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ABSTRACT

It is the premise of this thesis that science and technology influence the lives of all humans and that
our collective economic wellbeing, social structure and technological advancement are all
affected by the amount of understanding of what is kznown in science and in technology. It is further
suggested that technological and scientific advance is largely dependent on the efficient
communication of ideas and information as well as the amount and quality of interaction among
scientists and technologists. Many factors are currently impacting on the information communication
process, not least of which are the burgeoning information industry, globalisation, and rapid
technological advances and it is submitted that effective communication of scientific and
technological information is pivotal to the success of technological innovation and sustained
economic growth and if South Africa is to succeed as a nation concerted efforts should be made to
understand the process and develop an environment that promotes the effective exchange of

scientific and technical information.

The purpose of this research project was to examine the constituent elements of the information
communication process in basic and applied science in South Africa and to establish what
cognitive, behavioural and environmental factors lead to the scientists’ encounter with the
communication process and the consequences of such an encounter. The aim was further to address
the role of informal communication, the impact of information and communication
technologies, and the effect that various structural and environmental changes that have occurred

over the last decades, have had on the communication process.

The methodological approach of the study was based on a conceptual analysis of the literature
integrated with an empirical investigation into the communication of information amongst a group of
scientists in South Africa. The first component, while providing the basis for the conceptual
framework that underpinned the empirical study, also served as a benchmark with which to
compare the findings of the empirical study. The empirical investigation adopted a triangulated
research design, with both qualitative and quantitative attributes. The specific method that was
applied was a small-scale, but in-depth, survey of basic and applied scientists in the field of
crystallography in South Africa. The decision to select this research community as the study
population was based on the fact that this bounded group of scientists manifested a variety of

attributes required to study the communication of information in science. This ranged from the



Xii

various ways that they applied crystallography to the variety of work environments. The mutable
environment, which included factors such as increased globalisation, technological innovation
and growth of electronic media, as well as the many structural and socio-political changes in
South Africa, further prompted the researcher to adopt a longitudinal research design. Data was
thus collected in both 1990/1 and 2001/2 by means of a series of focus group interviews, personal

interviews, telephone interviews and e-mail questionnaires.

It clearly emerged from the study that the crystallographers’ information communication
behaviour was largely determined by their work environment which again determined their
alignment on the basic to applied science continuum. Other factors such as level of seniority and
position also played a significant role in the process. The success of the work dynamic largely
depended on the presence of a group and collaborative work ethos, and strong leadership. A
typical gatekeeper role emerged that ensured the cross fertilisation of ideas and new knowledge
throughout the organisations. It was further seen that informal communication of information plays
an important role in the science communication process in South Africa and in many circumstances
face-to-face interpersonal communication is the preferred mode of communication. Informal
communication networks and the invisible college phenomenon and scientific elites were all
important factors and often the motivational force behind the information communication process

within the crystallographic community.

The environmental and other changes that had occurred during the intervening years of the
longitudinal study and which affected the communication process in South Africa were mostly the
changing funding structures, organisational models, the effect of the escalating electronic
environment and to a lesser extent political changes since 1994. While the more structured and profit
orientated organisational models appeared to mostly have a negative impact, the change to a
democratic government opened many communication channels that were previously closed to South
Africans. The significant increase in the use of electronic modes and systems while not affecting the
inherent structure of the communication process did create a far wider range of modes of
communication and did have a positive influence on the ease of communicating and cooperating

with particularly the international research community.

The theoretical framework and model that conclude the study clearly indicate that the
crystallographers’, and by analogy any scientist’s, information communication behaviour is by no

means a simply explainable phenomenon. The communication of information constitutes a very
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complex social system with distinct communication and information flow patterns with many
internal and external variables interacting synergistically. Information travels through diffuse
paths, and individual information generating and seeking behaviour is the result of a network of
interactions, involving personal attitudes and backgrounds, work-related roles and functions,
specific tasks, situations, as well as the scientist's active role in the information communication
system of basic and applied science. It further includes factors such as the scientist’s place on the

activity continuum (which can range from that of a sociometric star or gatekeeper role to that of

quiescence).
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CHAPTER 1

SETTING THE SCENE

1.4. INTRODUCTION

Science and technology affect the lives of all humans in many important ways. Our collective
economic wellbeing, social structure and technological advancement are all affected by the
amount of understanding of what is known in science and in technology. It is further contended that
technological innovation, a critical factor in the long-term economic growth of industrial societies,
can only function successfully within a social environment that provides incentives and relevant
information inputs into the innovative process. It is suggested that scientific and technological
advance is largely dependent on the efficient communication of ideas and information as well as
the amount and quality of interaction among scientists and technologists. With the growth of
scientific and technological enterprise over the years, the information communication process in
science and technology has likewise increased both in size and in complexity and this, in turn, has

impacted on the effectiveness of the process.

1.2. RATIONALE FOR THE STUDY

Vast investments have been made by an array of organisations to provide systems to assist in the
transfer and communication of scientific information. It is submitted that such large investments
should be warranted and that the information systems serving the scientific and technical
community should be designed to meet their real information communication needs. To achieve
such objectives, information professionals should obtain an in-depth understanding of the
scientific and technology communities they serve and study the information communication

practices of these communities.

In practice, however, many information systems have evolved pragmatically, or have been based on
data derived from studies that have not investigated all factors that affect the information
communication behaviour of scientists in any depth. The researcher is thus in agreement with Von
Seggern who has argued that many studies have not adopted a holistic approach that is based on
the problem environment that motivates the information communication process as well as all
underlying psychological and social factors that affect the system (1995:100). Many factors are
currently impacting on the information communication process, not least of which are the

burgeoning information industry, globalisation, and rapid technological advances. These aspects all



warrant investigation in addition to the fact that the outcomes from past studies might now be

outdated and irrelevant to the rapidly evolving South African environment.

A factor that is of specific concern to the researcher is whether communication styles are
changing as a result of the impact of advances in, and growth of, information communication
technologies and systems. A further aspect that motivated the need for this investigation is the
paucity of South African studies. The problems outlined above are compounded by the complexity
of our society, real economic constraints and above all the fact that our science and technology
community is geographically (and in the past also politically) isolated from the forefront of

research.

1.3. SIGNIFICANCE OF THE RESEARCH PROJECT

It is the researcher's opinion that effective communication of scientific and technological
information is pivotal to the success of technological innovation and sustained economic growth of
any country. If South Africa is to succeed as a nation in the new millennium concerted efforts should
be made to develop an environment that promotes the effective exchange of scientific and technical
information. It is thus proposed that research studies that are based on sound theoretical
principles should be conducted to examine the information communication patterns of specific
science communities in South Africa. The data derived from such studies could then collectively
provide a sound knowledge-base of the process which could be utilised to improve the exchange of

scientific and technical information to the benefit of all in South Africa.

1.4. CONCEPT CLARIFICATION

A brief outline will be provided of the key concepts underlying the field of investigation and which
will serve as the operational definitions for this study.

