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The 1990s are proving to be the era of globalization enhanced by an 

increase in the transfer of technology across national borders. International 

technology transfer represents business' response to competitive demands and the 

ability of the decision makers of these businesses to capitalize on comparative 

advantages in such areas as costs, labor supply, and governmental enticements. 

Technology transfer is an extremely complex issue involving economic, 

political, social, cultural, and organizational factors. Other factors considered 

when transferring technology internationally include the characteristics of the 

technology, the characteristics of the companies involved in the transfer, and the 

particular industry within which the technology is transferred. Decision makers 

perceptions of the environmental factors that must be considered for transferring 

technology internationally is an underlying issue which represents the focus of this 

research. 

This study is an empirical evaluation of the relationship between 

perceptions of the elements of the remote environment of business and the mode of 



transfer utilized by 90 United States companies transferring technology to Mexico. 

Characteristics of the technology, the company, and the industry were found, from 

a thorough search of the literature, to be the key aspects of technology transfer. 

The primary hypothesis predicted that a significant relationship would exist 

between perceptions of barriers and choice of transfer mode. Hierarchical 

multinomial logistical regression analysis was used to evaluate the data, which 

revealed that perceptions of political/legal environmental barriers have a 

statistically significant relationship with the mode of transfer utilized. The 

secondary hypothesis stated there would be a significant relationship between the 

characteristics of the technology and the mode of transfer, and this hypothesis was 

also confirmed. Other hypotheses regarding specific relationships between 

perceptions of barriers and mode of transfer were not supported. The study 

concludes with the discussion of the findings and suggestions for future research. 
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CHAPTER I 

INTRODUCTION 

The 1990s "are expected to be a decade of globalization" (Beamish, el al 

1991, 95). Simon (1991, 6) notes that "Globalization is primarily the result of the 

proliferation of technology transfer mechanisms . . . [and] the result of concerted 

efforts . . . to create competitive advantage." The development of trading blocks in 

response to increasing competition has been encouraged by the globalization 

process which has been facilitated by the heightened interest in and demand for 

sharing of information and technical know-how across national borders. 

Globalization has not only influenced the politics of world trading, but it has also 

influenced academic studies in international business. 

The results of early research studies in the international arena were directed 

only toward "heightening the interest" in the classroom for international business 

(Dunning 1989). In the past, international business research was performed most 

often by non-American scholars in disciplines outside the school of business. 

Today international business studies have been influenced primarily by "the 

globalization of economic activity" and the need for internationalization of 

business activities (Dunning 1989, 415). Globalization and internationalization 
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are an integral part of technological progress and economic growth in the world 

today. 

Historically, technological progress and economic growth have been 

closely intertwined (Frame 1983; Samli 1985). Because of the rapid changes and 

growth in world markets, United States organizations have been confronted with 

unprecedented competitive pressure to rethink their organizational strategies 

(Morrison, Ricks and Roth 1991; Steingraber 1990). It is no longer practical for 

United States managers to maintain an ethnocentric attitude about business 

activities. Companies in the United States and all over the world are increasingly 

extending their operations into the international arena. 

Along with globalization and changes in the international business environ-

ment come changes in the political and economic position of the United States. 

The formation of the "European Community '92," the potential for a North 

American Common Market, and a Pacific Rim Common Market necessitates this 

rethinking and restructuring of how the United States conducts business with the 

rest of the world. Since Mexico is an essential component of a North American 

common market, one opportunity for United States companies has opened up with 

the changing legal/political and economic environments in Mexico (Baker 1988; 

Batres 1991; Drucker 1990; Gruben 1991; Kelly, etfd 1991; Kolbe 1988; Whiting, 

Jr. 1991). 
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An integral technique used in extending operations or parts of operations 

(as in the case of the maquiladora industry in Mexico) to other countries is 

technology transfer. Samli (1985) suggests a much stronger role for technology 

transfer when he says: 

Technology transfer represents the single most important hope of 
alleviating the ever-widening gap between the haves and have-nots 
in the world . . . Technology transfer is the viable alternative to war 
and poverty, and we all must do our part to sustain it and to make it 
more successful (Samli 1985, xiii). 

In light of the increasing globalization of United States companies, and the fact 

that technology transfer is a critical factor in that globalization process, it is crucial 

to determine the factors influencing the transfer of technology. 

Statement of the Problem 

Increasing liberalization of Mexican economic policies have encouraged 

more and more United States companies to transfer operations or parts of 

operations to Mexico (Baker 1988; Batres 1991; Drucker 1990; Gruben 1991; 

Kelly,fit ai 1991; Kolbe 1988; Whiting, Jr. 1991). Technology transfer plays a 

significant role in the increased involvement of United States companies in 

Mexico; therefore, a determination of the barriers to technology transfer to 

Mexico is paramount for United States managers who must determine competitive 

strategies for resource allocation and long-range planning that is associated with 

transferring technology to Mexico. The perception of these barriers is relevant 



because perceptions are interpretations of information and it is the interpretations 

that influence the decisions that are made (Feldman 1981; Leavitt 1972; Weick 

1969). 

The literature addressing managerial decision-making is united around the 

philosophy that every individual has his or her own personal sense of reality (Asch 

1952; Feldman 1981; Leavitt 1972; Weick 1969). This individual sense of reality 

results in how these managers interpret their environment; i.e. their perceptions. 

Asch (1952) suggested that the managers themselves create the environment to 

which they adapt. Weick (1969,27) extended Asch's contention and believed 

"that organizing consists of adapting to an enacted environment". The enacted 

environment is "an environment which is constituted by the actions of 

interdependent human actors" (Weick 1969, 27). 

Literature concerning the influence of perceptions on choice of entry mode 

for international technology transfer is limited to the recognition that decisions are 

made by human beings. There are no known empirical studies testing the relation-

ship between perceptions and choice of entry mode. The current study, therefore, 

addresses this lack of information in the literature regarding individuals' percep-

tions of environmental barriers and how these perceptions influence technology 

transfer entry mode decisions. 



Theoretical Foundation 

Technology transfer has been described as the heart (Agmon and Von 

Glinow 1991) of international business. International technology transfer is an 

extremely complex issue involving economic, political, social, cultural, and 

organizational factors (Agmon and Von Glinow 1991). "The literature on 

technology transfer ... relies heavily on... the deductive approach" (Agmon and 

Von Glinow, 1991, 2) to help explain the complexity of the construct. The 

deductive approach is used for this study. In the deductive approach, the 

researcher starts with a hypothesis based on a theoretical framework regarding the 

construct, and seeks to support or demonstrate the hypothesis with data (Kidder 

and Judd 1986). The theoretical framework for international technology transfer is 

founded in the motivation for transfer being a response to competitive demands 

and the ability to capitalize on a comparative advantage by transferring technology 

across national borders. 

Theory states that even though the motivation for transferring technology 

internationally is universal, the method of transfer may be different. Modes of 

transfer describe how the technology is transferred and the modes vary on a 

continuum from the simple process of exporting the technology directly to a 

recipient in another country to the complex operation of establishing a wholly-

owned subsidiary within another country. The mode of transfer utilized depends 

on the environment within which the firm operates and the degree to which 



conditions in the environment present a barrier to certain entry modes. Character-

istics of the technology being transferred, the characteristics of the firms involved 

in the transfer, and the characteristics of the particular industry within which the 

technology is being transferred also influence the mode of transfer utilized 

(Cavusgil 1985; Contractor and Narayanan 1990; Davidson and McFetridge 1985; 

Frame 1983; Robock 1980; Vernon and Davidson 1979). 

The conditions of the remote environment are a function of the govern-

mental stability, economic volatility, sociocultural receptivity, and technological 

capability of the respective foreign countries (Contractor and Segafi-Nejad 1981; 

Kedia and Bhagat 1988; Keller and Chinta 1990; Rosenberg and Frischtak 1985). 

How these conditions are interpreted and incorporated into the strategic decision 

to transfer technology internationally is subjective, resting with the decision 

makers themselves (Anderson and Paine 1975; Hambrick and Mason 1984; 

Montanari 1978; Murray and Javidan 1988). How these environmental conditions 

are interpreted provides the basis for the research question in this study. 

The theoretical base for this research is derived from that part of the 

technology transfer literature which notes that the remote environment influences 

the mode utilized for international technology transfer. From this theoretical base, 

hypotheses were developed to test the relationship between environmental barriers 

and mode of transfer utilized by United States companies transferring technology 

to Mexico. 



Purpose of the Study 

The purpose of this research was to determine if top level executives' 

perceptions of environmental barriers to technology transfer from the United States 

to Mexico affected the mode of technology transfer utilized. This research was the 

first known empirical attempt to link perceptions of environmental barriers to 

modes of technology transfer. The results of this research identified patterns in the 

relationships among international technology transfer modes and the context 

within which the technology transfer took place. The results also provided insight 

into which categories of environmental barriers were perceived as most 

consequential. Additionally, the results of this study have given direction for 

future research on environmental barriers to international technology transfer. 

This research represents an effort to provide a basis for critical discussion 

of an important dimension of the technology transfer mechanism across borders in 

general. In particular, this study has provided a springboard for continuing 

research in the area of technology transfer between the United States and Mexico. 

Such research assumes special significance in light of the North American Free 

Trade Agreement between the United States, Mexico and Canada which went into 

effect January 1, 1994. 

Significance of the Study 

Because "technology transfer is fundamental to the accomplishment of 

international business" (Agmon and Von Glinow 1991, 1), any opportunity to 
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identify relationships associated with international technology transfer will 

enhance the ability of decision makers in international business to initiate a 

competitive move or countermove (Hambrick and Mason 1984). Therefore, this 

study contributes to the common body of knowledge in this research stream. 

Additionally, because strategic decisions for the allocation of resources and 

for long-range planning rest with top management, a methodical study of strategic 

decision makers' perceptions of banders promises a better understanding for firms 

currently operating in Mexico. The information gathered from this research will 

add to the international technology transfer literature and clarify the relationship 

between perceptions of barriers and mode of transfer. This information will 

facilitate the selection of an appropriate transfer mode for companies considering 

operations in Mexico. 

Dymsza (1984) emphasized the need for multidisciplinary research. 

Because this study included an examination of perceptions influencing strategic 

decisions concerning mode of transfer, technology characteristics, and technology 

transfer to a less developed country, it has embraced the fields of economic 

development, technology and innovation, cross-cultural management, international 

business and strategic management. In summary, this international technology 

transfer research adds to the literature and the common body of knowledge of 

globalization of businesses and trade negotiations between the United States and 

Mexico. Further, it lends understanding to current applications of international 



technology transfer, and it addresses technology transfer from an interdisciplinary 

approach. 

Methodology 

Description of Sample 

The sample for this study was drawn from the Directory of American Firms 

Operating in Foreign Countries (1991), published by Uniworld Business Publica-

tions. The compilation of companies, in its 12th edition, was considered to be a 

reasonably exhaustive listing and an appropriate source for this research. The 

directory consists of three volumes with the first volume including an alphabetical 

listing of American firms with business operations in foreign countries. It contains 

the name, address, primary product or service, number of employees, and the 

foreign countries where the firm operates. Volumes two and three list, by country, 

the American firms and the address of the subsidiary or affiliate in the particular 

country. 

Written questionnaires were mailed to top level executives in all 582 United 

States companies identified as having operations in Mexico. The advantages of 

using written questionnaires were low cost, the ability to reach a large number of 

participants, and avoidance of interviewer bias (Kidder and Judd 1986; Miller 

1991; Spence 1990). 

Mexico was selected as the country of study for several reasons. Mexico 

has attracted interest recently because of changes in their economic policies and 
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Mexico's free trade agreement with the United States and Canada. These issues 

make this research of particular interest to practitioners. Also, the literature has 

not addressed the specific issue of transferring technology from the United States 

to Mexico from the perspective of perceptions of environmental barriers and their 

relationship to choice of mode. This makes the research of particular interest to 

academicians. Other reasons for selecting Mexico were the proximity to the 

United States, its transitional stage of development, and the researcher has a 

personal interest in studying Mexico. The research was conducted via 

questionnaires directed to top level executives of United States companies with 

operations in Mexico. 

Questionnaire 

Two questionnaires were developed for collecting the data for this study 

(Appendix A). The first questionnaire consisted of six parts. The first and second 

parts of the questionnaire focused on the characteristics of the technology derived 

from the literature on technology characteristics and mode of technology transfer 

utilized by their respective firms. The mode options were developed from the 

literature and organized according to Erramilli's model (1991). Part three was 

designed to measure top level executives' perceptions of barriers to international 

technology transfer and was derived from the literature and the Perceived Environ-

mental Barriers Questionnaire developed and tested by Dean and LeMaster (1992). 
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The fourth and fifth parts of the questionnaire ascertained the home and 

host company characteristics and the industry characteristics respectively. These 

questions were derived from research by Barton (1984), Benvignati (1983), Hill, el 

at (1990), Vernon and Davidson (1979), and Teece (1977). The last section of the 

questionnaire included questions relating to the characteristics of the individual 

respondent. The questionnaire also contained definitions of central concepts such 

as "technology" and "technology transfer". The questionnaire was critiqued by a 

panel of six experts in the fields of strategic management and international 

business, and was then pre-tested by practitioners in the field. The process of 

critiquing and pre-testing helped establish the face validity of the instrument. 

The second questionnaire contained only four questions. The first three 

questions assessed the industry competitive environment of the most recent 

technology transferred. The fourth question was drawn from the first question-

naire and was repeated to establish internal reliability. 

Variables 

The independent variables for the study were perceptions of environmental 

barriers, technology characteristics, home and host company characteristics and 

industry-specific characteristics. Perceptions of environmental barriers were 

measured using a seven-point ordinal scale which ranged from 0 (not at all signifi-

cant) to 6 (very significant). The scale measured the degree to which the item was 

perceived as a problem for the United States firm when transferring technology to 
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Mexico. Technology characteristics were also measured on a seven-point scale 

which ranged from 0 (no content) to 6 (high content). This scale established the 

degree to which each item represented the composition of the technology being 

transferred. 

Home and host company characteristics were categorized by firm size and 

foreign experience measured in terms of revenue dollars generated, number of 

employees and number of years of foreign experience of the firm. Industry-

specific characteristics were categorized in terms of industry market share in 

Mexico and expressed by concentration ratios. Concentration ratios are calculated 

by the percentage of total market share of the top four companies in an industry. 

The dependent variable for the study was mode of international technology 

transfer from the United States company to Mexico. Modes of technology transfer 

were determined as exports, licenses or franchises, joint ventures (50 percent 

ownership or less), wholly-owned subsidiaries (100 percent ownership), or 

"other/combination" mode of transfer. The last category was included to ensure 

that the questionnaire encompassed the total range of modes being used. 

Data Analyses and Statistical Measures 

The data were analyzed using the Statistical Package for the Social 

Sciences (SPSS) and the logistical regression (LOGIT) module of S YSTAT. 

LOGIT is a multivariate regression statistical technique designed for use with 
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categorical data and is considered a robust statistical technique (Bishop, Fienberg 

and Holland 1975). 

The data were analyzed first from Cronbach Alpha mean reliability 

coefficient estimates for the environmental barriers to determine item reliability 

within each category of barriers. Correlation analysis was utilized for purposes of 

data reduction. The data were then analyzed from the multinomial logistical 

regression output. The concepts included in the questionnaires which were used to 

describe technology transfer were based on the literature. The following section 

defines the nomenclature used in this study. 

Definition of Terms 

The following terms were defined as they related to this study: 

Technology - knowledge, skills, and means for "converting inputs to 

outputs in accomplishing a specific task" (Asheghian and Ebrahimi 1990, 291). 

International technology transfer - a complex, time-consuming, and costly 

process that moves technology across borders. It ranges from research and 

development to product planning and design. "It is composed of a systematically 

developed set of organized information, skills, rights, and services..." (Kedia and 

Bhagat 1988, 561). 

Technology characteristics - the specific type of technology that was 

transferred: person-embodied (knowledge or skills), process-embodied (blueprints 
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or patents), or product-embodied (physical product) (Goulet 1977; Hall and 

Johnson 1970; Kedia and Bhagat 1988; Mclntyre and Papp 1986) 

Modes of technology transfer - the specific means utilized for transferring 

technology : exports (directly to customers or through an agent, distributor or 

licensee), licensing or franchising, wholly-owned subsidiaries, and joint ventures. 

Any other modes such as management contracts, turnkey operations, foreign direct 

investment, and patents were included in this definition (Swannack-Nunn 1978; 

Contractor and Sagafi-Nejad 1981; Rosenberg and Frischtak 1985; Keller and 

Chinta 1990). 

General environment - "everything outside an organization's boundaries" 

(Robbins 1991, 206) over which the organization has little control, including "eco-

nomic factors, political conditions, the social milieu, the legal structure, the 

ecological situations, and cultural conditions" (Robbins 1991,206). 

Managerial perceptions - the individuals'decision making as a result of 

varying ages, education background, work experiences, social mores, and so forth 

(Anderson and Paine 1975; Hambrick and Mason 1984; Schwenk 1984, 1989). 

Perceptions of barriers - results of individuals' evaluation of the signifi-

cance of each environmental factor as a constraint or impediment to international 

technology transfer from the United States to Mexico. 
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Organisation of the Study 

This dissertation is organized into five chapters. Chapter I consists of an 

overview of the research project describing the problem, the purpose, the signifi-

cance, and the methodology used. Chapter II is a review of the literature on 

international technology transfer. The review includes literature concerning 

modes of transfer, barriers or impediments to transfer, technology characteristics, 

home and host company characteristics, industry characteristics, and managerial 

perceptions. The review of the literature culminates in the research framework for 

this study from which the hypotheses were generated. Chapter III explains the 

research methodology and statistical procedures employed in this research. 

Findings from the research are reported in Chapter IV and a discussion of the 

research findings with rival hypotheses, limitations of the study, and suggestions 

for future research are provided in Chapter V. 



CHAPTER II 

LITERATURE REVIEW 

Introduction 

The accelerating awareness of a global economy and the economic 

interdependence of nations has caused the study of international technology 

transfer to become a separate field of inquiry (Mclntyre and Papp 1986). Since the 

1970s "policy-oriented economists, management experts, and jurists have made 

major technical contributions to this literature, followed later by sociologists of 

science and technology and development, international relations experts, political 

scientists, and philosophers who have taken a more normative and global approach 

to the subject" (Mclntyre and Papp 1986, 13). In 1969, Sovel compiled a selected 

bibliography for technology transfer which included approximately 500 

references. Although there is a vast amount of literature on the topic, there is an 

apparent lack of synthesis of the literature. Reddy and Zhao (1989) commend 

Contractor and Sagafi-Nejad (1981) for their "attempts to pull [the] literature [on 

technology transfer] together into a systematic whole" (Reddy and Zhao 1989, 

285). There do emerge from the literature, fundamentals for a process of 

technology transfer. 

16 



17 

The technology transfer process includes a technology, a country to which 

the technology will be transferred, an entity which will receive the technology, and 

a mechanism (mode) for transferring the technology from the supplier to die 

receiver. General topics addressed in the literature are characteristics of the 

technology transfer concept, how the concept works, who undertakes it, and under 

what circumstances and conditions it is undertaken. Two major streams of 

research focus on the recipient side of the transfer and the supplier side of the 

transfer. The fields of corporate policy, organizational behavior, and strategic 

management focus on the supplier side of technology transfer, while issues 

relating to the absorptive capabilities of a country or firm focus on the recipient 

side of the transfer (Mclntyre and Papp 1986). 

The literature review starts with technology transfer and its dimensions. A 

review of technology transfer modes (the dependent variable for this research) is 

presented first, followed by a typology of entry modes, a table summarizing the 

reviewed literature, and factors affecting choices of modes. The barriers to 

technology transfer review includes a typology and a table summarizing that 

literature followed by a review of technology characteristics. A brief summary of 

the literature regarding home and host company characteristics and industry 

characteristics is presented. Because perceptions form the basis of information, a 

review of the literature regarding managerial perceptions is also presented. The 

literature review culminates in the research framework for this study. 
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Technology Transfer 

Technology transfer has been defined as the technology movement by way 

of sharing, leasing, or selling from one firm to another, one person to another, or 

one country to another (Asheghian and Ebrahimi 1990; Contractor and Sagafi-

Nejad 1981; Daniels and Radebaugh 1992). In the classical literature on the 

subject, technology transfer is any incremental addition to production capability as 

a result of capital, equipment, or machinery across a national boundary (Mytelka 

1985). Within any transfer of technology there are various aspects (dimensions) 

which taken together constitute this complex construct. 

Dimensions of Technology Transfer 

As noted earlier, there is a large body of literature on technology transfer 

that far exceeds the scope of this research; thus, this review of the literature 

regarding technology transfer has been limited to literature on international 

technology transfer. Much of the literature on international technology transfer 

concerns the modes (mechanisms) used for transferring technology. The modes of 

transfer are a function of the degree of control required by the supplier (Contractor 

and Narayanan 1990; Hill, Hwang and Kim 1990; Mclntyre and Papp 1986), the 

risk-return relationships of the technology transfer (Contractor and Narayanan 

1990; James 1990), and the characteristics of the home and host country (Cavusgil 
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1985; Contractor 1980; Davidson and McFetridge 1985; Kedia and Bhagat 1988; 

Keller and Chinta 1990; James 1990). 

Barriers to transfer, and characteristics of the technology are also noted in 

the literature. The barriers are a function of the operating environment of the firm, 

that is "the aspects of the environment to which the organization is sensitive and 

must respond to survive" (Daft 1992, 71). The environment is categorized as eco-

nomic, legal/political, sociocultural, technological, supplier, competitor, customer, 

and labor supply (Daft 1992, Robbins 1991). Technology characteristics are noted 

in the literature as a function of the degree of content with regard to the 

technology being product-embodied, process-embodied, or person-embodied 

(Goulet 1977; Hall and Johson 1970; Kedia and Bhagat 1988; Keller and Chinta 

1990; Kranzberg 1986; Mclntyre and Papp 1986; Madeuf 1975; Mansfield 1975). 

Kranzberg (1986) notes, that all technology is composed, at least to some extent, 

of all three elements. 

Other researchers have noted the proprietary nature of technology 

(Contractor and Sagafi-Nejad 1981). Proprietary knowledge implies that everyone 

does not have equal access to the same information. Therefore, the market for 

technology is, in economic terms, an imperfect one (Contractor and Sagafi-Nejad 

1981). Also, technology is concentrated in relatively few companies and in only a 

few industrial countries. Complicating this phenomenon is die high cost 

associated with transfers that must be borne by both the supplier and the recipient 
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of the technology (Contractor and Sagafi-Nejad 1981). The technology issue is 

further exacerbated by tariff protection or entry limitations and, in some countries, 

by sheer technological backwardness and a lack of capital (Contractor and Sagafi-

Nejad 1981). 

The following six elements are noted by Frame (1983) and Robock (1980) 

to be part of every technology transfer: 

1. the various phases of the transfer process ranging from the generation of 

new knowledge through diffusion of the technology 

2. the type of technological knowledge 

3. the characteristic of the technology 

4. the characteristics of the supplier (i.e., public, private, or government 

entity) 

5. the mode of transfer utilized which depends on the goals and objectives of 

both the supplier and recipient of the technology 

6. the costs of the transfer, both obvious and invisible 

Aharoni (1991) adds, "the strategies needed to facilitate the [technology transfer] 

process must be holistic, based on an analysis of the entire transfer process and the 
* 

environment in which it is embedded" (Aharoni 1991, 97). 

Another issue noted in the literature to influence technology transfer is 

effectiveness from the perspective of home and host company characteristics. 

Vernon and Davidson (1979) and Teece (1977) note the more experience a firm 
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has in transferring technology the more efficiently the transfers are made and the 

less costly the transfer. Rajan st 2l (1981) attribute the effectiveness of the 

transfer primarily to the characteristics of the host country (absorptive capacity, 

availability of labor, skill levels, tariffs). While Davidson (1983) contends that 

effectiveness relies on the structure of the supplier firm, Dunning (1981), 

Baranson (1977) and Driscoll and Wallender (1981) are more specific in noting 

that the measure of technology transfer effectiveness rests with the absorptive 

capacity of the receiver of the technology. All of the researchers note that 

measuring efficiency and effectiveness is complicated by the definition of the 

constructs. 

Driscoll and Wallender (1981) note that adaptation as well as absorptive 

capacity contribute to the level of effectiveness of an international technology 

transfer. A review of technology transfer conducted by the Fund for Multinational 

Management Education, the Council of the Americas, the United States Council of 

the International Chamber of Commerce and George Washington University 

(Driscoll and Wallender 1981) indicated that there should be greater concern for 

the host countries' ability to adapt and absorb technology than for controlling the 

transfer process itself. Three conclusions resulting from the study were that 

"private transfer has been responsive to incentives, users must have capabilities to 

absorb technology, and technology transfer is a function of the environment" 

(Driscoll and Wallender 1981, 274). 
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Kedia and Bhagat (1988) related the relative importance of societal culture, 

organizational culture, and the strategic management processes to effective 

technology transfer. They studied the transfer of technology from one industrial-

ized nation to another industrialized nation, to a moderately industrialized nation, 

and to a developing nation. They suggested future research should "explicitly 

consider the interactions among technology and cultural variations in both societal 

and organizational contexts" with respect to effective technology transfer (Kedia 

and Bhagat 1988, 568). Both of these contexts are embedded in the operational 

environments of the organization. 

Reddy and Zhao (1989) reviewed the literature from the perspectives of the 

home country, the host country, and the transaction itself. They found disagree-

ment concerning the impact of technology transfer on a country's economy, 

employment, and technology and whether the impact was negative or positive. 

Reddy and Zhao (1989) suggested a need for future research on "cultural, social, 

and institutional aspects of host countries to balance the overly economic 

perspective [which they contend] currently dominates the work on [international 

technology transfer]" (Reddy and Zhao 1989, 301). 

From these varied dimensions of international technology transfer, it is 

apparent that the process of transferring technology internationally is a complex 

one which has been studied from many different angles. The dimensions of 

international technology transfer cited above vary from the specific aspects of the 
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technology itself (Contractor and Segafi-Nejad, 1981; Frame, 1983; Robock, 

1980) to the absorptive capacity of the recipient (Baranson, 1977; Driscoll and 

Wallender, 1981; Dunning, 1981; Rajanglal, 1981). Intertwined in the dimen-

sions of technology transfer is the effectiveness of the transfer. Several models of 

technology transfer were noted in the literature. The following section reviews 

those models. 

Models of Technology Transfer 

Kedia and Bhagat (1988) developed a conceptual model from cross-cultural 

studies on management, organizations, organizational culture, and diffusion of 

innovations (see Figure 1). Their model outlined the four constraints which 

influence the effectiveness of technology transfer across nations. The first two 

constraints, societal culture-based differences and the absorptive capacity of 

recipient organizations, were considered causal influences. The third and fourth 

constraints concerned characteristics of the technology and differences in 

organizational cultures between transacting organizations. These constraints were 

considered to be moderating influences. Societal culture-based differences were 

noted in terms of Hostede's (1980) work on uncertainty avoidance, power distance, 

individualism versus collectivism, masculinity versus femininity, and abstractive 

versus associative differences. Absorptive capacity of recipient organizations 

were represented by local versus cosmopolitan orientation, the existence of an 

already sophisticated technical core, and the strategic management process. The 
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effectiveness of transfer across nations is a function of these causal and 

moderating influences. 

