physical appearance. 12 3 4 5 6 7 

0 uniqueness of the product technolog U. 12 3 4 5 6 7 

U) a consistent user interface through the development of 
support and training materials. 1 3 4 5 6 7 

superiority of the product technology over 
Cornpetitive products. 12 3 4 5 6 7 

Performance benefits of the product technolop It, - 
12 3 4 5 6 7 

\)the user interface it shares \\ ith similar products. 12 3 4 5 6 7 

204 



22. The following questions ask about your PRODUCT TECHNOLOGY. 
Please circle the value that most accurately represents the level o our agreement with thefollowing ýfy 

statements. 

a) The unique features of our product cannot be easily 
imitated by our competitors. 

b) We protect our competitive advantage by maintaining 
secrecy regarding product and process technology. 

C) Our patents prevent our product technology from 
being duplicated by competitors. 

d) We maintain our competitive advantage by introducing 

new product features ahead of our competition. 

C) Our product is viewed as the technology leader in 
the marketplace. 

On average, customers perceive our product to be 
technically superior to other products on the market. 

g) On average, customers perceive our product to be 
of higher quality than competitors' products. 

h) On average, customers perceive our product to 
incorporate cutting edge technology. 

i) On average, custorners perceive our product to 
perform better than other products. 

j) On average, customers perceive our product to offer 
more performance features than competitive products. 

k) At the time of introduction, our product contained no 
new knowledge in its components or manufacturing 
process. 

1) At the time of introduction, our product represented 
an improvement over existing technology or 
manufacturing processes. 

M) At the tirne of introduction, our product represented 
a major technological advance. 

Strongly Strongly 
Disagree Agree 

1234567 

1 

1 

1 

12 3 4 5 6 7 

12 3 4 5 6 7 

12 3 4 5 6 7 

12 3 4 5 6 7 

12 3 4 5 6 7 

12 3 4 5 6 7 

1 

12 3 4 5 6 7 

12 3 4 5 6 7 

Thank you very much for your time and input. 

I look forward to sharing the resultsvvith you later this year. 
Please return in the PREPAID ENVELOPE to: 

Debra Riley, Centre for Marketing, London Business School, Regent's Park, London. NWI 4SA 

Company Code 
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APPENDIX C 

CONSTRUCT DEVELOPMENT 

Initial operation alisation of New Constructs 

Existing scales from the marketing literature were adopted where applicable to 

measure the theoretical constructs in the proposed framework. This was possible for a 

subset of the constructs only. New scales were developed for learning costs, the three 

standards strategies and the two positional advantage constructs. These are described 

as follows: 

Learning Costs A seven item scale was initially used to measure this construct. 

The nine items describe the learning investment in terms of the required activity of the 

consumer, specifically: a) repeated practice, b) modification of typical operating 

practices for a given activity, c) reliance on documentation, d) general skill 

enhancement, and e) training needs. 

Standards Strategy The standards strategy items (consumer-interface, compatibility 

and component) reflect the marketing efforts for the product; viewing them as the 

clearest illustration of a firm's Propensity to pursue a given strategy. The strategies 

are: 

ý, Consumer Interface Standard Strategy Nine consumer interface items 

measure the degree to which the company's promotional efforts for the 

product have focused on ease of use, consistency of the product interface, and 

establishment of a specific protocol for product usage. 

Compatibility Standard Strategy The compatibilty standard construct focuses 

on the degree to which compatibility with competitive and complementary 

products is 

promoted by the firm. The six item scale addresses compatibility in terms of 

usage with complementary products, data exchange between products, and 

compatibility with previous generations. 
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Component Standard Strategy The component standard strategy scale 

describes the degree to which product technology is promoted in the firm's 

marketing efforts. The five item scale measures the marketing emphasis 

placed on the product technology's performance benefits, superiority over 

competition. and uniqueness. 

Increased Net-work Effects This six item scale is intended to measures the degree to 

which a user sees increased benefit from the product by the existence of other product 

users. As such it attempts to measure the level of exchange between products (direct 

externality effect) and level of supporting products and services that have resulted 

from the product's existence and growth (indirect externality effects). 