1.4.1. INFORMATION, KNOWLEDGE AND DATA

Information is probably one of the most loosely defined concepts that is used ubiquitously across
various disciplines. The definitions range from those that are entrenched in a positivist framework,
and which attribute only objective meaning to information, to more holistic approaches that view
information as a constituent element of human communication and which focus on the adaptive and
creative behaviour of humans when interacting with information. It is therefore not surprising that
there is a plethora of literature covering the conceptual elements of information and its interrelated

constructs, knowledge and data. It is, however, not the purpose of this thesis to provide an



exhaustive analysis of these concepts and only those definitions that were judged to be pertinent and

relevant to the thesis topic were therefore examined to arrive at conceptual clarification'.

Belkin (1978) provides a percipient analysis of the role of information in a recipient-controlled
communication system where he refers to information as the message contained in the signals
exchanged in the communication process. He suggests that the communication process is instigated
when humans react to internal or external stimuli to resolve an anomaly encountered in their
knowledge structure. It is his view that information is equivalent to a structural representation of
knowledge which is "capable of changing the image structure of some recipient” (1978:82). Miller
(2002:Introduction)’ in turn proposes that information has no intrinsic meaning, and that in the
progression from the industrial age through the information age into the golden age of
knowledge, society has mistakenly attributed meaning to information rather than accepting that it
merely “represents, provokes or evokes meaning” in others. According to Sveiby (1996)
information on its own is static and meaningless; it is the message communicated by means of
some or other mode and channel and meaning can only be attached to the message once it has
been assimilated and interpreted by some or other person. The researcher further suggests that
each individual’s belief system, cognitive skills, sensory feelings (that is the reference framework
of each person) has an affect on the meaning given to the information assimilated and this is why
identical information will always be interpreted slightly differently by different people and even
by the same person at different times or in different situations. The successful communication of
information is therefore contingent on the ability of the receiver to interpret the information
received which in turn will depend on the level of common understanding, conceptual

development and reference frameworks between sender and recipient.

From the above it is clear that meaning can only be construed from information by human
intervention - it is at this stage that it becomes knowledge. Knowledge, therefore “involves the
mental processes of comprehension, understanding and learning that go on in the mind and only
in the mind” (Wilson, 2002:Knowledge and information). The concept knowledge thus implies
that human intervention has taken place that orders, interprets, understands, discusses and adds
value and meaning to information. Wilson further refers to Polanyi’s (1958) concept of tacit

knowledge and he submits that because all knowledge is uniquely imbedded in individuals it is by

! See for example Artandi, 1973; Belkin, 1978; Belkin & Robertson, 1976; Brookes, 1974; Davenport & Prusak, 1998; Jurisica, 2000;
Miller, 2002; Smith, 1981; Sveiby, 1996; Villegas, 2000; Wersig & Windel, 1985; Wiig, 1999; Wilson, 2002; and Ziman, 1969 for
more definitive expositions.

“ Section headings are used as reference indicators for resources in electronic format that do not indicate page numbers.



nature always tacit. The researcher therefore suggests that the only way that tacit knowledge can
be transformed into so-called explicit knowledge is when individuals partition certain
components of their knowledge and transform that into communicable messages. Such messages
would then consist of information, if it is contextualised, or data if it merely consists of simple
facts. Data can thus be equated to the lowest level of known facts with no intrinsic meaning. They
are discrete, objective facts about events that have not been interpreted and are presented without
a context (Davenport & Prusak, 1998). If organised, analysed, synthesised, interpreted and
structured they become information’.

Another differentiation that has been presented of these concepts is the level of abstraction,
subjectivity and value added, with data ranging at the lowest level and knowledge at the highest.
With increased levels of value that is added the levels of ambiguity and abstraction also increases.
It is thus suggested that data, information and knowledge can be seen as points along a continuum
of increasing value and human contribution. The researcher further suggests that knowledge can
be seen as the building block and foundation of all intelligent human activity. It is only once we
have acquired understanding, meaning and interpretation that we move away from a senseless
accumulation of facts to the state that judéments can be made and meaningful, intelligent,

decisions taken.

1.4.2. SCIENCE, BASIC AND APPLIED SCIENCE

The concept science refers to any systematic body of knowledge, a particﬁlar branch of
knowledge, and in its most general sense as the state of knowing. The concept, however, is
generally used in the literature and in ordinary conversation in a more restrictive sense with the
implied meaning that it is the "branch of study in which facts are observed and classified, and
usually quantitative laws are formulated and verified; and which involves the application of
mathematical reasoning and data to natural phenomena" (South Africa. Department of Arts,
Cultare, Science and Technology, 1996:108; see also Babbie & Mouton, 2001: 4-15). The concept
pure or basic science is generally restricted to the fundamental aspects of knowledge without

practical applications, while applied science, refers to the practical application of science.

For the purposes of this dissertation the concept basic science will be adopted to express the more

3 Although most authorities believe that for data to be transformed into information, it has to acquire context, some also state that
information can be independent of context. Others again state that it is data that is communicated and that human interpretation
transforms it into information, which when assimilated into a person’s reference framework acquires meaning and becomes
knowledge.



fundamental or theoretical aspects of science and the concept science will be used in its more
restricted sense as relating to that branch of knowledge based on objective principles and which is
primarily concerned with the functions of the physical world. It will further be viewed as the generic

term that incorporates both basic and applied science.

1.4.3. COMMUNICATION OF SCIENTIFIC INFORMATION

There is no doubt that communication plays an all pervasive and crucial role in any science
community and as Abelson (1980:60), a previous editor of Science, has stated, "without
communication there would be no science". Communication of scientific information should
further not be separated from the broader concept of communication, but viewed as a distinct type
of communication which is central to the advancement of science. "Only when theory or
discovery is either validated or invalidated by the scientific community has science taken place,
and that is a process of communication" (Osburn, 1989:278). It should be seen as a social system
with a distinct formal and informal structure of institutions and behavioural patterns that controls the
interactive flow and generation of scientific information. It is the "totality of publications, facilities,
occasions, institutional arrangements, and customs which affect the direct or indirect transmission of
scientific messages among scientists" (Menzel in Walker & Hurt, 1990:x). It is a complex process
involving several components and elements that interact synergistically and at its simplest it provides
the mechanism to transmit intellectual and creative activity from one scientist to another
(Shaughnessy, 1989:69).

1.5. FACTORS THAT IMPACT ON THE COMMUNICATION OF
INFORMATION IN BASIC AND APPLIED SCIENCE

It is generally accepted that the cumulative corpus of knowledge in science underpins all scientific
advancement. The communication and transfer of information is thus an essential component of
scientific research and Garvey (1979:126) in his seminal work on information communication in
science has suggested that the aim of all scientists is to contribute to the body of knowledge in
their field and to achieve this it is important that they actively communicate with fellow

scientists.

J1.D. Bernal (1901-1970), in addition to being one of the most eminent British scientists of his
time and a pioneer of X-ray crystallography, made a considerable contribution to scientific
communication and documentation and throughout his life advocated the importance of the

communication of information in science (Muddiman, D. 2003). During the late 1940’s he



worked with John Kendrew (another crystallographer from Cambridge and future Nobel Prize
winner) on a study of the reading habits and information needs of scientists. The outcome of this
research was his seminal paper to the Royal Society Scientific Information Conference in 1948
wherein he advocated, amongst others, that more research should be conducted wherein the
perspectives and behaviour of scientists should be studied (Bernal, 1949). Bernal clearly indicated
in this and subsequent work that the study of the information communication and behaviour of

scientists is of fundamental importance for scientific development (Bernal, 1959).