Samli's (1985) model of technology transfer provides insight into the key 

components of the process itself (Figure 2). The model depicts a systems 

approach in which the components interact to facilitate or hinder the successful 

transfer of technology. Samli (1985) contends that cultural barriers are the 

"greatest challenge to a successful transfer of technology. Penetrating through the 

cultural barrier implies the senders' perceptions as to the receivers' needs" (Samli 

1985, xvi). The emphasis is not solely on the transfer of technology from one 

company to another company, but rather to another country as well. Technology 

transfer, according to Samli (1985), can contribute to the elimination of economic 

underdevelopment through increased knowledge, industrial progress, and more 

efficient use of resources. 
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In Keller and Chinta's (1990) model shown in Figure 3, barriers are 

considered constraints or impediments of technology transfer^ and bonds 

are considered bridges or facilitators. "It is important, under these condi-

tions, for management to have a good understanding o f . . . the baniers and 

bonds that determine" successful transfer of technology (Keller and Chinta 

1990, 33). As seen in Keller and Chinta's model in Figure 3, the dotted line 

completes the technology transfer process implied in the model as 

"feedback" to both the barriers and the bonds. The feedback from die 

success (or failure) of the transfer will provide information concerning 

whether the barriers have changed, as well as information which will assist 

the firm (adjust strategy, structure). 

Dean and LeMaster (1992) conceptualized all barriers to 

international technology transfer as being embedded in the general or task 

environments of the home or host country or the home or host company 

(Figure 4). This model allows for changes in the importance of baniers as 

a function of time. A survey of 45 top level executives of United States 

firms conducting business in Mexico supported the model. 
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Samli (1985) discusses technology transfer from the perspective of a 

process. Dean and LeMaster's model addresses the technology transfer process as 

well and allows for the dynamism of the environment. Both Kedia and Bhagat's 

(1988) and Keller and Chinta's (1990) models focus on the outcome of the transfer 

(successfulness or effectiveness). Both models also note the characteristics of the 

technology. Kedia and Bhagat do not factor mode of transfer utilized into their 

model whereas Keller and Chinta do. 

Madu and Jacob (1989) focused their research on the decision-

making/strategic approach to technology transfer. They contend that technology 

transfer issues are "value-laden rather than neutral, and consequently there are 

trade-offs that must be made between the benefits of technology and other public 

policy goals" (Madu and Jacob 1989, 328). Madu and Jacob developed a 

dialectical approach to strategic planning in the transfer of technology and noted 

that strategies must be adapted to the different environments in which an 

organization operates. Following this then, one can hypothesize that top level 

executives' perceptions of barriers to technology transfer, being value-laden as 

well, would have an impact on a firm's decision-making/strategic approach to 

determining a specific mode for transferring technology across borders. 

The models of technology transfer, although very different, have common 

elements. The common elements relate to the general and task environments, the 

home and host companies, and the characteristics of the technology. Dean and 
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LeMaster's (1992), Kedia and Bhagat's (1988), and Keller and Chinta's (1990) 

models specifically address the home and host countries. Kedia and Bhagat's 

(1988) and Keller and Chinta's (1990) models more specifically address the 

characteristics of the technology. Only Keller and Chinta's model incorporate 

modes of transfer into the model. All of the technology transfer models address 

issues associated with the general and task environment of the home or host 

companies. In general, the focus of the models is on barriers or bonds, the transfer 

process from the supplier to the receiver, the interrelationships of the technology 

itself, and the mode of transfer. Figure 5 graphically depicts the international 

technology transfer literature review and the proposed relationships between 

perceptions of environmental barriers, home and host company characteristics, 

technology characteristics, and industry-specific characteristics with modes of 

technology transfer. The remainder of the literature review will address each part 

of this framework. As noted earlier, the process of technology transfer requires a 

mechanism or mode for transferring the technology. The next section reviews the 

literature on modes of transfer. 
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Home and Host 

Figure 5. Conceptual Framework for Studying Relationship Between Perceptions 
of Environmental Barriers and Modes of International Technology Transfer 
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Modes of International Technology Transfer 

Background 

In the 1950s and 1960s, the primary mode of technology transfer was 

through wholly-owned subsidiaries in developed countries of the West In the 

1970s the trend changed as a result of the weakening dollar, the unsatisfactory 

earnings from foreign operations, the changes in tax laws, and global recession 

and inflation. The effect of increased international competition, and governments' 

increasing involvement in foreign-investment decisions, gave options to the 

technology-recipients, and added to the changing trends (Frame 1983). In 

response to these changes, licensing agreements and joint ventures became 

increasingly common. Also in the 1970s, less-developed countries began to be 

observed more closely for their growth potential. The socioeconomic systems of 

some countries (Asian and Latin American) were found to be more conducive to 

development than others, making foreign investment in those less-developed 

countries an option for multinational corporations. Foreign investments from 

multinational corporations were welcomed by less-developed countries because of 

the boost to the countries' economies through capital infusion, updating 

infrastructure, and the creation of jobs (Frame 1983). 

Contractor (1990) reported that the intent of many governments in the 

1970s was to limit the control of foreign investors by limiting their shareholding 

ratio. The purpose of this policy was to limit the foreign exchange cost to the host 
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economy, to encourage the transfer of expertise to local partners, and to improve 

the terms of the foreign investment. This intervention and relationship of conflict 

and tension in ownership patterns was not limited to developing nations. The 

1980s brought increases in the allowable level of foreign ownership, attempts to 

shorten the application process, and trends toward more liberal attitudes for small-

and medium-sized foreign investors. Contractor (1990) suggested that the reasons 

for liberalization were sociopolitical and historic as much as economic. He 

attempted to explain the variations using a cross-sectional study with country-

specific variables. The literature offers a number of different types of modes for 

getting technology from the supplier to the recipient. A review of these types of 

modes follows. 

Typology of Entry Modes 

The review of the literature identified many different modes of technology 

transfer. Formal transfer mechanisms (modes) were described as turnkey 

operations, technological enclave, licensing, joint ventures, patents, in-house trans-

fers to foreign subsidiaries, simple emulation of a product or process, direct 

purchase of naked technology, purchase of embodied technology, direct foreign 

investment, wholly-owned subsidiaries, and purchase of technological services 

(Erdilek and Rapoport 1985; Frame 1983; Keller and Chinta 1990; Mclntyre and 

Papp 1986; Spencer 1970; Stobaugh and Wells 1984). Keller and Chinta (1990) 
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added parallel, delayed, and sequential operations to the list of possible modes of 

transfer. Conventional modes of transfer were sometimes referred to as "direct 

investment, intrafirm transfers, intracompany transactions with affiliates and 

subsidiaries, [and] licensing contracts with client firms" (Goulet 1977, 54). 

Ahmad and Wilke (1986) viewed modes or approaches to the transfer of 

technology on a continuum from total dependence by the host (recipient) country 

to self-reliance by the host (recipient) country. The mode of transfer by the home 

(supplier) country at the dependence end of the continuum would be "a situation 

where a multinational corporation sets up an enterprise . . . with its own capital 

and technology,... controls the firm with imported management and technical 

expertise,... and repatriates profits" (Ahmad and Wilke 1986, 87). This 

relationship would be categorized as a wholly-owned subsidiary. The self-reliance 

end of the continuum would allow the host (recipient) country "to use foreign 

technology and expertise to gradually build its own internal capability, either by 

outright purchase of equipment, products, process know-how or through various 

other kinds of exchange, training, consultancy, and other arrangements as equal 

partners" (Ahmad and Wilke 1986, 88). This self-reliance type of relationship 

corresponds to the licensing agreements, franchise, and joint venture 

classifications of transfer mode. 

Beamish a! (1991) offered a typology of international industrial 

cooperation modes ranging from wholly-owned foreign subsidiaries to strategic 
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buyer-supplier coalitions. The typology described other aspects or forms of 

cooperation including equity or non-equity, length of agreement, and typical 

compensation methods. 

Less formal mechanisms of technology transfer included project proposals, 

sales of products, education abroad, site visits and on-the-job training abroad. 

International cooperative research efforts, published literature, meetings, seminars 

and colloquia, industrial espionage, end user or third countiy diversions, and 

government assistance programs were also considered less-formal modes of 

transfer (Erdilek and Rapoport 1985; Frame 1983; Mclntyre and Papp 1986; 

Spencer 1970). 

Technology can be transferred, as noted above, through many different 

mechanisms or modes. A segment of the literature on the modes of transfer 

referred to most frequently is provided in Table 1. Because exporting is noted 

generally as the first level of foreign involvement for a firm, it was included in the 

modes of study for this research. The other modes most often noted in the 

literature were licensing, wholly-owned subsidiary and joint venture modes of 

transfer and these were included in this study as well. Two of the most cited 

issues concerning choice of mode were degree of control of the supplier firm over 

the technology and the risk-return relationships of the technology. 
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Choice of Modes 

Degree of Control 

Contractor and Narayanan (1990) and Hill, Hwang and Kim (1990) 

suggested that an underlying construct to determine which mode of transfer was 

best for which country should include the desired degree of control of the 

transferring company. Mclntyre and Papp (1986) noted that if an export mecha-

nism was used and the technology is product-embodied, then "the amount of actual 

knowledge and skill transferred is slight" (Mclntyre and Papp 1986, 11). In this 

situation, the exporting firm had more control of the actual technological process 

and reaped a greater return (Mclntyre and Papp 1986). 

If the transfer mechanism was a turnkey factory, some training of the local 

workers was necessary, and the actual amount of technology transferred was much 

higher. This mechanism required relinquishing control by the home company and 

a greater return went to the host country. 

Risk-Return Relationships 

Contractor and Narayanan (1990) suggested another factor affecting choice 

of transfer was the risk of creating a potential competitor as a result of the transfer. 

They noted that the highest potential return, the greatest degree of control and the 

highest degree of potential risk were associated with wholly-owned arrangements. 
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Licensing had the lowest level of potential risk. Contractor and Narayanan (1990) 

noted that joint ventures may be the best overall mix of return, risk, control, and 

competitor risk dimensions. 

James (1990) pointed out the environmental risks associated with technolo-

gy transfer. There is constant pressure from host countries for technology transfer, 

which has implications in both the host and home countries. Foreign companies 

operating in a host country run the risk of being forced to withdraw, losing access 

to cost advantages and markets if they do not accede to this pressure for increased 

transfer of technology. If they do accede to the pressure, they are compelled to 

transfer this proprietary knowledge and risk the host company copying and 

creating future low cost competitors. A mode of transfer more conducive to home 

company control, but which may not be effective under these circumstances, 

particularly if there are limitations on ownership, would be a wholly-owned 

subsidiary. Some form of licensing agreement may be necessary if the 

multinational corporation were to continue operations in the particular countiy 

(James 1990). 

There are many varied modes/mechanisms for transferring technology 

internationally. The choice of mode as noted in the literature is influenced by the 

degree of control required by the supplier firm (Contractor and Narayanan 1990; 

Hill, Hwang and Kim 1990; Mclntyre and Papp 1986), and the associated costs 

and benefits (Contractor and Narayanan 1990; James 1990). Mode of transfer 
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utilized is influenced by the operating environment of the firm. From the literature 

the modes of transfer most often referred to are exporting, licensing, wholly-

owned subsidiary, and joint venture. 

The degree to which the environment or any part of the environment is 

perceived as a barrier or impediment by the decision makers within the firm may 

influence the mode of transfer that is chosen. A review of the literature regarding 

barriers or impediments to technology transfer follows. 

Barriers to Technology Transfer 

The literature regarding international technology transfer is very extensive, 

and a perspective mentioned often in the literature concerns barriers to technology 

transfer. The majority of research on barriers concerns factors of the general 

(remote) environment and the absorptive capabilities of the receiver of the transfer 

(Ahmad and Wilke, 1986; Cavusgil, 1985; Contractor and Sagafi-Nejad, 1981; 

Davidson and McFetridge, 1985; Georgantzas and Madu, 1990; Kranzberg, 1986; 

Keller and Chinta, 1990; Rosenberg and Frischtak, 1985). 

The review of the literature on environmental barriers is presented in Table 

2 and spans two decades of research. The environmental barriers that were most 

often mentioned by the authors as noted in Table 2 were the economic, political/le-

gal, sociocultural, and technological barriers of the remote environment. Of all the 

authors mentioned in Table 2, 85% discuss political/legal barriers, 70% discuss 
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technological barriers, 65% discuss sociocultural barriers, and 60% discuss 

economic barriers. The other environmental barriers noted are mentioned by only 

35% or fewer of the authors. 

None of these authors note explicitly that any one barrier is more important 

than another; the percentages do give support for an assumption that issues 

regarding the political/legal, sociocultural, economic, and technological economic 

environments certainly receive more attention than issues regarding other 

environmental factors. Based on the representative body of literature noted in 

Table 2, a brief discussion of the literature concerning the political/legal, 

sociocultural, economic, and technological categories of barriers follows. 

Political/Legal Factors 

Nigh (1985) addressed only the political/legal factors of technology transfer 

in a pooled time-series, cross-sectional analysis and found a pertinent relationship 

between host country political events (changes in laws and governmental policies) 

and direct foreign investment from the United States. The findings suggested the 

more important the legal/political environment was perceived, the more likely it 

would be that a wholly-owned subsidiary mode of transfer would be utilized (Nigh 

1985). 
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Pugel (1978), Contractor and Sagafi-Nejad (1981) and Marton (1986) noted 

the recipient country governmental policies that restrict the flow of technology 

from one country to another (tariffs, quotas, proprietary rights, and ownership 

restrictions) as a barrier to the transfer of technology. Rosenberg and Frischtak 

(1985) explored the role of policy in terms of the legal structure, protection of 

technology and governmental regulations regarding the successful transfer and 

absorption of technology. The authors note that appropriate policy instruments 

affect the stock of skills, the organizational structures, and the incentive systems 

(taxes and subsidies) necessary to absorb and employ technologies effectively. 

Keller and Chinta (1990) and Kranzberg (1986) cited national security issues as 

political factors of the external environment that influence transfer of technology. 

LeMaster and Dean (1991) studied barriers to technology transfer in 45 

United States companies conducting business in Mexico. Their study showed that 

the political/legal, sociocultural, and technological barriers were perceived to be 

more important in the host country (Mexico) than in the United States, and the 

economic barriers of the host country (Mexico) were perceived to be less 

important than those in the home country (United States). The task environment 

barriers revealed that only the supplier and labor supply barriers were more 

important in Mexico than in the United States. Figure 6 depicts graphically the 

findings from the study by LeMaster and Dean (1991). The perceptions of top 

level executives indicated that the barriers 
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of the host country (Mexico) were more important than those of the home country 

(United States). 

P E R C E P T I O N S OF B A R R I E R S TO I T T 
U N I T E D S T A T E S V S . M E X I C O 

P « r c c i v c < ! Si [ o i U c • n c < of B * r r i « r i 

E C O K L / P S / C T E C H , S U M C U U . C O M P , L A B O R 

G C N I I A I TAIK 

• 1 U N I T E D S i A i e a 

V77A M t x ICO 

Figure 6. Perceptions of Barriers to International Technology Transfer from the 
United States to Mexico by LeMaster, Jane and Carol Carlson Dean . 1991. 
Perceptions of barriers to international technology transfer: A survey of executives 
of U.S. companies conducting business in Mexico. Twin Plant News (November). 

The literature identified governmental regulations regarding the transfer of 

technology, the concerns for the property rights of the technology, the availability 

of tax incentives and subsidies and the legal infrastructure of the country as 

aspects of the political/legal environment. Sociocultural issues are also noted as 

relevant to the general operating environment of an organization. 
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Sociocultural Factors 

In their in-depth study of cultural influences on the effectiveness of 

technology transfer, Kedia and Bhagat (1988) pointed out that the sociocultural 

environments of both the home and host nations determine the variation of, and the 

resultant barriers to, successful technology transfer. Kedia and Bhagat (1988) 

noted, in a conceptual model, culture-based differences in terms of ambiguity, 

power, group or individual orientation, and material or intrinsic rewards. Also 

cited in Kedia and Bhagat's (1988) model is the level of training of the existing 

workforce. An integrative framework of technology transfer conceptualized by 

Keller and Chinta (1990) supported Kedia and Bhagat's work. They further 

indicated that "differences in national cultures, social norms, laws, and economies 

create impediments to technology transfer that are not present domestically" 

(Keller and Chinta 1990, 36). Kranzberg (1986) included the background of the 

population with respect to educational levels and value systems, religious pro-

clivities, and the capability for efficient use of human resources as sociocultural 

constraints to technology transfer. From the literature, the most important aspects 

of the sociocultural environment include the training level, language skills, work 

ethic, work values of the workforce, and the norms and customs of the general 

population. The economic factors associated with the remote environment are 

discussed in the next section. 
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Economic Factors 

Contractor (1980) stated that "international technology transfers are 

powerfully influenced by the level of economic development and industrialization 

of the recipient nation" (Contractor 1980, 57). Kranzberg (1986) extended this by 

adding that the financial and natural resources of the country, the educational level 

of the population, the political system of the country, and the value system of the 

general population of the host country all affect how well a host country receives 

technology. 

Davidson and McFetridge (1985) and Samli (1985) studied the importance 

of the cultural and physical aspects of the host country to successful technology 

transfers. They described the environment to be "a function of government 

policies, economic conditions and political and cultural characteristics of the 

nations in which the transacting parties reside" (Davidson and McFetridge 1985, 

7). Marton (1986) agreed that the general economic and political health of a 

country was affected by the cultural dimensions of the country, including level of 

employment, and income distribution. 

In their conceptual model, Keller and Chinta (1990) discuss specifically 

the level of employment as a barrier to sucessful transfer. Kedia and Bhagat 

(1988), Davidson and McFetridge (1985), Spencer (1970) and James (1990) all 

support in general the importance of home and host country political/legal, 

sociocultural, and economic conditions as potential barriers to the successful 
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transfer of technology. James (1990) further noted home country pressures for the 

transfer of technology, involving decisions concerning new manufacturing 

technologies, advanced materials sciences, reduction in the labor intensiveness of 

manufacturing technologies, and competitive advantage. The general economic 

health of a region, purchasing power, interest rates, borrowing costs, and 

unemployment rates will be important factors in these decisions. 

It was suggested by Cavusgil (1985, 217) that "the management of technol-

ogy transfer has become a key element affecting organizational survival." Tech-

nology transfer cannot be policed by trying to impose and enforce uniform rules 

and regulations on the countries involved. The reason is the nature of technology 

transfer: its costliness and extreme complexity. It is people-oriented and consists 

of many ingredients, and it is a continuous activity which changes as relationships 

between countries change. Cavusgil (1985) described four country-to-country 

transfers and the most probable technology transfer mode based on the differences 

between the countries. Important differences include the costs of borrowing, 

availability of hard currency, unemployment levels, wage rates, and so forth. 

Those factors in the technological environment of the organization are discussed 

next. 
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Technological Factors 

Ahmad and Wilke (1986) explained that, because technology is not a 

commodity that can be consumed, there are constraining factors to the choice of 

technology as well as the mode of transfer. These constraints include cultural, e.g. 

the level of technological advancement, geopolitical including the roads, 

communication systems, and logistics of transferring technology, and ideological 

factors of the recipient nation. Pugel (1978), Contractor and Sagafi-Nejad (1981) 

and Marton (1986) took Ahmad and Wilke's (1986) work a step further with more 

specific delineation of the factors influencing technology transfer. These authors 

described the scarcity of suppliers and producers to the international market, the 

level of technological development of the host country, the life-cycle stage of the 

technology being transferred from the home company, the absorptive capacity of 

the recipient firm and the appropriateness of the specific technology for the 

recipient. All of these factors reflect the technological advancement of the host 

country as well as the physical infrastructure and the ability to move technology 

from one place to another. 

Rosenberg and Frischtak (1985) also discussed the relevance of technology 

transfer from the perspective of foreign technologies and local efforts to create and 

upgrade technology. Specifically, Rosenberg and Frischtak (1985) noted that a 

host country's own technological environment is a potential barrier to the 

successful transfer of technology in that there must exist a complementary 
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relationship between the two countries; they must be able to communicate 

effectively with one another. The transferred technologies and the local 

technological efforts are interdependent. 

James (1990) addressed the changing nature of the environmental risks 

facing companies that are embracing global strategies as a potential barrier. The 

author explained that a large number of host countries are actively pushing for 

technology transfer as an integral feature of new investment and that pressure is 

being exerted on existing investors to transfer more advanced technology. James 

(1990) suggested that the technological imperative, therefore, is to work toward 

decreasing the barriers to technology transfer. Those elements of the 

technological environment cited most often in the literature include the 

technological advancement within an industry, the infrastructure within the host 

country, the capability of the data processing systems, and the logistics of 

transferring the technology from one place to another. 

In summary, the most frequently cited environmental barriers concerned 

political/legal, sociocultural, economic, and technological aspects of the 

environment. The literature notes the legal system in the host country, the 

availability of tax incentives and subsidies in the host country, the concerns for 

property rights of the technology, and the governmental regulations regarding the 

transfer of technology as issues concerning the political/legal environment. 

Training levels, language skills, work ethics, and values of the workforce as well 
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as the norms and customs of the general population were considered important 

issues relating to the sociocultural environment. The economic environment 

includes the overall economic health of the host country, the purchasing power of 

and interest rates for the customers, unemployment rates and wage rates within the 

host country, the availability of currency as well as the ability to convert cuiTency, 

and the interest rates for the borrower. Issues in the technological environment 

include the level of technological advancement, the infrastructure, the information 

processing capabilities and the issue of logistics in the host country. 

The characteristics of the technology were cited in the technology transfer 

literature as relating to the mode of transfer used. A review of the literature 

concerning the characteristics of the technology is presented next. 

Technology Characteristics 

There were many definitions for technology. Generally defined, technol-

ogy is a method or technique consisting of know-how, skills, experience, and 

resources necessary for manufacturing and marketing a product economically 

(Agmon and Von Glinow 1991; Asheghian and Ebrahimi 1990). Pavitt (1985) and 

Reddy and Zhao (1989) described technology as firm-specific. It is differentiated 

knowledge about specific applications. Technology is often uncodified and is 

generally cumulative within the firm (Pavitt 1985 and Reddy and Zhao 1989). 
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Technology "forms the basis of a firm's competitiveness . . . " (Reddy and Zhao 

1989, 294). 

Mansfield (1975) classified technology as either embodied or disembodied. 

Embodied technology is more specific and more easily identified than 

disembodied technology. Madeuf (1984) expanded Mansfield's embodied 

classification to capital-embodied or human-embodied and retained the disem-

bodied classification of technology that Mansfield (1975) put forth. Goulet (1977), 

Hall and Johnson (1970), Kedia and Bhagat (1988) and Mclntyre and Papp (1986) 

agreed that the type or characteristics of a technology were important to the 

success of its transfer. These researchers categorized technology characteristics as 

product-embodied, process-embodied and person-embodied. Product-embodied 

technology consists of the physical product being transferred—the end-product. 

Process-embodied technologies concern "the transfer of blueprints or patent rights 

of the actual scientific processes and engineering details" (Kedia and Bhagat 1988, 

561). Person-embodied technologies concern transfers of specialized knowledge 

or skills (Kedia and Bhagat 1988). Process-embodied or person-embodied 

technologies may not necessarily be part of the finished product. The antecedent 

characteristics of the technology involved—whether it is product-, process-, or 

person-embodied—are constraints to the effectiveness of technology transferred 

across nations. Goulet (1977) defined one form of person-embodied technology as 

'"decisional technology': know-how for diagnosing complex problems and 
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formulating choice strategies for site, scale, and level of technology" (Goulet 

1977, 53). 

Mclntyre and Papp (1986) described the distinctions between high, low, 

and intermediate technologies. High technology was more closely related to high 

research and development expenditures, high capital intensity, high complexity, 

and "on the cutting edge of industrial innovation" (Mclntyre and Papp 1986, 8). 

Relationships to high technology were also associated with the mode of 

technology transfer utilized. It seems logical, therefore, that the more high tech a 

technology is, the more likely it would be that a firm would use a wholly-owned 

subsidiary mode of transfer to maintain control of the technology. 

Kranzberg's (1986) and Keller and Chinta's (1990) classifications of 

technology, and the classifications of Goulet (1977), Mclntyre and Papp (1986), 

and Kedia and Bhagat (1988) are different only in the terms used. Kranzberg 

distinguished technology characteristics among three types of technology transfer: 

material transfer, design transfer, and capacity transfer. Material transfers consist 

of machines, materials and the techniques associated with the materials (product-

embodied). "It is not so much a transfer of knowledge as it is the transfer of the 

results of knowledge" (Kranzberg 1986, 32). Design transfer consists of 

blueprints, formulas, and books (process-embodied). Capacity transfers consist of 

scientific knowledge and technical expertise (person-embodied). "Here it is active 

knowledge and expertise, rather than devices themselves or designs for them, that 
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are being transferred" (Kranzberg 1986, 32). Kranzberg noted that there can be 

overlap among all three technology types and each type can be at different transfer 

stages moving from material transfer to design transfer to capacity transfer. 

Keller and Chinta (1990), Coughlin (1983), and Davidson and McFetridge 

(1985) concur that technology characteristics influence the mode of technology 

utilized. Keller and Chinta (1990) characterized technology types by the content 

of the technology: machinery (product-embodied), personnel (person-embodied), 

or methods (process-embodied). These researchers indicated that technology types 

have a direct effect on the mode of transfer utilized (Keller and Chinta 1990). 

They allude to the relationship between level of technology (high-tech versus low-

tech) and necessary degree of control. 

Although Coughlin (1983) and Davidson and McFetridge (1985) do not 

categorize the characteristics of technology, empirical studies regarding 

international techology transfer revealed relationships between technology 

characteristics and mode of transfer. Coughlin (1985) studied the relationship 

between foreign ownership and technology transfer of 57 multinational 

corporations. The research supported the hypothesis that "technology transferred 

to countries that deter wholly-owned foreign direct investment will be 

dispoiportionately process rather than product technology . . . [and] the product 

technology . . . will be old" (Coughlin 1983, 413). Davidson and McFetridge's 

(1985) study of 1226 international technology transfers also found a strong 
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relationship between mode of transfer and individual technology characteristics. 

The transfers studied were made through either wholly-owned subsidiary or 

licensee modes of transfer. 

Although the terminology used is somewhat different, technology 

characteristics have generally been agreed upon in the literature as consisting of 

three types: person-embodied, product-embodied, and process-embodied 

(Coughlin, 1983; Goulet, 1977; Hall and Johnson, 1970; Kedia and Bhagat, 1988; 

Mclntyre and Papp, 1986). The differences are in the other terms that have been 

used to describe the same thing and perhaps the scope of the term as well. 

Other terms used for technology characteristics are embodied (Mansfield, 

1975), capital-embodied, human-embodied, and disembodied (Madeuf, 1984; 

Mansfield, 1975), material, design, and capacity (Kranzberg, 1986), machinery, 

personnel, and methods (Keller and Chinta, 1990). Each type or characteristic 

describes a certain aspect of the technology: the physical aspect, the intellectual 

aspect, or the scientific aspect, respectively. Kranzberg (1986) noted that all 

technology consists of all three characteristics, but in varying degrees. The 

literature concerning the characteristics of the technology very clearly categorizes 

the technology as process-, person-, and/or product-embodied. Some researchers 

consider the characteristics of the home and host companies to influence 

technology transfer decisions as well. The following section reviews the literature 

regarding the characteristics of the home and host companies. 
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Home and Host Company Characteristics 

Benvignati (1983), Vernon and Davidson (1979) and Teece (1977) allude to 

the importance of experience in foreign countries as an important determinant of 

effective technology transfer. It is not just the particular mode of transfer that is 

most appropriate for effective transfer of technology but also experience in foreign 

operations. These authors feel that increases in experience lead to increases in the 

speed at which the technology is transferred, which in turn increases the efficiency 

of the transfer. Barton (1984) concurs and notes that "success breeds success" 

and supports the notion that international experience influences effective 

technology transfer. Particular modes of entry may be more appropriate for firms 

with extensive foreign experience than for firms with less experience. Barton 

(1984) also notes that a firm which has a successful operation using a specific 

mode of entry will be prone to use the same mode of entry when extending the 

operations into other foreign arenas. 