Technological Advantage The six item technological advantage scale describes the 

degree to which the product is viewed as technologically superior and higher 

performing by customers as compared to competitive offerings. 

Aside from the constructs described above, some contextual questions were included 

to provide a richer data set for descriptive purposes. These were single items covering 

industry growth rate, market breadth, and market share. Loyalty was measured as a 
four item construct for initial exploration into performance outcomes. The 

definitions and sources of the constructs used in the survey instrument are provided in 

the table below. The complete questionnaire is provided for reference in Appendix B. 

These steps were intended to test and refine the draft instrument so that the final 

survey achieved face validity and provided an effective (and efficient) means of 

collecting the data of interest. 

207 



Table CA 
Oriffinal Constructs referenced to Questionnaire 

Construct Operational Definition Construct Q'naire 
Sources Reference 

Consumer Measuring degree to which product user New Construct 9 items: 
Interface Standard interface is : a)unique, b)easy to use, and 21j-1, o- 
Strategy c)promoted by company p9slulxý 
Compatibility Measuring degree to which compatibility New Construct 6 items: 
Standard with competitive and complementary 21 a-c, g-I 
Strategy products is source of competitive advantage 
Component Measuring degree to which product New Construct 5 items: 
Standard technology presents a key source of 10j - lOn 
Strategy competitive advantage to company 
Complementary Formative scale that assesses reliance on Derivation of 7 items: 
Assets external versus internal relationships Zahra ( 1994) 16a-g 
Reputation Treated as multi-dimensional construct Derivation of 7 items: 

composed of a) product quality and Dollinger, Golden 15a-g 
innovativeness, b)customer orientation; and and Saxton 1988 
c)financial soundness 

Performance Construct reflects two dimensions of Derived from 5 items: 
Uncertainty perceived risk: a) performance uncertainty Oglethorpe and 20a-e 

and b) impact of negative consequences. Monroe 1994 
Learning Costs Comprising two dimensions: Training New construct 9 items: 

required and experience required 18a-i 
Consumer Construct reflects dimensions measuring Derived from 6 items: 
Heterogeneity a)skills b) training Eliashberg and I 8j-o 

Robertson (1988): 
7t 

Increased Network Treated as a multidimensional construct New construct 6 items: 
Effects consisting of direct and indirect effects (formative) 19a-f 

Measures the presence of complementary 
products and services, reference 
information, and data exchange among 
customers 

Technological Offering product technology that is New Construct 6 items: 
Advantage recognised as being unique and superior 22e-j 

and is widely preferred by customers 
Appropriability Measuring difficulty of product imitation Derivation of 4 items: 

22a-d 
Rate of Measured as frequency of change in Modification of 3 items: 
Technological hardware technology, applications Weiss and Heide 12a - 12c 
Change software/accessories & overall technology 1993 
Nature of Measuring degree of improvement in Dewar and Dutton 3 items: 
Innovation component or manufacturing processes 1986 22k-m 
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Table C. 2 
Classic Factor Analysis: Orilzinal set of Exogenous Variables 

Items descriptions (respondents responded on a7 point Likert scale) Factor 
excep t for Industry Concentration Loadinq 
Learn ing Costs 
I-Cl Our product requires a major learning experience by the customer . 730 
LC2 Most users need practice to learn to use our product well . 780 
LC3 Users have to change their way of doing things when switching to our . 547 

product from a competitor 
LC4 Most users require training on how to use our product . 802 
LC5 Most users refer to the documentation when first using our product . 344 
LC6 The skills acquired in using our product make it less likely for our customers . 657 

to switch to a competitor. 
LC7 It takes very little time to learn to use the product well (R) . 638 
LC8 The user must apply skill in order to obtain the desired results . 612 
LC9 The user must apply judgment as well as correct usage in order to obtain the 