Scientific research is essentially a corporate activity and a distinctive feature and accepted social
norm of the scientific community is the concept of a "communality” of ideas, i.e. a shared
commodity that belongs to everyone (Kronick, 1988:222). It has further been suggested that the most
important function of the communication process is to provide a cumulative record of knowledge
in science. Such a record of knowledge serves a normative function, and it constitutes a
reference point from which new theory is promulgated and to which new evidence may be added
(Gléser, 2003:39; Walker and Hurt, 1990:xiv).

In addition to this dependence on the formal structure of knowledge there is also strong reliance on
informal communication networks. The important role of informal communication of
information in science has been highlighted by a number of researchers following the early work
of Price (1963) on invisible colleges. The popularity of interpersonal communication lies in the

interactive nature of the exchange process and the stimulation that collegiate interaction provides.

Various studies have further indicated that there is a positive correlation between high levels of
communication with colleagues and high performance levels and that performance increases if
informal communication links are encouraged. A number of indicators have therefore suggested
that scientists who belong to large informal networks are more actively engaged in collaborative
research and publication collaboration, they have stronger citation links, they are more
innovative, their ideas are transmitted more effectively and they generally have more influence on
research than their counterparts who do not belong to such informal networks (Bouazza, 1989,
Crane, 1972; Fry, 2006; Garvey, 1979; Garvey & Griffith, 1968, 1971, 1972; Garvey et al. 1970,
1974; Griffith & Miller, 1970; Griffith & Mullins, 1972; Griffith, et al. 1971; Hertzum &
Pejtersen, 2000; Tenopir & King, 2004).

It has been shown that there are distinct differences between the communication patterns of applied



and basic scientists. While applied scientists tend to transfer information vertically through
different levels of expertise, basic scientists communicate with persons at the same levels of
expertise (Salasin & Cedar, 1985b:103). The publication of research findings is further the most
important end-product of research in basic science (Von Seggern, 1995:97; Ziman, 1969:318-9),
and in applied science the main objective of research is to provide the best solution to a problem, or

to produce new procedures and products (Allen, 1977:2; Pinelli, 1991:12).

A fundamental prerequisite to understanding the communication of information among scientists
would be to examine the variables that affect the communication process and information-seeking
behaviour. A wide diversity of factors has been listed in the literature, of which Paisley’s (1968:2)
seminal model of such factors has probably laid the foundation for all current thinking on the topic.
The factors or variables that have generally received the most attention and which are considered to
exert the greatest influence on communication behaviour are: the scientist's personal attitudes and
cognitive attributes, his/her discipline and whether the nature is basic or applied; type of work
environment and employing organisation; job function; and finally the years of professiqnal
experience and status within the organisation (Pinelli, 1991:11-12; Westbrook, 1993:546-547).

Paisley (1980:122-123) has further suggested that the way and medium in which information is
communicated have a profound effect on the communication process. This would include the
perceived quality, availability, accessibility and ease of use of channels of communication as well

as the users’ interaction with the information systems that provide access to them.

It is clear that the system of scientific communication that has evolved over several centuries is
now undergoing a transformation catalysed by a number of environmental, economic, and
structural factors. Of the most pervasive are those caused by the effect of increased collaborative
practices, the pressures that new publication formats create, ever changing and often decreasing
funding models, and structural changes in employing organisations (see for example: Andrews et
al., 2005; Correia & Teixeira, 2005; Crawford & Stucki 1990; De Gooijer, 1993; Hurd, 2000;
Shaugnessy, 1989; Von Seggern, 1995). The effect of all these factors is further compounded by
the electronic environment that we live in. The ubiquitous adoption of information technology has
affected the communication system in a number of ways, ranging from new modes of one-to-one
communication 1o electronic modes of publication, to the impact of the Internet and the World
Wide Web (Walsh, et al., 2000:1295).



The question thus arises to what extent this has affected information communication behaviour.
Has it created fundamental qualitative and quantitative changes to the communication of
information in science and affected behavioural patterns, or has it been absorbed into the process
as many other innovations have in the past? The real effect of all these factors on the
communication behaviour of scientists is therefore a point of debate and area for further
investigation. The researcher is further of the opinion that South Africa presents a number of unique
environmental, socio-political and other factors that could impact on the information communication
process in science and that there is a specific need to investigate all the factors mentioned above and
their interrelationships within a South African setting.

1.6. STATEMENT OF THE RESEARCH PROBLEM, GOALS AND
OBJECTIVES

The problem that this study thus investigates is the general lack of knowledge conceming the
information communication process among South African science communities, the effect of
information communication on scientific endeavour, and the effect that the escalating growth of
electronic media and systems, as well as structural, political and other changes have had on the
process in South Africa. It further follows that the purpose of this research project is to examine the
constituent elements of the information communication process within a specific research
community in basic and applied science in South Africa, to establish useful predictive measures of
communication behaviour, and to infer appropriate assumptions about the role of information in
the communication process in science in South Africa. It will, further, establish what cognitive
and behavioural factors lead to the scientist's encounter with the communication process and the

consequences of such an encounter.

The role of informal communication, the impact of information and communication
technologies, and the effect of various structural and environmental changes during the last few
decades on the communication process will specifically be addressed. The latter aspect motivated
the adoption of a longitudinal research design to examine the change in communication behaviour

over the decade spanning the period from 1990/1 to 2001/2.

1.7. RESEARCH QUESTIONS THAT UNDERPIN THE STUDY
As it is proposed to partially embed this research project in a qualitative research paradigm, no
attempt will be made to state formal hypotheses. However, research questions will be posed to

serve as the framework for the study. The research questions evolved from the researchers



concern with the role of the communication of information on scientific endeavour in South
Africa, together with problems identified when the literature in the field was studied, and the
general awareness of the impact of the rapid growth of information and information technologies and

other structural and socio-political changes on the communication process in South Africa.

Thus the primary research question that motivated this project relates to

o What constitutes the information communication process among a bounded
community of basic and applied sclentists in South Africa?

and this is further amplified by the following subsidiary questions

e What cognitive, behavioural and environmental factors drive the communication process
in science in South Africa?

o What factors impact most on the communication process?

¢ What environmental and other changes have occurred during the intervening years of
the lengitudinal study that affected the communication process in South Africa?

o What is the role of informal communication of information in South Africa?

1.8. RESEARCH DESIGN AND METHODOLOGY

The study is based on a conceptual analysis of the factors outlined above and an empirical
investigation into the communication of information amongst a defined group of basic and applied
scientists. The conceptual component of the study was derived from a critical analysis and
synthesis of the pertinent literature in the field and an analysis of the underlying theoretical
principles. This component served a dual function, first it provided the basis for the conceptual
framework that underpinned the empirical study, and secondly it served as a benchmark with

which the findings of the empirical study were compared.

The empirical investigation was conducted within a triangulated research design utilising both
qualitative and quantitative approaches. This is generally recommended as the combination of
quantitative and qualitative methods can achieve convergence between the positive attributes of
each approach and this should enrich the study and improve validity (Bryman, 1988:95; Layder,
1993:108).