Hill, £l al (1990) cited size of the organization as well as experience of the 

firm in foreign operations as important elements of the technology transfer. Hill, 

£t al (1990) suggest a relationship between size, experience and mode of entry, 

moving from an export type relationship with smaller size and less experience to a 

wholly-owned arrangement with larger size and more experience. An obvious part 

of the operating environment of the firm which may influence mode of technology 

transfer in addition to size and experience is the specific industry of which the firm 
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is a part. If the firm is very large, there may be multiple industries within which 

the firm operates. The literature indicates that size of the company and foreign 

experience are clearly characteristics describing the home and host companies. 

Industry-Specific Characteristics 

Increasing globalization of industries requires a change in strategic thinking 

from domestic to global strategies. Global strategies revolve around pricing, 

marketing, research and development expenditures, and investments for gaining 

competitive advantage. Porter (1986) discusses the competitive strategy of the 

firm in a foreign market and the associated problems of entering these foreign 

markets from the perspective of moving from an exporting mode of entry to 

licensing to a wholly-owned subsidiary. Porter (1986) further notes that 

concentrations of research and development as well as type and variety of products 

for achieving economies of scale are those activities that are important to costs and 

differentiation within the industry, and that these concerns are what drive 

international competitive strategies. 

Vernon and Davidson (1979) discussed the relationship between speed of 

the transfer of a technology and the level of research and development. Many 

researchers cite the level of intensity of research and development and marketing 

investments as measures of competitiveness within an industry (Bartlett and 

Ghoshal 1987; Morrison, Ricks and Roth 1991; Porter 1986; Vernon and 
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Davidson 1979). Bartlett and Ghoshal (1987) indicate that concentrations of 

economies of scale in research and development, marketing and distribution 

describe the structure of an industry and that this structure can influence entry 

modes for transferring technology. Competitive strategies to gain market share, 

according to Morrison, Ricks and Roth (1991), include cutting costs through 

concentrations of economies of scale and through standardizing products. 

Hill, £l ai (1990) and Harrigan (1985a, 1985b) address the role global 

strategy and global competition in an industry play in deteraiining the most 

appropriate mode for transferring technology within a particular industry. 

Harrigan argued specifically that the nature of the competition in a particular 

industry will have a direct impact on the mode of entry into that industry. Hill, el 

al further argue that "choice of entry mode depends on the strategic relationship 

the MNC envisages between operations in different countries...[and the decision] 

must be considered in relation to the overall strategic posture of the firm" (126). 

The literature concerning industry-specific characteristics focuses on the relative 

competitive position of the firm within the industry. 

Any decision is composed not only of objective information, but also of the 

perceptions of the individual decision makers. Any review of the literature 

concerning decision making would be incomplete without also noting the 

influence of perceptions. The following section reviews the literature on 

managerial perceptions. 
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Managerial Perceptions 

The research in this dissertation used conceptual frameworks or empirical 

studies to elicit perceptions of the respondents; therefore, a brief review of the 

literature on managerial perceptions is appropriate. A general review of 

perceptions is presented, followed by managerial perception research studies 

concerning technology transfer, barriers and modes of transfer. 

Differences among individuals occur because of varied backgrounds, 

education, age, culture, social mores, and attitudes that in turn can affect strategic 

decisions (Anderson and Paine 1975; Hambrick and Mason 1984; Murray and 

Javidan 1988; Schwenk 1984, 1989; Weick 1969). Hambrick and Mason (1984) 

identified the behavioral component of strategic decisions and determined specific 

idiosyncracies of individual top level executives which constitute that behavioral 

component. They contend that an individual's perceptions, which are based on 

past experience, knowledge, and so forth, affect strategic choices made by that 

individual. The demographic data used for determining differences among 

perceptions of top level executives included age, functional tracks, career experi-

ences, education, socioeconomic roots, financial position, and group charac-

teristics. Thus, Hambrick and Mason concluded that "straightforward demo-

graphic data on managers may be potent predictors of strategies" (Hambrick and 

Mason 1984, 205). 
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Weick (1969) influenced research on the structure of an organization and 

the imperatives of structure by introducing the idea that an organization's 

environment is created or enacted by its members. This enacted environment 

requires the consideration of managerial perceptions. Consequently, as noted by 

Anderson and Paine (1975), the important properties for consideration in the 

strategy formulation process are perceptions rather than objective characteristics of 

the environment. Anderson and Paine (1975) also emphasized that managers' 

perceptions bias their interpretations of objective information. 

In a study of Canadian banks, Murray and Javidan (1988) found that 

managerial perceptions "heavily colored" the strategic foimulation and imple-

mentation process. They found that the values and perceptions of managers were 

determined by the cultural aspects of the organization, that is, the skills, training, 

and background of the employees (Murray and Javidan 1988). 

Managerial discretion was observed by Montanari (1978) to be a critical 

part of strategic decisions. In an expanded model of organizational choice, 

Montanari (1978) showed that organizational effectiveness is driven by the 

contextual factors of an organization (size, environment, technology), which 

constrain the range of managerial discretion. Managerial discretion is a function 

of the predispositions of the individual as a result of "educational and cultural 

background, functional orientation (marketing, finance, production, etc.), values 
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and attitudes, and all other factors which combine to generate preferences" 

(Montanari 1978, 236). 

Research by Madu and Jacob (1989), Cavusgil (1985), Contractor and 

Narayanan (1991), James (1990), Keller and Chinta (1990), and Korth (1991), 

focused on the managerial aspects and the strategic decision-making approach to 

effective technology transfer. These researchers' efforts were directed toward 

strategic planning for the facilitation of transfers rather than toward specific 

barriers to transfer. 

Potential problems associated with international technology transfer, noted 

by Cavusgil (1985), included the failure of managers to consider social costs, 

obsolescence of transferred technology, suitability of the technology to local 

needs, faulty application of the technology, and inefficiency and lack of 

understanding of the process of transferring technology. These problems are 

attributed to the management dimension of technology transfer within multina-

tional organizations. 

Several scholars (Axinn 1988; Cavusgil 1979 and 1981; Kedia and Chhokar 

1985; Korth 1991; Perlmutter 1969; Pinney 1970; Simpson 1973; Simpson and 

Kujawa 1974) conducted research on the impact of managerial attitudes on export 

behavior. Axinn (1988) evaluated manager-related characteristics with respect to 

their perceptions of export performance. The two characteristics measured were 

the percentage of managers with college degrees and the percentage of managers 
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who had work experience in a foreign country. Axinn (1988) found a high 

correlation between export performance and individual managers' experience with 

the size, technology, or goals of the firm. Axinn (1988, 6) suggested that rather 

than improve export performance, "an improvement in the perceptions managers 

have of exporting" may be needed. 

Cavusgil (1979, 1981) found export behavior of the firm to be positively 

related to favorable management expectations and managerial aspirations. In a 

study comparing global profiles of export and non-export firms along with 

managerial perceptions, Kedia and Chhokar (1985, 7) found "that negative 

perceptions create a significant barrier to exporting." Korfh (1991) addressed 

technology transfer from the perspective of exports and declared that "The barriers 

to successful exporting from this country are internal: they are managerial 

barriers within the companies themselves" (Korth 1991, 18). Five major 

categories of managerial barriers noted were limited ambition, unrecognized 

opportunities, culpable lack of necessaiy resources, unrealistic fears, and 

managerial inertia. These categories were the combination of characteristics of the 

management of an organization and were also components of the individual 

managers. 

Research by Perlmutter (1969) revealed that top level managers' attitudes 

determine the extent of international activity in which a firm is involved. Pinney's 

(1970) efforts showed an important determinant of exporting initiatives were the 
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interest and enthusiasm of top level decision makers. Similarly, Cunningham and 

Spigel (1971) and Simmonds and Smith (1968) found that managers who had 

experience with international arrangements showed greater interest and enthusiasm 

for export decisions. These findings suggested it was not so much the barriers to 

entry as the perceptions of the barriers to entry that influenced choice of entry 

mode. Additionally, Agarwal and Ramswami (1992) contend that managerial 

perceptions provide a direct measure of the variables as compared to using a proxy 

for measuring a variable. The above mentioned studies support the importance of 

considering managerial perceptions of environmental barriers as they relate to 

technology transfer. 

Research Framework 

The central issues in modes of transfer concern perceptions of 

environmental barriers, characteristics of the technology being transferred, 

characteristics of the home and host company, and the characteristics of the 

industry. Implicit in the whole structure are the characteristics of the home and 

host countries. Hence, a research framework was developed and is presented in 

Figure 7. The framework helps to visualize the variables that influence modes of 

transfer. From the research framework statistical hypotheses were developed. 
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Figure 7. Research Framework for Studying the Influence of Perceived 
Environmental Barriers on Modes of International Technology Transfer. 
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Statistical Hypotheses 

The statistical hypotheses are organized by primary hypotheses and 

secondary hypothesis allowing for a distinction to be made between those 

hypotheses reflecting the primary objectives of the study, and that hypothesis 

reflecting a secondary issue noted in the literature. The proposed primary and 

secondary statistical hypotheses were generated from the research framework 

which was derived from the literature on technology transfer. This research was 

designed to test the individual hypotheses discussed below. 

Primary Hypothesis: 

Perceived Environmental Barriers 

The literature on the relationship between barriers to technology transfer 

and mode of transfer utilized was not specific, with the exception of Ahmad and 

Wilke (1986) and Nigh (1985). Ahmad and Wilke (1986) merely noted that 

certain factors could constrain mode of transfer as well as choice of technology. 

Nigh (1985), was more specific and noted a direct relationship between political 

events and amount of direct foreign investment in a country. Mclntyre and Papp 

(1986) and James (1990) referred to control as a possible factor in choice of mode. 

A wholly-owned subsidiary mode of transfer would provide the greatest amount of 

control over an operation; therefore, this suggests that the less control required, the 

less likely technology would be transferred through a wholly-owned subsidiary. 
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Other researchers (Austin 1990; Cavusgil 1985; Contractor and Sagafi-

Nejad 1981; Davidson and McFetridge 1985; Kedia and Bhagat 1988; Keller and 

Chinta 1990; Gardner and Kent 1990; James 1990; Kranzberg 1986; Madu 1989; 

Rosenberg and Frischtak 1985) noted the varying environmental factors affecting 

the transfer of technology. Based on this literature concerning environmental 

barriers to technology transfer, the following primary hypothesis is made: 

HI a: There is a significant relationship between top level executives' 

perceptions of barriers to international technology transfer and mode of 

technology transfer utilized. 

Hlb: There is a positive relationship between the political/legal barriers 

and a wholly-owned subsidiary mode of transfer. The more important the 

political/legal barriers are perceived by top level executives, the more likely a 

wholly-owned subsidiary mode of transfer will be used by these executives. 

Hlc: There is a positive relationship between barriers and the licensing or 

joint venture mode of transfer. The more important overall barriers are perceived 

by top level executives, the greater the use of licensing and joint venture modes of 

transfer by these executives. 
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Secondary Hypothesis: 

Technology Characteristics and Mode of Transfer 

The literature recognized three technology characteristics: person-

embodied, product-embodied, and process-embodied. Coughlin (1983), Keller 

and Chinta (1990), Mclntyre and Papp (1986) and Davidson and McFetridge 

(1985) noted significant relationships between technology characteristics and 

mode of transfer. Coughlin (1983) found product-embodied technology was 

transferred most often through modes other than wholly-owned subsidiaries. 

Kranzberg (1986) commented that there were overlaps among all three technology 

types making definitive arguments for a relationship to a particular mode of 

transfer difficult. No empirical evidence was found in the literature to support the 

consensus found among the researchers regarding the influence the characteristics 

of the technology may have on mode choice. From the literature on characteristics 

of technology, the following secondary hypothesis was formed: 

H2: There is a significant relationship between technology characteristics 

and mode of technology transfer utilized. 

Summary 

This review of the literature provides a presentation of the issues affecting 

international technology transfer. The literature may be classified generally into 

the following: modes of transfer, barriers or impediments to technology transfer, 
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technology characteristics, home and host company characteristics, industry 

characteristics, and managerial perceptions. Choice of mode for transferring tech-

nology is influenced by the degree of control that the parent company wishes to 

maintain (Contractor and Narayanan 1990; Hill, Hwang and Kim 1990; Mclntyre 

and Papp 1986) and the risk-return relationships of transferring the technology 

(Contractor and Narayanan 1990; James 1990), which are manifested in the 

characteristics of the technology and the firm. Characteristics of the home and 

host countries are considered to influence choice of mode as well (Cavusgil 1985; 

Contractor 1980; Davidson and McFetridge 1985; Kedia and Bhagat 1988; Keller 

and Chinta 1990; James 1990; Spencer 1970). These characteristics are 

manifested in the barriers or impediments to transfer which are a function of the 

operating environment of the company. Further, the literature points out that char-

acteristics of the home and host company (size and foreign experience) affect 

technology transfer (Davidson 1984; Frame 1983; Robock 1980; Vernon and 

Davidson 1979; Teece 1977), and that the number of competitors within the indus-

try also influence the mode of transfer utilized (Cavusgil 1985; Contractor and 

Narayanan 1990). 

The literature seems to focus more on technology transfer as a very rational, 

objective process of decision making rather than giving attention to the effect that 

perceptions of the individual decision makers may have regarding the environ-

ment. In contrast to the objective approach, the technology transfer decision is not 
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purely an objective, repetitive, clearly identifiable decision making process of an 

organization. Rather, it is the result of a subjective decision making process of 

individuals that are given the authority, or that have the informal persuasive 

capability to influence the decision makers toward a decision (Anderson and Paine 

1975; Hambrick and Mason 1984; Montanari 1978; Murray and Javidan 1988; 

Schwenk 1984, 1989; Weick 1969). The final decision to select a mode of entry 

in a foreign enterprise is made by individuals. This requires an adjustment in the 

focus of research in the international technology transfer arena to analyze and 

explain the process from the point of view of the individual(s) rather than to look 

for objective measures to explain the selection of a certain mode of entry. The 

review of the literature supports the use of perceptions as a direct measure for a 

variable. This study focuses on the perceived influence of the environmental 

factors in the managerial decision making process with respect to the choice of the 

most appropriate mode of entry into a host country by a foreign firm. 

The review of the literature culminated in the research framework from 

which four statistical hypotheses were developed. The three primaiy hypotheses 

reflect the expectations developed from the review of the litearture of specific 

relationships between environmental barriers and modes of technology transfer. 

The secondary hypothesis reflects the expected relationship between the 

characteristics of the technology and modes of technology transfer. Chapter III 
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presents the methdology used in this study and contains a discussion of the 

variables and the measures used for operationalizing the variables. 



CHAPTER HI 

METHODOLOGY 

Type of Research 

The purpose of this research was to explore a specific construct and investi-

gate key characteristics of the construct; therefore, the research does not lend itself 

well to generalizeable results (Kidder and Judd 1986; McDaniel and Gates 1991; 

Spence 1990) beyond the particular characteristics of this study. The first step in 

exploratory research is to determine what the literature reveals regarding the topic 

of interest. The next step is to determine a method for collecting information 

concerning the topic of interest. Exploration was appropriate for this particular 

study because of the absence of previous studies in the literature regarding the 

influence of perceptions of environmental barriers on mode of technology transfer 

chosen (Kidder and Judd 1986; McDaniel and Gates 1991). From the literature all 

probable related factors influencing choice of technology transfer mode were 

determined and a research framework was developed which led to proposed 

hypotheses to predict the outcomes of the study. Most research found in the 

literature addressed primarily barriers to effective transfer that exist because of the 

characteristics of the technology itself, the ability of the recipient to absorb the 
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technology, and characteristics of the industry, rather than the influence 

perceptions of barriers may have on the choice of entry mode. 

To acquire data for this study, questionnaires were mailed to top level 

executives working in United States companies doing business in Mexico. The 

responses from the questionnaires were processed through statistical techniques 

for evaluating relationships among the variables. Correlation analysis was used 

for purposes of data reduction and for the determinination of how well the items 

within each categoiy of barriers were related. Frequency distribution of the vari-

ables and multinomial logistical regression to measure interaction among variables 

were the approaches used to analyze the results of the questionnaires. 

The study included only top level executives of companies located in the 

United States with business operations in Mexico. Although the questionnaires 

were addressed to the top level executives, the cover letter allowed the executive 

to designate someone to complete the questionnaire if necessary or appropriate. 

Following Rummel and Ballaine (1963), the initial letter requested only 

completion of a postage-paid reply card as to whether the executive would be 

interested in participating in the research study. The cover letter also assured the 

executive that the information provided would be kept in confidence and used only 

for analytical purposes. Follow-up letters were sent approximately every two 

weeks. A second, much shorter questionnaire was mailed out one year later to 

gather additional information and to confirm the internal reliability of the first 
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instrument. The questionnaires used in this study were carefully developed based 

on the research model which was derived from the literature . This research 

model concerns the mode of transfer of technology from the United States to 

Mexico. 

Research Model 

The mathematical model representing the framework for this research is 

described by the following equation: 

MODE = f (PEB, TECH, HMCHR, HSCHR, IND) 

where: 
MODE = mode of technology transfer 
PEB = perceptions of environmental barriers 
TECH = technology characteristics 
HMCHR = home company characteristics 
HSCHR = host company characteristics 
IND = industry-specific characteristics 

Variables 

The dependent variable for this study was the mode of international 

technology transfer from the United States to Mexico. The modes of transfer 

utilized were export, license/franchise, wholly-owned subsidiary, joint venture, or 

other . These modes of transfer options were determined from previous research 

on technology transfer to be those most frequently utilized (Swannack-Nunn 1978; 

Samli 1985; Mclntyre and Papp 1986; Keller and Chinta 1990; LeMaster and 
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Dean 1991). The "other" category was included for completeness, and to assure 

the investigator that the significant modes were included. 

For those firms that used the export mode, respondents were asked to 

indicate whether exporting was directly to the customers, or through a licensee, 

franchisee, or other agent. For firms indicating wholly-owned subsidiary, re-

spondents were asked to indicate whether the subsidiary was 100% owned as a 

result of being established from the start or 100% owned through acquisition. The 

breakdown for the exporting and wholly-owned subsidiary modes followed 

Erramilli's (1991) nomenclature. 

The independent variables for this study were perceptions of barriers, 

technology characteristics, home and host company characteristics, and industry-

specific characteristics. The executives' perceptions were measured using a seven-

point scale which ranged from 0 (not at all significant) to 6 (very significant). The 

scale determined the degree to which the executive perceived that item as a 

problem for transferring technology to Mexico. The environmental barriers 

portion of the questionnaire was developed from theory on the remote (general) 

environment (Asheghian and Ebrahimi 1990; Daft 1992; Daniels and Radebaugh 

1989), from literature on technology transfer (Contractor and Sagafi-Nejad 1981; 

Davidson and McFetridge 1985; Dean and LeMaster 1991; Kranzberg 1986; 

Mclntyre and Papp 1986; Keller and Chinta 1990) and from an empirical study by 

LeMaster and Dean (1991) and Dean and LeMaster (1992). The remote 
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environment is categorized in the literature as consisting of factors associated with 

the political/legal, sociocultural, economic, and technological aspects of business 

operations (Daft 1992, Daniels and Radebaugh 1989). Twenty-two items were 

used to describe potential barriers of the remote environment. Five items each 

described the political/legal and the sociocultural environments, eight items 

described the economic environment, and four items described the technological 

environment. Table 3 lists the 22 items sorted into the appropriate categories used 

to describe the remote environment. 

Technology characteristics were also measured on a seven-point scale from 

0 (none) to 6 (many). This scale was used to determine the degree of composition 

of each characteristic to the most recent technology transferred to Mexico. 

Technology was characterized in the questionnaire as person-embodied, product-

embodied, or process-embodied (Goulet 1977; Hall and Johnson 1970; Kedia and 

Bhagat 1988; Mclntyre and Papp 1986). Kranzberg (1986) noted that all 

technology consists of aspects of all three dimensions. Home and host company 

characteristics were determined by organization size and foreign experience. Size 

was measured in terms of the firms' revenues (in dollars) and the number of 

employees. Studies have confirmed that total numbers of employees is often 

related to other measures of size; i.e. net assets (Pugh, gt al 1969), average 

occupancy rates (Anderson and Warkov, 1961), student enrollments (Hawley, si 

al, 1965), and is considered an accurate measure of size across organizations. 
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Table 3.-Categories of Barriers in the Remote Environment Associated with 
International Technology Transfer. 

BARRIERS ASSOCIATED WITH THE POLITICAL/LEGAL ENVIRONMENT 

Legal infrastructure/system 
Availability of tax breaks 
Availability of subsidies 
Concerns for property rights of technology 
Government regulations regarding transfer of technology 

BARRIERS ASSOCIATED WITH THE SOCIOCULTURAL ENVIRONMENT 

Training level of the workforce 
Language skills of the workforce 
Work ethic of the workforce 
Norms and customs of the general population 
Values of the workforce (honesty, trust) 

BARRIERS ASSOCIATED WITH THE ECONOMIC ENVIRONMENT 

Overall economic health of region 
Ability of customers to buy products 
Interest rates for the customer 
Unemployment rates 
Wage rates 
Availability of dollars 
Ability to convert currency 
Interest rates for your firm (costs of borrowing) 

BARRIERS ASSOCIATED WITH THE TECHNOLOGICAL ENVIRONMENT 

Technological advancement of your industry 
Infrastructure (roads, communications, etc.) 
Capability of data processing systems 
Ability to move technology from one place to another (logistics) 
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Foreign experience was simply the number of years the firm had operated outside 

the country. 

Industiy-specific characteristics were determined by the market structure of 

the industry within which the technology is tranferred. A method for measuring 

market structure in the United States is concentration ratios (Auerbach 1988; 

McDougall and Quirk 1981; Oster 1990; Petersen and Lewis 1986). 

Concentration ratios represent the percent of the total market the top four 

companies within the industry control. This standard 4-firm method for describing 

the market structure of an industry is published by the United States Bureau of the 

Census of Manufacturers. 

Sources for Participant Companies 

The sample for this study was drawn from the Directory of American Firms 

Operating in Foreign Countries (1991) published by Uniworld Business 

Publications and consisting of three volumes. Volume one lists American firms 

that have business operations in foreign countries. The name, address, primary 

product or service, number of employees, and foreign countries where the firm 

operates is also provided. Volumes two and three list American firms and 

addresses of their subsidiaries or affiliates by countiy. Because the directory is in 

its twelfth edition, the compilation of companies was considered to be a 

reasonably mature and exhaustive listing appropriate source for this research. 
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The sample for this study consisted of top level executives from all 582 

United States companies that were identified in the Directory of American Firms 

Operating in Foreign Countries (1991) as having business operations in Mexico. 

Mexico was selected because of recent changes in Mexico's economic policies and 

the free trade agreement between the United States and Mexico. 

Data Collection 

Mailed surveys have the advantage of reaching a large population at 

relatively low cost. Additionally, mailed surveys eliminate interviewer bias and 

are generally simple and easy to administer (Buckley, Buckley, and Chiang 1976; 

Spence 1990). The disadvantages of mailed surveys include the inability to 

control the return rate, the inevitable bias introduced in the development of the 

instrument, and the truthfulness of the respondents, that is, the extent of the 

respondents' knowledge regarding the questions and concepts (Buckley, Buckley, 

and Chiang 1976; Clover and Balsley 1974; Kidder and Judd 1986). 

The mailed survey technique employed in this research follows the 

suggestions made by Rummel and Ballaine (1963) and Dillman (1978). In line 

with Rummel and Ballaine (1963), to determine the level of interest in the study, 

an initial letter requesting participation in this study was sent to the president or 

Chief Executive Officer (CEO) of each firm listed in the Directory of American 

Firms Operating in Foreign Countries (1991). The choice of respondent group 
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reflects Kim and Hwang's (1992, 37) thesis that presidents and CEOs "are most 

knowledgeable on international investment projects and the dynamics of the 

overall foreign entry decision process." Each letter included a self-addressed, 

stamped postcard for the respondents to indicate their willingness to participate. 

An offer was extended to provide individualized reports of the results of the study 

to the participants (how the individual's responses compared with the aggregate). 

This procedure was intended to provide an indication of the number of 

respondents that could be expected for this study, and whether other measures 

would be necessary. A total of 239 postcards were returned; 97 responded 

favorably, 113 responded unfavorably, and 29 were returned with no indication of 

a willingness to participate or not participate. Questionnaires were then sent to all 

582 United States companies with operations in Mexico. 

Every effort was made to secure the maximum participation from the 

sample. The chronology of the process of securing participation is outlined below 

(see Appendix B for documentation): 

a. November, 1991 - Letter requesting participation and assuring 
confidentiality with a return postcard to 582 top level executives. 

b. April 8, 1992 - A cover letter and questionnaire to all 582 top level 
executives. 

c. April 18, 1992 - Reminder postcard to non-respondents. 

d. May, 1992 - Second cover letter with questionnaire to non-respon-
dents. 
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e. June, 1992 - FAX to all non-respondents who had indicated 
participation to the initial letter (a) above. 

f. February, 1993 - Short questionnaire was mailed to all 582 company 
executives for additional information and for testing internal 
reliability of the first instrument. 

The initial questionnaire used for this study consisted of six pages and six 

parts (Appendix A) and took approximately twenty minutes to complete. The first 

part of the questionnaire requested information about the relative amount of each 

characteristic of the technology (person-, product-, process-embodied). Part two 

of the questionnaire asked for the mode of technology transfer most often utilized. 

The mode options were determined based on the modes most frequently noted in 

the literature and derived from a study by Erramilli (1991). 

Part three of the questionnaire asked for the top level executives' percep-

tions of environmental barriers to international technology transfer in the United 

States and in Mexico. This part of the questionnaire was derived from the 

literature and the Perceived Environmental Barriers Questionnaire developed by 

Dean and LeMaster (1991). The remainder of the questionnaire was designed to 

get a profile of the home and host companies, the industry within which the firm 

operated, and the individual respondent. The questionnaire was critiqued by 

academicians in the strategic management and international business fields and 

practitioners involved in international business with Mexico. 
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The second questionnaire consisted of three short questions regarding the 

competitive environment of the industry. A fourth question which appeared on the 

initial questionnaire, was used to validate the internal reliability of the original 

instrument. After developing and testing the survey instrument, the most 

appropriate analyses for evaluating the data were determined. As part of the pilot 

study, the first questionnaire was pre-tested by practitioners in the field. 

Pilot Study 

To test the validity of the instrument, a pilot study was conducted. 

Questionnaires were sent to a convenience sample of top level executives in firms 

located in the South Texas border area. These firms were known to be heavily 

involved in technology transfer with Mexico and therefore considered to be a good 

source for critical evaluation of the instrument Letters accompanied 

questionnaires sent to 15 executives asking for their help in developing the instru-

ment. Eleven useable questionnaires were returned. Of these only one person 

made a comment at the end of the instrument—that some questions were difficult to 

answer because of format. However, the respondent did not indicate which 

questions, or suggest a more understandable format. Respondents were asked to 

indicate the length of time taken to complete the instrument. Again, only one 

person responded indicating that it took 20 minutes to complete the survey 

instrument. 
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A panel of six professionals was asked to also evaluate the instrument for 

clarity, readability, and content. The members consisted of three academic profes-

sionals and three business professionals who were well acquainted with the 

concept of international technology transfer between the United States and 

Mexico. Adjustments in wording and location of questions in the instrument were 

made as a result of the suggestions of this panel. These adjustments helped 

establish and enhance the face validity and the content validity of the instrument. 

