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ABSTRACT 

Identifying predictors of computer use such as attitude, anxiety, and receptivity to 

change have been the primary area of interest in instmctional technology. Research 

relating to the diffusion of innovations in education has been based primarily on looking 

at these individual characteristics as predictors of use. 

This dissertation proposes to use social network analysis to study the diffusion of 

two computer-based administrative innovations within a university faculty network. 

Methodology issues concerning time of adoption and network nominations were 

examined as well as the relationship of time of adoption and the number of network 

nominations received, spatial proximity, and organizational unit proximity. Finally, the 

diffusion of the innovations was to be analyzed using the dual-classification and T/CM 

models. 

Subjects were 66 faculty members in a College of Education from a southwestern 

university during the 1996-1997 academic year. At the beginning of the study subjects 

were introduced to the innovations and asked to provide demographic information and to 

identify communication partners in the areas of advice, friendship, and discussion. At the 

conclusion of the study subjects were asked to provide feed back related to the 

innovations and to once again identify their communication partners in the areas of 

advice, friendship, and discussion. 

Results indicated that there was no significant difference between adopters recall 

time of adoption and actual time of adoption. In addition, there was no significant 

difference between network nominations for advice, friendship, and discussion identified 



at the beginning and at the end of the study. The number of network nominations 

received was found to be negatively correlated with the time of adoption. No correlation 

was found between time of adoption and spatial and organizational unit proximity. 

The diffusion process could not be studied, because the necessary threshold and 

critical mass levels were not reached. The innovations did not diffuse through the 

network. The lack of diffusion could be explained by the negative correlation between the 

number of network nominations received and the time of adoption as well as by 

comments faculty submitted related to the innovations and a graphical representation of 

the social network with the nodes of adopters shaded. 
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CHAPTER I 

INTRODUCTION 

Background of the Studv 

Rogers (1986) describes an innovation as an "idea, practice, or object perceived as 

new by an individual or other unit of adoption" (p. 117). When an innovation is 

introduced into a society, not everyone adopts this innovation at the same time. In fact, 

some never adopt the innovation. The use of computers in education is one educational 

innovation that has been of major interest. A large body of research has been published 

concerning the use of computers in education and their impact or effect on the teachers 

and students who use them. A study performed by the International Association for the 

Evaluation of Educational Achievement IIEAI (1992) stated "It would appear that we 

have taken only a few steps toward making the best use of computer-related tools in our 

schools... .Both teachers and students need better training in using and applying 

information technology" (paragraph 16). 

An additional research area concerning computers in education is to study factors 

that are related to computer use. Four primary factors studied as predictors of computer 

use are (a) computer awareness (Griswold, 1983), (b) anxiety toward computers (Farina, 

Arce, Sobral, & Carames, 1991; Weil, Rosen, & Wugalter, 1990), (c) attitude toward 

computers (Koohang, 1989; Koohang & Byrd, 1987; Loyd & Gressard, 1984; Martin, 

Heller, & Mahmoud, 1992; Martin, 1991; Massoud, 1991; Morris, 1989; Swadener & 

Hannafin, 1987; Temple & Lips, 1989; Todman & Dick, 1993; Violate, Marini, & 



Hunter, 1989; Woodrow, 1990, 1992), and (d) receptivity to change (Bailey & 

Braithwaite, 1980; Giacquinta, 1975; Kazlow, 1977; Sparks, 1987; Waugh & Punch, 

1987). Research has also been conducted to identify predictors of computer awareness, 

computer anxiety, computer attitudes and receptivity to change, which as mentioned 

previously, predict use. While each of these characteristics is related to computer use, the 

research examining these variables focuses on the individual and fails to consider how 

the adoption of computers diffuses through an individual's social setting. For example, in 

a higher education setting, which faculty members adopt computers first and how their 

adoption affects their communication partners' adoption of computers are potential 

questions of interest. 

The research into the diffusion of computers in education has focused on the 

personal characteristics of individuals as predictors of adoption. Studying the diffusion of 

innovations using network analysis changes the focus from studying individuals to 

examining the social network of the individuals. Four adoption categories based on time 

of adoption have developed out of diffusion research: (a) early adopters, (b) early 

majority, (c) late majority, and (d) laggards (Ryan & Gross, 1943). Valente (1995) has 

introduced a dual classification system that includes the time of adoption as well as 

categories based on personal network threshold. The personal network threshold 

examines the diffusion process in terms of an individual's immediate peers as opposed to 

the entire social system. The dual classification system allows examination of the 

diffusion of innovations in relation to an individual's personal network as well as the 

individual's social system. Valente used the interaction between personal exposure and 



critical mass as well as the interaction between critical mass and thresholds to develop the 

Threshold/Critical Mass (T/CM) model, which classified individuals based on the 

threshold and the threshold/critical mass parabola. 

When examining how innovations diffuse through a society or organization, 

diffusion scholars have found that, when viewed over time, the rate of diffusion forms an 

S-curve (Figure 1.1). The S-curve represents a cumulative distribution of adopters. The 

distribution rises slowly at first, because there are few adopters at each time period. Then 

the distribution accelerates to a maximum value until half of the individuals in the system 

have adopted. Then the curve's rate increases at a slower rate until the remaining 

individuals have adopted. 

One key to examining the diffusion process is to recognize that it is a social 

process in which individuals tend to adopt or not adopt an innovation as a result of 

conversations with others (Rogers, 1995). The diffusion process of various innovations 

has been studied for years. For example, Ryan and Gross (1943) were the first to identify 

the social nature of diffusion when they found that farmers credited friends and neighbors 

as the influencing agents in their adoption of hybrid seed com. However, no network data 

were collected to identify which individuals influenced other individuals to adopt the 

hybrid seed. When Coleman, Katz, and Menzel (1966) studied the diffusion of the 

prescribing of tetracycline by Illinois doctors they understood the social nature of 

diffusion and gathered the network nomination data. The network nomination data 

allowed them to identify "who talks to whom." Coleman et al. asked each doctor to 
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Figure 1.1. Typical Cumulative Adoption S-Shaped Curve and Its First Derivative for 
the Diffusion of Innovations. 

Data are from Ryan and Gross (1943) and represent the cumulative proportion of 
adopters of hybrid com seed among farmers in two Iowa communities and the number of 
new adopters per time period. 

Note. From Thresholds and the critical mass: Mathematical models of the diffusion of 
innovations (p. 12), by T. W. Valente, 1991, Unpublished doctoral dissertation. 
University of Southern California, Los Angeles. Copyright 1991 by Thomas W. Valente. 
Reprinted with permission. 



identify who they talked to professionally and casually, which in diffusion research is 

referred to as sociometric questions. These sociometric questions allowed Coleman et al. 

to perform basic network analysis to gather a better understanding of the diffusion 

process. 

Networks of communication are used by diffusion scholars to determine the rate 

of an innovation's diffusion and an individual's time of adoption (Rogers, 1995). 

Network models of diffusion can be classified in two ways: relational and structural 

(Valente, 1995). The relational network models of diffusion assert that decisions to adopt 

an innovation are based on an individual's communication partners in the social system. 

Rice (1990) classifies this coimnunication network as relational proximity. Katz (1957) 

states that opinion leaders pass information on to or influence opinion followers. Opinion 

leadership would be considered a relational model because the opinion leaders influence 

others in their social system to adopt an innovation. In contrast, stmctural models of 

diffusion assert that individuals' decisions to adopt an innovation are based on their 

position in the social system despite the direct relations that they have with others. For 

example, in a university setting a dean would adopt an innovation based on the adoption 

of the innovation by other deans because of their similarity in positions rather than 

personal communication. Structural models differ from relational models in that all 

relationships in the network are considered, not just those directly tied to an individual. 

Thus, stmctural models look at the diffusion behavior of the entire social system (i.e., 

school, organization, group) by observing the stmcture of the network. Rice places the 

structural model under the classification of positional or organizational proximity. 



Organizational unit proximity refers to employees who occupy positions within the same 

functional department and who report to the same supervisor (Rice & Aydin, 1991). A 

third proximity is spatial proximity, which refers to the degree that individuals' work 

locations are physically close to one another in an organization. Previous research has 

found that spatial proximity has the weakest social influence effect (Hackman, 1983). 

These relational and structural network models of diffusion provide insight into 

the threshold and critical mass models (Granovetter, 1978; Oliver & Marwell, 1988). 

Threshold models concentrate on individuals and critical mass models focus on social 

systems. When examined from the perspective of threshold and critical mass models, the 

network models of diffusion provide the big picture of how social systems induce social 

change for both individuals and the society in which they exist. 

A social network is a set of people (or organizations or social entities) connected 

by a set of social relationships, such as friendship, co-working, or information exchange 

(Garton, Haythomthwaite, & Wellman, 1997). Social network analysis focuses on 

pattems of relations among these people or organizations (Berkowitz, 1982; Wasserman 

& Faust, 1994; Wellman, 1988). Social network analysts seek to describe networks of 

relations as fully as possible, identify the prominent pattems in such networks, trace the 

flow of information (and other resources) through them, and discover what effects these 

relations and networks have on people and organizations. They explore the relational 

pattems and examine how involvement in such social networks helps to explain the 

behavior and attitudes of network members. They use a variety of techniques to discover 

a network's densely-knit clusters and to look for similar role relations. The units of 



analysis in social network analysis include relations, ties, multiplexity, and composition. 

Social network analysis is approached in two ways ego-centered and whole networks. 

Network characteristics such as range, centrality, and roles are examined. In addition, 

these social networks can be further studied by examining the groups or similar stmctural 

positions of individuals in the network. The study of social influence leading to behavior 

change has been of interest in medical research, primarily in the study of fertility 

(Watkins, 1995; Valente, Poppe, & Merritt, 1996). 

Past diffusion research suggests that opinion leaders have control over the flow of 

information and influence (Harik, 1971; Robinson, 1976, Rosario, 1971; Saunders, Davis, 

& Monsees, 1974). Valente (1995) expanded diffiision research by examining the 

threshold network model using data from a diffusion of tetracycline study (Coleman et 

al., 1966), a study of Brazihan farmers (Rogers, Ascroft & Rolling, 1970), and a Korean 

family planning study (Rogers & Kincaid, 1981). Using these data sets he classified the 

participants as (a) early adopters, (b) early majority, (c) late majority, and (d) laggards 

(Ryan & Gross, 1943). These adoption classifications are based on an individual's time 

of adoption compared to the average time of adoption of the social network. Valente 

established threshold classifications as (a) personal network very low thresholds, (b) 

personal network low thresholds, (c) personal network high thresholds, and (d) personal 

network very high thresholds. These categories are based on an individual's threshold 

level compared to the average threshold level of the social system. Using this 

classification system, Valente found that those individuals consistent in their social 

system and personal network thresholds generally acted as opinion leaders and provided 



insight into the flow of influence. This would mean that an individual classified as an 

early adopter and having a personal network very low threshold would likely be an 

opinion leader. Thus Valente was able to cross classify threshold distributions with time 

of adoption. Using this cross-classification of the three data sets, Valente was able to 

examine the influence of opinion leadership and cosmopolitan contact on the adoption of 

each innovation in the study. 

Valente (1995) also introduced the T/CM model of adoption based on social 

networks. This model allows the researcher to examine individuals' innovativeness in 

relation to their personal network as well as the social system in which they exist by 

combining threshold and critical mass effects into a single classification system. In this 

model the adopter categories are zero, low, and high T/CM adopters. These categories are 

based on the individual's threshold and time of adoption in relation to the critical mass of 

the social system. Using this model, Valente was able to examine how different 

categories of individuals were exposed to the innovation due to external influences and/or 

opinion leaders. 

Statement of the Problem 

The studies conducted by Ryan and Gross (1943) and Coleman et al. (1966) have 

been recognized as classic diffusion studies. However, these studies have potential 

limitations that need to be studied. The first limitation concerns the collection of the time 

of adoption data. In gathering their time of adoption data, Coleman et al. (1966) 

examined prescription records on three consecutive days every 28 days. Using this 
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method of data collection may have lead to incorrect conclusions. For example, if there 

were doctors who did not happen to prescribe tetracycline on the days the records were 

obtained, those doctors might be classified incorrectly in terms of their adopter category. 

In the Brazilian farmers and Korean family planning studies, individuals were asked to 

recall the time they adopted the innovation (Rogers et al., 1970; Rogers & Kincaid, 

1981). This method of data collection also has its limitations. Menzel (1957) and 

Coughenour (1965) point out that such recall data are suspect because the typical 

respondent has difficulty accurately recalling his or her time of adoption. 

Another potential limitation associated with these studies concerns the collection 

of the "who talks to whom" network data. The network data were either collected during 

the initial stages of the study or near the end of the data collection period (Coleman et al., 

1966; Rogers et al., 1970; Rogers & Kincaid, 1981). Such data might not tmly reflect the 

network during the time of adoption process, because changes might have occurred in the 

network nominations during the course of the study. 

This study tests the reliability of data collection methods used in some network 

analysis studies. Actual time of adoption data has been collected in order to insure 

accuracy of this measure. In addition, the "who talks to whom" network data has been 

collected at the beginning and conclusion of the study. More accurate data collection 

methods will either show the accuracy or inaccuracies of these data collection methods. 

Finally, the role of social influence on adoption behavior will be examined in 

order to provide an additional means of studying the adoption of technology within an 

education setting. The social network variables of number of nominations received and 



centrality closeness will be examined with the personal characteristics of age and 

teaching experience to examine their relation to the time of adoption. Spatial and 

organizational unit proximity will be examined to determine if they have an impact on 

adoption. Valente's (1995) models and classification schemes will be used to gather a 

greater understanding of the diffusion of innovations that have been adopted. 

Hvpotheses 

The following hypotheses were tested: 

Hvpothesis 1: There will be no difference between the means of the recall time of 

adoption and the actual time of adoption for each innovation. 

Hvpothesis 2: There will be no similarity between network nominations collected 

at the beginning and at the end of the study. 

Hvpothesis 3: Time of adoption of each innovation can be predicted using the 

number of network nominations received, university teaching experience, age, and 

centrality closeness. 

Hvpothesis 4: Neither organizational unit proximity nor spatial proximity are 

associated with time of adoption. 

Hvpothesis 5: Individuals consistent in their system and personal network 

thresholds will act as opinion leaders. 

Hvpothesis 6: Using the T/CM model, low level T/CM individuals will have the 

greatest influence on the diffusion process. 

10 



Definition of Terms 

Actual Time of Adoption is the time of adoption recorded electronically via a date 

stamp. 

"An innovation is an idea, practice, or object that is perceived as new by an 

individual or other unit of adoption" (Rogers, 1995 p. 11). 

A network consists of the pattern of communication, friendship, advice, and 

support that exists among individuals within a social system (Burt & Minor, 1983; Knoke 

& Kuklinski, 1982; Scott, 1991; Wellman, 1983). 

Network nominations are the communication partners identified by individuals in 

the social network. 

Opinion Leadership is a class of adopters who receive the most nominations from 

other individuals in the network. 

Organizational Unit Proximitv refers to employees who occupy positions within 

the same functional department, and who report to the same overall supervisor (Rice & 

Aydin, 1991). 

Personal Network is composed of those nominated as communication partners by 

an individual. 

Personal Network Threshold is the proportion of adopters in an individual's 

personal network necessary to cause the individual to adopt an innovation. 

Recall Time of Adoption is the time of adoption reported by the adopter. 

Spatial Proximitv refers to the degree that individuals' work locations are 

physically close to one another in an organization. 

11 



Svstem is the social network of individuals and their communication partners. 

Svstem Network Threshold is the proportion of adopters in an individual's system 

necessary to cause the individual to adopt an innovation. 

Threshold is "the proportion of a group needed to engage in a behavior before the 

individual is willing to do so" (Valente, 1995 p. 17). 

Threshold/Critical Mass model combines the effects of threshold and critical mass 

into a single classification scheme. 

Time of Adoption indicates the time period in which an individual adopted an 

innovation. 

Assumptions 

Potential limitations to the study include: 

1. Two participants dropped out of the study. 

2. Participants use of the innovations might be influenced by past policies and 

procedures established by the College's administration concerning the use of 

equipment. 

3. All network nomination data were self-reported and it is assumed that faculty 

responded honestly and openly in their identification of communication partners. 

4. The generalizability of the findings will be limited to other College of Education 

faculty with similar technology access and support. 
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CHAPTER n 

REVIEW OF THE LITERATURE 

This chapter will review the literature conceming the hypotheses presented in 

Chapter I. Research associated with diffusion and social networks and computer use in 

education will be presented. 

Diffusion and Social Networks 

The beginnings of diffusion research can be traced back to Tarde's (1903) book 

The Law of Imitation. Tarde observed that the rate of adoption within a social network 

tended to follow an S-shaped curve. The S-shaped curve indicated that the rate of 

diffusion starts slowly in the early stages and then progresses rapidly during the middle 

stages until it levels off in the latter stages of the diffusion process. Pemberton (1936), 

who demonstrated that the S-shaped curve depicts the rate of adoption, further developed 

Tarde's observation. 

Tarde (1903) also observed that the interpersonal communication within a social 

network occurred more frequently between individuals who were similar in occupation 

and education. Simmel (1950) later introduced the theory of communication networks, 

which was concemed with the communication ties that linked individuals. However, it 

was Moreno (1953) who developed a method of researching and analyzing the social 

networks introduced by Simmel. 
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Rogers' (1995) definition of diffusion as "the process by which an innovation is 

communicated through certain channels over time among the members of a social 

system" (p. 5) ties the concepts of diffusion and communication networks together. Four 

main elements make up the diffusion process: (a) innovation, (b) communication 

channels, (c) the social system, and (d) time. An innovation is an object, idea, or process 

that is perceived as new by the individual. Communication channels deal with how the 

message travels from one individual to another. The social system is made up of the 

interrelated group of people that is trying to achieve a common goal. There are three 

factors related to time: (1) the innovation-decision process; (2) innovativeness, and (3) 

the innovation's rate of adoption. 

The innovation-decision process is the process individuals go through when first 

obtaining knowledge about an innovation. When the initial knowledge has been obtained, 

individuals form an opinion about the innovation. After opinions have been formed, 

individuals decide whether to adopt or reject an innovation. Once they have decided to 

adopt the innovation, the individuals decide to implement the innovation. Having decided 

to implement the innovation, individuals either continue to confirm the decision to adopt 

or reject the innovation. The time involved to complete the innovation-decision process 

is a factor related to the diffusion of an innovation. The innovation's rate of adoption is 

related to the speed an innovation is adopted by the social system. As mentioned 

previously, the S-curve is a graphical representation of the adoption rate of the 

innovation. 
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Innovativeness is related to the early or late time of adoption of an innovation 

relative to the individual's social system. Adopter categories based on innovativeness 

include (a) early adopters, (b) early majority adopters, (c) late majority adopters, and (d) 

laggards (Rogers, 1995; Ryan & Gross, 1943). Rogers (1995) adds innovators as an 

additioned adopter classification; innovators are the first to adopt an innovation. 