The emphasis of the empirical research project was on investigating "property-disposition"”
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relationships rather than "stimulus-response” relationships (Frankfort-Nachmias & Nachmias,
1996:318) to establish the factors that have the most impact on the commmunication of information
among scientists in South Africa. The researcher further decided to utilise a small-scale survey

approach (approximating the depth attributes of case studies) as the main research design.

1.8.1. TIME DIMENSION

The explosive growth of electronic media and communication technologies, as well as the many
structural and socio-political changes in South Africa prompted the researcher to design a study
that would, in addition to obtaining an in-depth understanding of the information communication
process, also map the impact of the changing environment that include factors such as
increased globalisation and technological innovation on the scientific community in South Africa.
The researcher thus adopted a longitudinal research design and gathered data pertaining to the topic
in 1990/1 and again in 2001/2 to establish trends and changes in communication patterns over the
designated time span.

1.8.2. DEFINITION OF THE POPULATION

A population is a theoretically specified aggregation of study elements, which should be defined
early in the study (Frankfort-Nachmias & Nachmias, 1996:179). It is evident that the
communication of information is a complex and dynamic activity and care should be taken to
select the correct study population to adequately measure the various interacting phenomena. The
researcher thus made personal contact and obtained advice from a number of well-known
international researchers in this field, viz. Susan Crawford, Belver C. Griffith, T.J. Allen, and
Yoshinari Tsuda. They all suggested that the research population should consist of a bounded,

finite population of scientists that are subjected to a wide range of influencing variables.

These factors prompted the researcher to select the crystallographic research community in South
Africa as the ideal target population for this study. The rationale for this decision is that the study and
application of crystallography ranges from the basic study of the field, to its utilisation as an
analytical tool in a number of areas of science, to its application in applied science and
technology. A further factor that informed this decision was the fact that the crystallographers in
South Africa conduct research in one of three types of organisation: universities, research
institutes, and R & D facilities in industry. This bounded group of scientists thus manifests the
variety of attributes required to study all the factors that relate to the communication of

information. It was a fortuitous coincidence that John Bernal, who was an early proponent of the need to
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investigate the information communication process in science within a humanistic framework, was also

an eminent crystallographer of his time.

The International Union of Crystallography’s World directory of crystallographers (1986;
1997) lists all registered crystallographers by country and it also provides addresses and the
crystallographers' biographical details. This publication was selected as the appropriate sampling
frame from which to select the study sample. The 100 crystallographers that were listed under the
South African entry (1986) at the start of the longitudinal study was considered to provide a
sufficiently small population to study the entire group in depth, but also large enough to allow
significant investigation of the various factors that could influence information communication
behaviour.

1.8.3. DATA COLLECTING TECHNIQUES

Data collecting procedures using questioning techniques are generally regarded to be the most
effective method to use to obtain both objective and subjective information and to ascertain a
subject's opinions or attitudes on given matters. This data collecting technique divides
essentially into self-administered questioning methods and interview techniques. Interviews can be
conducted with individuals or with groups and may be in person or by means of communications
media such as the telephone, electronic mail or some other electronic medium (Babbie, 1995:272-
273).

As mentioned, a longitudinal approach was adopted. The researcher thus collected data on the topic
in 1990/1 and again in 2001/2 by means of a series of focus group interviews, personal interviews,

telephone interviews and e-mail questionnaires.

1.8.4. DATA ANALYSIS

As the researcher had collected both qualitative and quantitative data she had to apply both
qualitative and quantitative data analysis techniques. It thus follows that the data analysis should be
based on an integration of inductive and deductive logical principles (the former being the basis of
qualitative data analysis and the latter the premise on which quantitative data analysis is usually
based (Babbie & Mouton, 2001:273). A further argument for integrating the two approaches is
given by Dey (1993:3) who is of the opinion that although qualitative data deals with meanings that
are analysed through conceptualisation and quantitative data deals with numbers that are analysed
through statistics; the two forms are interrelated and mutually dependent.
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All responses, both qualitative and quantitative, were initially captured using the dBASE™ database
management software and Microsoft's Excel spreadsheet software. A record structure was created
that accommodated the various fields ranging from the respondents' structured responses to their
unstructured qualitative responses. The quantitative data was then manipulated by means of the
statistical functions available on Excel and by using the STATISTICA software programme.

1.9. OUTLINE OF THE THESIS
Chapter 1 provides the context and framework for the thesis. The rationale, objectives and
research questions that underpin the thesis are outlined. A brief definition of the main concepts and

an overview of the research approach adopted are provided.

Chapter 2 provides an analysis and synthesis of the main issues derived from the relevant
literature that pertain to the communication of information among basic and applied scientists. From
this analysis variables are identified and incorporated in a reference framework that served as the

basis for the empirical study.

In chapter 3 the research methodology adopted is outlined in greater detail. The analysis of the data
and a discussion of the results are presented in chapters 4 to 5. The thesis concludes with a
summary of the main issues, the conclusions reached and an outline of a proposed theoretical model
of the communication process among a bounded population of basic and applied scientists in South
Africa (chapters 6 and 7).
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CHAPTER 2

COMMUNICATION OF INFORMATION IN SCIENCE

2.1. INTRODUCTION

In this chapter the researcher reviews the literature* related to the communication of information in
science. The purpose of this review was to identify and analyse the main conceptual issues that
pertain to the field and to structure and utilise these as the reference framework for the research

project.

It is an accepted fact that the development of science and its perpetuation is dependent on the body of
knowledge that underlies all scientific endeavours. The communication and transfer of
information is thus an essential component of scientific research (cf. also chapter 1.1. and chapter
1.5.) and Garvey in his well known analysis of the communication of information in science has
argued very strongly that "communication is the essence of science" (1979:126). The aim of all
scientists is to contribute to the body of knowledge in their field and their ability to contribute to the
advancement of science depends to an extent upon the amount and quality of their interaction with
fellow scientists (Blau, 1974:391; Gldser, 2003: 47; Eisend, 2002:307; Hertzum & Pejtersen,
2000: 762); Merton, 1973:6). Science, furthermore, is cumulative and each scientist builds on
previously recorded knowledge, on the work of colleagues and predecessors. Several studies
have, therefore, indicated that scientists spend a far larger proportion of their time on information
communication activities than most other workers (Hagstrom, 1976; Lacy & Busch, 1983; Mick et
al, 1980; Vickery, 1961).

Eisend (2002: 307-308) distinguishes between individual cognition and scientific cognition where
the latter relates to the communicative interaction between scientists. Scientific cognition is the
process whereby scientists communicate their knowledge to the scientific community where once
it has been validated it becomes part of the body of scientifically proven knowledge. He further
differentiates between the two dimensions of scientific communication where in the first
dimension information or content is transmitted and the second is related to the social and inter-
personal dimension of communication between scientists. Scientific research is essentially a
corporate activity (see for example Kuhn; 1962; Ziman, 2002) and a distinctive feature and accepted

social norm of the scientific community is the concept of a communality of ideas, i.e. a shared

4 Section headings are used as reference indicators for resources in electronic format that do not indicate page numbers.
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commodity that belongs to everyone (Kronick, 1988:222). Gliser (2003:38) further argues that
scientific communities constitute a “distinctive mode of collective production which is
characterized by decentralized action coordination” which he refers to as distributed labour and
based on this premise communication in science is thus not merely the exchange of previously

produced knowledge, but “the transmission of material and components between producers”.