Reliability and Validity 

Reliability of an instrument is the extent to which the results are consistent 

from one administration to the next. There are generally three methods for 

assessing reliability of an instrument; test-retest, equivalent form, and internal 

consistency (McDaniel and Gates 1991). The pilot study represented the test-

retest method. In addition, a second, very short questionnaire was sent to 

respondents to gather additional information and to insure reliability of the 

instrument. One of the questions asked on the first questionnaire was repeated on 

the second questionnaire. The question was answered in the same way on both 

questionnaires. 

Validity "is the capacity of a measuring instrument to predict what it was 

designed to predict" (Kidder and Judd 1986) and is associated with theoretical 

issues rather than empirical issues (Carmines and Zeller 1991). Face validity of 
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the instrument requires that the questions are readable and understandable. Given 

that ten out of eleven participants in the pilot study completed and returned the 

instrument with no comments, face validity was assumed. Content validity refers 

to whether a measure actually captures what it was intended to capture. While 

difficult to establish because of the complexity of the technology transfer 

construct, and the absence of an existing instrument, content validity is assumed 

by a thorough search of the literature concerning modes of international technolo-

gy transfer. Also, there was no additional information provided by the pilot study 

respondents that has not been addressed in the literature, which also helps support 

this aspect of content validity. Another measure of validity is criterion-related 

validity which describes "the degree to which a measurement instrument can 

predict a variable that is designated a criterion" (McDaniel and Gates 1991). Both 

the small size of the pilot study and the absence of a measurement instrument with 

established criterion validity is a limitation for this study. 

An additional problem of validity in survey research concerns non-response 

bias which is an error that occurs from a "systematic difference between those who 

do and do not respond to the measurement instrument" (McDaniel and Gates 

1991). Non-response bias was addressed in this research by comparing the 

distribution of the industries in the complete sample with the distribution of the 

industries responding. The distribution was noted to be essentially the same 

indicating those who did respond are a reasonable representation of the total 
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sample and that the results are not skewed due to non-response bias. A second 

analysis to control for non-response bias was a comparison of the responses of 

participants from the first mailout of questionnaires with the responses of die 

participants from the second mailout of questionnaires. The response patterns 

were found to be essentially the same for both groups. Therefore, it can be reason-

ably assumed that those who did not respond would have responded in a fashion 

similar to that of those who did respond. 

Finally, the focus of this study was on individuals' perceptions, and 

therefore a further limitation was the recognition that perceptions are subjective 

measures. 

Pata Analysis 

The responses on the questionnaires were coded numerically and entered 

into a computerized databank. The data for each of the statistical hypotheses 

were analyzed using correlation analysis for purposes of data reduction, Cronbach 

Alpha regression coefficient estimates, and multinomial logistical regression 

analysis (LOGIT). The statistical analyses were processed using the Systat 

Statistical Package (SYSTAT), and the Statistical Package for the Social Sciences 

(SPSS). Both SPSS and SYSTAT were used because they are universally 

recognized computer programs for statistically analyzing data; however, SPSS 

does not perform logistical regression analysis on categorical dependent variables 
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with more than two levels. Therefore, the LOGIT module of the SYSTAT pro-

gram was recommended. 

Cronbach Alpha regression coefficient estimates were evaluated for 

interitem reliability of the items describing each of the categories of barriers in the 

remote environment. The categories of the remote environment are well 

established in the literature (political/legal, sociocultural, economic, 

technological). Correlation analysis was performed for purposes of data reduction 

and to determine how well the elements within the different categories of the 

remote environment relate. 

The overall alpha coefficients for each category are provided in Table 4 for 

both the United States and for Mexico. Table 4 shows that all the alpha 

coefficients exceed the 0.60 minimum level suggested by Cronbach (1951) to 

indicate strong interitem reliability for each category. 

McDaniel and Gates (1991) note that "conventional wisdom says that 

[correlated independent variables] is not a problem if the regression model is 

developed strictly for purposes of prediction" (590). This research examines how 

the variables are related, therefore correlation analysis was conducted to determine 

the degree of correlation among the variables in each category. Those variables 

that were very highly correlated (0.50 or greater) were evaluated and reduced to 

prevent bias and instability of the model. The determination of which variable 

should be retained was based on the literature. The data were subsequently 
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reduced to ten variables representing the environmental barriers of United States 

companies transferring technology to Mexico. 

Table 4.— Overall Cronbach Alpha Coefficients for each Category of the Remote 
Environment for the United States and for Mexico. 

CATEGORY OF BARRIERS UNITED STATES MEXICO 

POLITICAL/LEGAL ENVIRONMENT 0.7663 0.8444 

SOCIOCULTURAL ENVIRONMENT 0.8776 0.8578 

ECONOMIC ENVIRONMENT 0.8326 0.8444 

TECHNOLOGICAL ENVIRONMENT 0.7676 0.8276 

Table 5 lists the barriers retained in each category. The political/legal 

environment is represented by the the "availability of tax breaks", and 

"governmental regulations regarding technology transfer" variables. The "work 

ethics of the workforce" variable represents the sociocultural environment. Two 

variables, "overall economic health of region" and "wage rates" represent the 

economic environment, and the technological environment is represented by the 

"ability to move the technology from one place to another (logistics)" variable. 

The barriers were coded and the raw data were used for the logistical regression 

analysis. 
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Table 5.—Environmental Barriers Associated with Transferring Technology from 
the United States to Mexico. 

BARRIERS ASSOCIATED WITH THE POLITICAL/LEGAL ENVIRONMENT 

Availability of tax breaks 
Government regulations regarding transfer of technology 

BARRIERS ASSOCIATED WITH THE SOCIOCULTURAL ENVIRONMENT 

Work ethic of the workforce 

BARRIERS ASSOCIATED WITH THE ECONOMIC ENVIRONMENT 

Overall economic health of the region 
Wage rates 

BARRIERS ASSOCIATED WITH THE TECHNOLOGICAL ENVIRONMENT 

Ability to move the technology from one place to another (logistics) 

Multinomial logistical regression was appropriate for this study because the 

data are categorical in nature (Bishop, Fienberg and Holland 1975). LOGIT 

models are the categorical response analogs to regression models for continuous 

response variables (Fienberg 1980). LOGIT analysis is designed to determine the 

probability of an event occurring through association, and allows for inference 

either from a main effect or through interaction of the independent variables. 

Mulinomial logistical regression is the equivalent of multivariate regression 

analysis for categorical data. There are three different LOGIT models for 

analyzing multiple categorical data. The multinomial LOGIT model was 

appropriate for this research because the data are categorical, and the responses 
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were dependent on the results of the completed questionnaire. (Fingleton 1984; 

Forthofer and Lehnen 1981; Plackett, 1981; Press and Wilson 1978). 

To test the primary hypothesis, hierarchical multinomial logistical 

regression was conducted on the full model for this study (MODE=intercept + 

technology characteristics + home and host company characteristics + industry-

specific characteristics + barriers). The research question seeks to determine the 

relationship barriers have with mode choice; therefore, those variables that were 

not the primary focus for the study were entered into the regression equation first, 

followed by each category of barriers. The specific order of entry of each 

category of barriers was determined from the literature. 

Derivatives tables were computed to determine the relationships between 

the independent variables and the mode of transfer. With the addition of each 

independent variable to the model, an incremental chi-square p-value was 

computed to determine if the addition of each variable had statistical significance. 

The first independent variable entered into the regression equation was technology 

characteristics. This first LOGIT model tested the secondary hypothesis that there 

would be a significant relationship between Technology Characteristics and modes 

of transfer. 

An example of die logistical regression printout for multinomial analysis is 

provided in Table 6. The first part of the table displays the results of estimation 

with T-ratios and P-values and the second part of the table displays the individual 
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variable derivatives. Both the P-values and the derivatives were used in testing the 

hypotheses presented in this study. The derivatives table explains how "the 

probabilities of each of the [modes of transfer] will change in response to a change 

in the [perceptions of barriers]" (Steinberg and Colla 1991, 50). 

Table 6.—Example of Multinomial Logistic Regression Computer Printout 

(Steinberg and Colla 1991) 

RESULTS OF ESTIMATION 

PARAMETER ESTIMATE SE. T-STAT P-VALUE 

Mode Choice 1 
1 Constant 
2 Barrier 
3 Barrier 

Mode Choice 2 
1 Constant 
2 Barrier 
3 Barrier 

LOG LIKELIHOOD OF CONSTANTS ONLY MODEL=(0) 
2*[LL(N)-LL(0)] WITH DOF, CHI-SQ P-VALUE 
MARGINAL WITH DOF, CHI-SQ P-VALUE 
MCFADDEN'S RHP-SQUARED 

INDIVIDUAL VARIABLE DERIVATIVES 
AVERAGED OVER ALL OBSERVATIONS 

PARAMETER 1 (mode) 2 (mode) 3 (mode) 4 (mode) 

1 Constant 
2 Barrier 
3 Barrier 
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Summary 

The purpose of this research was to investigate the effects of perceptions of 

environmental barriers on the choice of mode for United States companies 

transferring technology to Mexico. This study also included the characteristics of 

the technology, home and host company characteristics, and industry-specific 

characteristics as they related to mode of transfer. Chapter I provided an introduc-

tion to the proposed research and Chapter II discussed the relevant literature 

regarding modes of technology transfer. From the review of the general 

technology transfer literature a conceptual framework for the research was 

developed and presented in Figure 5 (Chapter II, page 32). From this conceptual 

framework, the literature culminated in the research framework (Figure 7, Chapter 

II, page 67) and from the research framework four hypotheses were formulated. 

Three of the hypotheses address specific relationships between perceptions of 

barriers and modes of technology transfer, while the four hypothesis addresses the 

relationship between technology characteristics and modes of transfer. Although 

an abundance of the research literature focused on modes of technology transfer 

(Benvignati 1983; Contractor and Sagafi-Nejad 1981; Davidson and McFetridge 

1985; Kedia and Bhagat 1988; Keller and Chinta 1990; Mclntyre and Papp 1986; 

Rosenberg and Frischtak 1985), none of the literature noted the relationship of 

perceptions of environmental barriers on mode of transfer from the United States 

to Mexico. Further, no research was found in the literature on technology transfer 
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that addressed top level executives' perceptions of the barriers to technology 

transfer between the United States and Mexico. This research has been the first 

known empirical attempt to link perceptions of environmental barriers to modes of 

technology transfer from the United States to Mexico. 

This research is particularly significant at this time because of the recent 

increase in economic and developmental changes in Mexico and the free trade 

agreement between the United States, Mexico, and Canada. The results of this 

research are intended to help identify patterns of barriers to international 

technology transfer and the relationship to the particular mode of transfer utilized. 

The results from this study are further intended to provide a springboard for future 

research in the area of technology transfer between the United States and Mexico, 

and to guide future technology transfer research between the United States and 

other less developed nations. The results should be of interest to both practitioners 

in the business of international technology transfer and to academicians with an 

interest in technology transfer issues in general and managerial perceptions in 

particular. Chapter IV presents the findings from the statistical analyses 

performed on the data accumulated for this study. 



CHAPTER IV 

RESULTS 

This chapter presents the research findings. A description of the sample 

will be presented first, followed by the results of the multinomial logistical 

regression analyses used to test the hypotheses generated from the research 

framework. Finally, the findings from testing the primary and secondary 

hypotheses are presented. 

This research explored an area of technology transfer not specifically 

addressed in the literature—the relationship between the choice of mode of 

technology transfer utilized and how potential barriers associated with the business 

environment are perceived by top level executives. No instrument was available 

for measuring managerial perceptions of environmental barriers; therefore, a 

survey instrument was developed by formulating a set of items intended to reflect 

the content of the research question based on a thorough search of the literature. 

A pilot study for purposes of testing the reliability and validity of the instrument 

was described in Chapter HI, page 84. 

95 
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Description of the Sample 

The sample for this study consisted of the 582 United States companies 

with operations in Mexico listed in the Directory of American Firms Operating in 

Foreign Countries. 12th edition (1991). A letter explaining the research and 

asking that the Chief Executive Officer or representative participate in the study 

was sent to the top level executives of each company listed in the Directory, 

Enclosed with the letter was a self-addressed, stamped reply postcard for the 

respondent to indicate if he/she would or would not be willing to participate in the 

study. Ninety-seven of the 582 top level executives agreed to participate in the 

study, though questionnaires were sent to all 582 companies with expectations that 

those who had previously said "NO", or did not respond at all, would be willing to 

complete and return the questionnaire after seeing the survey questions. 

Two weeks after the initial mailout, a reminder postcard was mailed. After 

another two weeks a second questionnaire with a cover letter was sent to those 

who had not responded. Approximately one week later, a letter was sent by FAX 

to those who had made a commitment to participate. Of the 97 who made the 

commitment to participate, 40 actually completed and returned the questionnaires 

(Of these 40, 11 questionnaires came in after the reminder letter was sent by 

FAX). Ten of the 97 who made the commitment to participate later declined, and 

there was no response from the remaining 47. Fifty useable questionnaires were 

returned from those not making the original commitment, giving a total of 90 
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useable questionnaires (15.5% return). This return rate is similar to other studies 

using the mailed survey method and top level executives (Agarwal and 

Ramaswami 1992, Kim and Hwang 1992). Chief Executive Officers, because of 

their busy schedules, frequently do not participate in surveys personally 

(McDaniel and Gates 1991). Indeed, the reasons most often given for not 

participating in this research were "do not have time", "no longer transferring 

technology to Mexico", "against company policy", and "not applicable to our 

company". Further, many of these responses were made by representatives of the 

Chief Executive Officer. 

Demographic characteristics, industry distribution by standard industrial 

classification code (SIC), and descriptive information for the 90 respondents are 

presented in Appendix C. Questions regarding the competitive position and the 

competitive environments of the firm, how the company organized the 

international aspects of the firm, and questions regarding international experience 

of the firm were also asked. The respondents were asked to supply standard 

industrial classification (SIC) codes for the primary business and for the most 

recent technology transferred to Mexico, as well as sales revenues and number of 

employees of both the United States and Mexico firms. A few respondents did not 

complete responses for specific standard industrial classification codes. Missing 

SIC codes were easily acquired from secondary data sources. 
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One year later an additional questionnaire was mailed to the 90 participants 

in the study. All 90 participants returned the second questionnaire. Appendix A 

contains copies of the questionnaires used in the pilot study, the research, and the 

follow-up research. 

Perceptions of Barriers to Technology Transfer 

After an extensive search of the literature, a list of 22 potential 

problems/barriers was identified and was included in the questionnaire. Each 

barrier was associated with one of the categories of the remote environment. 

Table 7 is a listing of the categories and the associated barriers. The top level 

executives were asked to rate their perceptions of the 22 potential problems 

(barriers) to the successful transfer of their most recent technology from the 

United States to Mexico. They were asked to rate the problems from the 

perspective of transferring the technology out of the United States and then from 

the perspective of transferring the technology into Mexico. The respondents rated 

their perceptions of the barriers to technology transfer on a scale from 0 (no 

problems) to 6 (many problems). 
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Table 7.--Categories of Barriers Associated with Transferring Technology from 
the United States to Mexico. 

BARRIERS ASSOCIATED WITH THE POLITICAL/LEGAL ENVIRONMENT 

Legal infrastructure/system 
Availability of tax breaks 
Availability of subsidies 
Concerns for property rights of technology 
Government regulations regarding transfer of technology 

BARRIERS ASSOCIATED WITH THE SOCIOCULTURAL ENVIRONMENT 

Training level of the workforce 
Language skills of the workforce 
Work ethic of the workforce 
Norms and customs of the general population 
Values of the workforce (honesty, trust) 

BARRIERS ASSOCIATED WITH THE ECONOMIC ENVIRONMENT 

Overall economic health of region 
Ability of customers to buy products 
Interest rates for the customer 
Unemployment rates 
Wage rates 
Availability of dollars 
Ability to convert currency 
Interest rates for your firm (costs of borrowing) 

BARRIERS ASSOCIATED WITH THE TECHNOLOGICAL ENVIRONMENT 

Technological advancement of your industry 
Infrastructure (roads, communications, etc.) 
Capability of data processing systems 
Ability to move technology from one place to another (logistics) 
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Modes of Technology Transfer Utilized 

Modes of technology transfer describe the method or mechanism the 

company uses to get the technology from the United States to Mexico. The most 

frequently cited modes, determined from the literature, are: exporting, licensing 

agreements, wholly-owned subsidiary, and affiliate/joint venture. These were the 

four modes of choice for this study. Other modes are cited in the literature but 

with much less frequency; therefore, the respondents were provided space to 

describe any other mode of transfer they might use. The modes of transfer were 

coded and the raw data were used in the logistical regression analysis. Table 8 

presents the descriptive statistics for mode of transfer. 

Table 8.—Frequency Distribution and Percent of Total for Modes of Technology 
Transfer. 

MODE FREQUENCY (n=90) PERCENT OF TOTAL 

Exporting 12 13.3 

Licensing agreement 11 12.2 

Wholly-owned 
subsidiary 

43 47.8 

Affiliate/Joint venture 14 15.6 

Other/Combination 10 11.1 

More than half of the cases accomplished the transfer of technology from 

the United States to Mexico through a wholly-owned subsidiary. Of the ten cases 
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in the "Other/Combination" category, nine had wholly-owned subsidiaries in 

Mexico as well as one or more of the other modes for transferring technology. It 

should be noted that the "Other/Combination" category was also the least 

frequently mentioned category. Only one respondent said none of the choices of 

modes were used. This respondent noted that in his company, only personnel are 

transferred back and forth from the United States to Mexico. 

Technology Characteristics 

The literature categorizes technology into three types characterized by the 

primary aspects of the technology. The three categories are person-embodied, 

product-embodied, and process-embodied. The primary aspects of the technology 

associated with each category are intellectual, physical, and scientific, respec-

tively. It is recognized that to some degree, all technology consists of all three 

characteristics (Kranzberg 1986). How technology is categorized—person, 

product, or process—will depend on the perceived level of the three aspects-

intellectual, physical, and scientific. 

The respondents were asked to rate each characteristic on a scale from "0" 

(low) to "6" (high) for the most recent technology transferred. Table 9 represents 

the frequency and percentage distributions of each category of technology. 
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Table 9.—Frequency and Percentage Distributions of Technology Characteristics 

CATEGORY - PERSON PRODUCT PROCESS 
EMBODIED EMBODIED EMBODIED 

RATING i (N=90) (N=90) (N=90) 

0 (low) 17 5 9 
18.8% 5.5% 10% 

1 8 1 5 
8.8% 1.1% 5.5% 

2 10 10 7 
11% 11% 7.7% 

3 10 14 14 
11% 15.5% 15.5% 

4 13 9 11 
14.4% 10% 12.2% 

5 20 17 22 
22.2% 18.8% 24.4% 

6 (high) 12 34 22 
13.3 37.7% 24.4% 

Home and Host Company Characteristics 

Home and host company characteristics were operationalized by size and 

foreign experience of the firm. Size was measured by revenues and number of 

employees. Because of the magnitudes between the high and low numbers for 

revenues and numbers of employees among the companies, the logarithm of these 

numbers was computed. Table 10 shows the ranges among the companies in 

number of employees and amount of revenues. 
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Table 10.—Distribution Information on Firms Used in Research 

FIRM CHARACTERISTICS 

Privately Held (n=88) 
Publicly Held (n=88) 

SIZE OF FIRM 

U.S. Finn Employees 
(n=86) 
mean = 9,245; range=5-125,000 

U.S. Finn Revenues (n=85) 
(mean=$22 million; 
range=$2-40,000 million) 

48% 
52% 

Mexico Firm Employees 
(n=74) 
mean=l,370; range=2-63,000) 

5 100 = 10% 5 100 = 42% 
101 500 = 21% 101 500 = 11% 
501 - 1,000 = 10% 501 - 1,000 = 35% 

1,001 - 5,000 = 33% 1,001 - 5,000 = 11% 
5,000 - 10,000 = 8% 5,001 - 10,000 = 0 

10,001 - 50,000 = 12% 10,001 - 63,000 = 1% 
50,001 - 100,000 = 5% 

100,001 - 125,000 = 1% 

Mexico Finn Revenues (n=7D 
(mean-S60 million; 

range=$ 1 -900 million) 

$ 2 10 = 15% $ 1 - 10 = 52% 
11 50 = 25% 11 - 50 = 30% 
51 100 = 7% 51 - 100 = 6% 

101 - 500 = 33% 101 - 500 = 10% 
501 - 1,000 = 4% 501 - 900 = 2% 

1,001 - 5,000 = 7% 
5,001 - 10,000 = 4% 

10,001 - 50,000 = 5% 

STRUCTURE OF FIRM'S INTERNATIONAL OPERATIONS (n=88) 

Separate international unit 
Organized by Product 
Organized geographically 
Organized by function 
Combination of above 

39% 
7% 
11% 
7% 
35% 
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Industry Specific Characteristics 

Industry-specific characteristics were defined by the 4-firm concentration 

ratios of firms within the industry. Concentration ratios were based on the United 

States Department of Commerce Census of Manufacturing categorizations into 

five ranges of percentages, from 0-15% to 76-100%. The respondents were asked 

to rank both their own company and the host country companies. Although the 

concentration ratios for the United States firms can be verified through Federal 

government sources, no such sources exist for Mexico. The ranking for the 

Mexican firms is the perception of the respondent. Each of the ranges was coded, 

and the raw data were used in the regression analysis. 

Multinomial Logistical Regression Analysis of Data 

Multinomial logistical regression analysis (LOGIT) was used to analyze the 

data and determine the relationship between the independent variables—technology 

characteristics, home and host company characteristics, industry-specific 

characteristics, and perceptions of barriers—and the dependent variable— mode of 

transfer utilized. 

Hierarchical LOGIT analysis was performed entering each set of 

independent variables into the model one at a time according to the framework for 

the research (Figure 7, page 67), which was derived from a thorough theoretical 

review of the literature. The particular hierarchy is determined in advance and is 
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"dictated by the purpose and logic of the research" (Cohen and Cohen 1983, 120). 

There are basic principles which apply to the order for entering independent 

variables into the equation which include the causal priority of the variables, as 

well as removing any confounding or spurious variables from those variables that 

are the focus of the study. Cohen and Cohen (1983) note there is always the 

liklihood of not knowing the exact order the hierarchy should take; however, 

"even without a fully specified model, the hierarchical procedure is useful for 

extracting as much causal inference as the data allow" (121). For this study, the 

independent variables which possibly have some relationship to international 

technology transfer were entered into the equation first. The independent variable 

of focus for this study were environmental barriers which were entered into the 

LOGIT equation last. 

The first independent variable entered into the equation was Technology 

Characteristics. Home Company Characteristics was entered into the equation 

next, followed by Host Company Characteristics, Industry Specific 

Characteristics, and finally each category of Environmental Barriers. The 

complete equation represents all of the variables selected for the research and 

constitutes the "full model". This full regression model is defined as mode of 

transfer being equal to the intercept plus the raw data for technology 

characteristics (Person, Product, Process), the logarithms for home and the host 

company characteristics (Home Company, Host Company), the raw data for 
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industry specific characteristics (U.S., Mexico), and categories of barriers 

(Political/legal, Sociocultural, Economic, Technological). 

The results from the logistical regression explain any effect from the 

indepedent variables on the dependent variable through (1) the p-value for the 

level of significance for each independent variable entered into the equation, (2) 

the chi-square p-value for the overall model, and (3) McFadden's Rho-squared. 

McFadden's Rho-squared is "intended to mimic R2 " (Steinberg and Colla 1991, 

18) used in multivariate regression analysis. Both McFadden's Rho-squared and 

R2 represent the total percentage variability in the dependent variable explained by 

the independent variables in the model. McFadden's Rho, like R2, will always fall 

between 0 and 1; and the closer to 1 the more significant the results. McFadden's 

Rho-squared "tends to be much lower than R 2 . . . and values between 0.20 and 

0.40 are considered very satisfactory" (Steinberg and Colla 1991). Additionally, 

the marginal chi-square p-value was computed to determine the incremental effect 

of each additional independent variable. Systat LOGIT computes derivatives that 

show the effect of a unit change in the independent variables on the probability of 

using a particular mode of transfer. The derivatives are analogous to the beta 

coefficients in a linear probability regression analysis, which show how the 

probabilities of using a mode of technology transfer change in response to a one 

unit change in the independent variable. Each of the derivatives are calculated 

with respect to the effect of the independent variable and the probability of using a 
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particular mode of transfer. To determine how the incremental effects within the 

model are different from each other, a Wald test (also called the G test) was 

conducted for testing the hypothesis that the liklihood of using a particular transfer 

mode is no different from any of the other mode choices. "The Wald test is the 

best known inferential procedure in applied statistics" (Steinberg 1991, 108), and 

is used here to determine the relationship between the choice groups (modes of 

transfer) for the independent variables of interest. The Wald test in multinomial 

logistical regression is the equivalent to the Chow test in standard regression 

analysis. 

The relationship between environmental barriers and mode of transfer could 

be determined by evaluating the incremental chi-square p-value from adding each 

category of barrier to the regression equation. Although each individual LOGIT 

regression could have a significant overall chi-square p-value, it is the incremental 

chi-square p-value that gives the significance of the model after all other variables 

are partialled out. Therefore, a chi-square p-value was computed between the 

previous model and the current model after each indepedent variable was added to 

the equation. 