. 
463 

desired results 
Consumer Heterogeneity 
CH1 Our product is used in a wide variety of applications . 783 
CH2 Our product is used in a wide variety of industries . 804 
CH3 There is no "typical " user for our product . 658 
CH4 Our users come from diverse backgrounds . 720 
CH5 Our users have varying education levels -. 178 
CH6 Users typically possess a pre-defined set of skills -. 153 
Perfo rmance Uncertainty 
Pul On average, how frequently do prospective customers question the reliability . 419 

of your product? 
PU2 On average how confident are prospective customers that your product will . 819 

work satisfactorily? 
PU3 On average, how sure are prospective customers that your product will . 737 

perform the functions described in your advertising? 
PU4 On average, how wary are prospective customers of your product . 629 

technology? 
PU5 On average, how concerned are prospective customers about the possibility . 132 

of being stranded with an obsolete technology? 
ppropriability 

APP1 The unique features of our product cannot be easily imitated by our . 621 
competitors. 

PP2 We protect our competitive advantage by maintaining secrecy regarding . 662 
product and process technology. 

APP3 Our patents prevent our product technology from being duplicated by 
. 689 

competitors. 
APP4 We maintain our competitive advantage by introducing new product features 

. 672 
ahead of the competition. 

Nature of Innovation 
Nil At the time of introduction, our product contained no new knowledge in its 

. 163 
component or manufacturing process. 

N12 At the time of introduction, our product represented an improvement over . 438 
existing technology or manufacturing processes. 

N13 At the time of introduction, our product represented a major technological 
. 613 

advance. 
Industry Concentration 
lCl Number of Competitors in your Market 

. 631 
IC2 Market Share of your largest competitor . 753 
IC3 Combined market share of the top three firms in your industry E . 761. 
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Table C. 3 
Classic Factor Analysis: Oriainal Set of Endogenous Variables 

Items descriptions (respondents responded on a7 point Likert scale) Factoi 
Loading 

Compatibility Standard 
"Our marketing efforts for the product have emphasized ............... 

COMPAT1 compatibility with a broad range of complementary products . 801 
COMPAT2 easy exchange of data with other products . 724 
COMPAT3 backward compatibility with previous generations of product . 700 
COMPAT4 how it can be used in conjunction with complementary products. . 706 
COMPAT5 customer's ability to easily exchange data and information with other . 621 

users 
COMPAT6 how easily the product works with other products . 712 
Cons u mer-i nterface Standard 

"Our marketing efforts for the product have emphasized ............. 
CISTD1 how easy it is for users to interact with the product . 631 
CISTD2 the use of graphics and symbols to simplify product usage . 765 
CISTD3 a set of sequence of operational steps guiding product use . 717 
CISTD4 consistency of the user interface across several gen of product . 216 
CISTD5 a consistent user interface for a broad spectrum of users . 355 
CISTD6 how easy it is to learn to use. . 672 
CISTD7 the product's unique physical appearance . 453 
CISTD8 a consistent user interface through the development of support and . 243 

training materials. 
CISTD9 the user interface it shares with similar products . 138 
Component Standard 

"Our marketing efforts for the product have emphasized ............... 
COMPSTD1 cutting edge technology . 622 
COMPSTD2 performance features unavailable on other products. . 674 
COMPSTD3 the uniqueness of the product technology . 659 
COMPSTD4 superiority of the product technology over competitive products . 774 
COMPSTD5 performance benefits of the product technology . 752 
Technologic al Advantage 
TA1 Our product is viewed as the technology leader in the marketplace . 719 
TA2 On average customers perceive our product to be technically superior . 767 

to other products on the market. 
TA3 On average customer perceive our product to be of higher quality . 776 

than competitors products 
TA4 On average, customers perceive our product to incorporate cutting . 625 

edge technology 
TA5 On average, customers perceive our product to perform better than . 848 

other products. 
TA6 On average customers perceived our product to offer more . 548 

performance features than competitive products 
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TABLE CA 
Measurement Model for Oriiiinal Exoizenous Variables 

Construct/Measures Stdised Reliabilities Cronbach's (Average) 
Factor (CFA) Alpha Variance 
Loadings' Extracted 

