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2. Conceptual Frameworks

Although qualitative research approaches do not typically involve explicit hypothesis testing, often one or more research traditions can provide conceptual context and specific analytical tools. This case study of ecology electronic journals drew its conceptual foundations from several related research traditions and from a thorough study of the literature on electronic publishing as of early 1998. The main foundations of the study were provided by the classic research into scientific communication (largely done before the widespread adoption of network technology), the sociology of science, and diffusion of innovations theory as developed by Everett Rogers. The following discussions highlight the broad structure of these traditions and emphasize previous work that I found to be particularly relevant to the research project at its outset.

In developing the conceptual framework, what I was looking for were models that exposed the underlying structure and patterns of scientific communication, analysis that described the factors that were driving it and the roles played by journals and authors, and theory that placed scientific communication within the broader frameworks of the sociology of science and the advance of scientific knowledge. Broadly speaking, what I found was contextual background relating to the pre-electronic environment and more recent work relating to the electronic publishing environment that was more directly relevant to my study.

The work of Price, Garvey, and Griffith set the stage in the 1960s and 1970s by creating a model of the process of disseminating scientific research results in general and of the journal system in particular. Mullins, Crawford, Crane and Cronin explored the role of social elites, and Merton, Menzel, Kuhn, and Mulkay broadened the context further by showing how the sociology of science provides an interpretive framework for the study of scientific communication. Rogers’ diffusion theory provided one particularly applicable concept—complex contingent decision process—along with a way of looking at electronic publishing as an innovation cluster, and tools for investigating the impact of electronic publishing and defining actors’ roles.

The more recent work of Crawford, Hurd, and Weller in the 1990s on the impact of new technologies on scientific communication delineated the setting for early electronic publishing that is the immediate context of this study.

Scientific Communication in the Paper World

Earlier research into scientific communication provided one rich conceptual resource for the study. The search for pattern and process in scientific communication was a major approach to developing understanding of scientific communication in the period prior to the widespread adoption of electronic communication technologies. Scientific communication theories provide a useful conceptual foundation for research into electronic publishing because of the relatively good understanding they provide of the existing print-based system. This system is a natural frame of reference for considering any changes resulting from the development of electronic publishing.

Price initiated substantial interest in the print components of scientific communication when he pointed out that the scientific literature has been growing exponentially for at least several centuries (Price 1961). He later noted that during the course of the twentieth century, the scientific literature has developed some unique trends reflecting changes in the underlying scientific culture (Price 1986). Price documented that the scientific literature was big not only in the sense of its size, but also in the sense that the frequency of multiple authorship of papers was increasing and the average number of authors on multi-authored papers was increasing as well. He interpreted this as resulting from an increase in the number of scientists involved in any given research project. Price explained this increase as resulting from an increased dependence on expensive equipment, and an increased specialization of scientists caused by high levels of financial support for the scientific enterprise in the post-war period.

Dissemination of Research Results

While Price focused on large-scale patterns in the published literature, research by Garvey and Griffith with various co-authors used a different frame of reference, conceptualized as scientific communication, and as a result developed a picture explaining a generalized process of disseminating research results within the scientific community. This body of work provides the most detailed description of the mechanics of the scientific communication process that I found. Garvey and Griffith, with their collaborators, carried out a group of studies in the 1960s and into the 1970s, initially studying the psychology community and later expanding the research approach into several other scientific communities (American Psychological Association 1963; American Psychological Association 1965; 1969; Garvey 1979; Garvey and Griffith 1971; Garvey, Lin, and Nelson 1970; Garvey, Tomita, and Woolf 1974; Griffith and Miller 1970; Griffith and Mullins 1972; Lin, Garvey, and Nelson 1970). According to the Garvey and Griffith model, results are presented in stages: initially, results are shown informally to small groups of researchers, typically at invited seminars either within the researcher’s home department or at another university or research facility. Over time, results are reported to larger groups, for instance at conferences; preprints and technical reports may be distributed; manuscripts are submitted; and journal publication occurs (Garvey and Griffith 1971).

This model highlighted the importance of informal mechanisms of dissemination in the overall distribution process, a finding that widely bolstered the understanding of the importance of prepublication reports, both for distribution and also for review and refinement of research results prior to publication. The Garvey and Griffith work identified and explained the key role played by professional conferences in the development and dissemination of research results. Garvey and Griffith also found that the scientist-author essentially ceases active dissemination using informal methods once the research report is accepted for formal publication. 

Variations Between Groups of Scientists

Both Garvey and Griffith elaborated various aspects of the model over time. Garvey, Tomita, and Woolf (1974) described stages in the research process and their relationship to communication patterns. Garvey et al. also investigated variations in information needs associated with research stages. This work offered some broad comparisons of variations in communication patterns between social and physical scientists, and between basic and applied scientists. The authors found that information needs and corresponding communication patterns did differ between the groups. Social scientists tended to use local colleagues and books more frequently than physical scientists, while physical scientists made more use of meeting presentations and technical reports. Basic scientists tended to make more use of both formal and informal communication channels from the model when compared to applied scientists. 