The first LOGIT analysis between Technology Characteristics and Mode of 

Transfer is provided in Table 11. The overall LOGIT model is significant with a 

chi-square p-value of 0.002. As noted by the McFadden's Rho-squared, 

technology characteristics explain 12.3% of the variance in the different modes of 
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transfer. There is a significant relationship noted at the 0.05 level between the 

product and the process characteristics of technology and the exporting mode of 

transfer. When evaluating the corresponding derivatives, a direct positive 

relationship exists between the product characteristic of technology and the 

exporting mode indicating that for every unit increase in the product characteristic, 

the probability of using the exporting mode of transfer is 2.3%. An indirect 

relationship existed between the process characteristic of technology and the 

exporting mode and the probability of using the exporting mode with each unit 

increase in the process characteristic is 5.3%. This finding indicates that as the 

characteristic of the technology becomes more process-embodied, the probability 

of using the exporting mode of transfer decreases significantly. To test the 

hypotheses that the probabilities of each transfer mode with respect to every other 

mode of transfer would be no different, and that the probability of committing a 

Type I error would be unlikely, a Wald test was computed. The resulting chi-

square p-values show the only statistically significant difference among mode 

choices is between the exporting and the licensing modes of transfer. The chi-

square p-value between these two modes is 0.059. 
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Table 11.—Multinomial Logistical Regression for Mode of Transfer and 
Technology Characteristics 

PARAMETER ESTIMATE S.E. T-RATIO P-VALUE 

EXPORT 
Intercept 1.105 
Technology Characteristics 

Person -0.227 
Product 0.565 
Process -0.765 

1.936 

0.240 
0.282 
0.280 

0.571 

•0.945 
2.003 
-2.727 

0.568 

0.345 
0.045 
0.006 

LICENSE 
Intercept -1.109 
Technology Characteristics 

Person 0.054 
Product 0.028 
Process 0.154 

1.904 

0.210 
0.233 
0.282 

-0.582 

0.257 
0.122 
0.548 

0.560 

0.797 
0.903 
0.584 

WHOLLY-OWNED 
Intercept 0.133 
Technology Characteristics 

Person 0.131 
Product 0.302 
Process -0.146 

1.474 

0.173 
0.197 
0.217 

0.090 

0.757 
1.532 

-0.675 

0.928 

0.449 
0.125 
0.500 

JOINT VENTURE 
Intercept -1.313 
Technology Characteristics 

Person -0.074 
Product 0.397 
Process -0.022 

1.858 

0.203 
0.248 
0.263 

-0.706 

-0.366 
1.599 

-0.082 

0.480 

0.715 
0.110 
0.935 

LOG LIKELIHOOD OF CONSTANTS ONLY MODEL = LL(0) = -127.083 
2*[LL(N)-LL(0)] = 31.365 WITH 12 DOF, CHI-SQ P-VALUE = 0.002 
MCFADDEN'S RHO-SQUARED = 0.123 

Individual Derivatives 

PARAMETER EXP. LIC. W-0 J.V. OTH/COMBO 

Intercept 0.107 -0.104 
Technology Characteristics 

Person -0.023 0.001 
Product 0.023 -0.026 
Process -0.053 0.030 

0.145 

0.043 
0.013 
-0.007 

-0.172 

-0.017 
0.018 
0.017 

0.024 

-0.005 
-0.028 
0.012 
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Table 12 represents a combination of the p-values and the derivatives for 

technology characteristics and mode of transfer. A significant relationship exists 

between the process characteristic of technology and the exporting mode of 

transfer (p < 0.01). The derivatives show that for every unit change in process 

technology, the probability of choosing the exporting mode of transfer decreases 

by 5.3%. The chi-square p-value from the Wald test conducted to determine the 

relationships between the mode choices indicated statistical significance between 

the exporting and licensing modes, the exporting and wholly-owned modes and 

the exporting joint venture modes of transfer. 

Table 12.--P-Values and Percent Probabilities for Technology Characteristics and 
Modes of Transfer. 

MODE - EXPORTING LICENSING WHOLLY- JOINT VEN-
AGREE- OWNED SUB. TURE 
MENT 

TECH.CHAR. P-VALUE/ P-VALUE/ P-VALUE/ P-VALUE/ 
J %CHANGE %CHANGE %CHANGE %CHANGE 

PERSON 0.345/ 0.797 / 0.449/ 0.715/ 
-2.3% 0.1% 4.3% -1.7% 

PRODUCT *0.045/ 0.903 / 0.125/ 0.110/ 
2.3% -2.6% 1.3% 1.8% 

PROCESS **0.006/- 0.584 / 0.500/ 0.935 / 
5.3% 3.0% -0.7% 1.7% 

# 
** = significance < 0.05 

= significance < 0.01 
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Table 13 illustrates the results of the LOGIT analysis after adding Home 

Company Characteristics to the mode. To determine the incremental effect of 

adding the Home Company Characteristics to the model, the difference in the log-

liklihood between the previous model and the current model was multiplied by 

two. The degrees of freedom are the number of levels in the dependent variable 

minus one, times the number of variables added to the new model. The log-

liklihood between these two models is 15.834, with 4 degrees of freedom. Using a 

standard chi-square table the p-value is 0.003. 

Home Company Characteristics is significant at the 0.05 level with the 

exporting transfer mode and is also significant at the 0.1 level with the wholly-

owned mode of transfer. The overall model is significant at the 0.01 level with a 

chi-square p-value of 0.000. The addition of the Home Company Characteristics 

to the model increased McFadden's Rho-squared to 18.6%. The corresponding 

derivatives help evaluate the relevance of the Home Company Characteristics 

statistical significance to the exporting and wholly-owned modes of transfer. 
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Table 13.—Multinomial Regression Analysis for Mode of Transfer and Home 
Company Characteristics 

PARAMETER ESTIMATE S.E. T-RATIO P-VALUE 

EXPORT 
Home Company 

LICENSE 
Home Company 

WHOLLY-OWNED 
Home Company 

JOINT VENTURE 
Home Company 

1.601 

-0.421 

0.945 

0.188 

0.665 

0.588 

0.503 

0.567 

2.409 

-0.716 

1.881 

0.331 

0.016 

0.474 

0.060 

0.741 

LOG LIKELIHOOD OF CONSTANTS ONLY MODEL = LL(0) = -127.083 
2*[LL(N)-LL(0)] = 47.197 WITH 16 DOF, CH3-SQ P-VALUE = 0.000 
MARGINAL =15.832 WITH 4 DOF, CHI-SQ P-VALUE=0.003 
MCFADDEN'S RHO-SQUARED = 0.186 

Individual Derivatives 

PARAMETER EXP. LIC. W-O J.V. OTH/COMB 

Home Company 0.067 -0.096 0.133 -0.054 -0.050 

The derivatives reveal a direct positive relationship between the Home 

Company Characteristics and both the exporting and wholly-owned modes of 

transfer. The derivatives show that for a unit change in the Home Company 

Characteristics, there is a 6.7% probability of using the exporting transfer mode 

and a 13.3% probability of using the wholly-owned transfer mode. A Wald test 

was computed to determine the relative significance of the derivatives among the 

mode choices (see table 14). The chi-square p-value for Home Company 
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Characteristics and the probability of the exporting transfer mode being different 

from the joint venture transfer mode was 0.018, and the p-value for the probability 

of the wholly-owned transfer mode being different from the joint venture mode of 

transfer was 0.072. Both of these p-values indicate there are statistically 

significant differences between these transfer modes. No significant differences 

were found among the other mode choices. 

Table 14.~Probability Matrix of Wald Test Chi-Square P-Values for Home 
Company Characteristics and Modes of Transfer. 

EXPORTING LICENSING WHOLLY-
OWNED 

JOINT 
VENTURE 

EXPORTING 

LICENSING 0.174 

WHOLLY-
OWNED 

0.174 0.174 

JOINT 
VENTURE 

0.018 0.285 0.072 

The results of the LOGIT analysis for Host Company Characteristics is 

presented in Table 15. The overall model remains significant with a chi-square p-

value of 0.000. This model now explains 21.8% of the variance in transfer modes 

as noted by McFadden's Rho-squared. The log-liklihood between the previous 

model and the current model is 8.184, with 4 degrees of freedom. From the chi-



114 

square table and interpolation, the significance of this incremental addition is a p-

value of 0.085, statistically significant at the 0.1 level. 

Table 15.—Multinomial Regression Analysis for Mode of Transfer and Host 
Company Characteristics 

PARAMETER ESTIMATE S.E. T-RATIO P-VALUE 

EXPORT 
Host Company 

LICENSE 
Host Company 

WHOLLY-OWNED 
Host Company 

JOINT VENTURE 
Host Company 

-0.121 

-0.559 

0.199 

-0.925 

0.645 

0.536 

0.412 

0.599 

-0.187 

-1.043 

0.482 

-1.655 

0.851 

0.297 

0.630 

0.098 

LOG LIKELIHOOD OF CONSTANTS ONLY MODEL = LL(0) = -127.083 
2*[LL(N)-LL(0)] = 55.382 WITH 20 DOF, CHI-SQ P-VALUE = 0.000 
MARGINAL = 8.184 WITH 4 DOF, CHI-SQ P-VALUE = 0.085 
MCFADDEN'S RHO-SQUARED = 0.218 

Individual Derivatives 

PARAMETER EXP. LIC. W-O J.V. OTH/COMB 

Host Company -0.004 -0.037 0.126 -0.103 0.017 

Within the table, the only statistically significant p-value after adding the 

Host Company Characteristics is at the 0.1 level with the joint venture transfer 

mode. The corresponding derivative shows that for a one unit increase in the Host 

Company Characteristic transfer mode, there is a decrease of 10.3%. To 

determine the relevance of this probability to the other choices of transfer mode, a 
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Wald test was conducted. Table 16 shows the chi-square p-values from the Wald 

test for the Host Company Characteristics. The probability of a difference 

between the wholly-owned and the joint venture modes of transfer is 0.019, 

indicating a statistically significant difference between these two choices. No 

other statistically different relationships were found among the various choices of 

modes. 

Table 16.—Probability Matrix of Wald Test Chi-Square P-Vaiues for Home 
Company Characteristics and Modes of Transfer. 

EXPORTING LICENSING WHOLLY-
OWNED 

JOINT 
VENTURE 

EXPORTING 

LICENSING 0.523 

WHOLLY-
OWNED 

0.553 0.113 

JOINT 
VENTURE 

0.227 0.520 0.019 

The last independent variable to be added to the model before the 

environmental barriers categories were the Industry-Specific Characteristics. 

Table 17 shows the LOGIT analysis for Industry-Specific Characteristics with 

technology transfer modes. The incremental chi-square p-value after partialling 

out the previous independent variables, is 0.531, showing no statistical 

significance from adding the Industry-Specific Characteristics to the model. 
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Table 17.—Multinomial Regression Analysis for Mode of Transfer and Industry-
Specific Characteristics 

PARAMETER ESTIMATE S.E. T-RATIO P-VALUE 

EXPORT 
Industry-Specific Characteristics 

U.S. -0.264 
Mexico 0.719 

LICENSE 
Indusby-Specific Characteristics 

U.S. -0.576 
Mexico 0.518 

WHOLLY-OWNED 
Industry-Specific Characteristics 

U.S. -0.316 
Mexico 0.072 

JOINT VENTURE 
Indusby-Specific Characteristics 

U.S. -0.401 
Mexico 0.254 

0.495 
0.470 

0.470 
0.373 

0.387 
0.274 

0.438 
0.326 

-0.534 
1.530 

-1.228 
1.388 

-0.816 
0.263 

-0.915 
0.778 

0.593 
0.126 

0.220 
0.165 

0.414 
0.793 

0.360 
0.437 

LOG LIKELIHOOD OF CONSTANTS ONLY MODEL = LL(0) = -127.083 
2*[LL(N)-LL(0)] = 62.430 WITH 28 DOF, CHI-SQ P-VALUE = 0.000 
MARGINAL = 7.048 WITH 8 DOF, CHI-SQ P-VALUE = 0.531 
MCFADDEN'S RHO-SQUARED = 0.246 

No statistically significant relationships were noted between the Industry-Specific 

Characteristics and any of the modes of transfer. The overall model remains 

statistically significant at the 0.001 level with a chi-square p-value of 0.000. 

McFadden's Rho-squared has increased to 24.6%. 

Tables 18, 20, 21, and 22 represent the LOGIT analyses after adding each 

individual barrier category to the model. Appendix D contains the complete 

analyses for each estimation model. Of primary importance to this research is the 
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results of the computations of the incremental p-values. The only barrier category 

that showed statistical significance in the chi-square p-value after the addition of 

the category to the model was the Political/Legal barriers shown in Table 18. The 

incremental chi-square p-value after adding the Political/Legal Barriers to the 

previous model was 0.019. After adding the Sociocultural Barriers, the 

incremental chi-square p-value was 0.620; after adding the Economic Barriers, the 

p-value was 0.326; and after adding the Technological Barriers, the p-value was 

0.661. 

Although each of the chi-square p-values for the overall models was 

significant at the 0.05 level, the only incremental statistical significance found 

resulted from adding the Political/Legal environmental barriers to the model. As 

expected, with the addition of each independent variable, McFadden's Rho-

squared became increasingly larger. After all the barriers categories were added to 

the model, McFadden's Rho-squared for the "full model" was 0.361, which means 

that all the variables within the model explain 36% of the variance in the transfer 

modes utilized. This percentage is acceptable given that levels between 0.20 and 

0.40 are considered very satisfactory. 

As noted earlier, the addition of the Political/Legal Barriers improves the 

model incrementally with a chi-square p-value of 0.019 (see table 18). A 

statistically significant relationship is noted between the "Availability of Tax 

Breaks" barrier with the licensing mode of transfer, significant at the 0.1 level. 
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The corresponding derivative reveals that for each unit increase in the 

"Availability of Tax Breaks" barrier the probability of using the licensing mode of 

transfer decreases by a 4.5%. 

A Wald test was conducted to evaluate the relative differences among the 

probabilities noted in the derivatives table (see table 19) between modes of transfer 

and the "availability of tax breaks" barrier. There were statistically significant 

differences noted between the exporting and joint venture transfer modes with a p-

value of 0.050; between the licensing and joint venture modes of transfer with a p-

value of 0.009; and between the wholly-owned and joint venture modes of transfer 

with a p-value of 0.020. All the other mode choices showed no significant 

differences. The McFadden's Rho-square p-value for the overall model after 

adding the Political/Legal Barriers was 0.000. 
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Table 18.—Multinomial Regression Analysis for Mode of Transfer and 
Political/Legal Barriers 

PARAMETER ESTIMATE S.E. T-RATIO P-VALUE 

EXPORT 
Political/Legal Barriers 

Avail, of Tax Breaks 
Gov't. Regulations 

LICENSE 
Political/Legal Barriers 

Avail, of Tax Breaks 
Gov't. Regulations 

-0.575 
-0.135 

-0.746 
0.102 

0.441 
0.363 

0.399 
0.318 

-1.304 
-0.372 

-1.867 
0.320 

0.192 
0.710 

0.062 
0.749 

WHOLLY-OWNED 
Political/Legal Barriers 

Avail, of Tax Breaks 
Gov't. Regulations 

JOINT VENTURE 
Political/Legal Barriers 

Avail, of Tax Breaks 
Gov't. Regulations 

-0.389 
-0.072 

0.247 
-0.034 

0.300 
0.257 

0.343 
0.293 

-1.297 
0.282 

0.721 
-0.116 

0.195 
0.778 

0.471 
0.907 

LOG LIKELIHOOD OF CONSTANTS ONLY MODEL = LL(0) = -127.083 
2*[LL(N)-LL(0)] = 77.598 WITH 36 DOF, CHI-SQ P-VALUE = 0.000 
MARGINAL = 15.168 WITH 6 DOF, CHI-SQ P-VALUE = 0.019 

Individual Derivatives 

PARAMETER EXP. LIC. W-O J.V. OTH/COMB 

Political/Legal Barriers 
Avail, of Tax Breaks -0.016 -0.045 -0.027 0.062 0.027 
Gov't. Regulations -0.006 -0.013 -0.010 -0.000 0.003 
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Table 19.—Probability Matrix of Wald Test Chi-Square P-Values for the 
Availability of Tax Breaks Political/Legal Barrier and Modes of Transfer 

EXPORTING LICENSING WHOLLY-
OWNED 

JOINT 
VENTURE 

EXPORTING 

LICENSING 0.707 

WHOLLY-
OWNED 

0.595 0.275 

JOINT 
VENTURE 

0.050 0.009 0.020 

Table 20 presents the findings from the LOGIT analysis after adding the 

Sociocultural barriers category to the model. As noted earlier, there was no 

incremental significance by adding the Sociocultural Barriers to the model, and 

therefore, no statistically significant relationships between any of the barriers and 

transfer modes exist. 

As seen in Table 21, the incremental chi-square p-value from the addition 

of the Economic Barriers to the model showed no statistical significance, and 

therefore no significant relationships were noted within the model between any of 

the Economic Barriers and the transfer modes. Table 22 shows the incremental 

chi-square p-value after adding Technological Barriers also was not significant 

and there were no significant relationships noted within the model. 
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Sociocultural Barriers 
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PARAMETER ESTIMATE S.E. T-RATIO P-VALUE 

EXPORT 
Sociocultural Barriers 

Workforce Work Ethic 0.413 0.393 1.051 0.293 

LICENSE 
Sociocultural Barriers 

Workforce Work Ethic 0.505 0.351 1.437 0.151 

WHOLLY-OWNED 
Sociocultural Barriers 

Workforce Work Ethic 0.269 0.298 0.904 0.366 

JOINT VENTURE 
Sociocultural Barriers 

Workforce Work Ethic 0.377 0.353 1.068 0.285 

LOG LIKELIHOOD OF CONSTANTS ONLY MODEL =LL(0) = -127.083 
2*[LL(N)-LL(0)] = 80.237 WITH 40 DOF, CHI-SQ P-VALUE = 0.000 
MARGINAL = 2.639 WITH 4 DOF, CHI-SQ P-VALUE = 0.620 
MCFADDENPS RHO-SQUARED = 0.316 

Table 21.—Multinomial Regression Analysis for Mode of Transfer and 
Economic Barriers 

PARAMETER ESTIMATE S.E. T-RATIO P-VALUE 

EXPORT 
Economic Barriers 

General Health of Region 
Wage Rates 

LICENSE 
Economic Barriers 

General Health of Region 
Wage Rates 

WHOLLY-OWNED 
Economic Barriers 

General Health of Region 
Wage Rates 

-0.098 
0.621 

0.600 
-0.118 

-0.101 
-0.058 

0.464 
0.460 

0.411 
0.403 

0.287 
0.262 

-0.210 
1.351 

1.460 
-0.292 

-0.354 
-0.220 

0.833 
0.177 

0.144 
0.771 

0.724 
0.826 
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PARAMETER ESTIMATE S.E. T-RATIO P-VALUE 

JOINT VENTURE 
Economic Barriers 

General Health of Region 
Wage Rates 

0.155 
0.063 

0.331 
0.316 

0.469 
0.201 

0.639 
0.841 

LOG LIKELIHOOD OF CONSTANTS ONLY MODEL = LL(0) = -127.083 
2*[LL(N)-LL(0)] = 89.428 WITH 48 DOF, CHI-SQ P-VALUE = 0.000 
MARGINAL = 9.191 WITH 8 DOF, CHI-SQ P-VALUE = 0.326 
MCFADDEN'S RHO-SQUARED = 0.352 

Table 22.—Multinomial Regression Analysis for Mode of Transfer and 
Technological Barriers 

PARAMETER ESTIMATE S.E. T-RATIO P-VALUE 

EXPORT 
Technological Barriers 

Logistics 

LICENSE 
Technological Barriers 

Logistics 

WHOLLY-OWNED 
Technological Barriers 

Logistics 

JOINT VENTURE 
Technological Barriers 

Logistics 

0.376 

0.017 

0.273 

0.449 

0.534 

0.407 

0.329 

0.370 

0.704 

0.042 

0.830 

1.212 

0.481 

0.967 

0.406 

0.225 

LOG LIKELIHOOD OF CONSTANTS ONLY MODEL = LL(0) = -127.083 
2*[LL(N)-LL(0)] = 91.837 WITH 52 DOF, CHI-SQ P-VALUE = 0.001 
MARGINAL = 2.409 WITH 4 DOF, CHI-SQ P-VALUE = 0.661 
MCFADDEN'S RHO-SQUARED = 0.361 
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Primary Hypotheses: Relationships Between 

Perceived Barriers and Modes of Technology Transfer 

Three hypotheses were formulated regarding the relationship between 

perceived environmental barriers and mode of technology transfer. The first 

hypothesis stated that there would be a significant relationship between 

perceptions of barriers to international technology transfer and mode of 

technology transfer utilized. The incremental chi-square p-value after adding the 

Political/Legal Barriers category was 0.019, statistically significant at the 0.05 

level. None of the other three categories of environmental barriers showed 

statistically significant incremental chi-square p-values after adding each category 

of barrier to the model. The primary hypothesis that there would be a significant 

relationship between mode of transfer and perceptions of barriers is accepted 

based on the significance of the model gained from adding the Political/Legal 

Barriers. 

The second primary hypothesis stated that there would be a positive 

relationship between the Political/Legal Barriers and mode of transfer. That is, as 

the political/legal barriers were perceived as more of a problem, the probability of 

using a wholly-owned mode of transfer would increase. This hypothesis was 

rejected based on the derivatives table after the Political/Legal Barriers were added 

to the model. The derivatives show both the directional relationship between the 

independent and dependent variables and the probability of change in the 
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dependent variable with each one unit change in the independent variable. Even 

though a requirement of the derivatives table is that each row must sum to zero, 

the hypothesis stated that the direction of the relationship between the wholly-

owned mode of transfer and the political/legal barriers would be positive. The 

derivatives for both of the Political/Legal Barriers showed inverse relationships 

with the wholly-owned mode of transfer; therefore, this hypothesis could not be 

accepted. 

The third primary hypothesis stated that there would be a positive 

relationship between the licensing and joint venture modes of transfer and 

perceptions of barriers. This hypothesis was also rejected based on the findings 

from the derivative tables for each of the four categories of barriers and the 

licensing and joint venture modes of transfer. Again, even though the requirement 

for the derivatives table is that each row must sum to zero, the expectation was 

that for the licensing and joint venture modes of transfer, the directional 

relationship with the barriers would be positive. There was an inverse 

relationship between the wage rates economic barrier and the licensing mode of 

transfer; an inverse relationship between the logistics technological barrier and the 

licensing mode of transfer; and an inverse relationship between the governmental 

regulations political/legal barrier and the joint venture mode of transfer, and 

availability of tax breaks and governmental regulations political/legal barriers and 

the licensing mode of transfer. Based on these findings, the hypothesis that there 
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would be a positive relationship between perceptions of barriers and the licensing 

and joint venture modes of transfer was rejected. Therefore, of the three primary 

hypotheses regarding the relationship between perceptions of barriers and mode of 

transfer, one hypothesis was supported and two were rejected. 

Secondary Hypothesis: The Relationship Between Technology 

Characteristics and Modes of Transfer 

The secondary hypothesis stated there would be a significant relationship 

between technology characteristics and mode of technology transfer utilized. 

Multinomial logistic regression analysis was used to determine the relationship be-

tween technology characteristics and mode of transfer. Technology characteristics 

was the first set in the hierarchy because the characteristics of the technology is 

known to influence the mode of transfer utilized. The results of the estimation 

with p-values and chi-square are shown in Table 11, page 109. The chi-square test 

of the overall model for dependence of mode of transfer on technology 

characteristics is significant at a p-value of 0.002. This chi-square p-value of the 

table is analogous to the overall F-ratio used for ordinary least squares in 

multivariate regression analysis (Steinberg and Colla 1991, 18). 

A significant relationship is noted between the exporting mode of transfer 

and the product-embodied characteristic of technology (p < 0.05), and a significant 

relationship with the process-embodied characteristic of technology (p < 0.01). 
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The derivatives table showing the direction and probability relationships between 

modes of transfer and technology characteristics reveals a negative derivative 

(decreasing probability) and hence an inverse relationship between the exporting 

mode of transfer and the process-embodied characteristic. Based on these 

findings, the secondary hypothesis that there is a significant relationship between 

the characteristics of the technology and mode of transfer is accepted. 

Generally researchers evaluate conclusions based on significance testing 

and the statistical evaluation of null hypotheses. Rosnowand Rosenthal (1984) 

note that "significance testing [of hypotheses] is not the only aid available for 

reaching a decision . . . [and that] power analysis is most usefully regarded as a 

complementary aid to be used together with significance testing" (47). The initial 

planning of the research and a post hoc evaluation of the research are the primary 

purposes for conducting power analysis (Rosnow and Rosenthal 1984). Size of 

the research sample is at issue in power analysis. It is generally accepted that the 

larger the sample the more reliable the results, but often financial and time 

constraints may limit the feasibility of acquiring a certain sample size. There may 

also be a point at which the marginal return with respect to the power of the test 

does not warrant a larger sample size. A sample size which would achieve a 

power level within the range of 0.70 to 0.90 is suggested by Cohen (1977). The 

following is a discussion of the power analysis conducted for this research. 
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Power Analysis 

Generally, hypotheses are stated in the null for tactical purposes so that the 

researcher can reject the null and it can be concluded that the phenomenon does 

indeed exist. To protect against committing a Type I error (not rejecting a null 

hypothesis which is true) a small significance level (alpha) is selected. To protect 

against committing a Type II error (failing to reject a null hypothesis which is 

false) the power function (beta) is used which depends on sample size (Cohen 

1977, Cohen and Cohen 1983). Cohen (1977) offers a comprehensive 

explanation of power analysis and provides numerous tables which have been 

calculated to represent appropriate sample sizes given preferred alpha and beta 

levels, as well as achievable power level given specific sample size and preferred 

alpha levels. 

The population for this study was all United States-based companies with 

any type of business operation in Mexico. A comprehensive listing of 582 

companies was found in the Directory of American Firms Operating in Foreign 

Countries (1991), 12th edition, and the firms listed in this directory represent the 

sample for this study. A 95% confidence level was desired with an alpha of 0.05. 

Applying Cohen's power level formula as a function of the potential sample size of 

582, a power level greater than .99 could be achieved. This would mean that the 

probability of rejecting the null hypotheses for a sample of 582 at an alpha of 0.05 

is greater than 99%. The response rate for this study was 15% and the actual 
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sample size for the study reported here was 90 useable questionnaires. A post hoc 

power analysis was carried out to determine if the failure to reject two of the 

proposed hypotheses (Hypothesis la and Hypothesis 2) could have been due to an 

inadequate sample size. 

The relevant literature on the relationship between perceptions of barriers 

and mode of transfer did not provide an indication of population effect size for 

determining appropriate sample size. Therefore, calculations were made utilizing 

Cohen's (1977) suggested conventional values for f2 (small=0.02, medium=0.15, 

large=0.35) when the various population R2 values are not known, and power level 

values in the high range (high= 0.70 - 0.90). Table 23 shows the results of power 

analysis at alpha= 0.05 for each of the four hypotheses using Cohen's (1977) 

suggested middle value for f a t the power levels of 0.70, 0.80, and 0.90. 

It is clear from Table 23 that for each hypothesis the sample size for this 

study is more than sufficient to be 70% certain of not committing a Type II error. 

For hypothesis lb and hypothesis 2, the sample size is sufficient at a power level 

of 0.80. The sample size is sufficient only for hypothesis lb at the 0.90 power 

level. Although a larger sample size for this study would increase the strength of 

the test for these hypotheses, the 0.70 power level is within the high range noted 

by Cohen (1977). 
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Table 23. Post Hoc Power Analysis for Required Sample Size at Alpha 0.05 

Hypothesis Power Level Required 
Sample Size 

1 a. There is a significant relationship 0.15 
between top level executives' percep- 0.15 
tions of barriers to internatonal tech- 0.15 
nology transfer and mode of technology 
utilized 

lb. There is a positive relationship 0.15 
between the political/legal barriersand 0.15 
a wholly-owned mode of transfer 0.15 

lc. There is a positive relationship 0.15 
between barriers and the licensing 0.15 
or joint venture mode of transfer 0.15 

2. There is a significant relationship 0.15 
between technology characteristics 0.15 
and mode of technology transfer 0.15 
utilized 

0.70 
0.80 
0.90 

0.70 
0.80 
0.90 

0.70 
0.80 
0.90 

0.70 
0.80 
0.90 

88 
98 
124 

55 
68 
88 

88 
98 
124 

63 
36 
99 

It is instructive to look at the problem the other way and ask what power 

level was achieved given the sample size of 90. Power as a function of sample 

size can be calculated post hoc by rewriting Cohen's (1977) power analysis 

equation and using the respective power tables in reverse. Using the attained 

sample size of 90, the significance criterion of alpha = 0.05 and the medium f2 

level of 0.15 for each of the four hypotheses, the following power levels were 

achieved: Hypothesis la = 0.75 - 0.80 

Hypothesis lb = 0.90 - 0.95 

Hypothesis lc = 0.75 - 0.80 

Hypothesis 2 = 0.85 - 0.90 
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All of these power levels are within the high range noted by Cohen (1977). The 

difference in power levels using a known sample size (post hoc) and determining 

the sample size for a desired level of power is a function of the actual sample size 

used in this study. Note that for hypothesis la in Table 23, an appropriate sample 

size at 0.70 power level is 88 and at the 0.80 power level the sample size should be 

98. The actual sample size of 90 generates a power level between 0.75 and 0.80. 

Given this analysis of the strength of the results from this study, it is reasonable to 

conclude that failing to reject the first primary hypothesis (Hla) and the secondary 

hypothesis (H2) is not the result of insufficient sample size. 