It would thus follow that in addition to dependence on the formal structure of knowledge, scientists
would also rely strongly on informal communication networks. The important role of informal
communication of information in basic and applied science has been highlighted by a number of
researchers, ranging from the seminal work by Price (1963) on invisible colleges to the series of
investigations conducted amongst others by Allen (1977), Crane (1969, 1972), Crawford (1971), Fry
(2006), Garvey (1979), Garvey & Griffith (1968, 1971, 1972), Garvey and others for the
American Psychological Association (1963-1969), Gaston (1972), Hertzum & Pejtersen (2000:
761); Shuchman (1981), Lacy and Busch, (1983), Raitt (1986), Pinelli and others (1989), and
Salasin and Cedar (1985a & 1985b). Cronin has stated that informal communication did not evolve
as a reaction to the short comings of the formal systems of communication but as a “device created by
scientists for scientists to serve a particular set of functions” (1982:229). The popularity of
interpersonal communication lies in the interactive nature of the exchange process and the
stimulation that collegiate interaction provides. It provides an ideal forum where ideas can be
debated and evaluated in their natural form amongst peer groups before formal publication is
achieved (Poland, 1991:62). It further promotes the simultancous satisfaction of a number of
information needs at a single encounter, for example a scientist when interacting with a colleague
could obtain feedback on his/her research, be kept up-to-date on new developments he/she is unaware
of, and further also derive stimulation from the interaction (Von Seggem, 1995:99). Fry (2006; 300)
refers to the complementary role of informal and formal communication in science as far as “the
production of knowledge, dissemination of ideas, reputation building and growth of intellectual
fields” and questions why so little research has been conducted on the impact of informal
communication practices on formal communication and information seeking behaviour. Bathelt et
al (2004:33) suggest that individuals (and even organisations) that manage to engage with a
pumber of diverse information carrying channels of communication, both at the local level and
globally, operate more effectively than those that only concentrate on certain channel interactions
and that external sources of knowledge are often important triggers that stimulate innovation and

growth within a specific environment.
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it is clear that the system of scientific communication that has evolved over several centuries is
now undergoing a transformation catalysed by a number of environmental, economic, and
structural factors. The electronic environment that we live in has had a particularly pervasive
impact and it is now possible to instantaneously transmit text, images, and data all over the world.
Changes are therefore occurring in the communication system ranging from the effect on one-to-
one communication between scientists to new publishing models that are emerging in the
publishing industry. Walsh, et al. (2000:1295) find in their investigation of the effect of
computer-mediated technologies (CMC) on scientific work that the Internet and electronic mail
have probably had the greatest impact and considerably enhanced scientific collaboration and

productivity.

A number of studies have indicated that there is a positive correlation between high levels of
communication with colleagues and high performance levels and that performance increases if
informal communication links are encouraged (Allen, 1977; Bouazza, 1989; Crawford, 1971;
Cronin, 1982; Lacy & Busch, 1983; Pelz & Andrews, 1966; Tenopir & King, 2004). The study by
Crane showed an exponential increase in publication output when high levels of inter-personal
interaction were maintained compared with linear growth in publication output when low
commumication levels were maintained (1972:24-26). A number of indicators further suggest that
scientists who belong to large informal networks are more actively engaged in collaborative
research and publication collaboration, they have stronger citation links, their ideas are
transmitted more effectively and they generally have more influence on research than their
counterparts who do not belong to such informal networks (Crane, 1972:308-310; Crawford,
1970:48; Cronin. 1982:213-214).

Menzel (1966b:1000-1), in his seminal analysis of scientific communication, came to the conclusion

that five characteristics could be isolated which adequately conceptualise the process, viz.:

1. The acts involved in scientific communication constitute a system which includes all the
methods by means of which scientific messages are transmitted. The flow of scientific
information is seen as a set of interactive processes in a social system which links users and
generators and is influenced by the information-seeking actions of individuals, ofien involved in
several work-related roles. Menzel therefore contends that scientists as generators and as users of
information constitute interconnected publics.

2. The effective transmission of a message to the recipient often involves many channels of
communication acting synergistically. Formal, informal, personal and impersonal channels

interact, one or more persons frequently serving as relays between the source of the message
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and its ultimate user.
3. Informal, unplanned communication plays an important role in the science communication
system and there appears to be a regularity in the patterm of unplanned communication.
4. Scientists constitute publics who have a number of common interests and norms of behaviour
which uniquely link them, viz.:
e theyare highly motivated to obtain information from the communication system;
e the information they require is designed, as a rule, to promote certain professional
activities; and
s they have a well-developed and well-structured behaviour pattern relating to their
professional communication.

5. Science-information communication systems serve multiple functions that can be related to
the scope and permanence with which the information needed by a particular scientist
can be described in advance. One can therefore distinguish the exhaustive search
function, the reference function, the current-awareness function, the function to stimulate
scientists to seek information outside their areas of specialisation and the function

that enables them to familiarise themselves with an unknown area of research.

Walker and Hurt (1990:xiv) in turn suggest the encompassing function of “providing a cumulative
record of knowledge in a field as it exists at any given time" for, as argued by Glaser (2003:39),
“the only way that new knowledge can find its way to an unknown audience is by publication”.
Such a record of knowledge serves a normative function, it constitutes a reference point from
which new theory is promulgated and to which new evidence may be added. A number of studies
have further indicated that the underlying function of the formal communication system in
science is for peer recognition and reward (Borgman & Furner, 2002, Garvey, 1979, Wouters,
1998), while informal communication and networking are important to ensure the diffusion of
knowledge (cf. Price, 1963 Crane, 1972).

Various researchers have traced the communication of information during the stages of the
research process, from the inception of the idea and the conceptualisation of the problem, through to
the ultimate end-product of research. It was found that although the communication process follows
diverse routes and information flows through various channels during the different stages of the
research process, a recurrent and predictable pattern emerges. Both formal and informal channels of
communication play an important role, are highly valued, and are utilised interchangeably during all
stages of the research process. (See amongst others the studies by Bichteler & Ward [1989], Blau
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[1974], Garvey & Griffith [1971], Garvey, et al [1974], Lacy & Busch [1983], and White [1975]).

The research process reaches its peak when with the research findings are published, an invention
patented, or a physical entity produced. This final stage signals the transfer of the interaction with
the communication system from the informal to the formal domain According to Borgman and
Furner (2002:13), this final stage of creating public kmowledge is essential as “research in all fields is

incomplete until it is validated through review processes and shared with others”.

There appears to be a distinct difference in the way that applied fields of knowledge and the basic
fields communicate and transfer information. Applied fields tend to transfer information vertically by
exchanging information between researchers, practitioners, and others through several different levels
of expertise. Basic fields, on the other hand, transfer information horizontally, by sharing information
among peers who have the same levels of expertise (Salasin & Cedar, 1985b:103).

Furthermore, the publication of research findings is regarded by the basic science community to be
the end-product of the research process. It underpins the communication process and its function is to
add to the universal consensus of public knowledge in basic science. The end-product of applied
science research, on the other hand, may in many instances never be published, and is ofien
converted directly by industry into new procedures or products or into licences and patents for
production purposes. The aim in applied science research is to provide the best solution to a

problem.