Garvey, Lin, and Nelson (1970) focused even more explicitly on differences in communication patterns between communities of social and physical scientists. This work emphasized timing variations and reported that social scientists experienced greater lags between manuscript submission and article publication when compared to physical scientists. Garvey et al. concluded that the differences in lags were explained by differences in the effectiveness of the communication systems (p. 71): 

We conclude from our findings that the current system of prepublication dissemination for the social sciences is not as effective as for the physical sciences. Not only do a larger proportion of physical scientists make prepublication reports; they make them more frequently, and to more different kinds of audiences as well. And, they accomplish this prepublication dissemination within a shorter period of time. We are currently examining the structure of the informal network associated with prepublication dissemination to determine whether there are qualitative differences in these networks between the physical and the social sciences. 

This quotation demonstrates a problem with the Garvey and Griffith approach: a tendency to assume that communication network structure alone explains the observed functioning of the publishing system. Garvey and Griffith generally ignored other factors that structure publishing systems, such as economic factors. The quote also suggests a tendency to assume that more communication activity and faster communication are universally desirable. 

There also was some tendency in Garvey’s work to leave unexamined the question of what factors might be underlying and driving the observed communication network structure. Griffith and Miller (1970) started to examine this question in a study of five research areas in psychology. They reported a variety of communication structures within different communities and observed that the communities with high levels of informal communication ties tended to have professional associations, a need for expensive equipment available at only a few locations, and the presence of “a senior researcher and teacher who trained a major proportion of all the active researchers in this field” (p.129). Griffith and Miller also noted that community size varied and implied that this might be an important factor. These associated factors provide some intriguing suggestions as to how variations in communication may develop, but leave unexplored how they relate to needs of the research communities and to the nature of research that each community undertakes.

Authors’ Decision Processes

In addition to informal communication and communication network structure, Garvey and Griffith consistently emphasized manuscript rejection and publishing lags in their work. In a few instances this led them to offer some conceptualization of authors’ decision processes. Garvey et al. (1970) offered a brief discussion of their observations regarding author selection of journals. They found journal audience, speed of publication, and editorial policy were the factors that authors reported in their decision-making process. Failure to match the subject matter of the article to the subject approach of the journal was also reported as a common cause of manuscript rejection, implying that this was also a factor authors took into account. 

Author Selection: Three-tiered Model

Garvey and Griffith also made use of a generalized model of the structure of the scientific journal system. Garvey and Griffith (1971) provided a three-tiered model for psychology in which 

there is apparently a hierarchy of journals to which authors submit their manuscripts. At the top are the most prestigeful, with high rejection rates and long publication lags. These publish the core of the discipline’s literature. At the next level, the journals are usually less prestigeful, have lower rejection rates, and are less central to the literature in the field. At the lower level, the journals share few of the characteristics of the main or core journals and may be unrefereed. (p. 47)

This hierarchy is not explained but is referenced in the work of Garvey et al. (1970) as well. 

Manuscript Review Process

While the research tradition initiated largely by the work of Garvey and Griffith focused on the author’s role as the producer of research reports, other researchers have focused on other portions of the process of creating and disseminating research results. In the 1990s, several studies examined the manuscript review process common among conventional scientific journals, particularly peer-reviewed journals (Dirk 1996; Weller 1996). The medical community especially has focused on documenting and analysing the peer review process (Adams and Ventor 1996; Callaham et al. 1998; Evans et al. 1990; Evans et al. 1993; Goodman et al. 1994; Hargens 1990; Lock and Smith 1990; Weller, 1990; Yankauer 1990). A special issue of JAMA: the Journal of the American Medical Association in 1990 included articles that addressed issues such as the reliability of editors’ quality ratings (Callaham et al. 1998), the variations in the process between journals (Hargens 1990), and reviewer workload (Yankauer 1990). Evans et. al (1993) reported that the reviewers who provided the highest quality reviews were relatively young, affiliated with a highly ranked institution, well known to the editor, and blinded with regard to the manuscript’s authors. Goodman et al. (1994) demonstrated that peer review did improve article quality in nearly all cases they studied. 

Role of Social Elites

Another fruitful vein of research into scientific communication focused on communication networks and explored the concept of invisible colleges, a term coined by Price (1963). Garvey and Griffith’s work on communication network structure fits into this tradition to some degree, but other researchers have greatly expanded this avenue of investigation. In early work with life scientists, Mullins used a snowball sampling technique to develop a sociometric network that served as the basis for exploring informal communication (Mullins 1968). He found that informal communication structure and social network structures only loosely corresponded to discipline structures. 

Crawford, in an influential study of sleep researchers, described a structure of networks focused around sociometrically central researchers located in a few research centers and comprising a small subset of the total community of active researchers (Crawford 1971). This structure is similar to that found by Griffith among the most integrated subfields of psychology (Griffith and Miller 1970). Crane’s research into the structure of the field of rural sociology (Crane 1969; Crane 1972) explored the viability of the notion that within most fields of scientific research, a small in-group of researchers functions as a powerful elite, exchanging research reports and ideas informally well in advance of their publication in print. Crane discovered a central group of highly productive, interconnected researchers within rural sociology, each of whom functioned as a node connecting many peripheral members. 

Cronin (1982) provided an insightful synthesis of this early work with succeeding work on the sociology of science. He suggested that, although the concept of the invisible college had led to many helpful insights into the mechanisms of scientific communication within research fields, the widespread existence of invisible colleges effectively controlling the direction of research and the channels of communication remained in doubt. Another of Cronin’s observations is of particular interest within the context of my study, grounded as it is in a particular field within the life sciences: Cronin observed that a number of studies of scientific communication have described somewhat variable patterns of social organization with relation to communication structures among fields.