Ryan and Gross' 1943 study is often cited as the beginning of diffusion research. 

They found that interpersonal contact among farmers was the primary influence on their 

adoption of hybrid seed com. Although Ryan and Gross identified the social process in 

the diffusion of innovations, they failed to collect data conceming who influenced whom 

in the adoption process. 

Following the Ryan and Gross (1943) study, diffusion research was conducted in 

various disciplines. In an effort to bring these diffusion studies together into a diffusion 

paradigm, Rogers (1962) wrote Diffusion of Innovations. Rogers' book brought together 

more than 500 diffusion research studies from various disciplines in order to identify the 

generalizations in theory and to suggest directions for future research in the area of 

diffusion research. 

The next major diffusion study following Rogers' (1962) book was the diffusion 

of tetracycline, conducted by Coleman et al. (1966). This was the first study to explore 

the nature of the diffusion network by focusing on the links of "who talks to whom" in 

the network rather than on the individuals. Coleman et al. found that doctors who were 

integrated in the social system were more likely to prescribe tetracycline than those 

doctors who were less integrated. In other words, doctors who tended to be more 
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involved in the local and surrounding medical community were more likely to prescribe 

tetracycline than those who tended to isolate themselves from this same community. 

Their research into this social process prompted interest in using network analysis to 

examine and explain the diffusion process. At approximately the same time that Coleman 

et al. were conducting their study, Rogers and Beal (as cited in Valente, 1995) were 

conducting a study in which they collected time of adoption and network data from 

farmers about innovative farm practices. Like Coleman et al., Rogers and Beal found that 

interpersonal communication among the farmers was important in convincing other 

farmers to adopt the use of hybrid seed com. 

Social Network Analysis 

A social network is a set of people, organizations or social entities connected by a 

set of social relationships, such as friendship, collaboration, or information exchange 

(Garton et al., 1997). Social network analysts focus on pattems of relations among these 

people, organizations, or social entities (Burt & Minor, 1983; Knoke & Kuklinski, 1982; 

Scott, 1991; Wellman, 1983). Social network analysts seek to describe networks of 

relations as fully as possible, identify prominent pattems in such networks, trace the flow 

of information and/or other resources through them, and discover what effects these 

relations and networks have on people and organizations. They explore the relational 

pattems and examine how involvement in these social networks helps to explain the 

behavior and attitudes of network members. In addition, the social network itself can be 

the research focus. Network members can be described as egos and alters. Egos are those 
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individuals identifying their communication partners. The communication partners 

identified by egos are the alters. The social network also describes indirect access to all 

those network members to whom their alters are connected. The social network approach 

facilitates the study of how information flows through direct and indirect network ties 

and how people acquire resources. 

The research conducted by Coleman et al. (1966) and Rogers and Beal (as cited in 

Valente, 1995) started a tradition of studying network models of diffusion. Granovetter 

(1973) introduced the strength of weak ties theory. This theory suggested that it is the 

weak links in a social network that act as bridges of information to different social 

groups. Though not designed around the network model, Granovetter's study had 

implications for network analysis because it is concemed with how information is 

exchanged between those who are linked throughout a social network. 

Further social network research has examined the similarities and differences of 

communication partners within a social network. Tarde (1903) found that the 

interpersonal communication within a social network occurred more frequently between 

individuals who were similar in occupation and education. Rogers and Kincaid (1981) 

refer to the similarity between individuals as homophily. Keams (1989) studied the 

diffusion of computers among administrators in Pittsburgh cities and found that the 

communication networks were made up of individuals similar in education and 

experience. This study supports the idea that diffusion networks are homophilous. 

However, Granovetter's (1973) strength of weak ties theory supports the use of 

heterophilous networks to diffuse information. In contrast to homophily, heterophily 
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refers to the difference in attributes between individuals in a social network (Rogers & 

Kincaid, 1981). Rao, Rogers, and Singh (1980) found that the characteristics of 

homophily and heterophily had an effect on the rate of diffusion within a social network. 

When studying two Indian villages, Rao et al. determined that the homophilous village 

was much less innovative and slower to adopt a new rice variety than the heterophilous 

village. Rao et al.'s study supports the theory that homophily can act as a barrier to the 

diffusion process. 

Studies that focus on how social influence promotes behavioral change are found 

in fertility research. Watkins (1995) proposes that the fertility decline in Western Europe 

in the late nineteenth and early twentieth centuries was influenced by increased talk about 

birth control techniques, abortion, and cost benefit analysis of having children. In 

interviews with elderly Italian and Jewish women, Watkins asserted that discussions 

about medicalization of childbirth, child health, and contraception and abortion 

influenced social change. Valente, Watkins, Jato, van der Straten, and Tsitsol (1997) 

found that the behavior and characteristics of the members of a woman's personal 

networks were associated with a her contraceptive use, over and above a set of her own 

individual characteristics. In addition, Valente et al. (1997) found that the perceptions of 

use were an influence, even if those perceptions were incorrect. 

18 



Social Networks 

Ego-centric and Socio-centric Networks 

There are two approaches to social network analysis (Barnes, 1972). One 

approach explores the social networks around particular points of reference (Mitchell, 

1969), which is the ego-centric approach. The ego-centric approach is based on the links 

surrounding an individual. Analysts build a picture of the social network by counting the 

number of relations, the diversity of relations, and the links between alters named in the 

network. The ego-centric approach is especially useful when the population is large or the 

boundaries of the network are hard to define (Laumann, Marsden, & Prensky, 1983; 

Wellman, 1982). The second approach to network analysis, the socio-centric approach, 

examines the whole network based on some specific criterion of population boundaries 

such as a formal organization, department, or club. This approach is based on both the 

occurrence and non-occurrence of relations among all members of a population. This 

approach describes the ties that all members of a population maintain with all others in 

that group. 

Relational and Stmctural Networks 

Relational diffusion network models concentrate on the links between members of 

the network. The influence from the relational view is communication proximity, or the 

extent to which individuals interact directly and indirectly. Rice, Collins-Jarvis, and 

Zydney-Walker (1997) classify this relational view as relational proximity. 
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The stmctural models of diffusion were first based on Granovetter's (1973, 1982) 

strength of weak ties theory. This theory suggests that the structure of the network 

determines the rate of diffusion rather than the relational links. Granovetter's theory 

argues that there must be people who are loosely connected within the network in order 

for information to diffuse. 

Collecting Network Data 

Questionnaires, interviews, diaries, observations and computer monitoring are 

used to gather information about social networks. Respondents are often asked to recall 

behavior that took place over a broad time frame in order to capture as much information 

as possible. If the time frame is too long, or the amount of information too detailed, 

reliability and accuracy are jeopardized. This can be a problem for some network 

communication studies where respondents are expected to recall not only the content of 

the interaction but also the frequency and the media of communication. There is some 

concern among social network analysts that data based on recall, although widely used, 

may be less reliable than data gathered by observation (Bernard, Killworth, Kronenfield, 

& Sailor, 1984; Coughenour, 1965; Rogers & Rogers, 1961). Although people are able to 

rank the relative frequency of communication with others, results may be biased because 

not all interactions are equally memorable (Christensen, Sullaway, & King, 1983; 

Romney & Faust, 1982). Even though the accuracy of recall time of adoption data might 

be questioned it still can provide valuable information (Coughenour, 1965). Data 

gathered by self-reporting provides a different perspective on the diffusion process than 
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data gathered by observation. Thus, recall may be better for perceptions of use, while 

observation may be better for measuring actual use. Most network researchers agree that 

the best approach is to use a combination of methods including questionnaires, 

interviews, observation, and artifacts (Rogers, 1983). In addition to survey 

questionnaires, qualitative data can be collected. Social network questionnaires are not 

restricted to asking about relations between people since researchers can also examine 

intersections between people and their group memberships. Network data can also reveal 

the structure of person-group relations and the implications for social behavior. People 

linked to people and groups are not the only sources of network data. Network analysts 

also look at other types of stmctural arrangements. 

Selecting a Sample 

Ego-centered networks 

Social network analysts gather relational data at different levels of analysis, such 

as individuals, ties, clusters, or whole networks (Wasserman & Faust, 1994). In an ego-

centered network study, a group of people are asked questions in order to generate a list 

of communication partners who are members of their personal social network. For 

example, a person may be asked to report on the people they go to for advice, friendship, 

and discussion. When the identification of communication partners is not restricted to a 

specific group, then ego-centered approaches can help identify the different social groups 

from which information is gathered (Wellman, 1982; Wellman and Wortley, 1990). Ego-

centered social network studies have almost never collected information about all the 
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relations that people have with all other members of their social network (Kochen, 1989). 

Such an effort would be prohibitively expensive (Garton et al., 1997). Boissevain (1974) 

took a year to identify all the interactions in the networks of only two persons. 

Consequently, social network analysts only observe people's specified relations with a 

sample of their network members, not their entire social network. 

Socio-centered networks 

In a socio-centered network study, participants are often given a roster of all the 

people in a specific group, and asked to identify individuals on the roster based on some 

criteria. For example, individuals might be asked to identify whom they communicate 

with, who their friends are, or which individuals they are aware of Every person in the 

group is surveyed about every other person, which gives an overall snapshot of the 

structure of relations in a network and identifies disconnections and connections. This 

approach is particularly useful to identify the relative positioning of members in a 

network as well as the partitioning of subgroups (Haythomthwaite, Wellman & Mantel, 

1995). 

Before collecting data about either ego-centered or socio-centered networks, 

researchers must consider where they are going to draw the boundaries or limitations of 

the sample. Since indirect as well as direct relations can become data, the boundary 

expands exponentially. For example, participants can be asked to report on relations or 

perceptions among the alters named in their network (Wellman, Carrington, & Hall, 

1988; Valente et al., 1997). Alters can also be asked for their own list of network 
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members to reveal indirect relations between different networks. This information is 

referred to as alter-alter relations, because the alters have identified their alters. Such data 

about alter-alter relations can provide information about the interconnectivity of the 

network, indicating how quickly information might flow among network members, how 

well the network might coordinate its activity, and how much social control it might 

exert. 

Who-talks-to-whom network data 

Data collection methods used in social network analysis are used in diffusion 

research to gather "who talks to whom" nomination data and correlate these with 

innovativeness using the time of adoption (Becker, 1970; Coleman et al., 1966; Rogers, 

1962; Rogers & Kincaid, 1981). The collection of the nomination data involves having 

individuals identify their communication partners. For example, Coleman et al. asked 

doctors to identify whom they communicated with for advice, friendship, and discussion. 

Specifically they asked doctors whom they communicated with for advice about therapy, 

who they saw socially, and with whom they discussed cases and therapy. The 

communication partners identified by the doctors are referred to as the network 

nomination data. 

To analyze nomination data the named partners are placed into a matrix in which 

the rows signify the identifier and the columns signify the communication partner(s) of 

the identifier (Figure 2.1). The nomination data are collectively referred to as network 

data. The stmcture of a network can be built by collecting network data from individuals 
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"Who" (Ego) 
Identification 
Numbers 

"To Whom" (Alter) 
Nomination 

Identification Numbers 

5 
9 
11 
16 
22 
32 
36 
46 
53 
54 
55 
62 
64 

5 
0 
0 
0 
0 
1 
0 
1 
1 
1 
0 
1 
0 
1 

9 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 

11 
0 
0 
1 
0 
1 
1 
0 
1 
1 
1 
0 
0 
1 

16 
0 
0 
1 
0 
0 
0 
0 
0 
1 
1 
1 
0 
1 

22 
0 
0 
1 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 

32 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

36 

0 
0 
0 

46 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

53 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
1 

54 
0 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 

55 
0 
1 
1 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 

62 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

64 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Figure 2.1. Example of who-to-whom network matrix. 

Note. The matrix is an asymmetric, square, binary matrix where a "1" represents a 
nomination from the row respondent to the column respondent, and a "0" represents no 
nomination. 
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within a social system. A sociogram (Figure 2.2) is a useful aid for organizing and 

identifying "who talks to whom" in the diffusion process. Rather than focusing on the 

individuals, relational networks focus on the communication links among individuals or 

the "who talks to whom" network data. 

Time of Adoption Data 

One of the keys to diffusion research is the collection of time of adoption data. 

The innovativeness of participants in diffusion research is determined by their time of 

adoption. In most cases the time of adoption is based on recall data (Ryan & Gross, 1943; 

Rogers & Kincaid, 1981). Coughenour (1965) states that if accuracy is the key, then 

participants' recall of time of adoption might not be reliable. Coughenour used an 

intraclass correlation and Robinson's coefficient of agreement to verify the reliability of 

survey data gathered by Rogers and Rogers (1961). However other researchers have 

found that not all recall times of adoption are unreliable. Studies that involved use of oral 

contraceptives found women's recall to be reliable when compared to their medical 

records (Coulter, Vessey, & McPherson, 1986; Nischan, Ebeling, Thomas, & Hirsch, 

1993; Rosenberg, Layde, Ory, Strauss, Rooks, & Rubin, 1983). These studies used a 

percentage of agreement to verify the reliability of patients' recall with their medical 

records. 

Although Coughenour (1965) questioned the accuracy of recall time of adoption 

data, he still considered recall data to be an important source of information. Errors in 

recall of time of adoption can reveal information about the innovations and about the 
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Figure 2.2. Sociogram of who-to-whom contacts from Figure 2.1. 

Note. Each rectangle represents an individual (the identification numbers from the study 
are written inside the rectangles). The arrows represent unidirectional nominations and 
the positions of individuals are drawn such that those receiving the most nominations are 
located near the center. 

26 



participants. "As time increases the amount of random error in the 'forced' specification 

of anything so ordinarily inconsequential as the date of adoption becomes increasingly 

large" (Coughenour, 1965, p.200). If an event or innovation is unusual, from the 

perspective of the adopter, then the recall tends to be more accurate. The status and/or 

acceptability of an innovation is also important. Approved innovations can enhance one's 

status where a rejected innovation poses a threat to status. Coleman et al. (1966) found 

that the average time of adoption became earlier as the adoption of tetracycline became 

more prominent. Therefore, the recall time of adoption can be tied to the perceived status 

of the innovation or the proportion of adoption within the social network. 

Units of Analysis 

Social network analysis shifts its focus from the individualism common in 

educational technology research toward a stmctural analysis, suggesting a redefinition of 

the fundamental units of analysis and the development of new analytic methods. Social 

network analysts instead focus on the relations of the participants. Relations could consist 

of the communication links among faculty or the friendship stmcture within a small 

group. The pattern of the relation is of interest as opposed to age, sex, religion, income, 

and attitudes even though these may be characteristics of the individuals among whom 

the relation exists. Social network analysts look beyond the specific attributes of 

individuals to explore the relations and exchanges among members of the network. 

Analysts ask about exchanges of resources that create and sustain work and social 
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relationships. The types of resources can be varied; they can be tangibles such as goods 

and services, or intangibles, such as influence or social support (Wellman, 1992). 

Relations 

Content, direction, and strength characterize relations or strands in social network 

analysis. The content of a relation refers to the resource that is exchanged. A relation can 

be directed or undirected. For example, one person may give social support to a second 

person, but the social support may not be returned. There are two relations here: giving 

support and receiving support. Altemately, actors may share an undirected friendship 

relationship, i.e., they both maintain the relationship and there is no specific direction to 

it. 

Ties 

A tie connects a pair of individuals in a social network by one or more relations. 

The composition of a relation or a tie is derived from the social attributes of both 

participants. For example, the tie may be between different or same sex dyads, between 

an administrator and a faculty member, or between two peers. Pairs may maintain a tie 

based on one relation only (e.g., as members of the same program), or they may maintain 

a multiplex tie based on many relations (e.g., sharing information, belonging to the same 

academic program, and conducting research together). The more relations in a tie, the 

more multiplex is the tie. Social network analysts have found that multiplex ties are more 

intimate, voluntary, supportive and durable than single ties (Wellman, 1992; Wellman & 
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Wortley, 1990). For example, a multiplex tie could consist of a tie between ego and alter 

for advice, friendship, and discussion. 

Ties also vary in content, direction, and strength. Ties are often referred to as 

weak or strong, although the definition of what is weak or strong may vary in particular 

contexts (Marsden & Campbell, 1984). Ties that are weak are generally infrequently 

maintained. For example, non-intimate connections between faculty who share no joint 

tasks or friendship relations represent weak ties. Strong ties include combinations of 

intimacy, self-disclosure, provision of reciprocal services, frequent contact, and kinship, 

as between close friends or colleagues. Both strong and weak ties play roles in resource 

exchange networks. Pairs who maintain strong ties are more likely to share what 

resources they have (Lin & Westcott, 1991; Wellman & Wortley, 1990). However, what 

they have to share can be limited by the resources entering the networks they belong to 

(Burt, 1992; McPherson & Smith-Lovin, 1986, 1987). For example, an individual's 

personal network could contain strong ties, but if his or her personal network is 

disconnected from the rest of the network, the resources available for exchange could be 

limited. Weakly tied persons, while less likely to share resources, provide access to more 

diverse types of resources because each person operates in different social networks and 

has access to different resources. The crosscutting "strength of weak ties" also integrates 

local clusters into larger social systems (Granovetter, 1974, 1982). 
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Network Characteristics 

The network data collected allow social network analysts and diffusion 

researchers to examine characteristics of the network. These network characteristics 

include the size and composition of the network, the centrality and density of the 

network, identification of the opinion leaders, and the positional and stmctural 

equivalence of the network. 

Range 

Social networks can vary in their range. Range is concemed with the size and 

heterogeneity of the social network. Larger social networks have more heterogeneity in 

the social characteristics of network members and more complexity in the stmcture of the 

social networks. Small homogeneous networks are characteristic of traditional work 

groups and village communities; they are good for conserving existing resources. 

Heterogeneous networks are good for obtaining new resources. 

Centralitv 

Stmctural centrality examines the overall pattern of relations in the network. From 

a socio-centric approach an individual is central to a social network when he or she has a 

position of strategic significance in the overall structure of the network. From an ego

centric view, an individual is central if he or she has a large number of connections with 

the other members in his or her immediate environment (Scott, 1991). Centrality is based 

on which network members are central or isolated. Social network analysis has developed 
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measures of centrality that can be used to identify network members who have the most 

connections to others, which would be a high degree of centrality. 

Centrality betweenness is based on the degree to which an individual lies between 

other individuals in the communication path (Freeman, 1979). This means that an 

individual with high centrality betweenness serves as an intermediary between many 

others in the social network. If this individual were taken out of the network, numerous 

individuals would no longer be connected. Freeman developed a measure for centrality 

betweenness that identifies how often an individual lies between the shortest path linking 

two other individuals. If an individual has a high degree of centrality betweenness, then 

that individual communicates with many individuals in the social network and has the 

potential to be influential in a number of relationships. 