Summary 

The statistical techniques conducted on the data for this research resulted in 

findings which fully support two of the four hypotheses. The first hypothesis 

stated there would be a significant relationship between perceptions of barriers and 

modes of transfer. The findings from the LOGIT analyses revealed a chi-square 

p-value of 0.019 after adding the Political/Legal category of barriers to the model; 

therefore, the hypothesis is accepted. The second and third primary hypotheses 

were rejected based on the findings revealed in the derivatives tables for each of 

the categories of barriers. Each hypothesis noted there would be positive 

directional relationships between barriers and modes of transfer. There was at 
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least one inverse relationship noted between barriers and the particular modes of 

transfer noted in the hypotheses. 

The secondary hypothesis proposed there would be a significant 

relationship between modes of transfer and the characteristics of the technology. 

This hypothesis was supported based on the significant p-value for the model at 

0.002 and because of the significant relationships noted within the model between 

the product-embodied characteristic and the exporting mode of transfer. Both the 

product- and process-embodied characteristics were significantly related (at the 

0.05 and 0.01 levels respectively) to the exporting mode of transfer. Power 

analysis testing each of the hypotheses showed that with a significance level of 

0.05 the sample size was more than sufficient to achieve power levels of 70% 

which is in the high range noted by Cohen (1977). This high power level suggests 

that failing to reject two of the hypotheses is not due to an insufficient sample size. 

The next chapter presents the discussions and conclusions from the findings of 

this research. 



CHAPTER V 

DISCUSSION AND CONCLUSIONS 

Introduction 

The primary purpose of this research was to explore the relationship 

between perceived environmental barriers and the mode used to transfer 

technology from the United States to Mexico. The literature on international 

technology transfer concerns the modes of transfer utilized, the barriers/constraints 

or impediments to transfer, the types/characteristics of the technology, 

characteristics of the home and host companies, and characteristics of the industry 

(Aharoni, 1991; Contractor and Sagafi-Nejad, 1981; Davidson, 1983; Frame, 

1983; Kedia and Bhagat, 1988; Keller and Chinta, 1990; LeMaster and Dean, 

1991). Although the literature addressing how managers make decisions is 

centered around how managers interpret their environment (Asch 1952; Feldman 

1981; Leavitt 1972; Weich 1969), the literature has not addressed how these 

interpretations of environmental barriers relate to the mode of technology transfer 

utilized. This research effort was intended to contribute to the literature regarding 

international technology transfer. 

132 
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The data for this research were collected through a survey completed by 90 

persons in top level management positions working in United States companies 

having operations in Mexico. The companies represented a relatively diverse 

group of manufacturing (food, chemicals, fabrication, mechanical equipment, 

electrical equipment), wholesale, and service industries. The data were analyzed 

using the Statistical Package for the Social Sciences (SPSS/PC+ 1990) and the 

Systat (1991) statistical computer software package. The LOGIT module of Svstat 

(1991) was used for computing the hierarchical multinomial logistical regression 

analysis. 

The primary data collected were the perceptions of top level executives 

regarding problen^arriers associated with transferring technology into Mexico. 

There were four categories of environmental barriers developed from the literature 

(Asheghian and Ebrahimi, 1990; Dean and LeMaster, 1992; Keller and Chinta, 

1990; LeMaster and Dean, 1991; Mclntyre and Papp, 1986). The review of the 

literature culminated in the research framework for this study, and the framework 

led to three primary hypotheses concerning the relationship between 

environmental barriers and mode of transfer, and one secondary hypothesis 

concerning the relationship between the characteristics of the technology and 

mode of transfer. Based on the results of the statistical analyses, the first primary 

hypothesis and the secondary hypothesis were both supported, while the second 

and third primary hypotheses were rejected. 
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This study was exploratory in nature and based on the deductive method of 

investigation. The non-experimental design of this research led to causal 

inferences based only on the findings of this particular study. This chapter focuses 

on the conclusions drawn from the findings of the statistical analyses. Included in 

this chapter are sections discussing possible rival hypotheses as well as future 

research directions. The chapter ends with a concluding summary. 

Discussion of Primary Hypotheses 

There were three primary hypotheses for this study, each directly associated 

with the relationship between environmental barriers and modes of technology 

transfer. Hierarchical multinomial regression analysis requires a particular order 

for each independent variable to be entered into the regression equation. After 

each independent variable is added to the model, an incremental chi-square p-

value is computed to determine the statistical significance from the addition of the 

variable to the model. The environmental barriers were the independent variables 

of primary interest, and these variables were entered into the model last. The 

order for entering each of the four categories of barriers was determined by an 

interpretation of the literature regarding the relative importance of each category 

of barriers. 
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Based on the literature the independent variables were entered into the 

regression equation in a hierarchical fashion; if there were a misinterpretation of 

what the hierarchy should be, the incremental statistical significance of adding 

each independent variable could vary. Therefore, alternative hierarchies were 

analyzed. In every case only the Political/Legal category of barriers rendered an 

incremental chi-square p-value that was statistically significant. This finding, that 

political/legal barriers are important issues in international technology transfer, 

was supported by previous research by Contractor and Narayanan (1990), James 

1990), and LeMaster and Dean (1991). 

The first primary hypothesis stated that perceptions of environmental 

barriers would have a significant relationship with mode of transfer. The 

incremental chi-square p-value after adding each category of barriers to the 

regression equation was computed. The Political/Legal Barriers were found to be 

statistically significant at the 0.05 level with a p-value of 0.019 with modes of 

transfer. Based on this finding the first primary hypothesis was supported. As 

noted earlier, this finding added support for the results of a study by LeMaster and 

Dean (1991) which showed the political/legal barriers to be rated the most 

important environmental barriers for doing business in Mexico. Studies by 

Contractor and Narayanan (1990) and James (1990) also determined political/legal 

barriers to be an important consideration for international technology transfer. 
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Political/legal barriers for this study were represented by: the availability of tax 

breaks and government regulations regarding the transfer of technology. 

Within this model, a significant relationship was found between the 

"Availability of Tax Breaks" barrier and the licensing mode of transfer. The 

derivatives table representing the probability of using a particular mode of transfer 

with respect to a unit change in the perceptions of the barrier showed a 4.5% 

decrease in the probability of using the licensing mode of transfer with each unit 

increase in the "Availability of Tax Breaks" barrier. Reasons for this inverse 

relationship may be that: (1) tax breaks may be available only through a joint 

venture, wholly-owned, or some combination of modes of transfer and not 

available for licensing agreements; (2) tax breaks may be available only for 

certain products in certain industries or under certain conditions determined by the 

government; or (3) the government may have tax break incentives for certain types 

of technologies not generally conducive to transfer through licensing agreements. 

In any of these cases, the manager may view licensing as the least attractive mode 

of entry. The relative significance of this finding with respect to the other choices 

of transfer modes was determined by using the Wald statistical technique of 

significance between or among choices. 

The Wald test showed there was no statistical significance for the 

"Availability of Tax Breaks" barrier with the licensing, exporting, or wholly-

owned modes of transfer. There was statistical significance for the "Availability 
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of Tax Breaks" barrier with the licensing, joint venture, and other/combination 

modes of transfer. From this finding one can conclude there is a significant 

relationship between how the "Availability of Tax Breaks" barrier is perceived and 

whether the manager utilizes the licensing mode of transfer, the joint venture mode 

of transfer, or a combination of modes of transfer. If the "Availability of Tax 

Breaks" is perceived as a barrier because they are not available to a particular firm 

transferring technology to Mexico, then it may be less advantageous to license the 

technology to the host company, or to develop a relationship through a joint 

venture. Conversely, if tax breaks were available through the host government as 

an incentive to acquire certain or more sophisticated technological processes, or 

simply to help certain host country industries, a licensing or joint venture 

agreement would be a good choice of entry for certain companies. Either of these 

entry strategies requires less financial investment and less risk than a wholly-

owned mode of transfer. 

The second and third primary hypotheses were tested based on the 

derivatives tables from the multinomial logistical regression analyses. The second 

primary hypothesis stated there would be a direct relationship between the barriers 

associated with the political/legal environment and the wholly-owned subsidiary 

mode of transfer. That is, as the availability of tax breaks and/or the governmental 

regulations regarding technology become more important as barriers to transfer, 

the liklihood of using a wholly-owned mode would increase as well. This 
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hypothesis stems from the literature which suggests the most control over a foreign 

investment is through a wholly-owned subsidiary. The "Availability of Tax 

Breaks" and "Government Regulations Regarding Transfer of Technology" 

baniers both revealed inverse relationships with the wholly-owned mode of 

transfer. The explanation may rest with the perspective from which the manager 

responded and the interpretation of these barriers. If there is a perception that the 

possibility of expropriation, confiscation, domestication, or any other form of 

political risk is high, then it may simply be easier, and certainly less risky to 

export the product or develop a licensing agreement for a mature or even obsolete 

process. This conclusion is consistent with the significant relationship found in 

the previous hypothesis between the licensing mode of transfer and the 

"Availability of Tax Breaks" barrier. These findings would be anticipated if the 

element of control and protection for the techology were not considered. Large 

multinational corporations bring many financial resources into an area, and when 

that area is in a developing country, the impact of the multinational is more 

obvious. Even though there may be political unrest, legal constraints, or ethnic 

disharmony, a government may provide special concessions to entice the 

multinational. Under such circumstances, there may be no fear of nationalization 

of the company, but still the need to retain control over operations. The 

respondents may have deemed control as a given considering only the degree of 

risk in their responses. 
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The derivative for the joint venture mode of transfer, was directly related to 

the "Availability of Tax Breaks" barrier. This finding is understandable from the 

perspective that in a joint venture, one of the partners is usually from the host 

country. The host country company is more familiar with the rules and 

regulations, the work ethic, and general operating environment than the home 

company and can facilitate the technology transfer process for the home company. 

Therefore, it may be more advantageous to engage a host company partner when 

the availability of tax breaks is limited or difficult to acquire. 

The third primary hypothesis indicated that there would be a direct 

relationship between all the barriers in general and the licensing and joint venture 

modes of transfer. Again, the literature suggests that when barriers exist, it may 

be easier to have a licensing agreement, or a joint venture so that the host partner 

can provide protection and guidance for the home partner. No pattern of 

relationships could be developed regarding this hypothesis. There were as many 

inverse relationships as there were direct relationships between the barriers and 

both the joint venture and licensing modes of transfer. Based on the evenly 

distributed relationships between the barriers and the joint venture and licensing 

modes of transfer, this hypothesis was rejected. The explanation for rejecting this 

hypothesis may veiy well rest in the individual interpretations of the barriers, 

which is a limitation of using perceptions in research. Finding no support for this 

hypothesis may also reflect the differences in the types of technology being 
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transferred, as well as the size of the firm, or the foreign experience of the firm. 

These types differences are difficult to account for because of the lack of control 

for all of the possible combinations of differences among variables. If a specific 

example had been given with respect to each barrier, then perhaps stronger 

relationships would have evolved and patterns could be determined. 

Discussion of Secondary Hypothesis 

The secondary hypothesis, that the characteristics of the technology would 

be significantly related to the mode of transfer utilized, was supported by the 

statistically significant chi-square p-value of 0.002. Specifically, there was a 

significant relationship between both the product-embodied and process-embodied 

characteristics and the exporting mode of transfer. These findings revealed that 

the higher the degree of product-embodied technology the more likely an 

exporting mode of transfer will be used; and the higher the degree of process-

embodied technology, the less likely the exporting mode of transfer will be used. 

Exporting is the mode of transfer carrying the least amount of control by the 

parent company; therefore, one would not expect that technology with high levels 

of process-embodied characteristics would be exported. This is verified by the 

derivatives showing an inverse relationship between the exporting mode of 

transfer and the process-embodied characteristic of technology. 
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It is well documented that companies from developed countries locate their 

labor-intensive operations in developing countries with low labor costs. Mexico 

has a demonstrated advantage in lower skilled, labor-intensive job opportunities 

and it is logical that United States companies would put labor-intensive operations 

in Mexico. The product-embodied characteristic of technology is associated with 

the physical product, which implies that the technology is labor-intensive rather 

than capital-intensive. Given this, the direct relationship found between the 

wholly-owned subsidiary and joint venture modes of transfer with the product-

embodied characteristic of technology is as expected. 

With respect to the process-embodied characteristic of technology, there 

was a significant correlation at the 0.01 level with the exporting mode of transfer. 

This finding is easily explained by the previous discussion. High process-

embodied technology implies a greater need for control. Because exporting is the 

least risky mode of transfer and carries the least amount of control, it is not likely 

high process-embodied technology would be transferred using the exporting mode. 

This may be a function of the proprietary nature of the technology itself; that is, 

more process-embodied technologies contain more priveleged information which 

require more control by the parent company. Another explanation may simply be 

a function of how the respondents defined process-embodied technology in their 

own minds. A good example of this is seen in the relationship between the 

process-embodied characteristic and the licensing mode of transfer. Licensing is 
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an agreement to allow someone else to use intangible property for a specified fee 

(generally in the form of royalties) and a specified time period (Daniels and 

Radebaugh, 1992). The intangible property is generally the result of some kind of 

process. In the mind of the respondent the licensing mode of transfer may be 

synonymous with process-embodied technology. This would explain why the 

more process-embodied the technology, the more attractive the licensing mode of 

transfer. There were no statistically significant relationships found with any of the 

characteristics of the technology and the licensing mode of transfer. 

The Wald test for significance between and among choices was computed 

and showed that as the product-embodied characteristic of the technology 

increases, the liklihood of utilizing the exporting mode over the wholly-owned or 

joint venture modes is not statistically different. As the technology becomes 

increasingly product-embodied, the liklihood of utilizing the exporting mode, or 

the licensing mode, or an other/combination mode of transfer is significantly 

different. It was explained previously that exporting is the simplest and least risky 

mode of transfer and generally only product-embodied technology is transferred 

through the exporting mode. If there is an outdated, less technologically complex, 

or mature technology to be transferred, a licensing agreement may be an easy, 

low-cost means of transfer. 

Less easy to understand or interpret are the results from the Wald test for 

the process-embodied characteristics of technology which revealed that as the 
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technology becomes increasingly process-embodied, the liklihood of using any 

particular mode of transfer varies significantly. A direct interpretation of this 

finding would be that the mode of transfer is dependent on the specific technology 

and how much of the process-embodied characteristic is in the technology being 

transfered. The most accurate explanation, as noted earlier, rests with the 

interpretation the respondent made of process-embodied technology. 

None of the studies noted in the literature went beyond simply classifying 

the characteristics of technology and then suggesting these characteristics might 

determine the level of control the parent company would like to retain over the 

technology (Coughlin 1983, Keller and Chinta 1990, Mclntyre and Papp 1986). 

This research has supported the existing literature and has gone one step further by 

showing empirically the relationship between the characteristics of the technology 

and the mode of transfer utilized, and the statistically significant relationships 

verify the conceptualized propositions from the literature. 

Rival Hypotheses 

Once the explanations and discussions have been made from the analyses of 

the research data, it is important to look for other variables, or additional 

information that may have had a bearing on the outcome of the study. Therefore, 

rival hypotheses must be considered for all research studies. Rival hypotheses can 

be determined both logically, by simply thinking of other possibilities and seeing 
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if they can be supported by the data; and inductively by reorganizing the data to 

see if it will lead to different findings (Patton 1980). Both methods are applied in 

this research. First, the inductive method was used by reorganizing the hierarchy 

of tiie barriers as they were entered into the multinomial logistical regression 

model. As noted earlier with each change in hierarchy, only the political/legal 

barriers revealed a significant incremental p-value. 

A deductive rival hypothesis for this study concerns the relationship that the 

home company characteristics of size and experience have with mode of transfer. 

Obviously, if a company is large and has numerous years of international 

experience, it is likely that they will already have a subsidiary or other type of 

relationship in place in the host country. If that is the case, the perspective from 

which the respondent views the questions may be different. It could be 

hypothesized that size and experience influence the mode of transfer utilized. 

Testing this hypothesis would require careful control for all the possible 

combinations of differences among these variables. It is not possible to test this 

hypothesis from the data collected for this study. 

Another rival hypothesis concerns the theoretically derived barriers and the 

perspective from which the respondents interpret the baniers. For example, 

regarding the political/legal category of barriers in particular, one cannot know if 

the respondents explicitly differentiate between the "Availability of Tax Breaks" 

barrier and the "Government Regulations Regarding Technology Transfer" barrier, 
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both representing the political/legal environment, or if the respondent views the 

two barriers as synonymous. From this it could be hypothesized that there would 

be no significant difference between how the barriers within each category are 

perceived. This would lead us to an additional hypothesis that there would be no 

significant differences between the categories of barriers. 

An underlying concern is whether the correct variables were identified for 

measuring the intended construct. From the literature, the variables used in this 

research were all appropriate for addressing the issue of modes of transfer. It is 

not known if these are all the variables, or if they are even the most important, or 

the most appropriate variables for determining the modes of transfer utilized. 

They were chosen based on a careful review of the literature and an interpretation 

of the literature by the researcher. A rival hypothesis might be that a group of 

different variables would give the same or similar results. Finally, concerning the 

modes of transfer used for this study, the increasing emphasis on globalization has 

resulted in new and innovative ways of conducting business. Although the modes 

of choice used for this study are the most widely cited choices in the literature, 

perhaps more descriptive modes of transfer would have resulted in different 

findings. Instead of four choices with an other/combination choice, perhaps the 

other/combination should be eliminated and the respondent asked to describe 

specifically the mode of transfer they use. Other rival hypotheses could be 
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generated as a result of the inherent limitations of all empirical research in general 

and of this study in particular. 

Limitations of the Study 

The sample for this research consisted of 582 United States firms with 

operations in Mexico listed in the Directory of American Firms Operating in 

Foreign Countries (1991). The publishers of the directory used questionnaires, 

annual reports, and direct telephone contacts for collecting data. Although the 

publishers stated that "every effort had been made to update the information 

contained in .. . the directory," this study was limited by the accuracy of data 

collection. The directory is in its twelfth edition and, therefore, was considered a 

current and reasonably exhaustive list of firms appropriate for this study. 

Mailed surveys are considered to be an acceptable method of data 

collection because they reach a large population at relatively low cost. The type of 

information requested for this study was well suited to a mailed survey. Because 

of confidentiality constraints, it could not be known if the top level executive to 

whom the questionnaire was directed was the actual respondent. Therefore, 

limitations concerning who completed the instrument, and the extent of the 

respondents' relevant knowledge regarding the questions and concepts were 

recognized (Clover and Balsley 1974; Kidder and Judd 1986). 
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Additional limitations of mailed surveys are the inability to control the rate 

of response and the bias that may occur from nonreturned questionnaires (Miller 

1991). Although researchers differ on what constitutes a reasonable return rate, 

McDaniel and Gates (1991, 212) note "response rates of 5% or less are not 

uncommon for mail surveys." In an effort to diffuse the limitation of non-reponse 

bias, two different types of analyses were conducted. First, an analysis was 

conducted comparing the distribution pattern of industries responding with the 

distribution pattern of all industries in the sample. The second analysis compared 

the responses of participants from the first mailout with the responses of the 

participants from the second mailout of questionnaires. No particular differences 

were noted in either analysis indicating that those who did not respond were likely 

to have responded similarly. 

A potential limitation of the study is the introduction of "same source bias" 

associated with "common methods variance that can result when two or more 

constructs are measured by a single source" (Avolio, Yammarino, Bass 1991, 571, 

572), followed by an attempt to interpret any correlations of subjectively measured 

variables (Podsakoff and Organ, 1986). Other than the concentration ratios for the 

industries in Mexico, the only "subjectively" measured variables for this study are 

the perceptions of environmental barriers. Mexico does not evaluate industry 

using concentration ratios as is common in the United States; therefore the opinion 

of the respondent with respect to the Mexican company was solicited. Any 
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artifactual correlation variance between perceptions and concentration ratios for 

Mexico may well be attributable to the common method variance, but was not 

deemed important enough to this study to warrant controlling. The respondents 

were not asked to indicate effectiveness, efficiency, or success; only to indicate if 

clearly defined issues were problems. All other variables are independently 

verifiable through other sources. 

Futwre Research 

This research has provided a springboard for additional research in the 

area of perceptions of barriers and how they relate to mode of transfer in general, 

and to mode of transfer from the United States to Mexico in particular. One of the 

limitations of this study was the small sample size with respect to achieving a 

power level greater than 0.70. Although a 0.70 power level is within the high 

range suggested by Cohen (1977), using Cohen's (1977) power analysis formula, a 

sample size of 125 would achieve a 0.90 power level. The next step, then, with 

regards to this research would be to replicate this study with an expanded sample 

size. This would verify or at least strengthen the findings from this study. Also, 

repeating the study using the same questionnaire will allow for criterion-related 

validity measurements to be established. Provided the results of the replication 

study are similar, this research will then aid in developing a profile of top level 

executives, the companies they work for and the modes of technology transfer they 
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use for conducting business in Mexico. The profile will need to be tested on 

companies considering operations in Mexico. From this, the profile could then be 

tested on companies considering operations in other developing countries similar 

to Mexico—Costa Rica and Chile would be good examples. This information 

would be very helpful to practitioners and consultants making international 

technology transfer decisions in the "real world". It will also be very helpful 

information to academicians extending their own research into the international 

technology transfer arena, particularly with the exponentially increasing attention 

being given to globalization of business. 

An excellent opportunity for future research is to repeat this study as a post-

NAFTA study. The research for this study took place during the period that 

NAFTA negotiations were taking place but prior to the enactment of NAFTA. 

One would expect that the respondents for this particular study would be acutely 

aware of the potential implications of a free trade agreement with Mexico. 

Future research should also focus on "fine-tuning" the mix of variables that 

actually answer the question regarding the choice of transfer mode, with an 

emphasis on those barriers describing the political/legal environment. The 

complexity of the international technology transfer construct requires attention 

from a multidimensional as well as multidisciplinary perspective. 

Multidimensional perspectives highlight the variables surrounding the construct, as 

well as the different managerial levels from which the transfer mode decision is 
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made. Multidisciplinary approaches stress international technology transfer, as 

noted in this research, and cross the disciplines of international management, 

strategic management, production and operations management, logistics, macro-

and micro-economics, developmental economics, sociology, and so forth. The 

research framework from which the hypotheses were generated to predict the 

outcomes of this research must also be addressed. The ability of the current model 

to predict mode of transfer is minimal. Perhaps the model should reflect only the 

political/legal factors of the environment as representing the environmental 

barriers. The model should also include technology characteristics as a predictor 

of mode choice. Additional research must be done to determine the predictive 

capabilities of the company and industry characteristics as they are shown in the 

current model. This research has studied one piece of the international technology 

transfer puzzle. The challenge will be to determine where this particular piece fits 

in the overall picture. 

Summary 

The findings resulting from the statistical analyses incorporated in this 

research are in some respects intuitive, easy to understand and explain. The 

clearest explanation for how an environmental barrier influences a particular mode 

of transfer relates to the amount of risk, the financial investment involved and the 

characteristics of the specific technology being transferred. This explanation was 
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noted in the literature and is supported by this research. The more the barriers 

become a problem for the parent company, and the greater the risk of the potential 

investment, the less attractive certain modes of transfer become. There is an 

abundance of literature that documents that technology transfer is an exceedingly 

complex construct. This complexity in technology transfer requires much more 

rigor and long-term, in-depth, multi-dimensional research which goes beyond the 

scope of this dissertation. This research has provided the springboard for ongoing 

research in determining the relationship between perceptions of environmental 

barriers and choice of transfer mode. 

When answering the question "do perceptions of environmental barriers 

influence the mode of transfer utilized by a United States company doing business 

in Mexico?", the findings from this research indicate two answers. First, the 

McFadden's Rho-squared for the full multinomial logistical regression model 

showed that all of the independent variables entered into the model explain 36% of 

the variance in mode of technology transfer. This finding is good given that 

McFadden's Rho-squared percentages between 20% and 40% are considered very 

satisfactory (Steinberg and Colla 1991). Second, the Political/Legal categoiy of 

barriers revealed an incremental p-value statistically significant at the 0.05 level. 

This lends support to research by Contractor and Narayanan (1990), James (1990), 

and LeMaster and Dean (1991) that the Political/Legal Barriers are important 

considerations for international technology transfer. No support was given to 
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other researchers (Cavusgil 1985; Ricks, Toyne and Martinez 1990; Samli 1985) 

who indicated that the Sociocultural Barriers have a strong relationship with mode 

of transfer, and there was no consensus noted by any of the researchers in the 

literature that economic or technological factors represent barriers to transferring 

technology to Mexico. 

The lack of support for sociocultural barriers are very possibly a function of 

the countries of study in this research—the United States and Mexico, and the fact 

that these two countries are contiguous. It may be the case that the sociocultural 

stereotypes, whether well-founded or not, are not considered an impediment or 

barrier to technology transfer, but just a consequence of doing business in Mexico. 

A few of the most common stereotypical characteristics of Mexico and Latin 

American cultures in general are the non-chalant, laid-back, "tomorrow" attitudes, 

an ardent appreciation for holidays and festive events, and a very strong Roman 

Catholic religious patronage. Although these characteristics may be very 

important in the course of doing business, they are generally well understood by 

most Americans, and consequently not viewed as a barrier by the respondents in 

this study. 

Economic barriers include wage rates, unemployment rates, ability of the 

customers to purchase products, interest rates, and so forth. The technological 

barriers include the physical infrastructure, data processing capabilities, logistical 

capabilities, and the level of technological advancement of a particular industry. 
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These are environmental barriers that are not considered to be barriers for United 

States companies transferring technology to Mexico for the same reasons noted 

earlier. Mexico is a developing country with all of the problems of a developing 

country—lack of infrastructure, high birth rates, high population densities, low 

wages, high unemployment, and so forth. Because the United States is very close 

to Mexico, these economic and technological factors are a part of doing business 

in Mexico, and are not considered to be an important barrier to the respondents in 

this study influencing the choice of technology transfer mode. 

The Political/Legal Barrier showing statistical significance was the 

"Availability of Tax Breaks" barrier. Because the primary motivation for being in 

business is economic, the reasons for doing business in other countries are 

generally to gain competitive advantage which will enhance the financial position 

of the firm. Additionally, technology transfer is a way to decrease the technology 

gap between developed and less developed nations, and one condition necessary 

for transferring technology is a political/legal environment conducive to 

developing competitive advantage. Therefore, the significance of the "Availability 

of Tax Breaks" barrier supports the implicit understanding that the "bottom line" is 

the most important factor in business. If tax breaks are not available, then the less 

investment of time, plant, equipment, people, and especially money that must be 

made, the better. Wholly-owned operations require the greatest amount of 
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investment; therefore, if tax breaks are not available, a wholly-owned operation 

would not be attractive. 

Another major incentive for companies to do business offshore is to gain 

access to global distribution and marketing systems. The enactment of the North 

American Free Trade Agreement (NAFTA) makes exporting from Mexico through 

worldwide distribution channels possible. Also, the objective of NAFTA to lift 

barriers to trade on goods and services makes it possible for companies to ship 

directly to the Mexican distributors instead of setting up a physical operation in 

Mexico. Given these conditions, the most important reasons a company may have 

to set up an operation in Mexico for transferring technology may be the incentive 

the Mexican government can provide. Otherwise, it may be more cost efficient to 

have no physical presence in Mexico at all. Implicit in this study are the changing 

physical environment regulations resulting from NAFTA which are part of the 

political/legal ramifications for doing business in Mexico. If the environmental 

laws change so much that a wholly-owned subsidiary mode of transfer would no 

longer be cost effective, then the Mexican government will have to provide other 

incentives to make it attractive for the United States company to maintain a 

physical presence in Mexico. 