Industry Concentration 0.5886 . 6471 0.32 
Ind Con] 0.55 0.30 
Ind Con2 0.47 0.22 
Ind Con3 0.68 0.46 
Rate of Technological Change 0.8433 0.8426 0.75 1 -5 RTC - Freq of product change 0.83 . 69 
RTC - Freq of Complementary Products 0.83 . 69 
Change 
RTC - Overall industry change 0.74 . 55 
Learning Costs 0.8265 0.8239 0.6493) 
LCI 0.76 . 5776 
LC2 0.84 . 7056 
LC3 0.57 . 3249 
LC4 0.76 . 5776 
LC5 0.44 . 1936 
LC6 0.52 . 2704 
LC7 0,46 . 2116 
LC8 0.48 . 2304 
LC9 0.40 . 1600 
Consumer Heterogeneity 0.7299 0.7768 0.5177 
CHI 0.24 . 0576 
CH2 0.61 . 3721 
CH3 0.72 . 5184 
CH4 0.88 . 7744 
CH5 0.49 . 2401 
CH6 0.32 . 1024 
Performance Uncertainty . 7008 0.7969 . 3496 
Perf Uncertl . 44 . 1936 
Perf Uncert2 0.84 . 7056 
Perf Uncert3 0.77 . 5929 
Perf Uncert4 . 40 . 1600 
Perf Uncert5 . 31 . 0961 
Appropriability 0.6413 0.6334 0.3145 
Approp 1 0.48 . 2304 
Approp2 0.71 . 5041 
Approp3 0.47 . 2209 
Approp4 0.55 . 3025 
Nature of Innovation 0.6996 0.7624 0.47797 
Nature Inv 1 0.31 . 0961 
Nature Inv2 0.65 . 4225 
Nature Inv3 1 0.94 1 . 8836 

These are -completek standardised" factor loadings, and are based on both the latent and observed 
variables being standardised. parameters are therefore constrained to have an absolute value less than 1. 
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TABLE C. 5 
Measurement Model for Original Endogeneous Variables 

Stdised Factor Reliability Cronbach's Variance 
Loadings (CFA) Alpha Extracted 

Consumer Interface Std 0.8494 0.8543 0.3912 
cis 1 0.62 0.3844 
CIS2 0.64 0.4096 
CiS3 0.56 0.3136 
CIS4 0.67 0.4489 
CIS5 0.79 0.6241 
CIS6 0.62 0.3844 
CIS7 0.41 . 1681 
CIS8 0.68 0.4624 
CIS9 0.57 0.3249 
Compatibility Standard 0.7981 0.8681 0.4476 
Compat 1 0.78 0.6084 
Compat2 0.88 0.7744 
Compat3 0.54 0.2916 
Compat4 - - 
Compat5 0.75 0.5625 
Compat6 0.67 0.4489 
Component Standard 0.8228 
Componentl 0.73 0.5329 
Component2 0.48 0.2304 
ComponenG 0.73 0.5329 
Component4 0.77 0.5929 
Component5 

ý 
0.71 0.5041 

Increased Network Effect . 7094 0.7212 . 3055 
NEI 0.35 . 1225 
NE2 0.37 . 1369 
NE3 0.7 0.49 
NE4 0.72 0.5184 
NE5 0.57 0.3249 
NE6 0.46 . 2116 
Technological Advantage 0.8671 0.8673 0.5234 
TA 1 0.8 0.64 
TA2 0.8 0.64 
TA3 0.61 0.3721 
TA4 0.73 0.5329 
TA5 0.73 0.5329 
TA6 0.65 0.4225 
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APPENDIX D 

COMPARISON OF THREE RESPONSE WAVES 

An analysis of variance was undertaken to look for significant differences between the 

different response waves to the survey (postal 1, postal 2 and telephone). This 

indicated significant differences between the different waves for many variables in the 

analysis (see Table D. 1). Although initially a cause for concern, further analysis 

revealed these differences to be due to industry-level variance between the sample 

waves (Tables D. 2 1-10). When industry was held constant, no significant 

differences between waves were apparent with two exceptions. Differences between 

response groups were noted for the construct performance uncertainty in two 

industries (computer software and consumer services) and for compatibility standard 
in the consumer services industry set. 