Role of Social Networks

Research investigating the mapping of social structure for informal communication has continued in the interval since the formative work of the late 1960s and early 1970s. Lievrouw, Rogers, Lowe, and Nadel (1987) looked at researchers studying lipid metabolism using a combination of traditional network analysis techniques like those used by Crane and Crawford, but also including factor analysis and qualitative analysis. This approach highlighted the relative contributions made by the complementary techniques and emphasized interpreting the communication structure of the scientists’ communication networks separately from exploring the intellectual structure of the research field itself.Other researchers have subsequently investigated the idea of describing the intellectual structure of a research field, typically utilizing a combination of bibliometric and interview techniques. The work of Cronin and Overfelt (1994) and McCain (1986a; 1986b; 1989) exemplifies this approach and demonstrates its applicability to many research areas, at least within the life sciences. 

Impact of Network Technologies

The work of researchers concerned with invisible colleges and the intellectual structure of research fields has demonstrated that scientific research fields typically show a complex and somewhat variable communication structure linked with, but not identical to, a likewise complex but interpretable intellectual structure. This picture has yet to be generally re-examined in light of the impact of network-based communication technologies. Yet researchers have not been unaware of the potential for new communications technology to develop a new system of communication, creating a need for new models (Zhang, 1998). Many of the researchers who have begun to explore the questions of how network technologies affect scientific communication and social structures are the same individuals who developed earlier communication models. Lievrouw and Carley (1991) offered some early insights along these lines, examining the effects of very early networks on information exchange among groups working on collaborative research projects. In the late 1980s, networks were so novel and so limited in their distribution that it is hard to apply their findings to subsequent Internet developments. 

Impact of Social Factors on Scientific Communication

The relevance of the sociology of science for communication studies within the sciences is widely recognized, and the philosophy and sociology of science provided another conceptual resource for this case study. If studies of scientific communication are correct in the assumption that scientific communication is an integral process in the advancement of science, communication studies should be viewed within at least the outlines of the broader framework provided by the sociology of science. The value of the sociology of science as a conceptual foundation lies in its ability to provide an idealized structure for understanding scientific work, while also highlighting that in many ways, scientific work deviates from idealized structures. The areas of sociology of science that focus on the role of the communication system and the scientific reward system are especially pertinent to the research questions and design for this study.

Merton is frequently credited with building the first link between scientific communication and the study of science as a social system, with work beginning in the 1940s (Griffith 1989). Merton posited four norms controlling science as a social activity: universalism, communism, disinterestedness, and organized skepticism (Merton 1942). Twenty years later, near the time that interest in scientific communication began to increase under the influence of work by Price and the American Psychological Association studies, Menzel identified five themes from sociology with implications for scientific communication research (Menzel 1966). This work played a formative role in shaping subsequent research. 

Menzel’s observations on scholarly communication, based on the social science research of the time, remain generally relevant for electronic forms of scholarly communication, and in many ways they are remarkably prescient. His argument can be presented as five themes:

(1) Scientific communication acts occur within a system of communication. “It is necessary to look upon any one arrangement, institution, facility, or policy for scientific and professional communication as a component of the total system of scientific communication for a profession.... it is necessary to be comprehensive with regard to the varied functions served by the science information system.” (p. 59) 

(2) Multiple channels may interact to deliver a message effectively. “Any given transaction between a scientist as a receiver of information and the channel that brings him that information usually has a history behind it and a future ahead of it....” (p. 59) 

(3) Informal communication plays a crucial role within the communication system of science. 

(4) Scientists can be considered publics. “These publics, can, for example, be described in terms of size, in terms of turnover, and in terms of the interaction that exists within them....and in terms of the norms that they have created with regard to exposure to various channels....” (p. 61) With regard to how scientists use information, Menzel suggested, among other reasons “they want this information to help with very specific activities - activities that form very essential parts of their professional roles and therefore of their lives.” (p. 61) 

(5) Multiple functions are supported by scientific information systems. “It is rather important to draw qualitative distinctions between the several kinds of things that the science information systems are called upon to perform....” (p. 61) In discussing this theme he observed that “Most of the great innovations have been instituted under the guiding themes of speed, efficiency, and comprehensiveness.” (p. 61). While Menzel was not referring to electronic publishing, this remark is as aptly applied to the current developments in that arena as to earlier developments in the scientific communication system. 

Further, Menzel asked an equally prescient question: “Can policies designed to satisfy some of these requirements really work to the detriment of others?” (p. 61)

That Menzel’s themes were taken to heart by the research community is evident in the emphasis in subsequent research on informal communication mechanisms, a system-wide approach to studies of publishing, and an interest in identifying multiple communication channels. Less attention has been paid to his observation that scientists constitute multiple publics that may be somewhat dissimilar in their characteristics. Likewise, the ideas that there are multiple functions of the science information system and that the functions have complex interactions were also less influential.