Additionally, developing countries have a great potential for sizeable net 

benefits from the physical presence of international corporations. Many countries 

seek high-tech technologies and are not as interested in obsolete or low-tech 
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technologies. Recognizing die potential for benefit may be the difference in the 

type and degree of incentives the Mexican government is willing to offer a United 

States company. Certain sectors or even specific companies such as Coca-Cola, 

Incorporated or Ford Motor Company may be able to provide more benefits to 

Mexico than others. If the respondents in this study accept the uneven distribution 

of investment incentives across sectors or to certain companies as common 

practice in Mexico, then this may explain why the political/legal barriers in 

general, and the availability of tax breaks in particular are the key determinants of 

how involved a United States company is with regard to transferring technology to 

Mexico. 

The research findings clearly showed that the characteristics of the 

technology have an effect on the mode utilized for transferring technology from 

the United States to Mexico. Although empirical studies testing this relationship 

were not noted in the literature, it was implied throughout the literature that a 

relationship would exist. This study provides solid support for the relationship. 

The findings were very clear--the more product-embodied a technology, the more 

likely an exporting mode of transfer will be used. Conversely, the more process-

embodied a technology the less likely an exporting mode of transfer will be used. 

As noted earlier, the international technology transfer construct is very 

complex and there are hundreds of literary citations regarding all aspects of the 

construct. There is, however, little empirical research regarding the barriers to 
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technology transfer. This study enjoys a unique advantage in that it is the first 

known attempt to empirically test the relationship of perceptions of barriers to 

mode of transfer. To that extent this research has been most successful. An 

intended goal of this research was to take a very small part of this complicated and 

complex construct and add understanding to the body of knowledge regarding 

international technology transfer. What this research determined is that 

political/legal barriers have a significant relationship with the mode of technology 

transfer utilized, but there is a fascinating question concerning what exactly the 

facets of the political/legal barriers are for the benefit of future planners in both 

the United States and Mexico. 

A.primary purpose of this research was to determine the relationship that 

environmental barriers have on the liklihood of utilizing a particular mode of 

technology transfer from the perspective of top level executives working in United 

States companies with operations in Mexico. This purpose was achieved; there is 

a statistically significant relationship between how top level executives perceive 

environmental barriers and the mode of transfer they utilize. There is a 

statistically significant relationship between the "Availability of Tax Breaks" 

political/legal barrier and the mode of transfer utilized, and there is a statistically 

significant relationship between the product and process characteristics of the 

technology and the mode of transfer utilized. 
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Notwithstanding the recognized limitations of this study, compared with the 

existing studies found in the literature regarding international technology transfer 

modes and environmental barriers, a recognizable contribution has been made to 

both academia and to management practitioners. First, it has helped take the 

construct out of the purely conceptual state and has provided empirical evidence to 

support certain theoretical assumptions—this adds to the body of knowledge 

regarding international technology transfer. Second, it provides better 

understanding for top level executives of United States companies of the most 

important political/legal factors concerning the transfer of technology to Mexico. 

This information should enhance the decision-making effectiveness and perhaps 

efficiency of the United States managers regarding mode of transfer. 
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SURVEY OF UNITED STATES FIRMS 
. TRANSFERRING TECHNOLOGY TO MEXICO 

Technology is composed of three elements; person, product; and process. Technology includes 
specialized skills like management; financial, accounting, and production expertise. It includes the 
physical product or equipment; as well as patents, blueprints, or specialized processes for producing a 
particular product Technology includes everything from constructing a building to preparing payroll. 

Technology transfer is the movement of technology from your firm in the United States to a location in 
Mexico by way of sharing, licensing, contracting, leasing, selling or any other means. 

THINKING ABOUT TECHNOLOGY AS IT IS DESCRIBED ABOVE, PLEASE ANSWER TOE FOLLOWING 
QUESTIONS: 

Please provide us with a brief description of the products/services of your most recent technology 
transfer to Mexico: 

"What was the year of your most recent major technology transfer to Mexico?.. 

With regard to the three elements of technology (person, product, process), describe the composition 
of your most recent technology transfer to Mexico on the following scales; 

Person (Specialized stalls-management, finance, accounting, production) None 0 1 2 3 4 5 6 Very High 

Product (equipment, machinery, the physical product) None 0 1 2 3 * 5 6 Very High 

Proccs* (patents, blueprints, specialized processes) None 0 1 2 3 4 5 6 Very High 

Please check ( / ) one of the following that best describes die method/mechanism you used for your 
most recent technology transfer to Mexico: 

Export: a. directly to customers in Mexico 
b. through an agent/distributor/licensee. 

Licensing agreement (including franchising): 

Wholly-Owned Subsidiary: a. established from scratchy 
b. through acquisition 

Affiliate/Joint Venture: a. Your firm's equity participation is: % 
b. The Mexican partner's equity participation is: % 

Other (please specify): 

The firm(s) in Mexico you transferred your most recent technology to is (are) located; 

a. On or near the border of Mexico 

b. In the interior of Mexico 
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The following is a list of potential problems (constraints, impediments) which may have been 
encountered by your firm when transferring your most recent technology from the United States io 
Mexico. Please rate the problems of transferring technology to Mexico relative to transfrnidg 
technology within the United States, Please circle the position on the TWO scales that best characterize 
each of the following items that relate to your most recent technology transfer to Mexico. Use the scale 
on the LEFT for the United States, and the scale on the RIGHT for Mexico. 

EXAMPLE: 
IN THE U.S. 

NO PROBLEMS 0 1 2 5 4 5 6 MANY PROBLEMS 
3N MEXICO 

NO PROBLEMS 0 X 2 3 4 5 6 MANY PROBLEMS 

0 1 2 3 4 5 6 

PROBLEM 

Rats of sodetal development 0 1 2 3 4 5 6 

(The above indicates (hat the problems associated with the rate of societal development in the United States is average, 
whereas the number of problems associated with the rate of societal development in Mcdco is very high.) 

IN HEB XLS. IN MEXICO 

NO MANY NO MANY 
PROBLEMS 0 1 2 3 4 5 6 PROBLEMS PROBLEMS 0 1 2 3 4 5 6 PROBLEMS 

PROBLEM 

0 1 2 3 4 5 6 Overall economic health of region 0 I 2 3 4 5 6 

0 1 2 3 4 5 6 Ability of customers to buy products 0 1 2 3 4 5 6 

0 I 2 3 4 5 6 Interest rates for your customers 0 1 2 3 4 5 6 

0 1 2 3 4 5 6 Unemployment rates 0 1 2 3 4 5 6 

0 1 2 3 4 5 6 Wage rates 0 1 2 3 4 5 6 

0 1 2 3 4 5 6 Availability of dollars 0 1 2 3 4 5 6 

0 1 2 3 4 5 6 Ability to convert currency 0 1 2 3 4 5 6 

0 1 2 3 4 5 6 Legal infrastructure/system 0 1 2 3 4 5 6 

0 1 2 3 4 5 6 Availability of tax breaks 0 1 2 3 4 5 6 

0 1 2 3 4 5 6 Availability of subsidies 0 1 2 3 4 5 6 

0 1 2 3 4 5 6 Training level of the workforce 0 1 2 3 4 5 6 

0 1 2 3 4 5 6 Language skills of the workforce 0 1 2 3 4 5 6 

0 1 2 3 4 5 6 Work ethic of the workforce ' 0 1 2 3 4 5 6 

0 1 2 3 4 5 6 Norms and customs of general population 0 1 2 3 4 5 6 

0 1 2 3 4 5 6 Technological advancement in your industry 0 1 2 3 4 5 6 

0 1 2 3 4 5 6 Infrastructure (roads, communications, etc.) 0 1 2 3 4 5 6 

0 1 2 3 4 5 6 Capability of data processing systems 0 I 2 3 4 5 6 

Interest rates for your firm 

0 1 2 3 4 5 6 (costs of borrowing) 0 1 2 3 4 5 6 

Concerns for property rights of technology 

0 1 2 3 4 5 6 (protection of technology) 0 I 2 3 4 5 6 

Values of the workforce 

0 1 2 3 4 5 6 (honesty, truthfulness) 0 I 2 3 4 5 6 

Government regulations regarding transfer 

0 1 2 3 4 5 6 of technology 0 1 2 3 4 5 6 

Ability to move technology from one place 

0 1 2 3 4 5 6 to another (logisdes) 0 1 2 3 4 5 6 
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Please share other problemstfssues that influenced your roost recent technology transfer to Mexico. Name the problem on the 
Une and then drcle the position on the W O scales that best characterize each of the problems. Use the scale on the LEFT for 
the United Sates, and the scale on the RIGHT for Mexico. 
OTHER ITEMS (please specify): 

0 1 2 3 4 5 6 * 0 1 2 3 0 6 

0 1 2 3 4 5 6 0 1 2 3 4 5 6 

0 1 2 3 4 5 6 0 1 2 3 4 5 6 

PLEASE PROVIDE TUB FOLLOWING INFORMATION ON YOUR FIRM. THIS INFORMATION WILL BE USED ONLY TO HELP US 
CLASSIFY YOUR COMPANY FOR THE PURPOSES OF THIS STUDY. 

a. Approximate sales revenues in 1991 * million 

b. Approximate number of employees in 1991 

c. Yours is a (check one): * (1) Privately held firm? 
Publicly held firm? 

d. Year in which YOUR FIRM started operations. 

c. What is the SIC code of your firm's primary business in the U.S. „ 

f. What is the SIC code of the product/service representing the greatest percent of your firm's total sales? 
\ 

g. What is the SIC code of your most recent technology transfer to Modco ? 

h. Does your firm have more than one product/service line? YES NO 

If yes, how many SIC codes? 

If yes, how many completely different producu&ervices does your firm have? 

If yes, how many related pnoduct&fcervices docs your firm have? _ _ _ _ _ _ 

1. How would you classify your firm on the following scales: 

lADORrlNTENSIVIS l o w O 1 2 3 4 5 6 high 
CAPITAHNTENSIVH tow 0 1 2 3 4 5 6 high 

Control over intcrnadonal operations and training policies vary across firms. Please circlc die position on die scale below that 
best diaracterizes YOUR FIRM'S CONTROL AND YOUR TRAINING POLICIES WITH THE MEXICAN FIRM WITH WHICH YOU DO 
BUSINESS: 

Disagree Agree 
Strongly ' S i m M l 

0 1 2 3 4 5 6 Your firm uses formal management task forces and/or committees for planning, problem-solving and 
coordinating die aedvides between die U.S. headquarters and the Mexico business operadons. 

0 1 2 3 4 5 6 Your firm uses formal organizational controls such as financial controls, quality controls, and 
personnel performance appraisals to manage Its Mexico business operations. 

0 1 2 3 4 5 6 There arc frequent meetings and communication between the U.S. headquarters and the local 
(Mexico) office to resolve common probIcms*concerns. 

0 1 2 3 4 5 6 Most of the short-term/operational decisions ibr your firm's Mcxico operations are made at the U.S. 
headquarters. 

0 1 2 3 4 5 6 Most of the long-term strategic decisions for your firm's Mexico operations are made at the U.S. 
headquarters. 

0 1 2 3 4 5 6 American expatriate managers must be familiar with the Mexican culture and language. 

0 1 2 3 4 5 6 Modcan workers require training to use the technology transferred. 

0 1 2 3 4 5 6 Mexican workers require training in the culture of the firm and of the United States. 
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Please describe the training program your Giro has for the Mexican workers. 

Please describe the background and training provided for the trainers (those who do the actual training). 

The next three questions attempt to characterize the international experience of your firm. 

a. flow many years of prior International experience (in any country) did your firm possess before your firm began 
operations in Mcxico? _ _ _ _ _ _ years 

b. In how many different countries was your firm operadng before doing business In Mexico? 

c. I low many years has your Arm been operadng In Mexico? years 

Companies organize their international operadons in different ways. Please classify how your firm is organized for its 
internadonal operadons. Please check ( / ) the one(s) that apply: 

separate Internadonal unit(s) within the organization 
organized by international product/scrvicc group(s) 
organized by geographic group(s) 
organized by functional areas (i.e^ marketing, finance, R&D, production) 
.other (please specify'); 

The following two quesdons characterize the competitive environment within which your Arm operates: 

a. Please classify die competitive environment of your firm's primary technology: 

Low < > High 
stable (Hide changc) 0 1 2 3 4 5 6 
dynamic (lots of change) 0 1 2 3 4 5 6 
simple (few competitors) 0 1 2 3 4 5 6 
complac (many competitors) 0 1 2 3 4 5 6 

b. Please classify die competitive environment of your firm's most recent technology transfer to Mcxico? 

tow < > H i ^ 
stable (litde change) 0 1 2 3 4 5 C 
dynamic (lots of change) 0 1 2 3 4 5 6 
simple (few competitors) 0 1 2 3 4 5 6 
complex (many competitors) 0 1 2 3 4 5 6 

The next two quesdons diaracterize the competitive position of your firm relative to your competitors. 

a. Please describe the competitive position of your firm's primary business: 

strong 0 1 2 3 4 5 6 weak 

b. Please describe the competitive position of the business In which your firm's most recent technology transfer to Mexico: 

strong 0 1 2 3 4 5 6 weak 
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Please classify how your firm is organized regarding the decision-making structure: 

a. Number of formalized rules, procedures and precedents governing managerial decision-making 

few 0 1 2 3 - 4 5 6 many 

b. Delegation of authority for strategic dedsion-making 

few 0 1 2 3 4 5 6 many 

c. Frequency of meetings and communication among department heads to resolve common problems/concerns 

low 0 1 2 3 4 5 6 high 

PLEASE PROVIDE HIE FOLLOWING INFORMATION FOR TUB MEXICAN FIRM WITH WHICH YOU DO BUSINESS. THIS 
INFORMATION TOLL HEIJP US CLASSIFY THE MEXICAN OPERATION FOR THE PURPOSES OF THIS STUDY (NOTE: If your firm is 
involved in more than one operation In Mexico, select the most recent). 

a. Approximate sales revenues In 1991 $ million 

b. Approximate number of employees in 1991 

Please classify how the Mcadcan firm with which you do business Is organized regarding the decision-making structure: 

a. Number of formalized rules, procedures and precedents governing managerial decision-making 

few 0 1 2 3 4 5 6 many 

b. Delegation of authority for strategic decision-making 

few 0 1 2 3 4 5 6 many 

c. Frequency of meetings and communication among department heads to resolve common problemsfconcerns 

low 0 1 2 3 4 5 6 high 

Docs the Mexican firm have more tlian one product^service line? YES NO__ 

If yes, how many SIC codes are there? 

If yes, how many completely different product&fcerviccs docs the firm have? 

If yes, how many related products&crrices docs the firm have? 

The next two questions characterize the competitive position of the firm In Matico with which you do business relative to their 
w m p t t l w r -

a. Please describe the competitive position of die Mexico firm In its primary business: 

weak 0 1 2 3 4 5 6 strong 

, b. Please describe the competitive position of the Mexico firm in the business involving your firm's most recent technology 
transfer: 

weak 0 1 2 3 4 5 6 strong 



[164] 

Please list the four most important criteria tiiat YOUR FIRM uses to measure the success of an international technology transfer to 
Mexico and then rate your most recent technology transfer on each of these criteria. 

Rate the most recent transfer 
Very Very 

YOTf i u p w b 9f wnffgr w m - last ATrem QwJ 

a-

b. 

c. , 

d. 

Overall, how would you classify die level of your satisfaction with the most recent technology transfer to Mexico? 

very low 0 1 2 3 4 5 6 very high 

What are the three most serious problems that your firm encountered when arranging for the most recent technology transfer to 
Mexico? 

Problem If ; 

Problem 2:_ 

Problem 3:_ 

Approximately what percentage of your operations In Mcxlco are considered part of the Maquiladora Industry?^ 

Briefly list any changes you may be expecting In how you do business with Mexico as a result of the free trade negotiations 
between the United States and Mcxlco: 

THE FOLLOWING QUESTIONS REQUEST INFORMATION ABOUT YOU. THIS INFORMATION WDX HELP US CLASSIFY 
INDIVIDUAL RESPONDENT INFORMATION FOR THE PURPOSES OF THIS STUDY. 

Please name your country of citizenship: _ _ _ _ _ _ _ _ _ _ _ _ _ Your native country (if different): 

Please identify the number of different countries you have worked in: 

What is your age (approximate if you wish)? "What Is your gender (optional)? Female Male _ 

Tide of the post don you currently hold: 

Length of time in this position:. 

Length of time with this b r g a n i z a t i o n : L e n g t h of time in your current industry:,. 

What is the highest educational degree you hold? In what field (optional)?. 

• Again, thank you very much for participating in this research. All of the questions in this survey are very important to 
the integrity of this study. You may be certain your responses will be kept in stria confidence. Will you please take a moment to 
be sure jJJ, of the questions have been answered. If you would be interested in the results of this study please complete the 
following: 

NAME: 
NAME OF COMPANY:. 
ADDRESS: 
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1. Think of the 4 leaders in your industry operating in Mexico and estimate the total share of the market these firms hold m 
Mexico: 

0-15% 16-25% 26-50% 51-75% 76-100% 
( ) ( ) ( ) ( ) ( ) 

2. Think of the 4 leaders in your industry operating in the U.S. and estimate the total share of the market these firms hold in 
the U.S.: 

0-15% 16-25% 26-50% 51-75% 76-100% 
( ) ( ) ( ) ( ) ( ) 

3. Please classify the competitive environment in Mexico of your firm's most recent technology transfer (or other activity) to 
Mexico. 

little change (stable) < 0 1 2 3 4 5 6 > lots of change (dynamic) 

few competitors (simple) < 0 1 2 3 4 5 6 > many competitors (complex) 

With respect to what particular industry or product did you answer the above questions? 

(description or SIC code if known). 

Does your company have more than one primary product or service? YES NO 

Thank you. 
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November 7, 1991 

{FIELD} 1~ 
{FIELD}2~ 
{FIELD}3~ 
{FIELD}4~ 

Dear {FIELD }5~: 

I am requesting your agreement to participate in my doctoral research on 
international technology transfer between companies in the U.S. and Mexico. The 
study seeks to determine the factors affecting specific modes (channels) of 
transfer. 

The questionnaire is 3 pages in length (front and back) and will take 
approximately 15-20 minutes to complete. The questions ask for demographic 
information on you and your firm, and asks your rating of specific potential 
barriers to the transfer of technology into Mexico. 

Your responses will be held in strict confidence and will be used only in 
aggregate form for data analysis. In return for your willingness to participate, I 
will provide an individualized report for your firm—how your responses on the 
questionnaire compare with all other responses in the study. If you ( or someone 
you may wish to assign ) will be willing to participate in my study, please return 
the enclosed postcard. The postcards are coded for confidentiality. 

Sincerely, 

Jane LeMaster 
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( ) Yes, my firm will participate 
in your research study. 

( ) No, my firm will not participate 
in your research study. 
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JANELEMASTER 
510 N. 7TH STREET 
MCALLEN, TEXAS 78501 
512-686-3108 
FAX: 517-381-3527 

April 8,1992 

~1 
-2 
-3 
-4 

Dear-5: 

United States and Mexico relations are becoming increasingly more important with the current free 
trade negotiations. We, in the Management Department of the University of North Texas have a current 
interest in technology transfer from the United States to Mexico. We are asking for information from you 
which will be vital to our study, helpful to you, and to other managers and firms like yours. 

Will you please help our research efforts by completing the enclosed questionnaire? Please note that 
none of the questions ask for information that can identify a specific company. All of the information will be 
used only in aggregate form for the purposes of this research. I will maintain complete control and confidenti-
ality of the individual questionnaires. In appreciation for your input, I would be pleased to forward results of 
the study to you. 

Please be certain to respond to every item, as missing information will prevent us from using your 
responses. I hope you will choose to participate in this study. However, I understand the demands on your 
time and the number of surveys you must receive. If you choose not to participate will you please return the 
questionnaire in the enclosed envelope and note why you are unable to participate. This will help validate the 
study by allowing us to account for the non-responses. It would be most helpful if you could please return the 
questionnaire to me before April 24,1992. 

Thank you very much for your consideration and cooperation. 

Sincerely, 

Jane LeMaster 
Project Director 

cc: Dr. Mary S. Thibodeaux 
Associate Professor of Management 
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REMINDER!! 

A couple of weeks ago I sent you a questionnaire and asked for your 
help in my research on technology transfer between the United States 
and Mexico. If you have already returned the questionnaire, THANK 
YOU very much. If you have not, will you please take the time? It 
takes about 20 minutes to complete and I really need your help in order 
to complete this research! 

Thank you, 

Jane LeMaster 
University of North Texas 
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JANE LEMASTER 
510 N.7TH STREET 
MCALLEN, TEXAS 78501 
(512)686-3108 
FAX (512) 381-3527 

May 15, 1992 

FIELD(l) 
FIELD(2) 
FIELD(3) 
FIELD(4) 
FIELD(5) 

Dear FIELD(6): 

A few weeks ago we sent a questionnaire to you concerning technology transfer 
between the United States and Mexico. We requested the questionnaire be returned by 
April 24th. We have extended our study because it is so important for us to have 
your input 

For your convenience we have mailed another questionnaire which you should 
receive within a few days. The purpose of our research is to determine how potential 
problems associated with the business environment impact the particular mechanism/mode 
a firm uses to transfer technology (licensing, joint venture, wholly-owned sub, etc.). The 
results from the study should be helpful to you and all managers of firms with foreign 
operations. 

Please feel free to return the questionnaire by fax. The Engineering Department at 
the University of Texas - Pan American is allowing me access to their FAX machine. The 
FAX number is: 512-381-3527 

Again, I cannot overemphasize the importance of your input to our study. Will 
you please complete the questionnaire and return it in the enclosed envelope or through 
the FAX number noted above. 

Sincerely, 

Jane LeMaster 
Project Director 

Dr. Mary S. Thibodeaux 
Associate Professor of Management 
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JANE LEMASTER 
510 N. 7TH ST 
MCALLEN,TX 78501 
HOME: 512-686-3108 
FAX: 512-381-3527 

June 2, 1992 

-1 
-2 

-3 
-4 
-5 

Dear ~6: 

Over the past several months I sent you several letters, postcards, and perhaps 
even a FAX, and I apologize for being so persistent. However, part of our research 
design was based on those companies who had agreed to participate in our study. Our 
study concerns problems in the business environment that are associated with technology 
transfer from the United States to Mexico. We are currently 28 questionnaires short of 
the required acceptable number. Your company is one of the 28 that has not returned the 
questionnaire. 

Will you please take the time to answer the questionnaire and return it as soon as 
possible. If the questionnaire has been misplaced or lost, I will be happy to send another. 
I can be reached either at HOME - 512-686-3108, or by FAX - 512-381-3527. 

I do recognize the demands which must be made on your time and I appreciate 
very much your willingness to participate in our study because it is managers like you who 
guide academicians like me through the research process. 

Sincerely, 

Jane LeMaster 
Project Director 

c: Dr. Mary S. Thibodeaux 
Associated Professor of Management 
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Demographic Information on Individual Respondents 

RESPONDENT 

AGE (n=84; mean=49) EDUCATION (n=77) 

26-35 7% Ph.D. 9% 
36-45 23% MBA 26% 
46-55 43% MS/MA 14% 
56-65 24% BS/BA 44% 
66 and older = 3% Other = 7% 

YEARS IN CURRENT POSITION POSITION TITLE 
(n=84; mean=6 yrs; range=l-33 years) 

1 - 5 60% Pres/CEO 34% 
6-10 20% V-Pres 36% 
11-15 9% Director = 14% 
16-33 11% Manager = 16% 

YEARS IN INDUSTRY NUMBER OF COUNTRIES 
(n=83; mean=20.4 yrs; range=l-50 years) WORKED IN (n=90; mean=4.4; 

range=l-50) 
1-10 18% 
11-20 31% 1 - 5 81% 
21-30 38% 6-50 19% 
31-50 13% 

NOTE: Of the 84 respondents completing the GENDER question, 100% marked MALE 
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Industries Represented in Research Determined by Standard Industrial 
Classification (SIC) Code 

INDUSTRY (n=90) 

PRIMARY INDUSTRY TWO-DIGIT SIC CODE % REPRESENTATION 

Mining 10-14 1% 
Manufacturing* 20-39 76% 
Wholesale 50-51 13% 
Retail 52-59 1% 
Finance/Real Estate 60-67 1% 
Services 70-89 8% 

"INDUSTRIES REPRESENTED WITHIN MANUFACTURING (n=68) 

INDUSTRY TWO-DIGIT SIC CODE % REPRESENTATION 

Food 20 4% 
Textiles 22 1% 
Paper 26 1% 
Publishing 27 3% 
Chemicals 28 24% 
Petroleum 29 6% 
Rubber 30 6% 
Stone 32 3% 
Metals 33 1% 
Fabrication 34 12% 
Mechanical Equipment 35 22% 
Electrical 36 6% 
Instrumentation 38 1% 
Miscellaneous 39 10% 
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Multinomial Regression Analysis for Mode of Transfer and Technology 
Characteristics with Home Company Characteristics 

PARAMETER ESTIMATE S.E. T-RATIO P-VALUE 

Intercept 1.348 2.111 0.638 0.523 
Technology Characteristics 

Person -0.253 0.252 l ©
 

o 0.316 
Product 0.613 0.306 2.004 0.045 
Process -0.905 0.310 -2.916 0.004 

Home Company 1.601 0.665 2.409 0.016 
LICENSE 
Intercept -1.316 1.954 -0.673 0.501 
Technology Characteristics 

Person 0.043 0.219 0.196 0.845 
Product 0.019 0.249 0.077 0.939 
Process 0.176 0.293 0.601 0.548 

Home Company -0.421 0.588 -0.716 0.474 
WHOLLY-OWNED 
Intercept 0.371 1.536 0.241 0.809 
Technology Characteristics 

Person 0.115 0.176 0.652 0.514 
Product 0.315 0.204 1.543 0.123 
Process -0.180 0.223 -0.808 0.419 

Home Company 0.945 0.503 1.881 0.060 
JOINT VENTURE 
Intercept -1.363 1.903 -0.716 0.474 
Technology Characteristics 

Person -0.082 0.204 -0.402 0.687 
Product 0.417 0.252 1.656 0.098 
Process -0.015 0.265 -0.058 0.954 

Home Company 0.188 0.567 0.331 0.741 

LOG LIKELIHOOD OF CONSTANTS ONLY MODEL = LL(0) = -127.083 
2*[LL(N)-LL(0)] = 47.197 WITH 16 DOF, CHI-SQ P-VALUE = 0.000 
MARGINAL =15.832 WITH 4 DOF, CHI-SQ P-VALUE=0.003 

INDIVIDUAL DERIVATIVES 

PARAMETER EXP. LIC. W-O J.V. OTH/COMB 

Intercept 0.100 -0.117 0.173 -0.182 0.026 
Technology Characteristics 

Person -0.023 0.001 0.041 -0.016 -0.003 
Product 0.023 -0.025 0.008 0.021 -0.027 
Process -0.056 0.029 -0.002 0.018 0.011 