Table D. 1 
Analysis of Variance between Response Waves of Survey 

Sum of df Mean IF Sig. 
Squares Square 

Reputation Between Groups 228.610 2 114.305 3.712 . 026 
Within Groups 7113.822 231 30.796 

Vertical Between Groups 33.752 2 16.876 
. 633 

. 532 
Integration Within Groups 5227.796 196 26.672 
Learning Costs Between Groups 18.768 2 9.384 4.621 . 011 

Within Groups 469.055 231 2.031 
Consumer Between Groups 7.466 2 3.733 1.162 

. 315 
Heterogeneity Within Groups 741.951 231 3.212 

Performance Between Groups 31.639 2 15.819 2.796 
. 063 

Uncertainty Within Groups 1261.647 223 5.658 
Appropriability Between Groups 3.043 2 1.521 

. 912 
. 403 

Within Groups 383.675 230 1.668 
Nat of Innovation Between Groups 9.880 2 4.940 2.605 

. 076 
Within Groups 434.286 229 1.896 

Consumer Between Groups 40.232 2 20.116 10--097 -. 000 
Interface Std Within Groups 456-244 229 1.992 

Compatibility Between Groups 46.242 2 23.121 -000 
Standard Within Groups 

_646.696 
227 2.849 

Component Between Groups 14.353 2 7.177 4.191 
. 016 

Standard Within Groups 390.391 228 1.712 
Network Between Groups 1.894 2 

. 947 
. 411 

. 663 
Externalities Within Groups 527.452 229 2.303 
Technological Between Groups 5.281 2 2.640 2-0-25 - 

. 134 
Advantage 

_ _Within 
Groups 299.8841 230 1.304 
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Table D. 2.1 
ANOVA between Response Waves by Industry: Computer 

Hardware 
Sum of df Mean F Sig. 

Squares Square 
REPUTATION Between Groups 15.243 2 7.621 . 

201 . 
820 

Within Groups 605-389 16 37.837 
VERTICAL Between Groups 9.439 2 4.719 . 205 . 

817 
INTEGRATION 

Within Groups 344.839 15 22.989 
Rate of Between Groups 4.475 2 2.238 . 313 . 736 
Technological 
Change 

Within Groups 114.472 16 7.155 
Learning Costs Between Groups 1.022 2 . 511 . 283 . 757 

Within Groups 28.856 16 1.803 
Consumer Between Groups 1.354 2 . 677 . 258 . 776 
Heterogeneity 

Within Groups 41.936 16 2.621 
Performance Between Groups 3.894 2 1.947 . 356 . 706 
Uncertainty 

Within Groups 87.415 16 5.463 
Appropriability Between Groups 1.838 2 . 919 . 578 . 572 

Within Group 25.451 16 1.591 
Nature of Between Groups 2.095 2 1.047 . 431 . 657 
Innovation 

Within Groups 38.923 16 2.433 
Consumer Between Groups . 817 2 . 409 . 186 . 832 
Interface Std Within Groups 35.132 16 2.196 

Compatibility Std Between Groups . 805 2 . 403 . 144 
. 867 

Within Groups 44.852 16 2.803 
Component Between Groups 2.957 2 1.479 1.421 

. 270 
Standard 

Within Groups 16.655 16 1.041 
Network Between Groups 5.919 2 2.959 1.510 

. 251 
externalities 

Within Groups 31.353 16 1.960 
Technological Between Groups 1.034 2 

. 517 
.42 . 676 

Advantage 
_ 

Within Groups 20.597 16 1.287 
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Table D. 2.2 
ANOVA between ReSDonse Waves by Industry: Computer Software 

Sum of df Mean F Sig. 
Squares Square 

REPUTATION Between Groups 111-808 2 55.904 2.635 . 080 
Within Groups 1209-442 57 21.218 

Vertical Between Groups . 304 2 . 152 . 007 . 993 
Integration Within Group 1038.390 46 22.574 
Rate of Between Groups 10.617 2 5.308 . 591 . 557 
Technological 
Change Within Groups 512.317 57 8.988 
Learning Costs Between Groups 3.633 2 1.817 1.353 . 267 

Within Groups 76.513 57 1.342 
Consumer Between Groups 5.382 2 2.691 . 870 . 424 
Heterogeneity Within Groups 176.327 57 3.093 
Performance Between Groups 20.058 2 10.029 2.025 . 142 
Uncertainty 