In parallel work, Merton focused on the social structures that advance scientific development. Merton’s major contribution was the development of the Matthew Effect (Merton 1968), [this is based on the statement from the Sermon on the Mount in the book of Matthew related in the i.e. statement below] which was built in large part on work by Zuckerman with Nobel laureates (Zuckerman 1967). Merton argued that scientists who are highly visible and control more resources tend to be better connected and receive more information and acknowledgement or rewards than their less visible or less resource-rich peers (i.e., to them that have more, more shall be given - a statement from the sermon on the mount in the biblical book of Matthew). The Matthew effect is but one example of the important role Merton played by calling attention to the reward system of science, including its impact on the communication system (Merton 1973). The work of S. Cole and J. R. Cole followed in this tradition. They described the structure of the reward system within physics, demonstrating the importance of published work of recognized quality for the receipt of scientific rewards (Cole and Cole 1967; Cole and Cole 1968). They showed that it was the quality, not the quantity, of published work that generated recognition.

Paradigm Shifts and Communications Patterns

Kuhn (1970) attempted to answer a different question: how does scientific knowledge cumulate? Kuhn’s ideas have also been formative and are widely cited. His work popularized the term paradigm within a broad range of research traditions. Kuhn argued that in scientific disciplines, knowledge advances in two alternating modes. Periods of normal science, when research focuses on refining, validating, testing, and extending dominant paradigms that are widely accepted, alternate with periods of upheaval and disagreement—when a dominant paradigm is upset by a competing and incompatible new approach. The dominant paradigm is subsequently displaced rapidly, as the new paradigm becomes widely accepted and creates new structures for a succeeding period of normal science (Kuhn 1970). Kuhn argued that scientific knowledge thus cumulates relatively slowly during the periods of normal science, while during periods of paradigm shift and revolution, scientific knowledge advances much more rapidly. 

Crane’s work is but one example of a popular practice of utilizing Kuhn’s concept of paradigm shifts to explain communication patterns. Crane (1972) used paradigm shifts as a central concept underpinning her search for evidence to validate the existence of invisible colleges. Some of this rhetoric of revolution has been applied to the context of electronic publishing. Keys (1995) and Schaffner (1994) adopted competing views regarding whether electronic publishing represents a true paradigm shift. Griffith argued that, in fact, the significant features of Kuhn’s work had largely been missed or misinterpreted and suggested that it might be more useful for interpreting past events than understanding current developments (Griffith 1989). At the moment, it is not clear whether Kuhn’s model of scientific advance applies to the current shifts underway in communication media. Electronic publishing might represent a revolution in scholarly communication, or it may ultimately function as an incremental advance in an arena of regularly shifting communication practices. Regardless of the true applicability of the paradigm shift concept, the perceptions of the members of the scientific community could be expected to influence or be influenced by the nature of the change resulting from the adoption of electronic publishing. 

Importance of Social Context

Mulkay offered an alternative framework to Merton’s norms of science and Kuhn’s paradigm shifts (Mulkay 1979; Mulkay 1991). Mulkay described his interest as the sociology of knowledge. He argued cogently that previous investigators had assumed that the sociology of science could not address the fundamental knowledge claims of science (because of their presumed objective reality), and therefore had limited themselves to studying the social conditions that influence the acquisition and cumulation of scientific knowledge. Mulkay argued, conversely, that there are many reasons to question the assumption of objective reality and proposed instead that sociology could effectively address all aspects of the development, construction, dissemination, and fate of knowledge claims, because they are inextricably intertwined within a social context. Gilbert and Mulkay (1984) and Mulkay (1991) demonstrated the utility of this approach in analyzing scientific discourse to investigate anew questions of how scientists’ knowledge claims are evaluated and rewards assigned. This work showed that the scientists’ social context pervaded the entire research process, with significant implications for the manner in which new knowledge was developed.

Diffusion of Innovations Theory

Diffusion theory was highly influential in the formative phases of the ecology case study, and my initial research questions were substantially shaped by this research tradition. The appeal of the diffusion paradigm within the context of this research project lay in the breadth of phenomena it addresses and the maturity of the paradigm. The paradigm is rooted in nearly 60 years of research in many fields and has been applied to a tremendous range of technologies. Classic diffusion theory has been effectively summarized and expounded in the work of Everett Rogers (1995). Rogers described diffusion as “the process by which an innovation is communicated through certain channels over time among the members of a social system.” (p. 5) This succinct definition highlights a number of key elements of the paradigm. Diffusion is deeply influenced by the social system in which it is occurring. The social system bounds the innovation process; further, the system approach highlights the roles that are played by individuals within the system, the structure of the system, and system norms. 

Classic diffusion theory also suggests that it is also important to understand diffusion as a process rather than as a single event or decision. Time is recognized as an important element. The diffusion process therefore has stages and encompasses multiple individual communication and decision events. The systems approach and process perspective suggest that perceptions of the innovation vary among individuals and over time as diffusion occurs.

Even more pragmatically, Rogers’ classic diffusion structure offered a number of tools for investigating the development and acceptance of an innovation such as electronic publishing: models for decision making, characterization of innovations, and social roles influencing diffusion. 