Centrality closeness examines how near an individual is to others in the social 

network. Freeman also developed a measure for centrality closeness that determines the 

average number of steps necessary for an individual to reach everyone else in the social 

network. An individual with a high degree of centrality closeness is able to reach others 

in the social network more quickly than those with a lower degree of centrality closeness, 

because there are fewer intermediaries. In diffusion research, individuals who have high 

centrality betweenness or high centrality closeness are more likely to receive information 

about an innovation earlier than others in the network. 

Network centrality also examines the concentration of the links on one individual 

or among a group of individuals. If the network is centralized, then there will be a group 

of individuals who acts as the main contact. If a network is decentralized, the contacts are 
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spread throughout the social system. The diffusion rate is higher in more centralized 

networks, because once a central member or members adopt the innovation it is able to 

more rapidly diffuse through the network. However, if there is a level of risk or 

uncertainty associated with the innovation, the diffusion is slower or is rejected due to the 

high degree of network centrality. The higher the degree of network centrality, the greater 

the rate of diffusion for advantageous innovations and the slower the diffusion for the 

innovations that contain a high degree of risk or uncertainty (Valente, 1995). 

Opinion Leadership 

One common network characteristic studied in diffusion research is the 

characteristic of opinion leadership. Lazarsfeld, Berleson, and Gaudet (1968) sampled 

voters to see what influence the mass media had on their choice of a presidential 

candidate. Rather than finding an expected mass media influence, a personal influence 

was discovered (Lazarsfeld & Menzel, 1963). They found that political information 

flowed "from radio and print to opinion leaders and from these to the less active sections 

of the population" (Lazarsfeld et al., 1968 p. 143). The step from radio and print to 

opinion leaders is mainly a transfer of information. However, the step from opinion 

leaders to the rest of the population involves influence. This is the basis for the two-step 

flow hypothesis (Katz, 1957; Robinson, 1976; Weimann, 1982) which suggests 

communication messages flow from the mass media to opinion leaders to followers. 

Although this model was too simple to thoroughly describe the communication process, it 

did add new focus on opinion leadership (Rogers, 1995). Diffusion research has 
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identified an association between opinion leadership and early adoption of innovations 

(Rogers & Kincaid, 1981; Valente, 1995). 

Four methods of measuring opinion leadership are discussed in the literature: (a) 

sociometric, (b) informants' ratings, (c) self-reporting, and (d) observation (Rogers, 

1995). The sociometric method asks respondents to identify whom they communicate 

with for advice or information. Those individuals receiving the most nominations are 

considered opinion leaders. The sociometric method of identification has the highest 

validity of the four methods (Rogers, 1995). The questions are easy to administer and can 

be adapted to numerous settings. However, sociometric data can make data collection and 

analysis difficult, because it requires the questioning of a large number of individuals to 

identify a small number of opinion leaders. For example, in Rogers and Kincaid's (1981) 

study of Korean villages, they had to analyze the network nomination data of 

approximately 40 women in order to identify eight opinion leaders. 

When using the informants' ratings method, a researcher selects key informants to 

identify the opinion leaders. The advantage of the informants' rating method is that it is 

less extensive in terms of time and cost when compared to the sociometric method. 

However, this method relies upon how well the key informants know the system in which 

they are involved and who the opinion leaders are in that system. 

The self-reporting method requires that each individual complete a self-perception 

questionnaire with regard to his or her degree of opinion leadership. The advantage to 

this method is that the individuals are providing their perception of their leadership. 
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which influences their behavior. However, this method is dependent upon the validity of 

the questionnaire and the accuracy of the individual's self-perception. 

The observation method requires the researcher to observe the social network. 

Based on the observations, the researcher identifies the opinion leaders. This method is 

considered to have high validity (Rogers, 1995), but it is intmsive and requires a great 

amount of time to properly observe the social network and identify the opinion leaders. 

Rogers found that when any two or three of these methods were used with the same 

respondents, there was a positive correlation among the measures suggesting that any one 

of the four methods is equally valid. 

Network Densitv 

One of the most widely used characteristics in social network analysis and 

diffusion research is that of density (Scott, 1991). Density describes the general level of 

linkage among the participants in the network. Density is defined as the number of ties in 

the network expressed as a proportion of the maximum possible number of ties. Density 

applies to the social network as well as an individual's personal network. 

The focus on individual behavior allows researchers to examine an individual's 

personal communication network. One aspect of an individual's personal communication 

network is his or her personal network density. Personal network density examines the 

degree of interconnectedness of an individual's personal network (Valente, 1995). The 

density of the personal network is measured by examining the interconnectedness of 

individuals one nominates as communication partners during the collection of network 
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data. A dense or integrated network would be composed of an individual's 

communication partners who communicate with one another (see Figure 2.3). Individuals 

with a dense personal network are less likely to receive information outside their personal 

network and are therefore later adopters (Danowski, 1986). In a nondense or radial 

network, an individual's nominations would not communicate with one another (see 

Figure 2.3). Radial networks that are not densely connected have been shown to have 

better exposure to new ideas, because members talk more with individuals outside their 

network (Granovetter, 1973). 

Network Exposure 

Network exposure is defined as the number of adopters of an innovation 

expressed as a proportion of the maximum possible number of adopters. Network 

exposure is essential in determining threshold measures associated with diffusion 

research. Like network density, network exposure can be calculated at the system 

network level as well as the personal network level. 

Personal network exposure is another means of determining how an individual's 

network influences his or her adoption behavior. This is accomplished by examining an 

individual's exposure to an innovation via his or her personal network (Valente, 1995). If 

an individual has direct ties to five individuals and none of these connected individuals 

have adopted the innovation, then exposure for this individual would be 0%. If one 

individual adopts, then exposure becomes 20% and so on up to 100% if all five connected 

individuals adopt (see Figure 2.4). 
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INTEGRATED RADIAL 

Figure 2.3. A dense and a radial personal network. 
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(a) tiitije=l, exposure =0% (b) time=3, exposure =20% 

(c) tiine=€, exposure =60% (d) timfi=10, exposure =100% 

Figure 2.4. Personal network exposure to an innovation for a medical doctor. 
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Organizational Unit Proximitv 

Organizational unit proximity refers to employees who occupy positions within 

the same functional department and who report to the same overall supervisor (Rice & 

Aydin, 1991). This model posits that individuals will find help relationships within the 

established workgroups rather than go outside their functional unit (Eveland, Blanchard, 

Brown, & Mattocks, 1995). This model is supported by Morrison's (1993) research that 

found that employees rely on peers for job-related information. 

Partitioning Networks 

Groups 

"One of the most enduring concerns of those who have turned to social network 

analysis has been the attempt to discover the various 'cliques' and cohesive sub-groups 

into which a network can be divided" (Scott, 1991, p. 103). In social network analysis, a 

group is an empirically discovered stmcture. The study of groups has led to several 

related lines of methodological development. In a group, most relevant ties stay within 

the defined network and are therefore densely-knit and tightly-bounded (Scott, 1991, 

Wasserman & Faust, 1994; Wellman, 1997). Densely-knit groups have considerable 

direct communication among all members. 

There are many methods for defining group membership in network analysis. One 

common method is to identify those individuals who have more than 50% of their 

communication with others in their group (Scott, 1991). Richards (1995) identifies a 
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group as having a majority of their communication with other members of the same 

groups, rather than members of other groups. 

On the other side of the spectmm are isolates. Isolates are individuals who are not 

connected to anyone in the social network. Rogers and Kincaid (1981) found that isolates 

were only about one-fourth as likely to adopt family planning methods when compared to 

nonisolates. Thus, isolates allow researchers to test the effects of network variables on 

individual behavior. When compared with nonisolates, Roberts and O'Reilly (1978) 

found nonisolates were more satisfied with their jobs, more committed to their 

organization, and higher performers than isolates. 

Time of adoption is an important aspect of diffusion research because the time of 

adoption within a system allows researchers to examine how the innovation diffuses 

through a system. One aspect of diffusion networks examined with relation to time of 

adoption has been group membership. Group membership in diffusion studies is based on 

the idea that those individuals interconnected in a group will tend to share information 

with one another (Rogers, 1995). It follows that this communication leads to similar 

adoption times. The generalization that group membership leads to similar adoption times 

tends to be especially tme for interdependent innovations such as electronic 

communication (Rice, Grant, Schmitz & Torobin, 1990). Schmitz and Fulk (1991) 

reported similar findings that indicated individuals' electronic mail use was predicted by 

the actual use of the other members of the network. 
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Positional Analvsis 

Partitioning social networks into groups focuses on the individuals, but positional 

analysis partitions members by similarities in the set of relations they maintain. These 

members occupy similar positions within an organization, community, or other type of 

social network (Burt, 1992; Wasserman & Faust, 1994). Those who share empirically-

identified positions are likely to share similar access to informational resources. Some 

central positions have greater access to diverse sources of information, while other 

positions may have a limited pool of new ideas or information on which to draw. One 

social network method, blockmodeling, inductively uncovers such underlying role 

stmctures by juxtaposing multiple indicators of relationships in analytic matrices. In 

block modeling the overall network is reduced to a block model or image matrix. 

Positional equivalence 

Positional equivalence examines the similarity in relations between two 

individuals and everyone else in the social network. Positional equivalence is built upon 

role analysis (Hummon & Carley, 1993). The measuring of positional equivalence breaks 

the network into a set of positions in which those who have similar relations to others 

occupy the same position. Hummon and Doreian (1989) used this methodology in their 

examination of citations in key events and papers that led to the discovery and modeling 

of DNA. Using the methods from past citation research and reviewing literature that 

discussed the impact of various DNA studies, Hummon and Doreian found their method 

of focusing on the links rather than the nodes a better indicator of the main path of the 
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DNA literature. Positional equivalence posits that individuals holding the same position 

will be similar in adoption times. However, when Valente (1995) tested this model, he 

found only five instances among 40 in which this was the case. The equivalence model is 

limited by the fact that there are no means of determining which position influences 

another position and who influences whom in the diffusion process (Valente, 1995). 

Structural equivalence 

Stmctural equivalence is a means of overcoming the limitations of the positional 

equivalence model. Stmctural equivalence is an individual measure of positional 

equivalence and examines the degree two individuals have the same position in the status 

hierarchy of a social network (Burt, 1987; Lorrain & White, 1971; Sailer, 1978). The 

structural equivalence model posits that diffusion occurs more rapidly among members of 

a social network who are stmcturally equivalent. Burt (1987) reanalyzed the data from 

the Coleman et al. (1966) tetracycline study using a stmctural equivalence model and 

found that stmctural equivalence was a better predictor of the time of adoption than 

communication links. 

Thresholds and Critical Mass 

Thresholds 

A threshold is the number of other individuals in a social system who must be 

engaged in an activity before a given individual will join that activity (Granovetter, 1978; 

Markus, 1987). Kermack and McKendrick (1927) developed the first systematic 
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identification method for thresholds. They examined the spread of epidemics and 

discovered that the occurrence of epidemics was dependent on the population density. 

Assuming that the transmission rates for two populations are equal, the population with a 

density above a given threshold level experiences the epidemic, however, the second 

population whose density is below the threshold level will not experience the epidemic 

(Bailey, 1975). However, this threshold model does not hold for social networks because 

the virus' capability of causing disease remains constant no matter how many individuals 

are involved (Valente, 1995). In a social network, the effectiveness of one individual's 

ability to persuade another is dependent on the perceived characteristics of the persuader. 

Within diffusion networks, the threshold model is based on the assumption that an 

individual's decision to adopt is based on the adoption decision of others in the network 

(Granovetter, 1978; Krassa, 1988; Markus, 1987). In other words, an individual's 

threshold is the number of other individuals who must be engaged in an activity before he 

or she will join that activity. The threshold model assumes that individuals have varying 

threshold levels. Granovetter provides an illustration of the threshold model in terms of a 

riot situation. A group of 100 individuals are milling around in a square, which can be a 

potential riot situation. If an individual with a zero threshold throws a brick through a 

window, the potential for a riot is increased. If an individual with a threshold of one sees 

this action, then that individual will join the first individual. If an individual with a 

threshold of two sees the collective action of the first two individuals, then that individual 

will also join in. This process will continue to snowball until the individual with a 

threshold of 99 joins the riot as well. Granovetter applies this same reasoning to strikes. 
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educational attainment, and migration. Dozier (1977) was the first to systematically test 

Granovetter's model using the data from Rogers and Kincaid's (1981) Korean family 

planning study and found that the model was not a good predictor of adoption. However, 

Rice et al. (1990) studied an organizational setting which showed that individual 

connectedness was associated with the adoption of an electronic mail system. They found 

that individuals who communicated with each other prior to the introduction of an 

electronic mail system were similar in their adoption and nonadoption decisions. 

There are two limitations to Granovetter's (1978) threshold model. In using 

Granovetter's model, Dozier (1977) and Rice et al. (1990) assume that an individual's 

personal network is static and does not change over time. Secondly, Granovetter's 

threshold model does not apply to the innovation of diffusions because of its focus on 

collective behavior. In studying collective behavior, the actions of other individuals are 

observable, but in the diffusion of innovations this is not always the case. 

Innovations are associated with having a degree of uncertainty, ambiguity, and 

risk, which are not always observable (Menzel & Katz, 1955). This degree of uncertainty 

and risk forces individuals to look to others who have had prior experience with an 

innovation in order to leam more about the innovation (Becker, 1970). Past research has 

looked at the time of adoption in relation to innovativeness. However, the threshold 

concept allows one to look at innovativeness relative to both the social system and an 

individual's personal network. 
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Critical Mass 

Whereas thresholds operate at the individual level, critical mass operates at the 

system level. The cumulative adoption decisions of individuals affect whether critical 

mass will be achieved. Critical mass in collective action has received most of the 

attention in the literature (Macy, 1990, 1991; Marwell, Oliver, & Prahl, 1988; Oliver & 

Marwell, 1988; Oliver, Marwell, & Teixeira, 1985). A portion of the communication 

literature also discusses critical mass (Allen, 1988; Rice, 1990; Rice et al., 1990; Rogers, 

1995). Critical mass is the minimum number of participants needed to sustain a collective 

activity. The critical mass indicates the turning point when an innovation is adopted by 

enough individuals to influence many others to do the same (Markus, 1987). 

In order to gather a better understanding of critical mass, the concept of inflection 

points should be examined (see Figure 2.5). The inflection point of a diffusion curve is 

the point where the rate of increase or decrease is greatest. Applying this definition to the 

logistic S-curve, the inflection point would occur at that point where there is the greatest 

increase in the number of new adopters per time period. The first-order inflection point 

occurs when the rate of adoption is fastest, which is the average time of adoption. Thus 

the first order inflection point occurs when the cumulative function is increasing most 

rapidly (Figure 2.5). It is located at the peak of the first derivative of the logistic curve 

and occurs when the second derivative equals zero. The second-order inflection point 

occurs when the "rate of the rate of adoption is fastest" (Valente, 1995 p. 80), which is 

one standard deviation above and below the time of adoption. Thus the second-order 

inflection points 
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Figure 2.5. Three potential critical mass points. 

Note. From Thresholds and the critical mass: Mathematical models of the diffusion of 
innovations (p. 44), by T. W. Valente, 1991, Unpublished doctoral dissertation. 
University of Southern California, Los Angeles. Copyright 1991 by Thomas W. Valente. 
Reprinted with permission. 
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occur where the first derivative of the cumulative function has its greatest increase and 

decrease. It is the peak in the second derivative of the logistic curve and occurs when the 

third derivative equals zero. Oliver et al. (1985) equates the inflection point with the 

critical mass. 

Central members of the network represent the potential critical mass of a social 

system. If the central members delay in their adoption of an innovation, then critical mass 

is threatened. Conversely, when the adoption of an innovation has reached critical mass, 

the diffusion process becomes self-sustaining and saturation will be reached. The 

identification of the point of critical mass becomes important. 

Three primary points have been cited as the critical mass points. Rice et al. 

(1990), in their research on electronic mail, propose that the first-order inflection point 

may be the point of critical mass. However, earlier writings suggest that the critical mass 

occurs at the increasing second-order inflection point (Rogers, 1962) (see Figure 2.5). 

Griliches (1957) posits that the number of initial adopters, or the seed value, is the point 

of critical mass and used an initial value of 5 percent in his study of the diffusion of 

hybrid seed com. Since critical mass is a system- or macro-level constmct, exposure and 

thresholds that characterize an individual's information environment affect it. The critical 

mass is composed of individuals who receive numerous nominations from others in the 

network and exists when high centrality individuals are also early adopters. In addition, 

the individual- or micro-level constmct threshold is affected by the critical mass, which 

characterizes a social system's diffusion pattem. 
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Valente's Dual Classification Model and T/CM Model 

As mentioned previously, there are four adoption categories based on time of 

adoption: (a) early adopters, (b) early majority, (c) late majority, and (d) laggards 

(Rogers, 1995; Ryan & Gross, 1943). Early adopters are those who fall one standard 

deviation below the average time of adoption. Early majority adopters fall within the 

range of the average time of adoption and one standard deviation less than the time of 

adoption. Late majority adopters fall within the range of average adoption to one standard 

deviation greater than the average time of adoption. Laggards are those individuals who 

fall one standard deviation above the average time of adoption. 

In the development of his threshold model, Valente (1995) developed four 

threshold adoption categories based on the same reasoning used in the development of 

the time of adoption-based categories. Individuals classified as having personal network 

very low thresholds have thresholds that are beyond one standard deviation less than the 

average threshold. Individuals classified as having personal network low thresholds have 

thresholds bounded by one standard deviation less than the average threshold. Those 

individuals with personal network high thresholds have thresholds bounded by one 

standard deviation greater than the average threshold. Individuals classified as having 

personal network very high thresholds have thresholds beyond one standard deviation 

greater than the average threshold. Valente used the threshold adoption categories with 

the time of adoption categories to form a dual adoption classification scheme. The dual 

adoption categories allowed Valente to investigate innovativeness relative to an 

individual's personal network and to his or her social system. 
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The Threshold/Critical Mass (T/CM) model is based on how exposure levels 

affect critical mass and how critical mass affects thresholds. Individuals with high 

exposure adopt early as long as his or her threshold level is sufficiently low. However, if 

an individual with a high threshold level also has high exposure, then the rate of diffusion 

is slowed. If an individual with a low threshold also has high exposure, then the rate of 

acceleration and critical mass is reached earlier. Thus, exposure levels determine when 

critical mass is reached, because the exposure level stmctures the flow of information 

within the diffusion process. 