Within Groups 272.406 55 4.953 
Appropriability Between Groups 

. 544 2 . 272 . 220 . 803 
Within Groups 69.193 56 1.236 

Nature of Between Groups 1.457 2 . 729 . 580 . 563 
Innovation 

Within Groups 69.137 55 1.257 
CONSUMER Between Groups 1.775 2 . 887 . 796 . 456 
INTERFACE 
STID 

Within Groups 62.448 56 1.115 
Compatibility Std Between Groups 6.496 2 3.248 2.185 

. 122 
Within Group 81.768 55 1.487 

Component Between Groups 5.148 2 2.574 2.199 
. 121 

Standard 
Within Groups 64.378 55 1.171 

Network Between Groups 7.661 2 3.831 1.826 
. 171 

externalities 
Within Groups 117.476 56 2.098 

TECHNOLOGIC Between Groups 2.689 2 1.345 1.279 
. 286 

LADVANTAGE 
Within Group 

_ 
58.857ý 56ý 1.051 
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Table D. 2.3 
ANOVA between Response Waves by Industry: Consumer Services 

Sum of df Mean F Sig. 
Squares Square 

REPUTATION Between Groups 15.429 1 15.429 
. 338 . 572 

Within Groups 548.000 12 45.667 
VERTICAL Between Groups 50.625 1 50.625 . 618 . 454 
INTEGRATION Within Group 655.375 8 81.922 
Rate of Between Groups 10.012 1 10.012 

. 486 . 499 
Technological 
Change Within Groups 247.417 12 20.618 
Learning Costs Between Groups 7.088 1 7.088 2.297 . 156 

Within Groups 37.027 12 3.086 
Consumer Between Groups 1.210 1 1.210 . 

252 . 625 
Heterogeneity Within Groups 57.690 12 4.808 

Performance Between Groups 21.600 1 21.600 8.442 . 016 
Uncertainty Within Groups 25.588 10 2.559 

Appropriability Between Groups 
. 126 1 . 126 . 075 . 789 

Within Groups 20.182 12 1.682 
Nat of Innovation Between Groups 1.037 1 1.037 . 299 . 595 

Within Groups 41.671 12 3.473 
Consumer Between Groups 9.333 1 9.333 2.463 . 143 
Interface Std 

Within Groups 45.467 
_ 

12 3.789 
Compatibility Std Between Groups 18.574 1 18.574 6.590 . 025 

Within Groups 33.823 12 2.819 
Component Between Groups 6.857 1 6.857 1.825 

. 202 
Standard 

Within Groups 45.094 12 3.758 
Network Between Groups 6.481 1 6.481 2.025 . 180 
externalities 

Within Groups 38.407 12 3.201 
TECHNOLOGIC Between Groups 1.190 1 1.190 . 303 

. 592 
ALADVANTAGE 

Within Groups 47.135, 12, 3.928, 
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Table D. 2.4 
ANOVA between Response Waves by Industry: Telecommunications 

Sum of df Mean F Sig. 
Squares Square 

REPUTATION Between Groups 65.873 2 32.936 
. 744 

. 491 
Within Groups 707.917 16 44.245 

VERTICAL Between Groups 54.363 2 27.181 
. 978 

. 400 
INTEGRATION 

Within Groups 389.167 14 27.798 
Rate of Between Groups 17.838 2 8.919 

. 614 
. 554 

Technological 
Change 

Within Groups 232.583 16 14.536 
Learning Costs Between Groups 1.635 2 

. 817 
. 386 

. 686 
Within Groups 33.843 16 2.115 

Consumer Between Groups 
. 670 2 . 335 

. 107 
. 899 

Heterogeneity 
Within Groups 49.880 16 3.117 

Performance Between Groups 2.330 2 1.165 
. 174 

. 842 
Uncertainty 

Within Groups 107.104 16 6.694 
Appropriability Between Groups 6.891 2 3.445 2.356 . 127 

Within Group 23.399 16 1.462 
Nature of Between Groups 1.403 2 . 701 . 406 . 673 
Innovation 