The Decision to Adopt an Innovation

Adoption of electronic publishing within a community conforms to Rogers’ description of a contingent adoption decision. While individuals must make personal decisions to adopt or reject electronic publications, for an electronic publication to truly succeed, it must be adopted roughly simultaneously by major segments of the community. Importantly, publishers, authors, editors, and readers must all adopt the innovation. While this may seem a superficial truism, as at least one author has pointed out (Tenopir 1995), scientists in different roles have different and sometimes competing interests in scholarly publishing. An author’s interest in a publication may be different from a reader’s interest, and publishers often have additional competing interests. Thus scientists playing different roles in the scientific communication process may be expected to adopt somewhat different views of electronic publications. 

Within diffusion theory, the adoption process for individuals potentially includes five stages. An individual may move through the first three stages before adopting or rejecting an innovation: awareness, persuasion, and a decision that may be either acceptance of the innovation or rejection. While the awareness and decision stages define the start and the end of a single process and are fairly self-explanatory, the persuasion phase may be extended and may involve information gathering from a variety of sources, including the media, conversations with peers or experts, trials of the innovation, or observations of others’ use of the innovation. Following a positive decision to adopt an innovation, two further stages may occur: implementation and confirmation. Implementation occurs as the adopter integrates the innovation into the normal practices of working or living. Confirmation is a second decision point at which the adoption may ultimately be rejected. 

Within this model of a potential adopter’s interaction with an innovation, use of the innovation can occur in a number of contexts. Use of an innovation may reflect a trial occurring in a persuasion phase or may reflect implementation of the adoption. Either way, subsequent rejection of the innovation may occur. Within the diffusion framework, what is in the user’s head—that is, the user’s intentions— rather than personal interaction with the innovation, defines the relationship with the innovation.

There are also institutions involved with the diffusion of electronic publishing, and Rogers’ framework includes a prototype for an institutional adoption decision in addition to the one for individual decisions. The institutional adoption process Rogers describes is in many ways quite different from that used by individuals. Innovation adoption within an organization occurs in two broad phases: initiation and implementation. Initiation comprises two successive subprocesses: first, agenda-setting, in which there is a recognition of organizational problems that create the perception of a need for an innovation, and, second, matching, in which the innovation is fitted to a problem on the organization’s agenda. An adoption decision defines the end of the initiation phases and signals the commencement of the implementation phase. Implementation consists of three separate subprocesses: redefinition and restructuring, in which the innovation and organizational process are modified and potentially re-invented; clarifying, in which the innovation/organizational relationship is reconsidered and clarified; and routinizing, in which the innovation is completely incorporated into the organization’s ongoing activities and loses its separate identity. 

Rogers also briefly discussed a concept related to the contingent adoption decision that ultimately proved more applicable to the situation of this case study. Adoption of electronic publishing will clearly require what Rogers labeled a complex contingent decision process. There is an important interplay between adoption decisions made by individuals and those made by organizations. Unfortunately, while the two basic models, one for individual adoption decisions and one for corporate organization decisions, are well developed, the complex contingent decision process is defined but not elaborated fully. Still, the concept of complex contingent decision processes was useful in suggesting that both organizational decisions and individual decisions are important with an innovation such as electronic publishing.

Characterizing Innovations: Innovation Clusters

The diffusion paradigm also suggested a variety of ways to characterize innovations. One appealing concept is that of innovation clusters, described as a set of related technologies that in combination provide a functional innovation. In the agricultural arena that gave rise to the diffusion paradigm, integrated pest management (IPM) is an example of an innovation cluster. IPM is not a single technique or technology, but rather a group of approaches to pest monitoring and management. At the time of the development of my project, others had already applied the diffusion paradigm to the Internet and suggested that the Internet was best characterized as an innovation cluster (Prescott and Van Slyke 1997). In earlier work, Hahn and Schoch described how the idea of the innovation cluster could assist in understanding and describing the wide range of diversity in functionality that electronic publications display (Hahn and Schoch 1997). Electronic science and technology journals may include a variety of different technologies, such as page images based on PDF, e-mail notification, and various technologies to automate peer review. 

Expanding the concept to that of a feature cluster, Hahn and Schoch suggested that particular electronic publications display a variety of feature innovations clustering along six main dimensions: 

(1) publishing roles (who acts as publisher), 

(2) distribution (how the content of the publication is made available to readers), 

document structure (the content of the documents and its organization within the document), 

(3) research validation (how the validation function is incorporated into the publishing process), 

(4) sale and pricing, and 

(5) storage (how long-term access to documents is provided and who has responsibility for this function). 

This feature cluster was developed by a content analysis of a snapshot of a body of electronic publishing literature created largely by publishers, editors, and librarians. The issue of whether scientist-authors involved with electronic publishing also see the technology in this way was not explored by Hahn and Schoch and I chose it as a major focus for my study.

Influence of Social Roles

In his synthesis of diffusion research, Rogers also emphasized the importance of social roles and social ties in understanding the adoption of particular innovations. Diffusion research traditionally uses a community as an important unit of analysis. Often diffusion patterns are compared between communities to explore observations that diffusion patterns differ based on community-related variables. The diffusion paradigm also describes particular roles identified in previous studies of innovations that I thought would be helpful in understanding developments in the ecology community of my case study. Diffusion research has identified roles such as innovator, opinion leader, and change agent. 