Prior to critical mass, adoption can be risky. Therefore, only individuals with low 

thresholds or high exposure are likely to adopt. After critical mass, adoption is considered 

less risky, thresholds are more likely to be met, and less exposure is necessary for an 

individual to be persuaded to adopt. There is a dynamic interaction between the 

individual-level threshold and the system-level critical mass point and between the 

critical mass and thresholds (Rogers, 1995; Valente, 1995). 

The T/CM model requires a threshold measure and a determination of the critical 

mass. Valente (1995) developed the T/CM model as an alternative to the dual 

classification threshold model. There are two components required for the T/CM model: 

(a) a personal network threshold computed from exposure, and (b) the critical mass 

operationalized as the 50% adoption point (see Figure 2.6). Classification of adopters is 

based on exposure over time. For example, at the beginning of the diffusion process an 

80% exposure would be very high, because few individuals in the social system have 
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Figure 2.6. Graph of threshold by Time-of Adoption for the Coleman et al. (1966) 
Medical Innovation Data. 

Note. From Thresholds and the critical mass: Mathematical models of the diffusion of 
innovations (p. 127), by T. W. Valente, 1991, Unpublished doctoral dissertation. 
University of Southern California, Los Angeles. Copyright 1991 by Thomas W. Valente. 
Reprinted with permission. 
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adopted. Toward the end of the diffusion process, 80% would probably be below the 

average exposure, due to the approaching of saturation within the overall social system, 

thus many personal networks have reached the 80% level and beyond. The T/CM 

relationship can be approximated by a parabola of the form: y(t) =at^ + bt + c in which a, 

b, and c are coefficients and t represents time. The x-axis is the time of adoption and the 

y-axis represents the threshold. The T/CM model categorizes adopters as zero T/CM, low 

T/CM, and high T/CM. The zero T/CM adopters are arrayed along the horizontal axis, 

the low T/CM adopters are arrayed below the T/CM parabola, and the high T/CM 

adopters are arrayed above the T/CM parabola. 

Analysis of Network Data 

Ego-centered Analvsis 

In tie-level analysis all ties from all networks are analyzed as if from one grand 

sample of ties. In network-level analysis summary measures of each network's 

composition can be calculated using these packages. Information about network members 

such as their age or gender, are most conveniently stored in the same data set as 

information about the tie between that network member and the ego at the center of a 

network. Such operations can provide information that indicate that, for example, 

networks with more contact tend to be more multiplex. Merge procedures can link tie or 

network data with information about the ego at the center of a network. 
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Socio-centered Analvsis 

The socio-centered analytic procedures can be used to analyze the stmcture of 

each ego-centered network. Socio-centered studies examine the stmcture of social 

networks, as well as the networks' composition, functioning, and links to external 

environments. An analysis of interaction frequency identifies the connections between 

people, which can be used to build network models of resource flows or influence. They 

can also provide information on the overall density of interactions within a whole 

network or frequency of exchange among specific ties. Subgroups such as cliques are 

identified through partitioning the network into clusters of relative interaction density. 

Coimnunication positions such as isolate, bridge, or star emerge from an analysis of 

matrix data. Visual representations of relational matrices or sociograms help identify the 

overall structure of positions and changes over time. Sociograms provide snapshots of 

organizational interaction stmctures that can indicate how static or dynamic these 

stmctures are over time. From these types of diagrams, emergent positions and clusters of 

interaction can be identified. The nature and content of relations may be part of the initial 

constmction of the sociogram or determined later though surveys and interviews with 

members of the network. Visual depictions of whole networks can highlight both 

linkages and non-linkages, revealing structural holes (Burt, 1992). The examination of 

mediated and non-mediated interaction provides information on communication 

stmctures that underlie explicit work processes as well as those that support affective, 

less instmmental behaviors. 
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Computer Use in Education 

One of the more prominent innovations currently researched in education is the 

integration and use of computers. When examining the use of computers in education, 

educational research has focused on factors that might predict an individual's use of 

computers. A few of the most common factors studied in the literature as predictors of 

computer use are computer anxiety (Farina et al., 1991; Violato et al., 1989; Weil et al., 

1990), computer attitudes (Chin & Hortin, 1994; Kay, 1993; Koohang, 1989; Koohang & 

Byrd, 1987; Loyd & Gressard, 1984; Martin et al., 1992; Martin, 1991; Massoud, 1991; 

Morris, 1989; Swadener & Hannafin, 1987; Temple & Lips, 1989; Todman & Dick, 

1993; Violato et al., 1989; Woodrow, 1992), and receptivity to change (Massy & 

Zemsky, 1995). Each of these factors has been identified as a predictor of computer use. 

However, there has also been interest in identifying factors underlying these computer 

use predictors. In addition to this focus on predictors, there has been research conducted 

that specifically targets higher education faculty and administrators. 

Anxiety Toward Computers 

Farina et al. (1991) describe anxiety toward computers as being harmful to the 

interaction between an individual and computers. Using a sample of undergraduate 

students. Farina et al. (1991) found that the factors of anxiety towards mathematics, 

perceived impact of computers on society, experience in using computers and gender 

were all predictors of computer anxiety. In addition, Weil et al. (1990) found that prior 
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mechanical and computer experiences as well as the gender and attitude of the person 

who introduced the technology were factors related to computer anxiety. 

Attitude Toward Computers 

Predictors of computer attitudes is a common area of research in the literature. 

Researchers have studied numerous factors such as gender (Koohang, 1989; Koohang & 

Byrd, 1987; Loyd & Gressard, 1984; Martin et al., 1992; Martin, 1991; Morris, 1989; 

Swadener & Hannafin, 1987; Temple & Lips, 1989; Todman & Dick, 1993; Violato et 

al., 1989; Woodrow, 1992), age (Loyd & Gressard, 1984; Massoud, 1991; Morris, 1989; 

Woodrow, 1992), computer experience (Arthur & Olson, 1991; Koohang, 1989; Koohang 

& Byrd, 1987; Loyd & Gressard, 1984), availability of home computers (Martin, 1991; 

Shoffner, 1990), and locus of control (Woodrow, 1990; 1992). Among these studies, 

there appears to be a consensus that computer experience (Arthur & Olson, 1991; Loyd & 

Gressard, 1984), availability of a home computer (Martin, 1991; Shoffner, 1990), and 

locus of control (Woodrow, 1990; 1992) are significant predictors of computer attitudes. 

However, there seems to be disagreement about the effects of gender and age. Loyd and 

Gressard (1984) and Morris (1989) found no significant relationship between gender and 

computer attitudes. On the other hand, Martin (1991) and Temple and Lips (1989) found 

a significant relationship between gender and computer attitudes. In reference to age as a 

predictor, Massoud (1991) found no significant relationship between age and computer 

attitudes, whereas Loyd and Gressard (1984) and Morris (1989) found a significant 

relationship. 
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Receptivity to Change 

Schwartz (1994) delineates two schools of thought conceming the adoption of 

technological innovations within higher education. The conservative position states that 

individuals are not easily sold on anything that implies change in the organizational 

stmcture or cognitive processes. The enthusiast position asserts that by looking back on 

the history of technological change from the perspective of technology such as radio and 

television, people can adopt and redesign the new technology to fit their needs quickly. 

The predictors of receptivity to change included philosophical acceptance (Kazlow, 1977; 

Sparks, 1987; Waugh & Punch, 1987), fundamental stmctural factors (Giacquinta, 1975; 

Kazlow, 1977), inservice training, professional contacts, sources of information (Bailey 

& Braithwaite, 1980), practicality, and support (Waugh & Punch, 1987). Dalton (1989) 

refers to technological innovations in education and examines the process of change that 

occurs from a diffusion/innovation perspective. Using Roger's (1983) model of the 

change process, Dalton examined the process of change in public schools. The change 

model proposed by Rogers is made up of five stages: (a) knowledge of the innovation, (b) 

persuasion about the utility of the innovation, (c) decision to adopt or reject the 

innovation, (d) actual implementation of the innovation, (e) confirmation or 

reinforcement for its continued utilization. In researching the role of change agents and 

opinion leaders during the process Dalton found that the change agents are involved in 

the first three stages. However, when Dalton examined the role of opinion leaders, he 

examined opinion leaders from the diffusion perspective. Dalton used principals. 
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consultants, and innovative teachers as the opinion leaders in his study. These individuals 

might indeed be the leaders, however, no network data were collected to indicate that 

they were opinion leaders. 

Higher Education 

One goal of integrating computers and information technology into higher 

education is to reach new levels of productivity (Green & Gilber, 1995). However, 

college faculty are identified as being slow to integrate new technologies into the 

instructional process (Greene, 1991). Greene further states that when faculty experience 

unanticipated problems with these innovations, those problems will not only discourage 

their use of the innovations, but also use by individuals with whom they communicate. 

Research in the diffusion of technology in higher education is limited. Using the concept 

of communication partners, McKay, Speedie, and Kerr (1988) applied the diffusion of 

innovations theory in a School of Pharmacology to identify opinion leaders with respect 

to computers. Once the opinion leaders were identified, they were used to develop a 

standard computer configuration and provided input on the installation of the school's 

local area network. In addition, this core group was used in the evaluation and adoption 

of new information technologies. However, this study failed to take into account those 

opinion leaders within the field of pharmacology, as well as the threshold and critical 

mass involved in the diffusion process. 

55 



Summarv 

The focus of the diffusion of computers in education has been on the personal 

characteristics of individuals as predictors of adoption. Studying the diffusion of 

innovations using network analysis changes the focus from studying the individuals to 

examining the social network of the individuals. Four adoption categories based on time 

of adoption have been identified in diffusion research. Research in diffusion of 

innovations within the higher education environment is limited. The method has been 

used to identify opinion leaders, who are then responsible for developing and diffusing 

information among colleagues. Diffusion network models study the pattem of who-talks-

to-whom relations. Studying innovation adoption from the perspective of identifying 

personal characteristics of adopters implies that the participants in the study already have 

a complete knowledge of the behavior of those in the social system. Using network 

analysis to study the diffusion process allows the research to specify whom and to what 

degree individuals monitor others in the social system, based on the system's and an 

individual's social stmcture. The network represents the stmcture of communication and 

this stmcture allows diffusion researchers to interpret and explain the adoption behavior 

of the individuals who make up that network. 
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CHAPTER ni 

METHODOLOGY 

In the previous chapter, a review the literature was conducted discussing diffusion 

and social networks and computer use in education. In this chapter, the methodology 

involved in conducting the study will be presented. 

Participants 

This study was conducted in a College of Education in a southwestem university 

with an enrollment of approximately 25,000. The College consists of two divisions: 

Curriculum and Instmction and Educational Psychology and Leadership. The Division of 

Curriculum and Instmction is made up of the following programs: Bilingual Education, 

Curriculum and Instmction, Elementary Education, Language Literacy Education, and 

Secondary Education. The Division of Educational Psychology and Leadership is made 

up of the following programs: Educational Counseling, Educational Leadership, 

Educational Psychology, Higher Education, Instmctional Technology, and Special 

Education. Individuals who participated in this study consisted of faculty from both 

divisions. A total of 66 of the 74 faculty in the college participated in the study. This 

represents 98% (n=50) of the tenure-track faculty and 71% (n=16) of the non-tenure track 

faculty in the College of Education. The non-tenure track faculty participating in the 

study consisted of 12% (n=2) retired faculty, 53% (n=8) instmctors, and 35% (n=6) 

teaching assistants. The gender of the subjects was 53% (n=35) female and 47% (n=31) 
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male. Approximately 27% (n=13) of the participating tenure-track faculty had the rank of 

full professor, 27% (n=14) had the rank of associate professor, and 46% (n=23) had the 

rank of assistant professor. The ethnic distribution of the sample was 89% (n=59) 

Caucasian non-Hispanic, 5% (n=3) African-American, 5% (n=3) Mexican-American and 

1% (n=l) Asian. Their ages ranged from 30 to 70 with a mean age of 47.4 years and a 

standard deviation of 9.6 years. Their university teaching experience ranged from 0 to 33 

years with a mean of 11.2 years and a standard deviation of 10.5 years (Table 3.1). 

A smaller sample size was used for a portion of the data analysis. Those 

individuals who never used the photocopy service or the Leaming Resource Center's 

equipment were excluded in examining hypotheses 3-6. Thus, those individual's who did 

not have the opportunity to adopt the innovations were eliminated in examining 

hypotheses 3-6. In addition, those without access to computers capable of accessing the 

online services were also excluded. The study of the photocopy service excludes six 

participants. The subset of the sample included in the photocopy study represented 94% 

(n=48) of the tenure-track faculty and 55% (n=12) of the non-tenure track faculty for a 

total of 60. The non-tenure track faculty participating in the study consisted of 8% (n=l) 

retired faculty, 42% (n=5) instmctors, and 50% (n=6) teaching assistants. The gender of 

the subjects was 53% (n=32) female and 47% (n=28) male. Approximately 25% (n=12) 

of the participating tenure-track faculty had the rank of full professor, 29% (n=14) had 

the rank of associate professor, and 46% (n=22) had the rank of assistant professor. The 

ethnic composition of the participants was 88% (n=53) Caucasian non-Hisp£inic, 5% 

(n=3) African-American, 5% (n=3) Mexican-American, and 
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Table 3.1. Demographic Information for Participants in Study. 

Demographic Variable 

Sex 

Male 
Female 

Age 

30-39 
40-49 
50+ 

Ethnic 

Caucasian, non-Hispanic 
African-American 
Mexican-American 
Asian-American 

Rank 

Full Professor 
Associate Professor 
Assistant Professor 
Retired Faculty 
Instmctor 
Teaching Assistant 

Teaching Experience 

0-9 
10-19 
20+ 

N(%) 

31 (47.0) 
35 (53.0) 

13 (19.7) 
31(47.0) 
22 (33.3) 

59 (89.5) 
3 (4.5) 
3 (4.5) 
1(1.5) 

13(19.7) 
14(21.2) 
23 (34.9) 
2 (3.0) 
8(12.1) 
6(9.1) 

40 (60.6) 
8(12.1) 
18 (27.3) 
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2% (n=l) Asian. Their ages ranged from 30 to 66 with a mean age of 46.8 years and a 

standard deviation of 9.1 years. Their university teaching experience ranged from 0 to 32 

years with a mean of 11.0 years and a standard deviation of 10.2 years (Table 3.2). 

The study of the diffusion of the LRC online request service excludes 14 

participants. Those participating in the LRC study represented 80% (n=41) of the tenure-

track faculty and 50% (n=l 1) of the non-tenure track faculty in the College of Education. 

The non-tenure track faculty participating in the study consisted of 18% (n=2) retired 

faculty, 27% (n=3) instmctors, and 55% (n=6) teaching assistants. The gender of the 

subjects was 56% (n=29) female and 44% (n=23) male. Approximately 22% (n=9) of the 

participating tenure-track faculty had the rank of full professor, 32% (n=13) had the rank 

of associate professor, and 46% (n=19) had the rank of assistant professor. The ethnic 

composition of the participants was 86% (n=45) Caucasian non-Hispanic, 6% (n=3) 

African-American, 6% (n=3) Mexican-American, and 2% (n=l) Asian. Their ages 

ranged from 30 to 66 with a mean age of 46.9 years and a standard deviation of 9.0 years. 

Their university teaching experience ranged from 0 to 31 years with a mean of 10.8 years 

and a standard deviation of 10.0 years (Table 3.3). 

Innovations 

The diffusion of two innovations was studied. These two innovations were 

recommended by the administration of the College based on faculty suggestions of 

services they would like to have. The first innovation provided an online means for 

faculty to check out resources' such as VCRs, videotapes, camcorders, and laptop 
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Table 3.2. Demographic Information for Participants in Photocopy Online Request 
Service Study. 

Demographic Variable N (%) 

_ _ 

Male 
Female 

A OP 

30-39 
40-49 
50+ 

Ethnic 

Caucasian, non-Hispanic 
African-American 
Mexican-American 
Asian-American 

Rank 

Full Professor 
Associate Professor 
Assistant Professor 
Retired Faculty 
Instmctor 
Teaching Assistant 

Teaching Experience 

0-9 
10-19 
20+ 

28 (46.7) 
32 (53.3) 

12 (20.0) 
29 (48.3) 
19(31.7) 

53 (88.3) 
3 (5.0) 
3 (5.0) 
1 (1.7) 

12 (20.0) 
14 (23.3) 
22 (36.7) 
1 (1.7) 
5 (8.3) 
6(10.0) 

37(61.7) 
7(11.6) 
16 (26.7) 
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Table 3.3. Demographic Information for Participants in Leaming Resource Center 
Online Equipment Request Service Study. 

Demographic Variable N (%) 

Sex 

Male 
Female 

Age 

30-39 
40-49 
50+ 

Ethnic 

Caucasian, non-Hispanic 
African-American 
Mexican-American 
Asian-American 

Rank 

Full Professor 
Associate Professor 
Assistant Professor 
Retired Faculty 
Instmctor 
Teaching Assistant 

Teaching Experience 

0-9 
10-19 
20+ 

23 (44.2) 
29 (55.8) 

10(19.2) 
25(48.1) 
17 (32.7) 

45 (86.5) 
3 (5.8) 
3 (5.8) 
1 (1.9) 

9(17.3) 
13 (25.0) 
19 (36.5) 
2 (3.9) 
3 (5.8) 
6(11.5) 

32(61.5) 
6(11.6) 
14 (26.9) 
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computers, from the Leaming Resource Center located in the College. This was 

accomplished via an online order form located on the college's web server. Faculty were 

able to complete a resource request form, which was e-mailed directly to the Leaming 

Resource Center (Appendix A). Prior to the introduction of this innovation, it was 

necessary for faculty members to either call or physically go to the Leaming Resource 

Center to make equipment requests. The second innovation allowed faculty members to 

issue photocopy requests for documents completed using Microsoft Word, directly to a 

printer located in the photocopy center. Rather than printing materials on printers, 

walking to the photocopy center, and filling out the photocopy request, individuals were 

able to request the service online. This was accomplished by adding a button to the 

toolbar in Microsoft Word, which allowed the individual to fill out a copy request form, 

append it to the end of the document, and print the document and request form to a 

printer in the photocopy center (Appendix B). 

Instmments 

Two instmments were used in the study. The initial instmment was a 

questionnaire (Appendix C), based on the questionnaire used by Coleman et al. (1966), 

that was distributed to participants at the beginning of the study. This questionnaire was 

used to collect demographic and professional information, the participants' initial 

impressions of the innovations, and the "who talks to whom" network nomination data. 

The sociometric method of collecting the nomination data was used, because it has the 

highest validity (Rogers, 1995). Sociometric methods involve asking system members to 
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specify whom they go to for advice and information about an idea. In this study, 

individuals were asked to identify who they go to for (a) advice (people you usually talk 

to when you need information or advice about teaching or research), (b) friendship 

(friends whom you see most often socially), and (c) people with whom you most often 

find yourself discussing classes, teaching, or research in the course of an ordinary week). 