2.2, COMMUNICATION PATTERNS IN BASIC SCIENCE

As mentioned above, the culmination of creative effort in basic science is reached when the research
output is published and this transfer of knowledge into the public domain forms the basis and
largely motivates the communication process in basic science. Both formal and informal
communication of information feed into the system to create as output some or other refereed
publication that then is assimilated into the body of recorded knowledge in the field (Hurd, 2000:
1279). The body of recorded knowledge so created underpins the advancement of scientific
endeavour and forms an integral part of the scientific communication process (Osburn, 1989
279). Ziman, in turn, stated that the results of research in basic science become completely
scientific only when they have been published (1969:318). By recording knowledge and making it
public both the generator and the potential users of information are thus ensured of equal access to
the body of knowledge in basic science (Line, 1992:201).

Ziman (1969:318-9) identified three fundamental characteristics of recorded knowledge in basic
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science:

1. It is fragmentary in that each paper or contribution is not self-sufficient, but features merely a
single element in the total store of knowledge in basic science;

2. It is derivative (or cumulative) as scientific papers depend to a large extent on previously
recorded papers; and

3. It is edited as the research paper is subject to fairly rigid editing (or refereeing or even
censorship). This can be done on an informal basis by means of peer judgement, and/or
formally in the form of strict refereeing by a journal's editorial board before a paper is

accepted for publication.

Price (1965:555-575) emphasised the point that the basis for all communication behaviour in basic
science is its close-knit structure wherein new knowledge builds on old knowledge and all scientific
endeavour is recorded and displayed in the literature. A further fundamental aspect of the
communication behaviour of basic scientists is that they record their research results to enable
replication and to provide the support to substantiate their arguments in areas that are not a part of
accepted knowledge in the field. The system also exists to communicate information in such a way as
to determine scientific priority and intellectual property rights (Gliser, 2003:39; Von Seggern,
1995:97). De Gooijer reports that publication output remains the most favoured performance
indicator for all categories of scientific research (1993:122). The published output also forms the basis
for acceptance by the peer community and enhancement of status in general. It is generally accepted
that the individual scientist's drive for acceptance by his/her peer community is a strong influencing
force of the basic science communication process, for it is through peer acceptance that the
scientist achieves success and that knowledge advances. Peer review is thus seen to be the principal
procedure for evaluating the validity, quality, relative significance and feasibility of research, as
well as providing an invaluable feedback mechanism that enhances quality and advances research
(Correia & Teixeira, 2005:353; Crawford, & Stucki, 1990:223; Gléser, 2003:39; McGarry,
1975:279; Welborn, 1991:55).

2.2.1. SCIENTIFIC ELITISM

Amick (1973:318; 322-327) was one of the first persons who attempted to prove the premise that
there is a positive relationship between scientific elitism and the communication of information in
basic science. It is presumed that scientific elites, or sociometric stars (as also described by Price

(1971:74-75)), are intimately involved with (and often have control over) the scientific
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communication system and that they tend to cluster at the basic end of the basic to applied science

continuum,

The scientific elites comprise the eminent men of science who have been accorded recognition in
their disciplines, they have achieved a standard of excellence in their work, they are highly
productive in terms of publication, number of papers delivered, involvement with their professional
societies and are generally highly visible in their professional community. They process more
information and have more narrowly defined and less diffuse research interests than their ‘non-elite’
counterparts (Price, 1971:74-75).

Amick has suggested that a scientist's level of elitism may be measured in terms of one or more of
the following (Amick, 1973:318):
editorial involvement with scientific journals, acting as a referee for scientific
journals, the number of awards received, the number of office-bearer positions held
in professional associations, the number of guest lectures presented, the number of
patents registered, the number of papers and/or posters presented at meetings,

conferences, etc., and the number of papers published in professional journals.

2.2.2. INFORMAL COMMUNICATION IN BASIC SCIENCE

The importance of formal communication in basic science is, as suggested in 2.2., beyond dispute,
but as has been mentioned informal communication also plays a very important role in the total
communication system of basic science. Cronin (1982:225), for example, has stated that “informal
communication is the lifeblood of scientific progress” and it is suggested that the value of informal
communication lies in its interactive and participative nature (cf. also chapter 2.1.). It allows
participants to both disseminate and absorb new information, sound out theories with the experts in
the field, and obtain feedback before the formal publication process begins. Many studies have
thus shown that informal communication (ranging from inter-personal exchange, to informal pre-
publication exchange of research results, to interaction at professional meetings) is very effective in

meeting many of the information needs of basic scientists (Von Seggern, 1995:97).

Informal communication links in basic science occur harizontally by mean of well-developed person-
to-person communication networks, frequently crossing organisation and discipline boundaries
and usually among persons of equal levels of expertise (Salasin & Cedar, 1985b:104). It has further
been established that informal links tend to be stronger and more frequently sought amongst basic

scientists concentrated in countries with large basic science populations (Lacy & Busch,
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1983:193-194). In part, this can be attributed to the greater opportunity for frequent contact with

a critical mass of specialists in any particular research area.

According to Menzel (1967:421-424) the informal communication of information is particularly
valued and utilised when basic scientists wish to obtain information on new principles and findings,
new techniques, procedures and apparatus that would not easily be found in the published literature
or which had not yet been published. Informal communication is further of importance when basic
scientists wish to establish who the main researchers are in a field and when a new and unfamiliar
field is first explored.

Fry (2006: 301] refers to ethnographic studies in the field of high energy physics that have
established the importance of informal communication and social networks in the diffusion of
ideas and obtaining peer recognition. It was found that significant communication within the
research community takes place by means of casual interaction, including ordinary gossip and at
gatherings such as conferences, lectures, etc. He thus suggests that the level of informal
communication among researchers in a specific domain has an affect on their production and use

of electronic media.

2221. Invisible Colleges

It is reputed that Robert Boyle was the first person to use the concept invisible college in
correspondence in the 1640's to describe scientific meetings held in England that later became the
nucleas of the Royal Society (Correia & Teixeira, 2005:349;Walker & Hurt, 1990:xiii). Price
(1961:99), however, was probably the first person to identify the invisible college phenomenon as an
important vehicle of informal information communication. Price and a number of researchers have
subsequently validated his original proposition empirically (cf. Crane, 1969, 1972; Crawford,
1971; Gaston, 1972; Griffith et al, 1971; Price, 1971; Zaltman & Kohler, 1972). The basic
premise is that in each identifiable and circumscribable area of basic science specialisation there
exists a group of people who claim to be reasonably in touch with everyone else. They are engaged in
research along similar lines and communicate often and intensively with one another. Such a network
almost acts as a social circle of scientists brought together by their common research interests. They
are usually very productive and contribute materially to research in their subject, not merely on a
national scale, but usually including all other countries in which the speciality is actively researched.
These scientists meet at select conferences, commute from one centre where important research is
conducted, to the next, circulate offprints and preprints to each other, collaborate in research, and often
seek each other out to obtain information before searching the literature. They maintain contact
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amongst themselves by actively communicating by mail, telephone or some electronic medium.