Innovators are often defined in innovation studies by how early they adopt an innovation. Rogers also offered conceptualizations of common characteristics that distinguish this group from later adopters of innovations. Innovators are described as venturesome, often controlling substantial financial resources, and able to understand and apply complex technical knowledge. Innovators often function as gatekeepers, controlling the influx of new ideas into a community, yet are not necessarily highly respected within their community. Opinion leaders, in contrast, are defined as highly respected community members who are able to influence others’ perceptions of an innovation. They are characterized as individuals who tend to engage in more social participation than other community members; tend to be more cosmopolite; tend to have higher socioeconomic status; and, while not usually as innovative as innovators, tend to be more innovative than most community members, particularly if the community’s norms favor change. The change agent role is one of advocate for an innovation, attempting to influence the community to adopt the new technology. 

Although the diffusion model was quite influential, for the purposes of addressing the research questions, the paradigm ultimately proved to be limited in some important ways. Ultimately I found it necessary to move outside the paradigm to some degree, particularly in the areas of innovation characteristics and the adoption decision. I found that electronic publishing as a type of innovation does not match well in many ways with the classic innovation types Rogers described. It is neither a single technology nor completely a cluster of related technologies. It has a software component and a hardware component, but the way in which these are constructed by journal producers or experienced by journal users is highly variable. Publishing is a system composed of many individual publications, many of which are used in common by varying groups of scientists. While the diffusion model might treat a particular publication or publisher’s collection as an innovation, it proved problematic to use the concept to describe the publishing system as a whole.  Chapter 5 describes the new model of the publishing system which I developed while chapters 4 and 6 discuss my informants perceptions of electronic publishing’s innovative functions.
Ideas About Scientific Communication in the Electronic World

The work of Crawford, Hurd, and Weller (1996) provided perhaps the most in-depth consideration of the potential impacts of networked communications technologies on scientific communication. These researchers selected three areas of advanced use of network technologies and used them as case studies: high-energy physics, the human genome project, and space science. Hurd (1996b) looked at how network technologies had begun to change the process of scientific work and communication, using Garvey and Griffith’s earlier model as a point of reference. Based on the developments in networked communication she saw, she developed a number of potential modifications of Garvey and Griffith’s model that might reflect new and stable systems for dissemination of scientific research results. These models include what Hurd called a “modernized Garvey/Griffith model” that basically incorporates network-based versions of traditional channels described by Garvey and Griffith. For instance, printed conference proceedings are replaced by electronic proceedings; e-mail replaces letters, telephone calls, and face-to-face discussions. A few new elements were added in the form of preprint archives and databases of data sets. 

More radical process alterations were presented by Hurd’s no-journal model, unvetted model, and collaboratory model. The no-journal model retains electronic conference reports but substitutes databases of reviewed articles and digital libraries for conventional organization of articles within journals. The unvetted model lacks not only conventional journals but also conventional peer review. In this system, the main mechanism for dissemination is via submission to a server. Review occurs in the form of contributed and linked commentary, potentially followed by author revision. The collaboratory model focuses as much on data deposit as on research reporting. This model incorporates validation and annotation functions for the databank, and research reports play a less central role in the research process than as represented in other models. While no scientific communities are currently using communication systems as radical as these three models, all four of Hurd's models provide useful points of reference for considering what might be the direction of development of electronic publishing in the ecology community. The ecology case study suggested that while the models did provide a reference point, there were some additional elements that ecologists valued highly that were missing from these communication models. 

At the time that my study informants were discussing their views, there was considerable advocacy for alternative approaches to scientific publishing. These were not so much grounded in previous theory but rather built on a more free-form synergy of technological possibilities and perceived needs. Stevan Harnad and Paul Ginsparg had been propounding their views on desirable future directions for scientific publishing for several years when I started my case study, and these views had received considerable play in the scientific press (Glanz 1996; Taubes 1996a; Taubes 1996b; Taubes 1996c). Paul Ginsparg developed the highly successful Los Alamos preprint server archive, LAN-L (Ginsparg 1997), which allows manuscript authors to post their works for instantaneous distribution to the research community without peer review. This model for scientific publishing was arguably serving the physics community well and had been widely discussed as a potential alternative to formal print publishing for other disciplines as well. 

Stevan Harnad likewise had been suggesting alternative forms of electronic publishing that emphasized rapid turnaround and modified forms of peer review such as reader review (Harnad 1992; Harnad 1995; Harnad 1997).. Harnad’s discussions at the time focused on expedited review, rapid publication, and the development of new genres of discourse.

Much of the commentary at the time of my study focused particularly on the desired role of peer review in electronic publications (Anonymous 1996; Butler 1996; Judson 1994; Kassirer 1992; Lancaster 1995b; Weller 1996b). While the preprint archive model implied the abandonment of peer review, other commentators emphasized that peer review was not precluded in electronic publishing.

Review of E-publishing Developments in Early 1998

The prominence of the topic of electronic publishing at the time this case study was initiated is suggested by the existence of a regularly updated bibliography, maintained by Charles Bailey (1998). A common genre within the electronic publishing literature of the time was the narrative account describing the development process for various electronic publications or electronic publishing projects. Some of these early publications and publishing projects had already been particularly influential generally, though their implications had probably not been broadly considered within the ecology community that is the focus of this study. 