The roster technique was used to collect the sociometric information. Each respondent 

was presented with a list of all faculty and asked to identify whether he or she talks with 

each of them for (a) advice, (b) friendship, and (c) discussion. 

The second instmment was a follow-up questionnaire (Appendix D) distributed 

near the conclusion of the study. This questionnaire was used to gather the recall time of 

adoption data, the reasons for using and not using the innovation, and the "who talks to 

whom" network nomination data. The same roster technique used in the first 

questionnaire was used in the follow-up questionnaire. However, the roster in the second 

questionnaire included only those faculty participating in the study. 

Procedures 

During the College-wide faculty meeting in August 1996, faculty were asked to 

participate in the study and questionnaires and consent forms were distributed. Shortly 

thereafter, meeting times were scheduled with faculty members to demonstrate 

individually the use of the innovations and to collect the initial questionnaires. 

Individuals working in the copy center, Leaming Resource Center, and Network 

Operations Center in the College of Education were instmcted in how to retrieve and 
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store the requests made by participants using the innovations. At the request of many 

participants, additional instmctions on how to use the innovations were distributed in 

January, March, and April 1997. 

The photocopy request service allowed faculty members to issue photocopy 

requests, for items completed using Microsoft Word 6.0, directly to a printer located in 

the photocopy center. Microsoft Word 6.0 was chosen, because this is the word 

processing package that the College had purchased for all faculty members' computers. 

Rather than having to print out documents on their printer and then go to the photocopy 

center to fill out the request form, individuals were be able to request the service online. 

This was accomplished by adding a button to the toolbar in Microsoft Word 6.0, which 

appended the photocopy request form to the end of the document. The individual faculty 

members filled out the request form online and printed the document and form to the 

photocopy center (Appendix B). The photocopy center personnel then completed the 

requests and stored the photocopy request forms with the other photocopy request forms 

filled out by hand. After May 7, 1997, all online requests were collected, actual request 

dates were recorded, and those faculty who did not use the photocopy service during the 

time of the study were identified. 

The second innovation provided an online means for faculty to check out 

equipment from the Leaming Resource Center located in the College. These resources 

include such items as VCRs, videotapes, camcorders, and laptop computers. This was 

accomplished via an online order form located on the College's web server e-mailed 

directly to the Leaming Resource Center (Appendix A). The Leaming Resource Center 
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equipment requests were saved as files on the computer and then imported into an 

existing database the Leaming Resource Center personnel used to record equipment 

request and setup information. The database was altered to record the actual date the 

request was made online and this information was downloaded at the conclusion of the 

study. In addition, the request and setup database was examined to identify the faculty 

who never used the service during the time of the study. Prior to the introduction of this 

service faculty requested equipment in one of three ways: (a) face-to-face, (b) telephone, 

and (c) e-mail. 

In March, some faculty expressed concerns that they were never sure that the 

Leaming Resource Center personnel had received their requests. At that time I spoke 

with the Leaming Resource Center personnel and asked them to send e-mail to those 

faculty who used the online request service to let them know that their request had been 

received. I notified faculty of this change in procedure when I distributed the instmctions 

on how to use the photocopy request and Leaming Resource Equipment request services 

in March. The known problem that occurred during the study, related to the Leaming 

Resource Center equipment request service, was there were instances when the 

University's server was down and consequently the requests made via the College's web 

server were not received. 

Spatial and organizational unit proximity data were collected to determine their 

association to time of adoption. Spatial proximity was measured using floor plans. The 

distance between participants' office doors was measured and a corresponding matrix of 

distances created. For example, if the distance between the offices of participant 5 and 
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participant 10 was 37 feet then cells X5,io and xio,5 would equal 37. The organizational 

unit proximity is a binary matrix in which a " 1 " indicates participants are in the same 

program and a "0" indicates that individuals are not in the same program. The spatial and 

organizational unit proximity matrices were created at the conclusion of the study. 

Data Analvsis 

Specific analysis techniques for each hypothesis were as follows: 

Hvpothesis 1: There will be no difference between the means of the recall time of 

adoption and the actual time of adoption for each innovation. 

Analysis: Wilcoxon rank-sum test 

Hvpothesis 2: There will be no similarity between network nominations collected 

at the beginning and at the end of the study. 

Analysis: QAP-Correlation 

Hvpothesis 3: Time of adoption of each innovation can be predicted using the 

number of network nominations received, university teaching experience, age, and 

centrality closeness. 

Analysis: Multiple-Regression Analysis 

Hvpothesis 4: Neither organizational unit proximity nor spatial proximity are 

associated with time of adoption. 

Analysis: QAP-Correlation 

Hvpothesis 5: Individuals consistent in their system and personal network 

thresholds will act as opinion leaders. 
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Analysis: Valente's Dual Classification Model 

Hvpothesis 6: Using the T/CM model, low level T/CM individuals will have the 

greatest influence on the diffusion process. 

Analysis: Valente's Threshold/Critical Mass Model 

Limitations 

The following limitations apply to this study: 

1. The sample consists of only those individuals who voluntarily participated in the 

study. 

2. There were two participants who removed themselves from the study. One was a 

tenure-track faculty member and the other was a non-tenure track faculty member. 

3. Self-reporting instmments were used. 

4. One known problem that occurred during the study was related to the photocopy 

request service. There were two known instances when the printer was offline and the 

photocopy personnel failed to notice and correct the problem. 
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CHAPTER IV 

RESULTS 

In Chapter III, I described the participants of the study and discussed the 

procedures used to collect and analyze the data to test the hypotheses. In this chapter, I 

will discuss the results of the data analysis as they are related to the hypotheses. 

Data Analvsis 

Findings for Research Hypothesis 1 

The actual time of adoption data were collected by attaching a date stamp to each 

online request made for photocopy and Leaming Resource Center equipment requests. 

The recall time of adoption data were collected from the follow-up questionnaire 

distributed in April 1997 (Appendix D). Analysis of the actual time of adoption data for 

the photocopy service revealed that the mean adoption time was month two (September) 

with a standard deviation of 2.45. The actual median and mode adoption times was month 

one (August). The recall median, mode, and mean adoption time was month two 

(September) with a standard deviation of 1.94. The mean difference between the actual 

and recall time of adoption for the photocopy request service was 2.15 with a standard 

deviation of 2.23. 

The Wilcoxon rank sums test was used to determine if the median actual time of 

adoption and recall time of adoption were different. There were 15 adopters of the 

photocopy request service. The results of the Wilcoxon rank sums test indicate that there 
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was a significant difference between the actual and recall time of adoption for the online 

photocopy request service (Z = -1.96, p < 0.05). There were two faculty members whose 

recall time of adoption was more than 5 months later than their actual time of adoption. 

Since the number of adopters was so small their times of adoption were removed to see 

what effect they had on the results of the Wilcoxon rank sums test. When these two 

outliers were removed, the Wilcoxon rank sum test showed no significant difference (Z = 

-1.53978, p < 0.1236) between the actual and recall time of adoption. Thus, the 

significance found using all adopters is suspect. In addition, two-thirds (n=10) of the 

recall times of adoption were later than the actual time of adoption. 

The mean actual adoption time was in month three (October) for the Leaming 

Resource Center equipment request service with a standard deviation of 2.30, a median 

adoption time in month two (September) and a mode adoption time in month two 

(September). The mean recall adoption time was in month two (September) with a 

standard deviation of 1.21. The median adoption time was in month two (September) and 

the mode adoption time was in month two (September). The mean difference between the 

actual and recall time of adoption for the Leaming Resource Center equipment request 

was 1.00 with a standard deviation of 1.25. 

In examining the recall and actual time of adoption for the Leaming Resource 

Center online request there were only 10 adopters. The Wilcoxon rank sums test revealed 

no significant difference (Z = 0.30, p < 0.76) between the recall and actual time of 

adoption, although 70% (n=7) of the recall times of adoption were earlier than the actual 

time of adoption. 
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Only four participants adopted both the photocopy and Leaming Resource 

Equipment request services (Table 4.1). A scatterplot of the recall and actual time of 

adoption data for each innovation is presented in Figures 4.1 and 4.2. The adoption times 

for the photocopy request service cluster around latter part of August and the first part of 

September. This corresponds with the introduction of the innovations and the beginning 

of the academic year. The times of adoption for the Leaming Resource Center cluster 

primarily in the month of September. 

To further analyze these results the correlation between actual and recall time of 

adoption were calculated. In the case of the photocopy request service a strong 

correlation was found between the recall and actual time of adoption (r = 0.89, p < 

0.001). There was also a strong correlation between the actual and recall time of adoption 

(r = 0.89, p < 0.001) for the Leaming Resource Center equipment request service. 

However, correlation does not always imply reliability. Therefore a percentage of 

agreement was calculated to determine reliability of the recall time of adoption data 

(Coulter et al., 1986; Glass, Johnson, & Vessey, 1974; Nischan et al., 1993). The copy 

request service showed the lowest percentage of agreement with 23%. The Leaming 

Resource Center equipment request service percentage of agreement, though higher than 

the copy request service, showed a percentage of agreement of 50%. The percentage of 

agreement reveals that the recall data is not reliable for accurately depicting the actual 

time of adoption. 
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Table 4.1. Cross tabulation of innovation adopters. 

N 

Leaming Resource 
Center Adopters 

Leaming Resource 
Center Non-
Adopters 

Photocopy Adopters 

4 

11 

Photocopy 
Non-Adopters 

6 
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Figure 4.1. Scatterplot of actual and recall time of adoption among adopters of 
photocopy request service. 
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Figure 4.2. Scatterplot of actual and recall time of adoption among adopters of Leaming 
Resource Center equipment request service. 
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Findings for Research Hypothesis 2 

The network nomination data were obtained from questionnaires completed at the 

beginning and end of the study. Each questionnaire contained a roster of faculty 

members in which individuals identified whom they communicated with for advice, 

friendship, and discussion. Network nominations for advice, friendship, and discussion 

for all participants were collected at the beginning and end of the study. Using the QAP-

CORRELATION (Hubert & Schultz, 1976) procedure, three separate tests were 

performed to compare the advice nomination networks collected at the beginning and end 

of the study, the friendship nomination networks collected at the beginning and end of the 

study, and the discussion nomination networks collected at the beginning and end of the 

study. The QAP-CORRELATION procedure revealed a significant correlation of 0.537 

(p < 0.00) between the advice nominations collected at the beginning and end of the 

study. This indicates that whom participants indicated they communicated with for advice 

at the beginning and at the end of the study was related. The correlation between the 

friendship matrices was significant with a correlation of 0.573 (p < 0.00). This indicates 

that whom participants indicated they communicated with for friendship at the beginning 

and end of the study was related. The correlation between the discussion matrices was 

significant with a correlation of 0.518 (p < 0.00). This indicates that whom participants 

indicated they communicated with for discussion at the beginning and end of the study 

was related. These results indicate that the advice, friendship, and discussion networks 

identified by participants at the beginning of the study are similar to the advice, 

friendship, and discussion networks identified at the conclusion of the study. Network 
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density and centralization of each network is presented in table 4.2. It indicates the degree 

that the ties in a network are concentrated in one or a group of individuals. Networks 

were symmetrized on reciprocal ties before calculating their density and centralization. 

The network density for the networks ranged from 0.03 to 0.06. This indicates that the 

networks do not have a high degree of interconnectedness. For example, the network 

density of 0.06 indicates that the network contains only 6% of the maximum number of 

ties possible. The degree of centralization for the networks ranged from 6.92% to 

30.63%. This low degree of centralization indicates that the networks are decentralized. 

The ties of the network spread among many different participants in the network. The 

centrality closeness for the networks ranged from 1.50% to 3.80%. This would indicate 

that participants are connected to the other participants of the network primarily through 

intermediaries as opposed to through direct ties. The centrality betweenness for the 

networks ranged from 9.14% to 33.18%. This indicates that the majority of participants 

do not act as intermediaries in the network. 

Hypotheses 3-6 

As indicated in Chapter EI, the analysis of the diffusion of the Leaming Resource 

Center online equipment request service and photocopy equipment request service 

required the use of a smaller population. Those individuals who did not use the 

photocopy service and the Leaming Resource Center's equipment during 1996-97 

academic year were excluded in examining research questions 3-6. 
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ê  —̂  
<N 

oi 

^ 
m 
vo 
ON 
^-^ 

vo 
00 

ON 

1/3 
1/1 

c 

PQ 

77 



The advice, friendship, and discussion nomination networks were combined for 

the purpose of testing hypotheses 3-6. This was accomplished by taking the largest value 

of corresponding cells across the three nomination matrices. The correlation between the 

combined network obtained at the beginning and end of the study was significant with a 

correlation of 0.589 (p < 0.00). 

Findings for Research Hvpothesis 3 

A cross-tabulation was performed based on network nominations received and 

adoption/non-adoption of each innovation. The number of nominations received was 

calculated by adding the number of times an individual was nominated as a 

communication partner in the combined network. Categories for the network nominations 

received were developed by taking the highest number of nominations anyone received 

(32) and dividing it by 4 (the number of categories). The network nominations received 

were categorized as: (a) low nominations received (1-8); (b) moderately low nominations 

received (9-16); (c) moderately high nominations received (17-24); (d) high nominations 

received (25-32). A stepwise multiple regression analysis was used to test the hypothesis 

using time of adoption as the dependent variable. The number of network nominations 

received, teaching experience, age, and centrality closeness were the independent 

variables. Adopters were assigned a time of adoption from 1 to 10. (A " 1 " signified 

adoption in August, the first month of the study, up to a 10 for adoption in May, the tenth 

month of the study.) Those who did not adopt the innovation were assigned a time of 
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adoption of 11. Multiple regression analysis was used to determine which variables 

served as predictors for the actual and recall time of adoption. 

In the case of the photocopy request service a chi-square revealed that the number 

of nominations received was independent of adoption. The cross tabulation indicates the 

majority of non-adopters received a low (n = 17, 28.33%) to moderately low (n = 15, 

25.00%) number of network nominations (Table 4.3). The majority of adopters received a 

moderately low (n = 8, 13.33%) to moderately high (n = 7, 11.67%) number of network 

nominations. The multiple regression analysis revealed that the number of network 

nominations received and teaching experience were predictors for the actual time of 

adoption (Table 4.4). The multiple regression was repeated using the recall time of 

adoption as the dependent variable. Once again the number of network nominations 

received and university teaching experience were found to be predictors of the recall time 

of adoption for the photocopy request service (Table 4.5). This indicates that the number 

of network nominations received and university teaching experience were predictors of 

the actual and recall time of adoption. The number of network nominations received was 

negatively correlated with the time of adoption. This negative correlation indicates that 

the opinion leaders were the earlier adopters of the photocopy request service. In 

addition, those with greater teaching experience were the earlier adopters. The results of 

the multiple regression reveal that those faculty with the greatest amount of teaching 

experience who were identified as communication partners were the earlier adopters of 

the photocopy request service. 
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Table 4.3. Cross-Tabulation Number of Nominations Received BY Adoption/Non-
Adoption for Photocopy Request Service (N = 60). 

Frequency 
(Percent) 

Number of Network 
Nominations Received 

High 

Moderately High 

Moderately Low 

Low 

Total 

Non-Adoption 

5 

(8.33) 

5 

(8.33) 

15 

(25.00) 

17 

(28.33) 

42 

(70.00) 

Adoption 

2 

(3.33) 

7 

(11.67) 

8 

(13.33) 

1 

(1.67) 

18 

(30.00) 

Total 

7 

(11.67) 

12 

(20.00) 

23 

(38.33) 

18 

(30.00) 

60 

(100.00) 
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Table 4.4. Stepwise Regression of Predictor Variables on Actual Time of Adoption for 
Photocopy Request Service (N = 60). 

Predictor Parameter Correlation Multiple ^ W 
Variables Estimate Coefficient (r) Correlation (R) Increment 

Number of -0.17 -0.33** 0.33 0.11** 
Network 
Nominations 
Received 

Teaching 0.13 0.22'' 0.45 0.20** 0.09 

Experience 

Age -0.06 0.14 0.46 0.21 0.01 

Centrality -.01 -0.19 0.46 0.21 0.00 
Closeness 
in-l)TLdij 
•'p<.l;**p<.01 
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Table 4.5. Stepwise Multiple Regression of Predictor Variables on Recall Time of 
Adoption for Photocopy Request Service (N = 60). 

Predictor Parameter Correlation Multiple R' R 
Variables Estimate Coefficient (r) Correlation (R) Increment 

Number of ^Ols -0.26* 033 0.11** 
Network 
Nominations 
Received 

Teaching 0.12 

Experience 

Age -0.04 

Centrality -0.15 
Closeness 
(n-l)/I^y 
*p < .05; **p < .01 

0.26* 

0.18 

-0.04 

0.41 

0.42 

0.42 

0.17** 

0.18 

0.18 

0.06 

0.01 

0.00 
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In the case of the Leaming Resource Center equipment request service a Chi-

square revealed that the number of nominations received was independent of adoption. 

The cross tabulation indicates the majority of non-adopters received a moderately low 

number of network nominations (n = 14, 26.92%) to low (n = 13, 25.00%) number of 

network nominations (Table 4.6). The majority of adopters received a moderately low 

number of network nominations (n = 5, 9.62%) to moderately high number of network 

nominations (n = 3, 5.77%). The multiple regression analysis revealed that age was the 

only significant predictor for actual time of adoption (Table 4.7). The multiple regression 

analysis using the recall time of adoption as the dependent variable also revealed that age 

was the only significant predictor (Table 4.8). This indicates that the older faculty were 

the earlier adopters of the Leaming Resource Center equipment request service. 

Findings for Research Hvpothesis 4 

Organizational unit proximity was determined by identifying faculty who were 

members of the same academic program. Spatial proximity was determined by measuring 

the distance between faculty offices. 

The QAP-CORRELATION was used to determine the correlation between the 

time of adoption and the spatial and organizational unit proximities. No significant 

correlation was found for organizational unit proximity and time of adoption for the 

photocopy service (p < 0.142). This finding indicates that membership in the same 

academic program was not related to the time of adoption. No significant correlation was 

found for spatial proximity and time of adoption for the copy service (p < 0.757). This 

83 



Table 4.6. Cross-Tabulation Number of Nominations BY Adoption/Non-Adoption for 
Leaming Resource Equipment Request Service (N=52). 