Home Company 0.067 -0.096 0.133 -0.054 -0.050 
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Multinomial Regression Analysis for Mode of Transfer and Technology 
Characteristics with Home Company Characteristics and Host Company 
Characteristics 

PARAMETER ESTIMATE S.E. T-RATIO P-VALUE 

EXPORT 
Intercept 1.420 2.122 0.669 0.503 
Technology Characteristics 

Person -0.270 0.253 -1.066 0.287 
Product 0.626 0.314 2.024 0.043 
Process -0.922 0.685 -2.936 0.003 

Hom6 Company 1.647 0.645 2.405 0.016 
Host Company -0.121 0.645 -0.187 0.851 
LICENSE 
Intercept -1.045 1.997 -0.523 0.601 
Technology Characteristics 

Person 0.031 0.222 0.138 0.890 
Product 0.032 0.256 0.126 0.900 
Process 0.112 0.300 0.374 0.709 

Home Company -0.299 0.627 -0.477 0.633 
Host Company -0.559 0.536 -1.043 0.297 
WHOLLY-OWNED 
Intercept 0.402 1.541 0.261 0.794 
Technology Characteristics 

Person 0.090 0.175 0.516 0.606 
Product 0.320 0.206 1.559 0.119 
Process -0.177 0.225 -0.788 0.431 

Home Company 0.910 0.520 1.752 0.080 
Host Company 0.199 0.412 0.482 0.630 
JOINT VENTURE 
Intercept -1.268 1.996 -0.635 0.525 
Technology Characteristics 

Person -0.038 0.212 -0.178 0.859 
Product 0.435 0.264 1.649 0.099 
Process -0.124 0.274 -0.454 0.650 

Home Company 0.328 0.599 0.547 0.584 
Host Company -0.925 0.599 -1.655 0.098 

LOG LIKELIHOOD OF CONSTANTS ONLY MODEL = LL(0) = -127.083 
2*[LL(N)-LL(0)] = 55.382 WITH 20 DOF, CHI-SQ P-VALUE = 0.000 
MARGINAL = 8.184 WITH 4 DOF, CHI-SQ P-VALUE = 0.085 
MCFADDEN'S RHO-SQUARED = 0.218 
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INDIVIDUAL DERIVATIVES 

PARAMETER EXP. LIC. W-O J.V. OTH/COMB 

Intercept 0.103 
Technology Characteristics 

Person -0.023 
Product 0.023 
Process -0.056 

Home Company 0.070 
Host Company -0.004 

-0.088 

0.001 
-0.025 
0.025 
-0.082 
-0.037 

0.135 

0.032 
0.007 
0.011 
0.098 
0.126 

-0.163 

-0.007 
0.022 
0.006 
-0.031 
-0.103 

0.013 

-0.003 
-0.028 
0.014 

-0.055 
0.017 
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Multinomial Regression Analysis for Mode of Transfer and Technology 
Characteristics, Home Company Characteristics, Host Company Characteristics, 
and Industry-Specific Characteristics 

PARAMETER ESTIMATE S.E. T-RATIO P-VALUE 

Intercept -0.440 2.932 -0.150 0.503 
Technology Characteristics 

Person -0.232 0.264 -0.876 0.287 
Product 0.631 0.322 1.956 0.050 
Process -0.893 0.325 -2.750 0.006 

Home Company 1.917 0.751 2.552 0.011 
Host Company -0.041 0.663 -0.061 0.951 
Industiy-Specific Characteristics 

U.S. -0.264 0.495 -0.534 0.593 
Mexico 0.719 0.470 1.530 0.126 

LICENSE 
Intercept -1.042 2.670 -0.390 0.696 
Technology Characteristics 

Person -0.020 0.229 -0.089 0.929 
Product 0.150 0.275 0.544 0.587 
Process 0.106 0.307 0.347 0.729 

Home Company -0.035 0.669 -0.052 0.958 
Host Company -0.533 0.542 -1.983 0.325 
Industry-Specific Characteristics 

U.S. -0.576 0.470 -1.228 0.220 
Mexico 0.518 0.373 1.388 0.165 

WHOLLY-OWNED 
Intercept 1.120 2.059 0.544 0.586 
Technology Characteristics 

Person 0.062 0.179 0.345 0.730 
Product 0.375 0.218 1.725 0.085 
Process -0.156 0.228 -0.683 0.495 

Home Company 1.057 0.561 1.886 0.059 
Host Company 0.259 0.423 0.613 0.540 
Industry-Specific Characteristics 

U.S. -0.316 0.387 -0.816 0.414 
Mexico 0.072 0.274 0.263 0.793 
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PARAMETER ESTIMATE S.E. T-RATIO P-VALUE 

JOINT VENTURE 
Intercept -0.832 2.627 -0.317 0.751 
Technology Characteristics 

Person -0.071 0.217 -0.328 0.743 
Product 0.498 0.276 1.805 0.071 
Process -0.108 0.278 -0.390 0.696 

Home Company 0.476 0.624 0.763 0.446 
Host Company -0.849 0.561 -1.514 0.130 
Industry-Specific Characteristics 

U.S. -0.401 0.438 -0.915 0.360 
Mexico 0.254 0.326 0.778 0.437 

LOG LIKELIHOOD OF CONSTANTS ONLY MODEL = LL(0) = -127.083 
2*[LL(N)-LL(0)] - 62.430 WITH 28 DOF, CHI-SQ P-VALUE = 0.000 
MARGINAL = 7.048 WITH 8 DOF. CHI-SQ P-VALUE = 0.531 

INDIVIDUAL DERIVATIVES 

PARAMETER EXP. LIC. W-O J.V. OTH/COMB 

Intercept -0.060 -0.115 0.328 -0.131 -0.023 
Technology Characteristics 

Person -0.017 -0.001 0.027 -0.008 -0.000 
Product 0.018 -0.018 0.010 0.023 -0.034 
Process -0.051 0.023 0.009 0.006 0.013 

Home Company 0.075 -0.068 0.098 -0.033 -0.072 
Host Company 0.000 -0.036 0.125 -0.099 0.010 
Industiy-Specific Characteristics 

U.S. 0.004 -0.027 -0.003 -0.009 0.034 
Mexico 0.038 0.033 -0.053 0.002 -0.021 
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Multinomial Regression Analysis for Mode of Transfer and Technology 
Characteristics, Home Company Characteristics, Host Company Characteristics, 
Industry-Specific Characteristics, and Political/Legal Barriers 

PARAMETER ESTIMATE S.E. T-RATIO P-VALUE 

Intercept 1.603 3.332 0.481 0.630 
Technology Characteristics 

Person -0.225 0.292 -0.770 0.442 
Product 0.587 0.342 1.715 0,086 
Process -0.701 0.352 -1.991 0.047 

Home Company 2.117 0.785 2.696 0.007 
Host Company 0.406 0.758 0.535 0.593 
Industry-Specific Characteristics 

U.S. -0.316 0.518 -0.610 0.542 
Mexico 0.701 0.466 1.506 0.132 

Political/Legal Barriers 
Avail, of Tax Breaks -0.575 0.441 -1.304 0.192 
Gov't. Regulations -0.135 0.363 -0.372 0.710 

LICENSE 
Intercept 1.471 3.248 0.453 0.651 
Technology Characteristics 

Person 0.081 0.261 0.309 0.757 
Product =0.067 0.313 -0.215 0.830 
Process 0.247 0.336 0.736 0.462 

Home Company 0.313 0.718 0.436 0.663 
Host Company -0.532 0.622 -0.855 0.393 
Industry-Specific Characteristics 

U.S. -0.716 0.515 -1.392 0.164 
Mexico 0.551 0.387 1.423 0.155 

Political/Legal Barriers 
Avail, of Tax Breaks -0.746 0.399 -1.867 0.062 
Gov't. Regulations 0.102 0.318 0.320 0.749 

WHOLLY-OWNED 
Intercept 2.721 2.449 1.111 0.267 
Technology Characteristics 

Person 0.100 0.196 0.507 0.612 
Product 0.325 0.227 1.436 0.151 
Process -0.100 0.252 -0.399 0.690 

Home Company 1.222 0.590 2.070 0.038 
Host Company 0.462 0.484 0.955 0.339 
Industiy-Specific Characteristics 

U.S." -0.375 0.408 -0.920 0.358 
Mexico 0.122 0.283 0.431 0.667 

Political/Legal Barriers 
Avail, of Tax Breaks -0.389 0.300 -1.297 0.195 
Gov't. Regulations -0.072 0.257 0.282 0.778 
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PARAMETER ESTIMATE S.E. T-RATIO P-VALUE 

JOINT VENTURE 
Intercept -2.253 3.157 -0.714 0.475 
Technology Characteristics 

Person -0.086 0.238 -0.362 0.718 
Product 0.562 0.295 1.907 0.056 
Process -0.200 0.309 -0.645 0.519 

Home Company 0.107 0.666 0.160 0.873 
Host Company -0.833 0.574 -1.451 0.147 
Industry-Specific Characteristics 

U.S. -0.262 0.471 -0.557 0.578 
Mexico 0.288 0.348 0.828 0.408 

Political/Legal Barriers 
Avail, of Tax Breaks 0.247 0.343 0.721 0.471 
Gov't. Regulations -0.034 0.293 -0.116 0.907 

LOG LIKELIHOOD OF CONSTANTS ONLY MODEL = LL(0) = -127.083 
2*[LL(N)-LL(0)] = 77.598 WITH 36 DOF, CHI-SQ P-VALUE = 0.000 
MARGINAL = 15.168 WITH 6 DOF, CHI-SQ P-VALUE = 0.019 
MCFADDEN'S RHO-SQUARED = 0.305 

INDIVIDUAL DERIVATIVES 

PARAMETER EXP. LIC. W-0 J.V. OTH/COMB 

Intercept -0.011 
Technology Characteristics 

Person -0.018 
Product 0.018 
Process -0.040 

Home Company 0.076 
Host Company 0.015 
Industry-Specific Characteristics 

U.S. 0.004 
Mexico 0.033 

Political/Legal Barriers 
Avail, of Tax Breaks -0.016 
Gov't. Regulations -0.006 

0.031 

0.005 
-0.034 
0.033 
-0.043 
-0.052 

-0.036 
0.031 

-0.045 
-0.013 

0.490 

0.030 
0.009 
0.012 
0.116 
0.136 

-0.011 
-0.047 

-0.027 
-0.010 

-0.397 

-0.013 
0.034 
-0.013 
-0.075 
-0.099 

0.009 
0.006 

0.062 
-0.000 

-0.113 

-0.003 
-0.028 
0.008 
-0.074 
0.001 

0.035 
-0.022 

0.027 
0.003 
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Multinomial Regression Analysis for Mode of Transfer and Technology 
Characteristics, Home Company Characteristics, Host Company Characteristics, 
Industry-Specific Characteristics, Political/Legal and Sociocultural Barriers 

PARAMETER ESTIMATE S.E. T-RATIO P-VALUE 

Intercept 0.774 3.578 0.216 0.956 
Technology Characteristics 

Person -0.231 0.297 -0.777 0.829 
Product 0.659 0.357 1.846 0.437 
Process -0.722 0.359 -2.011 0.065 

Home Company 1.996 0.808 2.470 0.044 
Host Company 0.450 0.770 0.584 0.013 
Industry Specific Characteristics 

U.S. -0.323 0.520 -0.621 0.559 
Mexico 0.625 0.472 1.325 0.535 

Political/Legal Barriers 
Avail. Tax Breaks -0.602 0.452 -1.330 0.183 
Gov't Regulations -0.227 0.383 -0.593 0.553 

Sociocultural Barriers 
Workforce Work Ethic 0.413 0.393 1.051 0.293 

LICENSE 
Intercept 0.152 3.472 0.044 0.965 
Technology Characteristics 

Person 0.072 0.267 0.270 0.787 
Product 0.010 0.320 0.030 0.976 
Process 0.221 0.346 0.638 0.523 

Home Company 0.257 0.716 0.358 0.720 
Host Company -0.511 0.633 -0.808 0.419 
Industry-Specific Characteristics 

U.S. -0.678 0.531 -1.278 0.201 
Mexico 0.489 0.398 1.230 0.219 

Political/Legal Barriers 
Avail. Tax Breaks -0.766 0.408 -1.876 0.061 
Gov't Regulations -0.020 0.342 -0.059 0.953 

Sociocultural Barriers 
Workforce Work Ethic 0.505 0.351 1.437 0.151 
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PARAMETER ESTIMATE S.E. T-RATIO P-VALL 

WHOLLY-OWNED 
Intercept 2.311 2.659 0.869 0.385 
Technology Characteristics 

Person 0.095 0.202 0.471 0.637 
Product 0.355 0.231 1.532 0.126 
Process -0.126 0.258 -0.487 0.626 

Home Company 1.209 0.588 2.057 0.040 
Host Company 0.494 0.480 1.027 0.304 
Industry-Specific Characteristics 

U.S. -0.357 0.408 -0.876 0.381 
Mexico 0.080 0.286 0.279 0.780 

Political/Legal Barriers 
Avail. Tax Breaks -0.386 0.297 -1.299 0.194 
Gov't Regulations -0.170 0.284 0.599 0.549 

Sociocultural Barriers 
Workforce Work Ethic 0.269 0.298 0.904 0.366 

JOINT VENTURE 
Intercept -3.007 3.340 -0.900 0.368 
Technology Characteristics 

Person -0.108 0.243 -0.443 0.658 
Product 0.621 0.302 2.058 0.040 
Process -0.225 0.314 -0.716 0.474 

Home Company 0.088 0.666 0.132 0.895 
Host Company -0.829 0.582 -1.425 0.154 
Industry-Specific Characteristics 

U.S. -0.246 0.471 -0.522 0.602 
Mexico 0.237 0.351 0.676 0.499 

Political/Legal Barriers 
Avail. Tax Breaks 0.253 0.346 0.732 0.464 
Gov't Regulations -0.156 0.328 -0.476 0.634 

Sociocultural Barriers 
Workforce Work Ethic 0.377 0.353 1.068 0.285 

LOG LIKELIHOOD OF CONSTANTS ONLY MODEL = LL(0) = -127.083 
2*[LL(N)-LL(0)] = 80.237 WITH 40 DOF, CHI-SQ P-VALUE = 0.000 
MARGINAL = 2.639 WITH 4 DOF, CHI-SQ P-VALUE = 0.620 
MCFADDEN'S RHO-SQUARED = 0.316 



INDIVIDUAL DERIVATIVES 
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PARAMETER EXP. LIC. W-0 J.V. OTH/COMB 

Intercept -0.029 
Technology Characteristics 

Person -0.018 
Product 0.020 
Process -0.039 

Home Company 0.069 
Host Company 0.016 
Industry-Specific Characteristics 

U.S. 0.002 
Mexico 0.031 

Political/Legal Barriers 
Avail. Tax Breaks -0.018 
Gov't Regulations -0.005 

Sociocultural Barriers 
Workforce Work Ethic 0.008 

-0.037 

0.005 
-0.030 
0.032 
-0.045 
-0.050 

-0.033 
0.028 

-0.046 
0.010 

0.020 

0.544 

0.031 
0.005 
0.011 
0.121 
0.136 

-0.011 
-0.046 

-0.025 
-0.013 

-0.009 

-0.420 

-0.015 
0.037 
-0.013 
-0.075 
-0.100 

0.009 
0.005 

0.063 
-0.004 

0.010 

-0.058 

-0.003 
-0.032 
0.010 
-0.071 
-0.002 

0.032 
-0.017 

0.026 
0.012 

-0.029 
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Multinomial Regression Analysis for Mode of Transfer and Technology 
Characteristics, Home Company Characteristics, Host Company Characteristics, 
Industry-Specific Characteristics, Political/Legal, Sociocultural, and Economic 
Barriers 

PARAMETER ESTIMATE S.E. T-RATIO P-VALUE 

Intercept 1.147 3.891 0.295 0.768 
Technology Characteristics 

Person -0.311 0.314 -0.989 0.323 
Product 0.429 0.374 1.147 0.251 
Process -0.572 0.378 -1.515 0.130 

Home Company 2.544 0.968 2.627 0.009 
Host Company 0.367 0.843 0.435 0.663 
Industry-Specific Characteristics 

U.S. -0.380 0.551 -0.690 0.490 
Mexico 0.831 0.526 1.579 0.114 

Political/Legal Barriers 
Avail. Tax Breaks -0.856 0.549 -1.559 0.119 
Gov't. Regulations -0.260 0.430 -0.606 0.545 

Sociocultural Barriers 
Workforce Work Ethic 0.245 0.442 0.554 0.579 

Economic Barriers 
General Health of Region -0.098 0.464 -0.210 0.833 
Wage Rates 0.621 0.460 1.351 0.177 

LICENSE 
Intercept -2.402 4.399 -0.546 0.585 
Technology Characteristics 

Person 0.175 0.304 0.576 0.565 
Product -0.006 0.342 -0.019 0.985 
Process 0.226 0.380 0.594 0.552 

Home Company 0.414 0.746 0.555 0.579 
Host Company -0.761 0.673 -1.131 0.258 
Industry-Specific Characteristics 

U.S. -0.594 0.537 -1.106 0.269 
Mexico 0.611 0.436 1.401 0.161 

Political/Legal Barriers 
Avail. Tax Breaks -0.922 0.458 -2.011 0.044 
Gov't Regulations -0.005 0.377 -0.014 0.989 

Sociocultural Barriers 
Workforce Work Ethic 0.372 0.381 0.975 0.330 
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PARAMETER ESTIMATE S.E. T-RATIO P-VALUE 

Economic Barriers 
General Health of Region 0.600 
Wage Rates -0.118 

WHOLLY-OWNED 
Intercept 2.987 
Technology Characteristics 

Person 0.090 
Product 0.366 
Process -0.147 

Home Company 1.229 
Host Company 0.574 
Industry-Specific Characterises 

U.S. -0.410 
Mexico 0.070 

Political/Legal Barriers 
Avail. Tax Breaks -0.360 
Gov't Regulations -0.159 

Sociocultural Barriers 
Workforce Work Ethic 0.289 

Economic Barriers 
General Health of Region -0.101 
Wage Rates -0.058 

JOINT VENTURE 
Intercept -3.648 
Technology Characteristics 

Person -0.135 
Product 0.598 
Process -0.190 

Home Company 0.132 
Host Company -0.895 
Industry-Specific Characteristics 

U.S. -0.242 
Mexico 0.287 

Political/Legal Barriers 
Avail. Tax Breaks 0.235 
Gov't Regulations -0.221 

Sociocultural Barriers 
Workforce Work Ethic 0.380 

0.411 
0.403 

2.896 

0.208 
0.236 
0.262 
0.622 
0.514 

0.414 
0.302 

0.296 
0.292 

0.315 

0.287 
0.262 

3.613 

0.259 
0.305 
0.322 
0.698 
0.606 

0.475 
0.369 

0.346 
0.343 

0.369 

1.460 
-0.292 

1.031 

0.412 
1.550 

-0.562 
1.976 
1.117 

-0.991 
0.232 

-1.219 
-0.546 

0.919 

-0.354 
-0.220 

-1.010 

-0.522 
1.958 

-0.592 
0.189 
-1.478 

-0.510 
0.779 

0.679 
-0.643 

1.029 

0.144 
0.771 

0.302 

0.667 
0.121 
0.574 
0.048 
0.264 

0.322 
0.817 

0.223 
0.585 

0.358 

0.724 
0.826 

0.313 

0.602 
0.050 
0.554 
0.850 
0.139 

0.610 
0.436 

0.497 
0.520 

0.303 
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PARAMETER ESTIMATE S.E. T-RATIO P-VALUE 

Economic Barriers 
General Health of Region 0.155 
Wage Rates 0.063 

0.331 
0.316 

0.469 
0.201 

0.639 
0.841 

LOG LIKELIHOOD OF CONSTANTS ONLY MODEL = LL(0) = -127.083 
2*JLL(N)-LL(0)] = 89.428 WITH 48 DOF, CHI-SQ P-VALUE = 0.000 
MARGINAL = 9191 WITH 8 DOF, CHI-SQ P-VALUE = 0.326 
MCFADDEN'S RHO-SQUARED = 0.352 

INDIVIDUAL DERIVATIVES 

PARAMETER EXP. LIC. W-O J.V. OTH/COMB 

Intercept -0.015 -0.228 0.757 -0.465 -0.049 
Technology Characteristics 

Person -0.021 0.014 0.028 -0.018 -0.003 
Product 0.005 -0.027 0.018 0.036 -0.031 
Process -0.026 0.029 -0.002 -0.011 0.010 

Home Company 0.089 -0.033 0.095 -0.075 -0.076 
Host Company 0.008 -0.063 0.161 -0.104 -0.003 
Industry-Specific Characteristics 

U.S. 0.000 -0.021 -0.023 0.011 0.033 
Mexico 0.038 0.032 -0.058 0.007 -0.019 

Political/Legal Barriers 
Avail. Tax Breaks -0.030 -0.053 -0.007 0.063 0.026 
Gov't Regulations -0.007 0.011 -0.007 -0.011 0.013 

Sociocultural Barriers 
Work Ethic -0.003 0.008 0.008 0.013 -0.027 

Economic Barriers 
Health of Region -0.006 0.045 -0.045 0.010 -0.005 
Wage Rates 0.037 -0.011 -0.033 0.007 0.001 
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Multinomial Regression Analysis for Mode of Transfer and Technology 
Characteristics, Home Company Characteristics, Host Company Characteristics, 
Industry-Specific Characteristics, Political/Legal, Sociocultural, Economic and 
Technological Barriers 

PARAMETER ESTIMATE S.E. T-RATIO P-VALUE 

EXPORT 
Intercept 2.100 3.986 0.527 0.598 
Technology Characteristics 

Person -0.313 0.315 -0.993 0.321 
Product 0.350 0.395 0.886 0.376 
Process -0.647 0.387 -1.674 0.094 

Home Company 2.542 0.969 2.624 0.009 
Host Company 0.368 0.852 0.433 0.665 
Industry-Specific Characteristics 

U.S. -0.471 0.560 -0.840 0.401 
Mexico 0.884 0.554 1.595 0.111 

Political/Legal Barriers 
Avail. Tax Breaks -0.954 0.579 -1.646 0.100 
Gov't Regulations -0.325 0.474 -0.686 0.493 

Sociocultural Barriers 
Workforce Work Ethic 0.111 0.461 0.240 0.810 

Economic Barriers 
General Health of Region -0.167 0.479 -0.349 0.727 
Wage Rates 0.630 0.466 1.353 0.176 

Technological Barriers 
Logistics 0.376 0.534 0.704 0.481 

LICENSE 
Intercept -2.036 4.483 -0.454 0.650 
Technology Characteristics 

Person 0.165 0.303 -0.545 0.586 
Product -0.017 0.337 -0.050 0.961 
Process 0.194 0.388 0.501 0.616 

Home Company 0.358 0.759 0.472 0.637 
Host Company -0.785 0.682 -1.151 0.250 
Industry-Specific Characteristics 

U.S. -0.566 0.548 -1.033 0.302 
Mexico 0.539 0.437 1.233 0.217 

Political/Legal Barriers 
Avail. Tax Breaks -0.891 0.474 -1.878 0.060 
Gov't Regulations 0.017 0.369 0.045 0.964 

Sociocultural Barriers 
Workforce Work Ethic 0.325 0.398 0.817 0.414 
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PARAMETER ESTIMATE S.E. T-RATIO P-VALUE 

Economic Barriers 
General Health of Region 0.574 
Wage Rates -0.100 

Technological Barriers 
Logistics 0.017 

WHOLLY-OWNED 
Intercept 3.882 
Technology Characteristics 

Person 0.079 
Product 0.321 
Process -0.214 

Home Company 1.219 
Host Company 0.561 
Industry-Specific Characteristics 

U.S. -0.469 
Mexico 0.083 

Political/Legal Barriers 
Avail. Tax Breaks -0.430 
Gov't Regulations 0.184 

Sociocultural Barriers 
Workforce Work Ethic 0.177 

Economic Barriers 
General Health of Region -0.185 
Wage Rates -0.055 

Technological Barrio's 
Logistics 0.273 

JOINT VENTURE 
Intercept -2.642 
Technology Characteristics 

Person -0.154 
Product 0.561 
Process -0.300 

Home Company 0.166 
Host Company -0.927 
Industry-Specific Characteristics 

U.S. -0.345 
Mexico 0.315 

0.414 
0.404 

0.407 

3.016 

0.207 
0.236 
0.272 
0.624 
0.511 

0.417 
0.301 

0.312 
0.287 

0.334 

0.293 
0.261 

0.329 

3.733 

0.262 
0.312 
0.338 
0.712 
0.604 

0.483 
0.377 

1.388 
-0.246 

0.042 

1.287 

0.382 
1.361 

-0.789 
1.953 
1.098 

-1.124 
0.276 

-1.379 
-0.640 

0.531 

-0.631 
-0.210 

0.830 

-0.708 

-0.587 
1.799 

-0.888 
0.234 
-1.535 

-0.714 
0.835 

0.165 
0.805 

0.967 

0.198 

0.703 
0.173 
0.430 
0.051 
0.272 

0.261 
0.783 

0.168 
0.522 

0.595 

0.528 
0.834 

0.406 

0.479 

0.557 
0.072 
0.375 
0.815 
0.125 

0.475 
0.404 
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PARAMETER ESTIMATE S.E. T-RATIO P-VALUE 

Political/Legal Barriers 
Avail. Tax Breaks 0.130 0.359 0.363 0.716 
Gov't Regulations -0.278 0.352 -0.791 0.429 

Sociocultural Barriers 
Workforce Work Ethic 0.227 0.389 0.584 0.559 

Economic Barriers 
General Health of Region 0.042 0.344 0.121 0.904 
Wage Rates 0.075 0.328 0.229 0.819 

Technological Barriers 
Logistics 0.449 0.370 1.212 0.225 

LOG LIKELIHOOD OF CONSTANTS ONLY MODEL = LL(0) = -127.083 
2*[LL(N)-LL(0)] = 91.837 WITH 52 DOF, CHI-SQ P-VALUE = 0.001 
MARGINAL = 2.409 WITH 4 DOF, CHI-SQ P-VALUE = 0.661 
MCFADDEN'S RHO-SQUARED = 0.361 

INDIVIDUAL DERIVATIVES 

PARAMETER EXP. LIC. W-0 J.V. OTH/COMB 

Intercept -0.007 -0.249 0.803 -0.428 -0.118 
Technology Characteristics 

Person -0.020 0.013 0.028 -0.019 -0.002 
Product 0.089 -0.035 0.014 0.034 -0.027 
Process 0.009 -0.062 -0.004 -0.016 0.016 

Home Company 0.089 -0.035 0.091 -0.071 -0.074 
Host Company 0.009 -0.062 0.159 -0.105 -0.001 
Industry-Specific Characteristics 

U.S. -0.002 -0.015 -0.025 0.004 0.038 
Mexico 0.040 0.025 -0.056 0.010 -0.019 

Political/Legal Barriers 
Avail. Tax Breaks -0.032 -0.045 -0.012 0.057 0.032 
Gov't Regulations -0.009 0.014 -0.006 -0.015 0.015 

Sociocultural Barriers 
Work Ethic -0.004 0.012 0.003 0.006 -0.017 



PARAMETER EXP. LIC. W-O J.V. 
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OTH/COMB 

Economic Barriers 
Heallii of Region -0.005 
Wage Rates 0.037 

Technological Barriers 
Logistics 0.007 

0.047 
-0.010 

-0.018 

-0.048 
-0.035 

0.009 

0.005 
0.007 

0.025 

0.002 
0.000 

-0.023 
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