The Early Pure E-Journals 

Psycoloquy and Online Journal of Current Clinical Trials (OJCCT) were probably the earliest electronic journals to achieve broad distribution. Both tried to demonstrate the power of creating journals free from limitations imposed by the traditions of paper-based publishing. Psycoloquy, as its title suggests, originated within the psychology community as a new, electronic-only publication. Developed initially as an ASCII-based, e-mail distributed psychology journal, it is one of the oldest and, according to Harter (1998), most successful electronic journals. The vision of this publication as a mechanism for developing a new type of scientific discourse—scholarly skywriting, characterized by rapid exchanges of brief articles—provided a compelling picture of formal scholarly communication transformed by the use of networks (Harnad 1990; Harnad 1992; Harnad 1995). 

A quite different vision of electronic journals was explored by OJCCT, another influential early electronic-only scholarly journal (Borman 1993; Keyhani 1993). OJCCT was first released in 1992 and was aimed at a broad biomedical audience interested in rapid release of reports of clinical trials. OJCCT surmounted the limitations of ASCII text distribution by using a proprietary client-server search interface. 

Electronic Versions of Paper Journals

A somewhat different line of experimentation evolved in the form of attempts to develop and distribute electronic versions of existing paper-based scientific journals. Elsevier’s TULIP Project (described by Borghuis et al. 1996) was a five-year collaboration between nine libraries and a large commercial publisher. Elsevier supplied each library with electronic content of a core group of its materials science journals, and the libraries then developed local storage and distribution systems, employing a variety of technologies and interface designs. The Red Sage Project was a similar library-publisher collaboration that developed a local system for a library to provide its users with access to electronic versions of a publisher’s journals. In this case, Springer Verlag partnered with the University of California, San Francisco, in a project focusing on Springer’s molecular biology journals (Lucier and Badger 1994). At roughly the same time, Project ELVYN in Great Britain explored options for distributing electronic versions of existing physics journals via a partnership of the Institute of Physics and seven British libraries (Knight and McKnight 1995; Rowland et al. 1996). Because these projects focused on creating electronic versions of existing paper journals, the main challenges they addressed were determining how best to create page surrogates and how to create an effective distribution system. 

Among subsequent high-profile projects to provide electronic versions of existing print journals at the time of the study, the most prominent included HighWire Press, the Open Journal Project, Institute of Physics Publishing, and Science On-Line. These projects share an emphasis on creating linkages among articles. 

HighWire Press moved rapidly to partner with scientific association publishers in order to develop a collection of electronic versions of science journals, mainly in the life sciences and biomedicine (Newman 1997; Wilkinson 1998; Young 1997) . 

The Open Journal Project focused on linkage creation and explored a variety of techniques for creating linkages (Woodward 1998). In early 1998, the Open Journal Project had developed three journals, one each in biology, cognitive science, and computer science. Linkages were largely generated computationally and included not only citation links but also definitional and other types of links (Hitchcock et al. 1998). 

The Institute of Physics’ publishing project has its roots in project ELVYN (Easton 1997; Singleton 1997) but but by the time of my study had a much-evolved model of an electronic journal collection. The system was in some ways similar to HighWire Press and The Open Journal Project in including a variety of article formats, links, and integrated access to database records (Dixon 1998). 

Science On-Line is a HighWire Press journal but deserves special mention both because of its early initiation and relatively advanced state of development, and because of its unique place as an organ of scientific communication. Beginning in 1996, Science On-Line began offering individual subscribers access to articles in multiple formats, extensive cross-linkage to other HighWire journals, links to PubMed (Bloom 1996), and added electronic resources unavailable to readers of the print version of the journal (Bloom 1997). This article enhancement, which has grown to include some publication of electronic-only articles, made Science On-Line an early example of a true hybrid print and electronic journal. 

Peek, Pomerantz, and Paling (1998) provided a contemporary review of significant electronic journal collections, including these and many others.

Preprint Server Report Distribution

A third line of exploration of electronic distribution of scientific research reports grew from an informally developed system of preprint distribution based at Los Alamos. In 1991, Paul Ginsparg released an Internet-based preprint distribution system for the high-energy physics research community. The archive grew rapidly to serve a wide range of fields in physics and mathematics (Ginsparg 1994). The enthusiastic adoption of the preprint server system caught the attention of physics associations. One result was that the American Physical Society developed this foundation into a seamless transfer system for at least part of the physics literature, making articles available in electronic form from preprint to published work (Kelly 1997). The system included numerous linkages and culminated in an archiving system designed to make articles available indefinitely (Thomas 1998). The success of this system garnered a great deal of attention (see Glanz 1996; Taubes 1996a; Taubes 1996b; Taubes 1996c) but observers have noted that the physics community may be rather unique in its low article rejection rates and resulting ability to take advantage of preprint distribution (Anonymous 1998).

Electronic Archiving Systems

Electronic storage and distribution of older print publications had also been explored at the time I began my case study. The CORE project was an early collaboration between the American Chemical Society and Cornell University to build an archive containing a critical mass of older literature in chemistry (Entlich 1995). Like the contemporary electronic journal development projects, the CORE project focused on developing technological solutions to page reproduction and user interface design. The JSTOR project, funded by a coalition of libraries, focused on many similar issues but used the World Wide Web as the basis for its interface and distribution system. JSTOR also took a different approach to archive development by focusing on a core of journal titles cutting across disciplines. JSTOR also developed early support by assembling a consortium of libraries whose membership rapidly totaled more than two hundred (Guthrie 1997). JSTOR has concentrated on developing a viable economic model for archiving a core of the scholarly literature (Bowen 1995; Guthrie 1997) . The high level of support the project has garnered from libraries and publishers suggests that this approach can be successful.