Within Groups 27.664 16 1.729 
CONSUMER Between Groups 2.654 2 1.327 . 733 . 496 
INTERFACE 
STID 

Within Groups 28.963 16 1.810 
Compatibility Std Between Groups 1.421 2 . 711 . 207 . 815 

Within Group 54.998 16 3.437 
Component Between Groups 4.144 2 2.072 1.395 

. 277 
Standard 

Within Groups 23.771 16 1.486 
Network Between Groups . 224 2 . 112 

. 052 
. 949 

externalities 
Within Groups 34.185 16 2.137 

TECHNOLOGIC Between Groups . 447 2 . 223 
. 178 

. 839 
ALADVANTAGE 

Within Groups 20.1281 16ý 1.258, 
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Table D. 2.5 
ANOVA between Response Waves by Industry: Industrial 

Equipment 
Sum of df Mean F Sig. 

Squares Square 
REPUTATION Between Groups 43.670 2 21.835 

. 665 . 518 
Within Groups 1839.720 56 32.852 

VERTICAL Between Groups 32.590 2 16.295 1.217 . 305 
INTEGRATION 

Within Groups 656.333 49 13.395 
Rate of Between Groups 40-693 2 20.346 1.091 . 343 
Technological 
Change 

Within Groups 1044.697 56 18.655 
Learning Costs Between Groups 4.486 2 2.243 1.142 . 326 

Within Groups 109.962 56 1.964 
Consumer Between Groups 16.254 2 8.127 2.825 . 068 
Heterogeneity 

Within Groups 161.099 56 2.877 
Performance Between Groups 4.590 2 2.295 . 440 . 646 
Uncertainty 

Within Groups 281.768 54 5.218 
Appropriability Between Groups 3.217 2 1.609 . 940 . 397 

Within Groups 95.880 56 1.712 
Nature of Between Groups 2.128 2 1.064 . 560 . 574 
Innovation 

Within Groups 106.396 56 1.900 
CONSUMER Between Groups 9.714 2 4.857 2.531 . 089 
INTERFACE 
STID 

Within Groups 107.455 56 1.919 
Compatibility Std Between Groups 1.481 2 . 740 . 269 . 765 

Within Groups 151.083 55 2.747 
Component Between Groups 2.226 2 1.113 . 585 . 561 
Standard 

Within Groups 106-583 56 1.903 
Network Between Groups . 611 2 . 305 . 165 . 848 
externalities 

Within Groups 101-780 55 1.851 
TECHNOLOGIC Between Groups 1.988 2 . 994 . 728 

. 487 
ALADVANTAGE 

Within Groups 76.396ý 56 1.364 ý 
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Table D. 2.6 
ANOVA between Response Waves by Industry: Consumer 

Electronics 
Sum of df Mean F Sig. 

Squares Square 
REPUTATION Between Groups 56.165 2 28.082 1.218 

. 345 
Within Groups 184.381 8 23.048 

VERTICAL Between Groups 5.541 2 2.771 
. 071 

. 932 
INTEGRATION 

Within Groups 310.095 8 38.762 
Rate of Between Groups 27.013 2 13.506 

. 601 
. 571 

Technological 
Change 

Within Groups 179.714 8 22.464 
Learning Costs Between Groups 2.690 2 1.345 1.443 . 292 

Within Groups 7.455 8 . 932 
Consumer Between Groups 

. 354 2 . 177 . 083 . 921 
Heterogeneity 

Within Groups 17.012 8 2.126 
Total 17.366 10 

Performance Between Groups 19.867 2 9.934 1.804 . 226 
Uncertainty 

Within Groups 44.042 8 5.505 
Appropriability Between Groups 3.690 2 1.845 2.240 . 169 

Within Groups 6.589 8 . 824 
Nature of Between Groups 2.261 2 1.130 . 780 . 491 
Innovation 

Within Groups 11.598 8 1.450 
CONSUMER Between Groups 7.248 2 3.624 1.787 228 
INTERFACE 
STID 

Within Groups 16.221 8 2.028 
Compatibility Std Between Groups 4.958 2 2.479 . 474 . 639 