It has further been suggested that these networks are held together by the eminent leaders in the
field and these sociometric stars or elites create a gravitational force that holds the field
together and improves the communication of information within their invisible college (Crane,
1972:308-10; Crawford, 1970:47, 1971:309). Amdt and co-workers have established that the
more senior and higher status scientists communicate actively with each other and that they then
disseminate information to the more junior members in the system (Arndt et al, 1980: 444). Crawford
(1971:309) refers to these eminent, highly productive and highly cited scientists who form the core of
such invisible colleges as “nodal points for the dissemination of information™ and she suggests that

they are “the focus of a disproportionately large number of contacts”.

The membership of such networks is very fluid and changes constantly (Crane 1969:346-347) and
although always voluntary, entry may not be easy for newcomers and the less eminent and junior
members of a research field. The lifespan of invisible colleges would appear to be ten to fifteen years
(Griffith and Mullins, 1972:962) and Price adopts the premise that the average number of persons in
an invisible college’ rarely exceeds one hundred as larger numbers would inhibit easy communication
(1971:74-75).

A number of disadvantages, however, also pertain to informal networks and Cronin (1982:224)
lists such factors as their élitist and high status orientation, their fluid, unstructured and often short-
lived nature, the expenses involved in maintaining them and the danger that irrelevant and often
untested information may be disseminated. Most of these disadvantages, however, are generally offset
by the positive factors that relate to the personalised, interactive, up-to-date and direct
communication of information within groups that share common research interests which in tum
results in immediate feedback, action, and establishment of priority in research. Such networks,
further encourage the transmission of ideas across disciplines and across nations (Zaltman &
Kohler, 1972:233). Doty (1992:24-38) further argues that the advent of worldwide electronic
communication networks and their general use by all categories of scientists is rendering informal

networks more accessible and more open to all levels of scientists.

The existence of the invisible college premise has not always gone uncontested and Bitz and co-
workers (1975:9) have argued that their importance is overstated and that they have found very little
evidence of such a social structure and dynamic operating amongst the scientists they had

investigated, while Mullins (1968:790-795) has suggested a less cohesive and concrete social
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structure. Cronin's (1982) overview of the field, however, strengthens the arguments in favour of the
existence of such a phenomenon. It is thus proposed that the invisible college phenomenon is now
becoming understood as a mechanism produced automatically by the basic science community.
It is, furthermore, apparent that invisible colleges constitute highly effective informal communication
systems, in which information pertaining to a specific field of study is exchanged among its
members (See also Cronin, 1982; Price, 1971; Garvey & Griffith, 1972; Salasin & Cedar, 1985b).

2.3. COMMUNICATION PATTERNS IN APPLIED SCIENCE

Concurrent with basic science two related streams of activity, applied science (or more specifically
technology) and the utilisation of science in commerce, industry, welfare and war, have developed and
have functioned both as contributors to scientific development and as beneficiaries of scientific
accomplishments.

The common conviction that basic science provides the basis upon which applied science is built has
proved to have a limited historical basis. History has shown that the three activities of basic science
(also referred to as pure science in the literature), applied science and their utilisation have
followed largely independent paths through succeeding centuries to the present time. However,
there have been intermittent links between the activities and there is an indication of closer
interrelation now than in the past two centuries. (Marquis & Allen, 1966:1052; Pinelli. 1991:6;
Price, 1986:240-241). It has further, been suggested that these fields of knowledge should represent
points on an analytical continuum from basic to applied, rather than be rigidly and discretely
classified (Amick, 1973:320-1; Menzel, 1966b:1000). Walker and Hurt, in turn, suggest that in some
fields, such as biotechnology, basic and applied science have become so intertwined that the
boundary between the two have become totally blurred (1990 xix).

Where links have been established between basic and applied science, the communication has been
bilateral, direct and quite rapid. It has been established that the degree to which an applied science is
coupled to its related basic science or advances independently to it, is extremely variable and that this
is possibly based more on need than on progression. Some applied sciences would, therefore, be
more closely coupled than others to their so-called underlying basic science (Allen, 1977:46-57).
Price (1965:555), therefore, suggests that the research-front in applied science is not directly
related to the research-front in basic science, but to sections that have been repackaged. From the
above it is thus clear that although there would be many similarities in the communication patterns

of basic and applied science, there would, however, be definite distinctions.
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Although applied science also tends to develop cumulatively, with technical innovations and the
literature building in most instances upon their predecessors, this phenomenon is not as strongly
manifested as in the basic sciences (Price, 1986:155-179; Ziman, 1969:318-319). Publication,
furthermore, generally also occupies a position of lesser importance in applied science and the
published literature thus occupies a much less significant position than in basic science. An applied
scientist is concerned, primarily, with producing a physical or practical end-product {(e.g. a patent,
license, new product, or process) which will provide the best solution to a particular problem,
rather than with verbal encoding. "Whereas [basic] science both consumes and produces
information in the form of human language, engineers transform information from this verbal
format to a physically encoded form" by producing "physical hardware in the form of products or
processes” (Allen, 1977:2) which, in turn, is information bearing. Verbally encoded information is
usually only produced as a by-product to the main production process to further explicate the
process or describe the product. These aspects, therefore, form the basis of the differentiated

communication patterns between basic and applied science.

Although, as indicated above, published literature occupies a much less important position, it still
plays a significant role in the communication of technical information (Tenopir & King, 2004). The
literature of applied science, however, tends to be related specifically to the solution of particular
problems as applied scientists are far less interested in theory than in reliable answers to specific
questions, and they "tend to minimize loss rather than maximize gain when seeking information"
(Pinelli, 1991:12). Applied scientists as readers become so accustomed to this form of output that
they find it difficult to assimilate literature of a more theoretical nature within their field. The problem
is compounded when they transcend the literature of basic science to solve specific problems

encountered in the work situation.

The situation is further complicated by the differences in input and output formats of the applied
science information processing system. Whereas in basic science there is an inherent compatibility
between the verbally encoded inputs and outputs of the information processing system, in applied
science the inputs are usually in verbally encoded formats, while the outputs are in physically
encoded formats together with a usually somewhat incomplete verbal by-product. The latter
information output is usually not adequate to serve as input to the next stage of the information
cycle and applied scientists, if not acquainted with the development of the physical product, usually
then require human intervention to supplement and interpret the information contained in such

output documents (Allen, 1988:4).
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The tendency for information to be transferred vertically in applied science (i.e. the passage through
several levels of expertise) complicates the communication process and generally impedes the
transfer of information in applied science (Salasin & Cedar, 1985b: 103-104). The difficulties of
supplying applied research and practice with information have, therefore, resulted in the evolution of
'middlemen’ that bridge organisational and disciplinary boundaries to transfer appropriate information
to all levels of applied scientists in an organisation (Allen, 1977:41).

A further factor that differentiates the communication patterns of applied scientists from basic
scientists is the fact that they usually work in different organisational environments. Applied
scientists are generally employed by organisations that are profit motivated and this imposes
certain restrictions on them, e.g.:

¢ the requirement that research is conducted only on problems which are of interest to the

organisation and that they develop products that are market oriented;
¢ that they work within tight time constraints and follow fairly rigid schedules;
¢ that research results be contained within the organisation and not communicated to the

profession at large.