Frequency 
(Percent) 

Number of Network 
Nominations Received 

High 

Moderately High 

Moderately Low 

Low 

Total 

Non-Adoption 

6 

(11.54) 

9 

(17.31) 

14 

(26.92) 

13 

(25.00) 

42 

(80.77) 

Adoption 

0 

(0.00) 

3 

(5.77) 

5 

(9.62) 

2 

(3.85) 

10 

(19.23) 

Total 

6 

(11.54) 

12 

(23.08) 

19 

(36.54) 

15 

(28.85) 

52 

(100.00) 
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Table 4.7. Stepwise Multiple Regression of Predictor Variables on Actual Time of 
Adoption for Leaming Resource Equipment Request Service (N = 52). 

Predictor Parameter Correlation Multiple ^ ^ 
Variables Estimate Coefficient (r) Correlation {R) Increment 

Age 0.08 0.24"' 0.06 0.06"̂  

Centrality 0.11 
Closeness 
(n-l)/I^y 

0.12 0.24 0.06 0.00 

Teaching -0.06 
Experience 

0.13 0.28 0.08 0.02 

Network -0.00 
Nominations 
Received 

0.09 0.28 0.08 0.00 

• ' p < . l 
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Table 4.8. Stepwise Multiple Regression of Predictor Variables on Recall Time of 
Adoption for Leaming Resource Equipment Request Service (N = 52). 

Predictor 
Vciriables 

Age 

Teaching 
Experience 

Parameter 
Estimate 

0.11 

-0.05 

Correlation 
Coefficient (r) 

0.28' 

0.16 

Multiple 
Correlation (R) 

0.08 

0.30 

R' 

0.08' 

0.09 

R' 
Increm 
ent 

0.01 

Centrality 
Closeness 
(n-l)/l4 

0.18 0.13 0.32 0.10 0.01 

Network 0.01 
Nominations 
Received 

0.10 0.32 0.10 0.00 

P̂ < .05 
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indicates that office location was not related to the time of adoption. Thus, spatial and 

organizational unit proximity were not associated with the time of adoption for the 

photocopy service. 

For the Leaming Resource Center equipment request service, no significant 

correlation was found between the time of adoption and organizational unit proximity (p 

< 0.331). This finding indicates that membership in the same academic program was not 

related to the time of adoption. Likewise, no significant correlation was found between 

time of adoption and spatial proximity (p < 0.956). This indicates that office location was 

not related to the time of adoption. Thus, spatial and organizational unit proximity were 

not associated with the time of adoption for the Leaming Resource Center equipment 

request service. 

Findings for Research Hvpothesis 5 

A participant by time of adoption matrix of ones and zeros in which 1 's indicate 

adoption and O's non-adoption at each time period was created. Using months as the units 

of time, a 52 X 10 adoption matrix was created for the Leaming Resource Center 

equipment request and a 60 X 10 matrix was created for the photocopy requests. The 

combined network nomination matrix for each innovation was multiplied by the 

respective adoption matrix. The resulting matrix shows the number of individuals in each 

participant's personal network that had adopted the innovation (participant's exposure 

number) at each time period. Each participant's exposure number was divided by his or 

her number of network nominations, which provided the percentage of each individual's 
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exposure at each time period. Finally, the thresholds for adopters were calculated by 

determining the percentage of exposure at the time period they adopted each innovation. 

In the case of the photocopy request service, the thresholds for adopters ranged 

from 12.50% to 42.86%. The thresholds for the Leaming Resource Equipment request 

service ranged from 0.00% to 16.67%. Since the thresholds of all adopters did not reach 

a level of 50%, Valente's (1995) dual-classification model could not be used to analyze 

the diffusion of the innovations. Consequently, hypothesis five cannot be tested. 

Findings for Research Hvpothesis 6 

Since only 15 out of the 60 (25%) participants adopted the photocopy request 

service and only 10 out of the 52 (19%) participants adopted the Leaming Resource 

Center equipment request service, a critical mass was not reached. Therefore, Valente's 

(1995) T/CM model cannot be used to analyze the diffusion of the innovations and 

hypothesis six cannot be tested. 

Follow-up Analysis for Hypotheses 5 and 6 

In order to better understand why the innovations did not diffuse, network 

correlations were calculated and additional multiple regression analyses were conducted. 

Sociograms of the networks, with the nodes of adopters shaded, were also created. An 

analysis of each participant's comments on the follow-up questionnaire as to why they 

did not use the innovations was also conducted. 
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Network Correlations 

Correlations for the different networks involved in the study were calculated to 

determine which networks were associated with one another. The correlation table of the 

various networks is presented in Table 4.9. The correlation analysis revealed that there is 

a moderate association between adoption of the photocopy and Leaming Resource Center 

equipment request services. All of the communication networks were associated with one 

another and with organizational unit proximity. The correlation between communication 

networks reveals that a participant tends to communicate with the same individuals for 

advice, friendship, and discussion. The correlation between the communication networks 

and organizational unit proximity reveals that members of the same academic program 

tend to turn to one another for advice, friendship, and discussion. Spatial proximity was 

not associated with any of the other networks. This lack of correlation reveals that faculty 

do not communicate with those whose offices are nearby. 

Multiple Regression Analvsis 

A multiple regression analysis was calculated to determine which communication 

networks were predictors of time of adoption. 

Photocopy Request Service 

Only the friendship communication network identified at the conclusion of the 

study was a predictor of the time of adoption of the photocopy request service. This 

89 



on 

3 

O 

. 4 — > 

C 

_o 

O 

U 
ON 

o :=> cu 

CO 

ca o 
o. s 
on &. 

Q H 

Q 

® 
c 

8 § 
— d 

v-> 

* 

E-

• o 
<u H 

< H 

> 
•o — 
< E-

o 
q 
— 

* 
* * m 
• > * 

* 
* 
* (N 
m 
d 

* 
« 
* 0^ 
Tf 

o — d 
1 

00 
o 

* 
* * 
o CO 
d 

* 
# 
* ON 
^ 

— o 

<s 
o 
U 

w X w 

•o .2 ^ o ' U 

§••£ S 

o m 
_; d 

o s 
-" 

* 
* 
« «N 
• * 

d 

* 
« 
* vo 
.* 

* 
* 
* 00 
\r\ 
d 

* 
* 
* >o 
.<* 
d 

* 
.» 
* in 
m 

* 
* 
* 
m 
w-i 

d 

* 
« 
* 
m 
Tt 

d 

* 
* ¥, 

o w-1 

* 
* 
« 
m 
• * 

d 

* 
* * Vl 
*n 
d 

* 
* 
* vO 
m 

vO 
O 

d 
1 

vo O d 
1 

00 
p 

* 
* 
* 
o fS 
d 

* 
* 
* 
vo 
cs 
d 

* 
* 
* • < * 

«N 

O o 
d 

S 3 o vo 
o 

o 

CO 

U 

* ^ X CO 

111^ 
<:s 

3 < 

* 
00 
ON 

+ 

.^ a. 
« U 

ON 

0 0 

.2 a. 
is o 

vO 
O 

d 
1 

o 
d 

o 
d 

H 

> 

< 

vO 
O 
d 
1 

(S 
o 
d 

cs 
o d 

E-

> 

< 

vo 
O 
d 
1 

<s 
o 
d 

o 
d 

^ i 

E-

T3 
C 

vo 
O 

d 

^^ 
o 
d 

o 
d 

(N 
E-

13 
C u 
•c 

vO 
O d 
1 

(N 
O 

d 

o 
d 

P 

Q 

00 

o d 
1 

_ 
o 
d 

8 
d 

CM 

E-

Q 

*ri 

O 
d 
1 

tN 
"" 
o 
1 

m 

d 
1 

>< 
S 

!2 

O. 
in 

»o 
o 
d 

— 
o 
d 

8 
d 

>< 

o k« 

"E 
3 

o 

0.
00

1 

V 
Ol * 
* 
* 

q 
o 
V * 
« 

o 
d 
V 
* 

V 
Ol 
+ 

90 



reveals that adoption of the photocopy request service is associated with whom 

participants identified as friends at the conclusion of the study. Consequently, the 

diffusion process of the photocopy request service is also associated with the friendship 

communication network collected at the conclusion of the study. 

Leaming Resource Center Equipment Request Service 

None of the communication networks were identified as predictors of time of 

adoption. This means that adoption of the Leaming Resource Center equipment request 

service was made independent of one's network communication partners. 

Sociograms 

The sociograms presented a graphical representation of the networks and provided 

further insight into why the adoption of the innovations did not reach a critical mass. The 

sociograms were created using the Krackplot 3.0 (1995) software package. Three 

sociograms for each network were created in which participants are represented (a) by 

identification number; (b) by status (e.g., full professor, associate professor, assistant 

professor, instructor, teaching assistant, etc.); and (c) by tenure. Each of the networks was 

altered to show only reciprocal nominations. For example, if participant 1 indicated 

participant 2 was a communication partner and vice versa, then that communication link 

was identified. However if participant 2 nominated participant 3 as a communication 

partner, but participant 3 did not nominate participant 2 as a communication partner, then 
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that communication link was ignored. Presenting the sociograms in this way yields more 

sparse networks, thus focusing on the strong ties identified in the network. 

Photocopy Request Service 

The advice, friendship, discussion, and combined networks are presented in 

Appendix E. The nodes of those who used the photocopy request service have been 

shaded. The network characteristics of the personal networks of adopters are presented in 

Table 4.10. The sociograms revealed that the majority of adopters are non-tenured and 

hold the rank of assistant professor. The sociograms indicate that faculty of a higher rank 

and having tenure tend to be less central in the network. Some participants who are 

directly linked to adopters also adopted the innovation, but no more than three adopters 

are linked to one another. Adopters 3 and 54 have the largest number of network 

nominations. However adopter 3 has density and centrality scores below the overall 

average of adopters and adopter 54 has centrality closeness and betweenness scores 

below the overall average of adopters. The low density score indicates that adopter 3's 

communication partners do not turn to one another as communication partners. The low 

degree centrality of adopter 3's personal network indicates that no individual or group of 

individuals serve as a strong focal point of the personal network. The low centrality 

betweenness of adopter 3's and 54's personal networks indicate that they do not lie 

between their communication partners ties to one another. The low centrality closeness of 

adopter 3's and 54's personal networks indicate that intermediaries are prominent in the 

communication between network members. 
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Table 4.10. Network Characteristics of Adopter's of Photocopy Request Service Personal 
Networks. 

Adopter 

3 

4 

11 

14 

16 

18 

25 

27 

42 

46 

52 

54 

55 

56 

68 

*In percentages. 

Density 

0.20 

0.31 

0.26 

0.43 

0.40 

0.32 

0.35 

0.41 

0.48 

0.22 

0.23 

0.16 

0.44 

0.38 

0.26 

Centrality 
Degree* 
KCtnax - C(V/)) 

56.32 

35.83 

34.78 

38.10 

52.56 

33.33 

57.58 

60.00 

73.33 

58.00 

35.00 

38.21 

55.36 

56.19 

48.00 

Centrality 
Closeness* 
(n-l)/l4 

13.19 

39.95 

17.10 

36.02 

23.22 

30.61 

24.75 

56.92 

82.50 

22.01 

17.85 

6.06 

26.66 

24.91 

18.99 

Centrality 
Betweenness* 

(gij/(n2-3n+2)) 

30.36 

25.15 

11.93 

37.41 

27.10 

26.53 

36.11 

33.06 

61.67 

26.03 

19.17 

13.71 

20.76 

23.52 

18.63 
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The advice network collected at the beginning of the study identified two 

subgroups with adopters 3 and 54 as the central members. Within the subgroup with 

participant 3 as the central member, there is another subgroup with participant 68 as the 

central member. Within the subgroup with participant 54 as the central member, there is 

another subgroup with participant 11 as the central member. These central members are 

all adopters, which indicates that the innovations diffused to some extent. Examination of 

just the interconnected group with participants 3 and 54 as the focal points revealed that 

37% adopted the photocopy request service. However, there are two disconnected 

subgroups (participants 5, 23, 35, 36 and participants 15, 26, 62) and 18 isolates. These 

disconnected members of the network represent 42% of the network. Such a large 

percentage of disconnected members prevents the diffusion of the innovations. 

The advice network collected at the conclusion of the study is similar in stmcture. 

Participants 5, 23, 35, and 36, who were in a disconnected subgroup at the beginning of 

the study have now become interconnected in the network. However, their disconnected 

subgroup has been replaced by another set of participants (8, 14, 19, 38). Consequently, 

the advice network collected at the conclusion of the study does not provide any 

additional insights into the diffusion process. 

The friendship network, like the advice network, revealed that participants 3 and 

54 were once again the central members of the network. However, the friendship network 

also identified participant 61 as a central member. There is only one disconnected 

subgroup (participants 6,48), but there are 16 isolates. As in the case of the advice 

network, the large number of disconnected network members explains the lack of 
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diffusion of the photocopy request service. The multiple regression analysis discussed 

earlier revealed that the friendship network collected at the conclusion of the study was a 

predictor of adoption. At the end of the study. Participant 61 is no longer a central 

member of the network. Participants 11 and 56 have become more central in the network 

and they are also adopters of the innovation. The majority of the central members of the 

friendship network collected at the conclusion of the study are also adopters. However, 

there are still 11 isolates and one disconnected subgroup (15, 26, 67). 

The discussion network collected at the beginning of the study has four central 

members (participants 3, 20, 36, 54). Participants 3 and 54 are adopters of the photocopy 

request service, but participants 20 and 36 are non-adopters. The discussion network is 

the most connected of the three networks, but there are still 9 isolates. The discussion 

network collected at the end of the study identified participants 3 and 54 have maintained 

their central membership, but participants 20 and 36 are no longer central to the network. 

The sociogram reveals that most of the adopters connected to these central adopters have 

not extended the adoption of the innovation to members of their personal networks. 

In the combined sociogram, a link can be found from one adopter to another, 

indicating that each adopter communicates with at least one other adopter. However it 

appears that the central members of the network have not communicated their adoption of 

the innovation to the less central members of the network. 
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Leaming Resource Center Equipment Request Service 

The advice, friendship, discussion, and combined networks for the Leaming 

Resource Center equipment request service are presented in Appendix F. The nodes of 

those who used the Leaming Resource equipment request service have been shaded. The 

network characteristics of the personal networks of adopters are presented in Table 4.11. 

The sociograms revealed that the majority of adopters are non-tenured and hold the rank 

of assistant professor. The sociograms also indicate that faculty of a higher rank and 

having tenure tend to be less central in the network. Participants 3 and 54 have the largest 

number of network nominations and are not adopters of the Leaming Resource Center 

equipment request service. 

The advice nomination network collected at the beginning of the study revealed 

that there are two connected subgroups in the network. Participants 7 and 68 are the 

central members of one subgroup and participants 11 and 54 are the central members of 

the other subgroup. Participant 46 is the bridge that links these two subgroups. Participant 

11 is the only central member who has adopted the Leaming Resource Center equipment 

request. Participant 46 has adopted the Leaming Resource Center equipment request, but 

this adoption has not diffused to the subgroup with participants 7 and 68 as its central 

members. There are three disconnected subgroups and 18 isolates. These disconnected 

subgroups and isolates represent 50% of the network. Diffusion of the Leaming Resource 

Center equipment request is greatly hampered with such a high percentage of 
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Table 4.11. Network Characteristics of Adopter's of Leaming Resource Center 
Equipment Request Service Personal Networks. 

Adopters 

6 

9 

11 

14 

15 

32 

Density 

0.18 

0.24 

0.31 

0.43 

0.29 

0.48 

Centrality 
Degree* 
X(Cmax - C(V,)) 

24.36 

21.98 

35.67 

33.33 

76.67 

73.33 

Centrality 
Closeness* 
{Xi-\)IJ4ij 

10.95 

10.22 

36.94 

33.69 

34.18 

82.67 

Centrality 
Betweenness* 
2Yiljieij(pk) 
( ,̂/(Az2-3n+2)) 

15.60 

16.64 

13.02 

40.00 

60.00 

73.33 

42 0.48 73.33 82.50 61.67 

46 

58 

67 

*In percentage. 

0.26 

0.40 

0.13 

55.24 

30.00 

40.00 

47.00 

20.48 

12.32 

26.22 

26.00 

10.00 
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disconnected members. The sociogram also reveals that 70% of the adopters are not tied 

to another adopter, suggesting that the decision to adopt is independent of the network. 

The advice nomination network identified at the conclusion of the study revealed 

that individuals 3, 54, and 68 are the central members of the network. One again there are 

three disconnected subgroups, but the number of isolates has diminished to 14. However, 

one of the isolates has become a member of a disconnected subgroup. The advice 

network collected at the beginning of the study revealed that three adopters were 

connected, but the advice network collected at the conclusion of the study reveals that 

none of the adopters have ties to one another. This indicates that the adopters are not 

communicating their adoption to others in their networks and reinforces the finding that 

the decision to adopt is independent of the advice network. 

The friendship nomination network collected at the beginning of the study 

revealed that once again non-adopters 3 and 54 were the central members of the network. 

There are three disconnected subgroups and 11 isolates. Seventy percent of the adopters 

do not communicate with other adopters. This percentage of disconnected members and 

lack of adopter ties inhibits the diffusion process. The friendship network identified at the 

conclusion of the study shows only two disconnected subgroups, but number of isolates 

has increased to 12. The number of adopters with ties to non-adopters has only decreased 

to 60%. This network reinforces the conclusion drawn from the advice sociograms that 

the adoption decision was independent of the network. 

The discussion nomination network identified at the beginning of the study once 

again revealed that participants 3 and 54 were the central members of the network. Eighty 
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percent of the adopters have ties that consist of only non-adopters. There is one 

disconnected subgroup and there are 8 isolates. Thirty percent of the adopters are not 

connected to the primary network. The discussion nomination network identified at the 

conclusion of the study shows that participant 3 has become a stronger focal point of the 

network. There are no disconnected subgroups, but there are five isolates. None of the 

adopters has a direct tie to another adopter. This once again reinforces that the decision to 

adopt is independent of the network. 

The combined nomination network identified at the beginning of the study 

revealed that participants 3, 20, and 55 are the central members of the network. All three 

of these central members are non-adopters. In the combined nomination network 

identified at the conclusion of the study participants 3, 54, and 68 are the central 

members of the network. Participants 54 and 60 have replaced individuals 20 and 55 as 

central members, but they are also non-adopters of the Leaming Resource Center 

equipment request service. Both networks show that adopters are primarily peripheral 

members of the network. The lack of adoption by the central members and the lack of ties 

among adopters inhibit the diffusion of the innovations. 
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Facultv Comments 

The HyperRESEARCH (1991-94) software package was used to manage the 

coding process and to facilitate the comparison of data across subjects (Taylor & Bogdan, 

1984). Data related to each innovation were analyzed separately. 