Within Groups 41.859 8 5.232 
Total 46.817 10 

Component Between Groups 1.905 2 . 952 2.048 . 191 
Standard 

Within Groups 3.720 8 . 465 
Network Between Groups 2.838 2 1.419 . 456 . 649 
externalities 

Within Groups 24.899 8 3.112 
TECHNOLOGIC Between Groups . 208 2 . 104 . 226 

. 803 
LADVANTAGE 

Within Groups, 3.679ý 8ý . 460ý 
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Table D. 2.7 
ANOVA between Response Waves by Industry: Consumer Durables 

Sum of df Mean F Sig. 
Squares Square 

REPUTATION Between Groups 170.333 2 85.167 4.273 . 083 
Within Groups 99.667 5 19.933 

Total 270.000 7 
VERTICAL Between Groups 26.583 2 13.292 1.531 

. 
303 

INTEGRATION 
Within Groups 43.417 5 8.683 

Rate of Between Groups 71.333 2 35.667 1.454 . 318 
Technological 
Change 

Within Groups 122.667 5 24.533 
Learning Costs Between Groups 5.300 2 2.650 . 712 . 534 

Within Groups 18.600 5 3.720 
Consumer Between Groups 3.889 2 1.944 1.913 . 242 
Heterogeneity 

Within Groups 5.083 5 1.017 
Performance Between Groups 38-281 2 19.141 2.548 . 173 
Uncertainty 

Within Groups 37.563 5 7.513 
Appropriability Between Groups 6.380 2 3.190 . 999 . 431 

Within Groups 15.964 5 3.193 
Nature of Between Groups 1.134 2 . 567 . 301 . 752 
Innovation 

Within Groups 9.407 5 1.881 
Consumer Between Groups 1.338 2 . 669 . 415 0.4 

01 
Interface Std 

Within Groups 8.057 5 1.611 
Compatibility Std Between Groups 6.977 2 3.489 . 772 . 510 

Within Groups 22.589 5 4.518 
Component Between Groups 1.365 2 . 682 . 456 . 658 
Standard 

Within Groups 7.479 5 1.496 
Network Between Groups . 537 2 . 269 . 094 . 912 
externalities 

Within Groups 14.296 5 2.859 
Technological Between Groups 1.133 2 . 566 1.694 . 274 
Advantage Within Group 1.672 

,5 . 334 
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Table D. 2.8 
ANOVA between Response Waves by Industrv: "Other" 

Sum of df Mean F ý Sig. 
Squares Square 

REPUTATION Between Groups 33.938 2 16.969 
. 519 

. 599 
Within Groups 1307.922 40 32.698 

VERTICAL Between Groups 27.891 2 13.945 
. 414 . 665 

INTEGRATION 
Within Groups 1010.352 30 33.678 

Rate of Between Groups 29.651 2 14.826 
. 805 

. 454 
Technological 
Change 

Within Groups 736.767 40 18.419 
Learning Costs Between Groups 7.479 2 3.740 1.629 . 209 

Within Group 91.846 40 2.296 
Consumer Between Groups 1.530 2 . 765 . 209 . 812 
Heterogeneity 

Within Groups 146.154 40 3.654 
Performance Between Groups 49.268 2 24.634 4.204 . 022 
Uncertainty 

Within Groups 222.656 38 5.859 
Appropriability Between Groups 2.501 2 1.250 . 551 . 581 

Within Groups 90.776 40 2.269 
Nature of Between Groups 7.129 2 3.565 1.592 . 216 
Innovation 

Within Groups 89.589 40 2.240 
Consumer Between Groups 7.779 2 3.889 1.335 . 275 
Interface Std Within Groups 113.581 39 2.912 

Compatibility Std Between Groups 9.767 2 4.883 1.948 . 156 
Within Group 97.750 39 2.506 

Component Between Groups 6.084 2 3.042 1.787 . 181 
Standard 

Within Groups 66.381 39 1.702 
Network Between Groups 7.811 2 3.906 1.495 . 237 
externalities 

Within Groups 104.530 40 2.613 
Technological Between Groups 2.727 2 1.364 . 968 

. 388 
Advantage Within Groups 56.322, 40 

ý 
1.408 
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