Measuring the Impact of Early Electronic Publishing

How can the influence of these early experiments be measured? While accounts of development projects made up a significant proportion of the literature on electronic publishing, few formal research projects have been undertaken to examine the impact of electronic publications. 

Numbers of Titles and Library Usage

Harter (1998) used bibliometric techniques, although, as he pointed out, these are of very limited utility for assessing the impact of electronic versions of journals published in both paper and electronic versions, since the format of the cited work cannot be determined. He found a modest impact in bibliometric terms for a handful of the early electronic-only journals, particularly Psycoloquy and OJCCT. In assessing the development of electronic versions of print journals, another crude yardstick is the rate of development of such electronic versions. In 1998, Ketcham-Van Orsdel and Born found that roughly 30 percent of the titles monitored by Science Citation Index had electronic versions (Ketcham-van Orsdel and Born 1998). This compares to roughly 25 percent of Science Citation Index titles in 1997 (Branin and Case 1998). 

The TULIP, ELVYN, and CORE projects included usage study components. The TULIP Project included reports from each participating library on a variety of aspects of the electronic journal systems each developed (Borghuis et al. 1996). Generally, the libraries at the time reported quite low usage of the electronic journal systems they studied, making it difficult to draw conclusions about how system features enhanced electronic publications in relation to their print counterparts (Borghuis et al. 1996; Entlich 1995; Rowland et al. 1996). Stewart (1996) looked at how users of the CORE system wanted the interaction to work for them. Users explicitly compared use of electronic versions of journals to usage of the paper versions of journals. These usage studies tended to focus on distribution and interface design issues. Content-related issues were largely ignored, although concerns were expressed that a critical mass of content might not yet be available electronically.

Adoption of Electronic Publishing Technology

In addition to research by publishers and librarians focusing on early models of electronic publishing, other investigators had laid at least a modest foundation for research looking at the broader issues. Some investigations of the adoption of many of the requisite network technologies by scientists and technologists documented developments to date (Abels, Liebscher, and Denman 1996; Bishop 1995a; Budd and Connaway 1997; Kaminer 1997; Kaminer and Braunstein 1998; Lazinger, BarIlan, and Peritz 1997; Liebscher, Abels, and Denman 1997). Taken as a group, these studies showed that, while only a few years before this study, adoption of network-based communications technologies was not widespread, the situation had changed by 1998. Even at many small institutions, relatively high rates of adoption of requisite technology for electronic publishing had already occurred within the scientific and technical community. Schauder (1994) provided a snapshot of faculty use of conventional journal resources and extant electronic resources by scientists in the UK.

Formal research into other aspects of electronic publishing focused mainly on users. Olsen (1993) presented the results of a very early user study. Based on her conversations with potential users, she suggested many electronic journal features that were desired by academic scientists and discussed the barriers to effective use of electronic publications. Bishop presented an interesting qualitative analysis of her own personal experience as a user of a small set of early electronic journals, focusing particularly on the many barriers extant journals presented to new users (Bishop 1995b). 

Tenopir (1995) was exceptional when she argued that not just readers of electronic publications, but also authors of documents being published needed to be incorporated into electronic publishing research. Tenopir and King (1996) provided a somewhat general context for the use and generation of information resources in scientific research. They have since updated and greatly extended this initial analysis (Tenopir and King 2000).

Lancaster investigated the views of a different group of stakeholders in electronic publishing in his survey of academic administrators (Lancaster 1995a). He found that library directors and other university administrators were not sanguine about the prospects for the development of a network-based scholarly publishing system. But no one had tackled the author-scientist group, though it was recognized that they were the driving force providing content.

Room for Further Contributions

Examination of this body of literature showed clearly that electronic publications remained in the earliest stages of development and highlighted the rapid rate of change in what was considered a state-of-the-art electronic journal. I found in this literature a rich resource for contextualizing my research project, but discovered no robust, broadly applicable conceptual frameworks in either the more recent or the earlier pre-electronic work. Clearly there was room for contributions aimed at examining the ongoing processes and context of electronic publishing from the viewpoints of the participants in the process, as I planned to do.

Together the three research traditions of scholarly communication, sociology of science, and diffusion theory provided effective conceptual foundations for the study, informing its design and the analysis of the findings. All three traditions highlighted the importance of a community focus. Diffusion theory particularly suggested what types of research questions would be appropriate. When it came to analysis, all three traditions provided points of comparison. As Hurd observed, the work of Garvey and Griffith provided a natural point of comparison between print and electronic publishing (Hurd 1996b). Diffusion theory provided a toolkit for conceptualizing roles and decision processes. My study of the ecology journal system ultimately highlighted some deficiencies of these traditions and also suggested areas where electronic publishing of the time fitted well within existing models. My understanding of the state of then extant research and development of electronic publishing suggested that substantive contributions to the description of the current state of electronic publishing would be welcome. Further, the fairly limited state of the literature indicated that analysis of how electronic publishing was perceived by and affected a particular research community would bring focus to at least a corner of what was at the time a fairly fuzzy picture.