To code the data, segments were highlighted and tagged with a code and then 

stored on an electronic index card. During the initial coding process, data were sorted by 

codes and printed. Then the sorted data were examined and checked to make sure all data 

identified by a particular code were similar. When codes appeared to be related or to 

overlap, a more general code was used to identify the data. Conversely, when codes were 

too broad, they were redefined and divided into subcodes. Codes were examined to 

determine how they were related and then sorted into categories. 

Initially, a research assistant and I tagged the Leaming Resource Center request 

data together to generate initial codes. Then data related to the photocopy request service 

were coded independently by the research assistant and the researcher. Two days later, 

the codes and corresponding data were compared. Codes were redefined and, at times, 

changed. Differences in coding were discussed and reconciled. The codes for the 

Leaming Resource Center requests were also re-examined at this time to ensure that the 

data fit the codes. Some codes were modified or changed. Any differences were 

discussed and reconciled. Categories for both innovations were also compared and 

discussed. Differences were reconciled when they occurred. 
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Photocopy Request Service 

The analysis of the comments faculty made about why they did not use the 

photocopy request service revealed the following categories: (a) alternative methods 

used, (b) nature of the document, (c) personal preference, (d) old habits die hard, (e) lack 

of confidence, and (f) did not need the service. 

Alternative methods used. Some faculty wrote that they preferred other photocopy 

methods or request methods. Some of those who said they preferred other photocopy 

methods indicated they had copy machines in their offices, and consequently did not need 

the service. Others asked staff (research assistant, secretary, student worker) to request 

photocopy services for them, and thus did not need the online request service. Some 

faculty also indicated that they preferred to make the requests or the copies themselves. 

Nature of the document. Sometimes the nature of a document did not lend itself to 

the online request service. The online photocopy request service was inappropriate in 

instances when faculty had documents on file and/or had prepared documents at home. It 

was also inappropriate when copies of journal articles were needed. Some faculty 

members indicated that they preferred to have a printed copy before having the document 

photocopied rather than sending an online request. For example, one faculty member 

stated "I like to read a hard copy first. So as I walk it down to the photocopying service, I 

can read it." 

Personal preference. Faculty had personal preferences related to hardware and 

software, which caused them not to use the services. First, some faculty members 

preferred to use another version of Microsoft Word or a different application such as 
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WordPerfect or Microsoft Works, rather than Microsoft Word 6.0, which the innovation 

required. Second, other faculty said they preferred to prepared documents at home 

because their home computers were faster than their office computers. 

Old habits die hard. This category label came directly from the data. Some faculty 

said they did not use the photocopy service innovation because "old habits die hard." 

Others said they forgot about the innovation or "just never took the time to figure out 

how to make the request." 

Lack of confidence. Some faculty said they were not confident enough in their 

technological skills to use the innovation. This included individuals who cited their lack 

of computer expertise, in general, as their reason for not using the innovation. Others 

stated that when they attempted to use the innovation and their request was not received, 

they believed that their lack of experience using the innovation was the cause and as a 

result did not use the innovation again. Other faculty said they did not have confidence in 

the innovation. They cited bad experiences, which primarily related to photocopy 

requests that were not filled, as the reason they did not use the innovation. 

Did not need the service. A few faculty indicated that they just did not need the 

photocopy request service, because they taught off campus. Others stated that they did 

not use the service and consequently did not need the on-line service. 

Leaming Resource Center Equipment Request 

The examination of the comments faculty made about why they did not use the 

Leaming Resource Center request service were sorted into the following categories: (a) 
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alternative methods used, (b) personal preference, (c) old habits die hard, (d) proximity, 

(e) lack of confidence, (f) more information, and (g) did not need the service. 

Alternative methods used. Some faculty preferred to use an alternative method to 

make their Leaming Resource Center equipment requests. These alternative methods 

included having their secretaries make the requests or if they taught off campus, using the 

equipment located at the site. 

Personal preference. Some faculty preferred to use their home computers rather 

than their office computers and, consequently, did not use the online Leaming Resource 

Center equipment request service. 

Old habits die hard. Faculty comments in the "old habits die hard" category 

indicated that they preferred to request Leaming Resource Equipment the old way rather 

than use a new method or that they forgot about the innovation. 

Proximitv. Some faculty indicated that their offices were so close to the Leaming 

Resource Center or they passed the Leaming Resource Center often enough that it was 

easier to make the requests in person than to use the on-line service. 

Lack of confidence. Some faculty noted that the lack of verification of their 

requests deterred their use of the innovation. When equipment requests were not filled, 

they chose not to use the innovation again. 

Needed more information. Sometimes faculty needed to check on the availability 

of equipment or needed assistance in remembering the name of a video they needed to 

use in class. The online equipment request service did not provide this information, so it 

was necessary for faculty to request the information in person. 
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Did not need the service. As in the case of the online photocopy request service, 

some faculty cited they did not need the Leaming Resource Center equipment service 

because they either taught off campus or did not use the resources in their teaching. 

Summarv 

In this chapter, no significant difference was found between the actual and recall 

time of adoption and the network nominations collected at the beginning and at the end of 

the study. The number of network nominations received was found to be negatively 

correlated with the time of adoption. There was no significant correlation between the 

time of adoption and spatial proximity. No significant correlation was found between 

organizational unit proximity and time of adoption as well. The diffusion process could 

not be analyzed using Valente's (1995) dual classification and T/CM model, because the 

threshold levels were too low and a critical mass was not reached. In order to gather a 

better understanding of why the innovations did not diffuse, network correlations were 

calculated and additional multiple regression analyses were conducted. Sociograms of the 

networks, with the nodes of adopters shaded, were also evaluated. An analysis of each 

participant's comments on the follow-up questionnaire as to why they did not use the 

innovation were coded and analyzed. The next chapter presents the (a) summary of the 

study, (b) the limitations of the study, (c) a discussion of the results, and (d) suggestions 

for further research. 
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CHAPTER V 

DISCUSSION AND CONCLUSIONS 

In the previous chapter, I presented the data analyses involved in studying the 

research questions presented. In this chapter, I will present the (a) summary of the study, 

(b) the limitations of the study, (c) a discussion of the results, and (d) suggestions for 

further research. 

Summarv of the Studv 

There were multiple aspects to this study. The first two hypotheses were designed 

to study data collection methods used in network analysis. The final hypotheses were 

tested to gather insights about the diffusion process of two computer-based innovations in 

a College of Education setting. The first hypothesis was designed to determine if there 

was a significant difference between actual and recall time of adoption among faculty 

who adopted the innovations. The second hypothesis was designed to determine if there 

was a significant difference between network nominations identified at the beginning of 

the study and at the end of the study. Hypothesis three allowed me to determine if the 

number of network nominations received was associated with the time of adoption. 

Hypothesis four allowed me to investigate whether spatial proximity and/or 

organizational unit proximity were associated with the time of adoption. Due to the lack 

of diffusion, hypotheses five and six could not be tested. However, a correlation and 
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multiple regression analysis of the networks, an analysis of the faculty comments, and an 

examination of the sociograms provided insights into why the innovations did not diffuse. 

The recall time of adoption was not significantly different from the actual time of 

adoption. Neither was network nomination data significantly different when collected at 

the beginning and end of the study. Thus, in a 10-month time period, faculty did not 

significantly change their communication partners. 

The multiple regression analysis used to test hypothesis three revealed that the 

number of network nominations received and teaching experience were predictors of time 

of adoption for the photocopy request service and age was a predictor of the time of 

adoption of the Leaming Resource Center equipment request service. 

When testing hypothesis four, it was found that the time of adoption was not 

associated with spatial proximity or organizational unit proximity. This would indicate 

that faculty whose offices were close together did not discuss the innovations. In 

addition, faculty members in the same academic program (organizational unit proximity) 

did not discuss the innovations with one another. 

The lack of diffusion prevented the use of Valente's models to study the diffusion 

of the innovations to test hypotheses five and six. The use of a correlation analysis, 

multiple regression analysis, sociograms, and participants' comments on the follow-up 

questionnaire provided insights into why the innovations did not diffuse. The correlations 

revealed that the adoption of the innovations was not associated with the communication 

networks. The multiple regression analysis revealed that the friendship network identified 

at the conclusion of the study was a predictor of the time of adoption of the photocopy 
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request service. The sociograms revealed that the number of disconnected members and 

adopters hampered the diffusion of the innovations. In the case of the Leaming Resource 

Center equipment request, the central members were not the primary adopters of the 

innovation, which further inhibited its diffusion. 

The analysis of faculty comments provided insight as to why they did not adopt 

the photocopy request service. Some faculty revealed that they preferred to use 

alternative methods or had copying needs not served by the innovation. Others had 

hardware or software preferences, which prevented the use of the innovation. Others were 

not ready to change to the new method of making requests and some did not have 

confidence in their technical abilities. Some faculty reported they did not need the 

photocopy services during the time of the study. 

Faculty comments also provided insight into why the Leaming Resource Center 

request service was not adopted. Some faculty revealed that they preferred to use 

altemative methods or preferred their home computers over their office computers. 

Others were not ready to change to the new method of making requests. Still others 

reported that their offices were so close to the Leaming Resource Center it was 

convenient to make the requests personally. Some faculty reported they did not have 

confidence in their technical abilities or had a bad experience related to the innovation 

that prevented further attempts to use it. Other faculty wrote that they did not need the 

request service because they taught off campus and did not use the Leaming Resource 

Center equipment. 
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Limitations 

The sample of participants came from a single College of Education. Past 

research indicates that an organization's norms for information-sharing affect how, when, 

and to what extent organizational members communicate (Dewhirst, 1971; O'Reilly, 

1977). Therefore results may not be generalizable to other Colleges of Education, but the 

methods of data collection and analysis may be. 

There were technical problems that were related to the network or equipment 

associated with the use of the innovations. The university had been upgrading the 

network backbone and there were times when the network was down due to problems 

that occurred in switching to the new equipment. In addition, the Internet provider to the 

university had an unusually large number of problems during the time of the study. These 

problems related to the network and equipment both caused the Leaming Resource 

Center equipment request to be unavailable to faculty, since it was offered via the 

college's web server. Another known problem that occurred during the study, related to 

the photocopy request service, was there were two known instances when the printer was 

offline and the photocopy personnel failed to notice and correct the problem. 

In the case of the photocopy request service, faculty were limited to using only 

Microsoft Word 6.0 to take advantage of the online photocopy request. In addition, the 

application was available only from office computers and not from individuals' home 

computers. The Leaming Resource Center equipment request was accessible from office 
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computers via the College's web server. To use the service from home, individuals 

needed access to the web from home to use the service. 

Discussion 

This study showed that for the faculty who participated in the study there was not 

a significant difference between actual and recall time of adoption. Time of adoption was 

determined by the month in which individuals adopted. For example, if time period one 

was September and time period two was October, then an individual who adopted the 

innovation on September 30, would be considered to have adopted in time period one and 

an individual who adopted on October 1,would be considered to have adopted in time 

period two. However, the low percentage of agreement causes the reliability of these 

results to be questioned. The percentage of agreement supports Coughenour's (1965) 

suggestion that use of recall can be inaccurate, because the data are dependent on the 

respondent's ability to accurately recall his or her time of adoption. 

Early or late recall of adoption compared to actual time of adoption may have 

implications about the importance of the innovations. In this study, two-thirds of the 

recall times of adoption related to the photocopy requests were later than the actual time 

of adoption. In the case of the Leaming Resource Equipment request service, the opposite 

was tme. Seventy percent of the recall times of adoption were earlier than the actual time 

of adoption. Coughenour (1965) suggests that when participants recall time of adoption is 

earlier than the actual time of adoption, then the adopter has perceived that the adoption 

of the innovation is important. Coleman et al. (1966) noticed in their study that 
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individuals tended to give their recall time of adoption as earlier than the actual time of 

adoption. They attributed this to the fact that the doctors in their study saw the adoption 

of tetracycline as an enhancement to their professional status and thus indicated a time of 

adoption earlier than the actual time of adoption. Coughenour (1965) says that when the 

recall time of adoption is later than the actual time of adoption indicates that the adopter 

does not perceive that the innovation as important in relation to the network. It is difficult 

to draw any conclusions from the present study, because there were so few adopters and 

the nature of the innovations is quite different from a dmg like tetracycline. 

The length of the study was over a ten-month period. In this length of time it was 

found that faculty did not significantly change their communication partners in terms of 

who they communicate with for advice, friendship, and discussion. These results 

contradict the study by Morgan, Neal, and Carder (1997). In a study of membership 

network stability among widows over the period of a year, Morgan et al. (1997) found 

there was a considerable degree of instability. The difference in network membership 

stability perhaps can be attributed to the difference in populations. There is less faculty 

turnover during the academic year in a higher education environment. In addition, 

program areas and committee memberships within the college did not change during the 

time of the study. 

The multiple regression analysis revealed that the number of network nominations 

received and teaching experience were predictors for the time of adoption of the 

photocopy request service. The finding that the number of network nominations received 

was a negative coefficient is consistent with the lack of diffusion of the photocopy 
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request service. This finding indicates that the opinion leaders were not the primary 

adopters of the photocopy request service, and those opinion leaders who did adopt the 

innovation did not diffuse this information to the rest of the faculty. Opinion leaders have 

been cited as being important to the diffusion process (Rogers, 1995; Rogers & Kincaid, 

1981; Valente, 1995). Had the opinion leaders been the primary group of adopters of the 

photocopy request service, the innovations may have diffused. However, the use of Time 

period 11 for non-adopters could also be a statistical artifact, which could also be 

attributed to the negative correlation. 

The finding that teaching experience was a positive coefficient supports past 

research which identified that teaching experience was associated with frequency of 

computer use and were active users of computer mediated communication (Grandgenett 

& Harris, 1994; Honey & Henriquez, 1993). 

Only age was found to be a predictor for the Leaming Resource Center equipment 

request service. This may indicate that the decision to adopt the Leaming Resource 

Center equipment request service was more independent of the network communication 

partners than the photocopy request service. The fact that age was positively correlated 

with time of adoption indicates that the older a faculty member is the more likely they 

were to adopt the Leaming Resource Center equipment request service. This result 

supports the finding by Honey and Henriquez (1993) that older educators were active 

users of computer mediated communication. 

The findings that spatial and organizational unit proximity were not associated 

with time of adoption was also unexpected. Rice et al. (1997) state that spatial proximity 
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appears to influence the development of informal helping relationships. This would 

suggest that faculty might turn to those in the offices close to them for technical 

assistance. In the present study, it appears that faculty who used the innovations did not 

communicate that use to those proximally close to them, and those who experienced 

technical problems did not tum to the adopters for assistance. It is possible that those who 

did have technical problems did not know who had adopted the innovations. In addition, 

technical problems weren't the most important reasons given for not adopting the 

innovations. 

Eveland et al. (1995) suggested that organizational unit proximity influences the 

development of help relationships. They found university employees were unlikely to go 

outside their functional unit to seek assistance with technology problems. Once again, 

this does not appear to hold tme for the faculty in this study. It seems that the use of the 

innovations was not a topic of discussion among faculty who were members of the same 

academic program. 

Since the thresholds of adopters were all relatively low and a critical mass was not 

reached, hypotheses five and six could not be tested. However, the examination of the 

sociograms and analysis of the faculty's comments on the follow-up questionnaire 

provided insights as to why the innovations did not diffuse. Research has shown that 

interpersonal persuasion is necessary to convince an individual to adopt an innovation 

(Becker, 1970; Weimann, 1982). The sociograms suggest that interpersonal persuasion 

did not occur. 
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The low density and centrality of the nomination networks are a primary reason 

the innovations did not diffuse. Valente (1995) found that density and centralization are 

associated with adoption, therefore the low density and centrality of the networks 

probably inhibited the diffusion process. 

The correlations revealed that there was no significant correlation between the 

communication networks and the adoption times of participants. However, the friendship 

nomination network collected at time two was identified as a predictor of the photocopy 

request service using a multiple regression analysis. This suggests that though this 

network was not associated with adoption times, the network is, to a certain degree, 

representative of the diffusion process of the photocopy request service. This is contrary 

to the findings of Coleman et al. (1966), in which they found that the advice and 

discussion networks were representative of the diffusion process. The fact that the 

friendship network was representative of the diffusion process in this study could be 

related to the failure to reach critical mass or the low network density of the networks. 

Friendship networks tend to have a higher degree of homophily than discussion or advice 

networks (Rogers, 1995). Rao et al. (1980) stated that homophily can act as a barrier to 

the diffusion process. 

An examination of the sociograms revealed that the lack of diffusion appeared to 

be related to the lack of communication about the innovations. The sociograms presented 

a graphical representation of the networks and provided further insight into why the 

adoption of the innovations did not reach a critical mass. The sociograms revealed that 

not all of the opinion leaders were the primary adopters of the innovations. The 
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sociograms revealed that there were a large number of disconnected participants and 

many of these were also adopters. The sociograms reinforce the low density and 

centrality of the networks. These findings all hinder the diffusion process. 

There was one major difference between the two innovations represented in the 

sociograms. The majority of adopters of the photocopy request service had ties to fellow 

adopters, whereas the majority of adopters of the Leaming Resource Center equipment 

request service did not have ties to fellow adopters. This suggests that the decision to 

adopt the Leaming Resource Center equipment request service was independent of one's 

communication partners. 

Faculty comments conceming their perception conceming the value of the 

innovations contradicted the actual use. The majority of faculty members' comments 

revealed that the innovations were of value. However, analysis of use reveals that the 

majority of faculty did not adopt the innovations. 

The analysis of faculty comments on the follow-up questionnaire provided insight 

as to why they did not adopt the photocopy request service. Both adopters and non-

adopters were asked to give reasons for not using the innovations. Some faculty revealed 

that they preferred to use altemative methods to make their requests. Others had hardware 

or software preferences, which prevented the use of the innovation. Others were not 

ready to change to the new method of making requests. Research suggests that 

individuals have a different media preference for different types of relations 

(Haythomthwaite et al., 1995). This could explain the alternate media preferences 

expressed by the faculty. Other faculty did not have confidence in their technical abilities 
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or said they had a bad experience that caused them to stop using the innovations. These 

comments support research that states prior mechanical and computer experiences 

contribute to computer anxiety, which in tum inhibits the adoption of technology (Weil et 

al., 1990). 

A few faculty wrote that they did not use the innovations because they taught off 

campus. The use of a different word processing software package was an additional 

reason for not using the photocopy request system. These comments suggest that these 

individuals should have been removed from the adoption study samples. I chose not to do 

this because the questionnaire did not ask faculty to identify reasons they did not adopt 

the innovations. Rather, they were asked to indicate reasons they did not use the 

innovations. If I had removed the individuals who identified teaching off campus as a 

reason for not using the innovation, one of the adopters of the Leaming Resource Center 

would have been removed from the study sample. 

Unique to the Leaming Resource Center equipment request service was the 

proximity of the Leaming Resource Center in relation to faculty members' offices. The 

proximity of the Leaming Resource Center is not merely related to the proximity of 

faculty members' offices, but is also on the path faculty members take to their offices. In 

addition, the Leaming Resource Center is beside the only elevator in the building and is 

also close to the faculty lounge, where one of the network printers is located. 

Consequently, it was convenient to request in person walking past the Leaming Resource 

Center. 
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Practical Applications and Suggestions for Further Research 

Using a diffusion and/or social network approach in studying the diffusion of 

innovations will provide researchers with a wider perspective on the diffusion process. 

Using a post hoc approach, researchers can identify and use change agents as well as 

gather characteristics of the social networks in order to predict the time it will take for 

innovations to diffuse. In addition, the post hoc study will reveal the network 

characteristics of the social networks being studied as well as the degree of homophily 

and heterophily. This information will give a researcher an idea of the amount of time 

needed for an innovation to diffuse. Future research might reveal that when trying to 

diffuse innovations among faculty in academic settings that there will be a higher degree 

of homophily, thus causing innovations to take a greater length of time to diffuse. 

In addition, networks can be examined from an ego-centric approach. The ego

centric approach is closely associated with Computer Mediated Communication and other 

research associated with the Intemet, because there are no boundary restrictions placed 

on the networks of study. Thus, the ego-centric approach could be used to analyze the 

social networks of listservs, newsgroups, and chatrooms. In addition, the use of social 

network analysis could be used to identify the networks of different web sites. For 

example, links from one web site to another could be used to identify the social network 

that exists around a particular topic. 

Future research into the time of adoption would assist in determining whether the 

time of adoption by an individual is associated with the value the individual places on the 
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innovation or whether it is related to the risk involved in adopting the innovation. The 

value and/or importance as well as the risk associated with an innovation could be 

collected via a questionnaire or during an interview process. 

Diffusion of innovations is strongly tied to the role of opinion leaders in a social 

network. However, this research does not indicate whether these opinion leaders also 

serve as "evangelists" of an innovation. Future studies into how strongly opinion leaders 

persuade others to adopt, would provide further insight into the diffusion process. 

Perhaps there are opinion leaders who are more likely to persuade others with one type of 

innovation and other opinion leaders for other nominations. Future research may provide 

a means of measuring this aspect of opinion leadership. 

Further research can be conducted with regard to the data collection methods used 

in this study. The results of the study revealed that there was no significant difference 

between recall and actual time of adoption. The length of the study was a 10-month time 

period. It would be interesting to extend the length of the study and see if the recall and 

actual time of adoption differs more over time. This would provide additional data to 

determine at what time the recall and actual time of adoption become significantly 

different or if they ever do become significantly different. It will also provide data to 

further research Coughenour's ideas related to the meaning behind adopter's recall time 

of adoption. 

The study also revealed no significant differences between the nomination 

networks collected at the beginning and end of the study. Further examination of these 

networks could reveal more information about these networks. What caused the networks 
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to be stable over time? For example, what percentage of ties were the same from Time 1 

to Time 2. What was the strength of the ties between Time 1 and Time 2? Which ties 

appear to persist in each of the three networks (advice, friendship, and discussion)? How 

does the demographic information (e.g., age, teaching experience) contribute to the 

strength of ties? Is centrality or social density associated with persistence of ties? Is age, 

teaching experience, spatial proximity, and/or organizational unit proximity associated 

with changes in networks collected at different points in time? What changes occur in 

personal networks? These questions can be studied by further examination of the data 

collected in this study and further developed by extending this study. 

The lack of diffusion also lead to recommendations for further research. Some 

faculty depended on staff to fill copy requests for them. When examining the requests 

from the copy room it is difficult to determine whether staff requested copies for faculty 

or if faculty made their own requests. The use of staff by some faculty suggests that the 

sample could be extended to include the College's staff It will be interesting to see if 

this will have an effect on the diffusion process of the innovations. It will also be 

interesting to examine the communication partners identified with the staff included in 

the sample. 

Based on suggestions by the faculty on the follow-up questionnaire, the lack of 

verification of requests appears to have been a major problem associated with adoption of 

both innovations. It will be interesting to study how verification of requests would change 

adoption of the innovations. 
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The lack of diffusion suggests that faculty either rejected the innovations or the 

innovations have not had adequate time to diffuse. Continuing the study will allow this 

question to be resolved. 

The sociograms graphically revealed where the adopters were located in relation 

to the entire network. Further study into the centrality measures of the adopters, what 

cliques there are within the network, the paths that connect adopters, the geodesic from 

one adopter to another, and the density of the network might provide additional insights 

into why the innovations did not diffuse. In addition, examination of the personal 

networks of adopters and how dense or radial the network was might provide further 

insights into the diffusion process. 

Further insights into the lack of diffusion might also be obtained by examining 

whether the network nominations were correlated with organizational unit and spatial 

proximity. This would help to reveal whether it was just the innovations that were not 

discussed or whether there is no significant correlation between who individuals 

communicate with, what academic program they are in, or where their offices are located. 

The study of diffusion network models using social network analysis study the 

adoption of innovations based on the exact pattem of who-to-whom relations. This 

approach is different than the standard approach of finding personal characteristics as 

predictors of adoption. These approaches ignore whom people communicate with and to 

what degree they are influenced or influence other members of the social system. 

Through network analysis the stmcture of communication is incorporated into the study 

and prediction of adoption. 
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EXAMPLE OF ONLINE LEARNING RESOURCE CENTER 

REQUEST FORM 
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LRC Equipment Setup Request 

Please note: If you experience any difficulties, (or if you are not using a forms-capable browser) you may 
email your response to this form to: Kimberly Wagner. 

Please fill out the form below and click on the SUBMIT REQUEST button to request equipment from the 
LRC. 

Current Date is: 11/07/97 

Enter the date you will need the equipment. 

Date: 

Enter the name of the persom making the request and/or needing the equipment. 

Name: 

Select the equipment needed. 

VCR and Television 

Enter the room number where the equipment needs to bet up. 

Location: 

Enter the time your class begins or when you will pick up the equipment. 

SetUp Time: 

dH I would like the LRC to deliver and setup the equipment. 

n I will pick up the equipment from the LRC. 

Enter the time the equipment may be picked up or will be returned. 

PickUp Time: 

dH I would like the LRC to pick up the equipment. 

r i I will return the equipment to the LRC. 

Enter the date the equipment may be picked up or will be returned. 

Return Date: 

Enter any special instructions below. 

Special Instructions: 
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APPENDDC B 

SCREEN DISPLAY OF PHOTOCOPY REQUEST 

SERVICE VL\ MICROSOFT WORD 6.0 
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Figure B.l. Screen shot with Print Request button. 
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Figure B.2. Screen shot showing that users are prompted to save document before 
completing copy request form. 
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Figure B.3. Screen shot of online copy request form. 
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APPENDIX C 

INITIAL QUESTIONNAIRE 
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Please complete the information below: 

Personal Information (Demographic): 

1. Name: 

2. What is your major area of research? 

3. How long have you been teaching in the College of Education at Texas Tech 
University? 

a. How many years have you taught at the university level? 

4. List the courses you have taught in the past year and plan on teaching in the Fall '96 
and Spring '97 semesters: 

5. What graduate school did you attend in obtaining your doctorate? 

6. In what year did you graduate? 

7. Where did you go to college as an undergraduate? 

8. Where did you grow up? 

9. Were both your parents bom in this country? 

IF NO: 
a. Where was your father bom? 

b. Your mother? 

10. Are you married? 
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11. What is your age? 

12. What is your gender? 

13. What is your ethnicity? 

Professional and Social 

14. Would you say that Texas Tech University is a very good university to teach and 
conduct research in, fairly good, or not very good? 

a. What advantages does Texas Tech University is a very good university to teach 
and conduct research? 

b. What drawbacks does Texas Tech University offer as a place to teach and 
conduct research? 

15. Which professional-related joumals do you receive regularly? 
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16.Which joumals do you personally fmd most useful? Which do you find next most 
useful? 

FOR EACH OF TWO MOST USEFUL JOURNALS: 
a. How many articles do you usually read in an issue of (joumal)-almost all, 

more than half, or less than half? 

17. When you need information or advice about teaching or research where or to whom 
do you usually tum? 

18. Would you rather spend your free time with other faculty or with non-faculty? 

19. With the exception of immediate family, with whom do you actually spend more of 
your free time-faculty or non-faculty. 

20. How do you think you compare with most other faculty in Texas Tech University in 
this respect? 
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21.When you are with other faculty socially, do you like to talk about College matters? 

22. Do you belong to any community organizations outside the profession-like clubs, 
lodges, veterans, sports, or church groups? 

IF YES: 
Which ones? 

23. Altogether, how many times have you met with these groups in the last two 
months? 

24. Would you tell me the names of your three friends whom you see most often 
socially? 

What are their occupations? 

25. Who are the three or four faculty members with whom you most often fmd yourself 
discussing classes, teaching, or research in the course of an ordinary week? 

26. Does information about education in general interest publications do more harm or 
more good? 

In what way? 
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27. The general public has misconceptions about what a faculty member's job and life 
are like. What misconceptions do you think need to be corrected? 

28. Are you a member of any professional societies or organizations? 

IF YES: 
a. Which ones? 

b. Have you ever held office in any of them? What office? When? 

29. Have you attended any national, regional or state conventions of professional 
societies during the last 12 months 

IF YES: 
Which ones? 

30. Are there any particular universities you look to as a source of professional 
knowledge? 

Which one(s)? 

New Services 

31. Do you perceive there is a need for the new photocopying service being offered to 
faculty? 
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32. What do you perceive as the advantages of the new photocopying service? 

33. Do you perceive there is a need for the new LRC request service being offered to 
faculty? 

34. What do you perceive as the advantages of the new LRC request service? 
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Check the names of people you usually talk to when: 

A) Check the names of people you usually talk to when you need information or advice 
about teaching or research; (Advice) 

B) Check the names of your friends whom you see most often socially; (Friendship) 
C) Check the names of people with whom you most often find yourself discussing 

classes, teaching or research in the course of an ordinary week; (Discussion) 

Faculty Member 
John Doe 
Jane Doe 

1 
1 
1 
1 

A 
Advice 

B 
Friendship 

C 
Discussion 
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APPENDDC D 

FOLLOW-UP QUESTIONNAIRE 
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Follow-up questionnaire 

Name 

1) Did you use the LRC online equipment request service available via Netscape? 

n Yes n No 

If you responded YES, please complete items a, b, c, & d. 

If you responded NO, please complete item d. 

a) Please indicate below the approximate day & month you recall first using the LRC 
online equipment request service. 

b) How often did you use the LRC online equipment request service: 

Number of times per week 

Number of times in total 

c) Why did you choose or what motivated you to use the LRC online equipment 
request service? Please check all that apply and then rank the three most 
important. 

Convenience 

Interpersonal persuasion 

Instmctions placed in mailbox 

Other 
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d) Please provide reasons you did not use the LRC online equipment request service? 
Please check all that apply and then rank the three most important. 

Convenience 

Interpersonal persuasion 

Instmctions placed in mailbox 

Technical problems 

Inadequate support 

Other 

Please provide feedback below indicating your impressions about the LRC online 
equipment request service. Such as what were the positives about the service, what 
changes could be made to make the service more useful, were there circumstances when 
you preferred to use it, were there circumstances when you preferred not to use it, etc. 

148 



Did you use the online photocopying request service available through Microsoft Word? 

n Yes n No 

If you responded YES, please complete items a, b, c, & d. 

If you responded NO, please complete item d. 

a) Please indicate below the approximate day & month you recall first using the 
online photocopying request service. 

b) How often did you use the online photocopying request service: 

Number of times per week 

Number of times in total 

c) Why did you choose or what motivated you to use the online photocopying 
request service? Please check all that apply and then rank the three most 
important. 

Convenience 

Interpersonal persuasion 

Instmctions placed in mailbox 

Other 
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d) Please provide reasons you did not use the online photocopying request service? 
Please check all that apply and then rank the three most important. 

Convenience 

Interpersonal persuasion 

Instmctions placed in mailbox 

Technical problems 

Inadequate support 

Other 

Please provide feedback below indicating your impressions about the online 
photocopying request service available through Microsoft Word. Such as what were the 
positives about the service, what changes could be made to make the service more useful, 
were there circumstances when you preferred to use it, were there circumstances when 
you preferred not to use it, etc. 
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Check the names of people you usually talk to when: 

A) Check the names of people you usually talk to when you need information or advice 
about teaching or research; (Advice) 

B) Check the names of your friends whom you see most often socially; (Friendship) 
C) Check the names of people with whom you most often find yourself discussing 

classes, teaching or research in the course of an ordinary week; (Discussion) 

Faculty Member 
John Doe 
Jane Doe 

1 
1 
1 
1 

A 
Advice 

B 
Friendship 

C 
Discussion 
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SOCIOGRAMS OF NETWORK MATRICES WITH ADOPTERS OF 

PHOTOCOPY SERVICE REQUEST HIGHLIGHTED 
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Figure E.l. Sociogram of Advice Nomination Network at Timel with Participants 
identified for Photocopy Service. 
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Figure E.2. Sociogram of Advice Nomination Network at Timel with Status identified 
for Photocopy Service. 
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Figure E.3. Sociogram of Advice Nomination Network at Timel with Tenure identified 
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Figure E.6. Sociogram of Advice Nomination Network at Time2 with Tenure identified 
for Photocopy Service. 

158 



[H}^ 

^ 

34 

52 59 6 3 [48l<l 1>[6] 

fsT] 

**H 

/ 

/ 
3 6 

/ \ ^^ 

[22] 

32 1 

[4] 

B 
[15] 

[17] 

[21] 

[24] 

[26] 

[28] 

[29] 

[30] 

[33] 

[40] 

[43] 

[51] 

[58] 

[62] 

[67] 
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identified for Photocopy Service. 
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ŝ&u_̂  

- ^ N T ^ C ; ^ 

fi^^lV y'lSr^:^^ 
^^^^^5^^^ 

-s^^^&S^M \v 

/ ^ \ "^ 

•^^^NTl 

NT 

^fefHT] 

^§[NTj 

[NTH 

\r""" '̂ f̂n 

] N T | 

F?B 

[Fnf] 

NT 

T 

[NT] 

B 
B 
B 

[NT] 

[NT] 

[ ^ 

[NT] 

B 
B 

[NT] 

[NTT<? ofNT H > T 

Figure E.12. Sociogram of Friendship Nomination Network at Time2 with Tenure 
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Figure E.l3. Sociogram of Discussion Nomination Network at Timel with Participant 
identified for Photocopy Service. 
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Figure E.l6. Sociogram of Discussion Nomination Network at Time2 with Participants 
identified for Photocopy Service. 
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Figure E. 18. Sociogram of Discussion Nomination Network at Time2 with Tenure 
identified for Photocopy Service. 
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Figure E.19. Sociogram of Combined Nomination Network at Timel with Participants 
identified for Photocopy Service. 
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Figure E.20. Sociogram of Combined Nomination Network at Timel with Status 
identified for Photocopy Service. 
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Figure E.21. Sociogram of Combined Nomination Network at Timel with Tenure 
identified for Photocopy Service. 
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identified for Photocopy Service. 
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Figure E.23. Sociogram of Combined Nomination Network at Time2 with Status 
identified for Photocopy Service. 
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Figure F. 1. Sociogram of Advice Nomination Network at Time 1 with Participants 
identified for Leaming Resource Center Equipment Request Service. 
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Figure F.2. Sociogram of Advice Nomination Network at Timel with Status identified 
for Leaming Resource Center Equipment Request Service. 
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Figure F.3. Sociogram of Advice Nomination Network at Timel with Tenure identified 
for Leaming Resource Center Equipment Request Service. 
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Figure F.4. Sociogram of Advice Nomination Network at Time2 with Participants 
identified for Leaming Resource Center Equipment Request Service. 
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Figure F.5. Sociogram of Advice Nomination Network at Time2 with Status identified 
for Leaming Resource Center Equipment Request Service. 
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Figure F.6. Sociogram of Advice Nomination Network at Time2 with Tenure identified 
for Leaming Resource Center Equipment Request Service. 
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Figure F.7. Sociogram of Friendship Nomination Network at Timel with Participants 
identified for Leaming Resource Center Equipment Request Service. 
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Figure F.8. Sociogram of Friendship Nomination Network at Timel with Status 
identified for Leaming Resource Center Equipment Request Service. 
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Figure F.9. Sociogram of Friendship Nomination Network at Timel with Tenure 
identified for Leaming Resource Center Equipment Request Service. 
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Figure F.IO. Sociogram of Friendship Nomination Network at Time2 with Participant 
identified for Leaming Resource Center Equipment Request Service. 
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Figure F. 11. Sociogram of Friendship Nomination Network at Time2 with Status 
identified for Leaming Resource Center Equipment Request Service. 
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Figure F.12. Sociogram of Friendship Nomination Network at Time2 with Tenure 
identified for Leaming Resource Center Equipment Request Service. 

189 



[28] 

HE 

[40] 

[43] 

[64] 

l«Z] 

Figure F.13. Sociogram of Discussion Nomination Network at Timel with Participants 
identified for Leaming Resource Center Equipment Request Service. 
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Figure F.14. Sociogram of Discussion Nomination Network at Timel with Status 
identified for Leaming Resource Center Equipment Request Service. 
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Figure F.15. Sociogram of Discussion Nomination Network at Timel with Tenure 
identified for Leaming Resource Center Equipment Request Service. 
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Figure F.16. Sociogram of Discussion Nomination Network at Time2 with Participants 
identified for Leaming Resource Center Equipment Request Service. 
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Figure F.17. Sociogram of Discussion Nomination Network at Time2 with Status 
identified for Leaming Resource Center Equipment Request Service. 
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Figure F.18. Sociogram of Discussion Nomination Network at Time2 with Tenure 
identified for Leaming Resource Center Equipment Request Service. 
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Figure F.19. Sociogram of Combined Nomination Network at Timel with Participants 
identified for Leaming Resource Center Equipment Request Service. 
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Figure F.20. Sociogram of Combined Nomination Network at Time 1 with Status 
identified for Leaming Resource Center Equipment Request Service. 
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Figure F.21. Sociogram of Combined Nomination Network at Timel with Tenure 
identified for Leaming Resource Center Equipment Request Service. 

198 



Figure F.22. Sociogram of Combined Nomination Network at Time2 with Participants 
identified for Leaming Resource Center Equipment Request Service. 
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Figure F.23. Sociogram of Combined Nomination Network at Time2 with Status 
identified for Leaming Resource Center Equipment Request Service, 
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Figure F.24. Sociogram of Combined Nomination Network at Time2 with Tenure 
identified for Leaming Resource Center Equipment Request Service. 
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