These constraints generally further restrict the free flow of information and "impedes the formation, by
technologists, of anything resembling an invisible college" (Allen, 1977:41). Pinelli (1991:12-13)
identifies the following additional barriers to the effective communication of information in applied
science
management's general reluctance to place a high premium on information; the difficulty in
finding appropriate information at the correct level of understanding; and the difficulties
in assessing the quality of information.
In their extensive review of the literature relating to the communication patterns of engineers
Tenopir and King (2004:1-2), however, come to the conclusion that the “new technologies such
as the World Wide Web and electronic publishing, are having a profound effect on engineering
communication patterns” and that the “the Internet has dramatically increased the potential for

both informal and formal communication”.

2.3.1. INFORMAL COMMUNICATION IN APPLIED SCIENCE
Allen and his co-researchers (Allen, 1966, 1968, 1977; Allen, et al, 1970; Marquis & Allen,
1966) have empirically proved that informal communication channels, particularly personal ones, are

the preferred and most utilised mode of information transfer in applied science. It would appear,
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furthermore, that the informal communication patterns of applied scientists differ from those of
basic scientists. While basic scientists mostly communicate informally by means of invisible
colleges which transcend institutional and even geographical boundaries, applied scientists, on
the other hand, communicate informally by means of close association with co-workers in their
own organisations. These differences, however, can largely be attributed to the difference between
basic and applied scientists' work environment and the organisational structure of their employing
organisations (Smith, 1981:325).

2.3.1.1. Technological Gatekeepers

From the preceding section it is apparent that, to a large extent, the communication of information in
the applied science community is contained within the organisational structure and in order to
survive, a technology based organisation would have to find means to effectively import new

technical information.

Allen and his colleagues first identified the technological gatekeeper as the intermediary in an
organisation who indirectly ensures the flow of outside information into the organisation and the
subsequent dissemination of that information within the organisation (Allen, 1968:435-453). Thus
gatekeepers accomplish the important function of coupling the organisation to outside activity and
Bathelt et al. (2004: 44) have stated that “the role of internal gatekeepers and boundary spanners
becomes crucial for translating externally produced knowledge into a form that can be internally
understood within the organisation”. Gatekeepers play a particularly significant role in closed
environments (such as in industry) and also in situations where cognitive congruence is lacking
among members of a group. While most studies have shown that gatekeepers have a very important
function in information transfer in applied science, a study by Schuchman (1981) indicated that their
significance is not always manifested equally strongly across disciplines in applied science and he has
suggested that gatekeepers only account for a small proportion of the information communicated in

engineering.

During the more than ten years that Allen and various co-workers spent observing the flow of
information among researchers in various work settings in applied science they, however, verified the
important role that technological gatekeepers play in the communication process of applied
science. Among their findings Allen and his colleagues established that technological gatekeepers
generally hold key positions in the communication network of an organisation. Gatekeepers are
responsible for linking their colleagues with the outside world by means of their connections with

both domestic and international networks. They are better acquainted with both formal and
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informal sources of information than their other colleagues, and they assist in cutting through the
communications barrier that separates researchers in industry from outside information sources.
Technological gatekeepers also maintain contact among themselves, thereby increasing their
effectiveness as linking agents between their information-inactive colleagues and appropriate
information sources. In this way a two-step information flow process is created by means of which
the average researcher is enabled to receive information on technological developments outside the
organisation in which s/he works (Allen, 1977; Allen et al 1970). Such informal importation of
information has proved to be very effective and probably explains the survival of the
communication of information in applied science with its unique constraining features (Bathelt et al,,
2004: 44).

In other disciplines opinion leaders serve a similar function. However, they do not have the same
boundary-spanning role as they function without having to contend with the restraining
organisational structure operative in the typical fechnological gatekeeper environment. Research in
the health sciences and education has revealed similar role players who are community-based
individuals who assist health care workers and educators in providing and transferring information to
people in the community. They often act as change agents that encourage the adoption of new
practices or procedures in their communities and they frequently created informal systems of
networkers and advisors that help in putting research findings into practice (Metoyer-Duran,
1993:138-143).

Metoyer-Duran (1991) has proposed a model in which she defines six gatekeeper profiles that
delineate a range of information seeking skills and orientations. The profiles of impeder, affiliated,
unaffiliated, broker, information professional, and leader/executive suggest a graduated
progression from gatekeepers that curb the flow of information (the impeder) to those that actively
manipulate information to facilitate change to develop and implement strategy (the

leader/executive).

2.4. CHANNELS AND MODES OF COMMUNICATING INFORMATION

Paisley (1980:122-123) has suggested that the way and medium in which information is
communicated has a profound effect on the communication process. Information may be
communicated by means of various combinations of mode and channel. The mode of
communication is the physical state in which it is encoded such as oral, handwritten, printed and
electronic encodings. The channel of communication is the medium or other arrangement by which
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information is conveyed from sender to receiver, e.g. in the oral mode information can be conveyed
by means of a casual conversation or formal speech, while in the written mode it can be conveyed by
means of a printed book or handwritten letter. Over the years the forms of communication and the
media used have changed considerably. Whereas early scientific exchange was primarily based on
oral and handwritten communication the modern development of science was made possible first by
the introduction of printing and later by electronic information processing. Eisend (2002: 308) refers
to McLuhan's (1962) statement that we have reached the end of the Gutenberg Galaxy and have
entered “a digital revolution or a new culture determined by computers” which because it
provides scientists with a far greater array of communication options has the potential to enhance

communication and scientific endeavour.

2.41. COMMUNICATION CHANNEL CATEGORIES

The range of channels an individual can use to acquire information is normally categorised either as
formal channels (ofien also known as ‘archival’, as these mostly involve published modes of
communication), or informal channels. Both formal and informal chanpels, in turn, can be further
categorised as being either personal or impersonal. The former category involves personal
communication between individuals and can be direct, from person to person, or indirect via a third
person or a number of persons. The latter category refers to channels where the information is first
recorded and then transferred by means of a medium such as a letter or book. A further distinction
that may be made is between direct channels of communication which usually contain the
information being sought, and indirect channels of communication which lead the user to the source or

channel containing the information.

The following distinctions between formal and informal channels of communications have been
derived from the categorisations provided by Garvey and Griffith (1971:350-359), Meadows
(1974:93), and Menzel (1968:153-163):

Formal channels
s are public and thus have large potential audiences;
e contain information that is permanently recorded and stored and the information is thus
usually retrievable;
e contain information that is relatively old;
e  contain information that is generally complete in nature;

e are generally subjected to a fair amount of filtering;
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are primarily user selected, i.e. the user initiates the search process and seeks the
formal channels that contain the appropriate information;

contain information with a moderate amount of redundancy;

provide little direct feedback to the originator and the communication channels are neither
open- ended, nor interactive;

contain information that may be ambiguous, but the information is authentic and reliable as
it has been evaluated and monitored;

enhance an author's prestige and priority if they, rather than informal channels, are used

to present his/her work to the outside world.

Informal channels

2.4.2.

There

are private and thus have restricted audiences;

contain information that is typically neither permanently recorded, nor stored and thus
not easily retrievable;

contain information that is up-to-date;

contain information that is often unfinished in nature;

are relatively free of filtering;

are primarily source or disseminator selected, i.e. the flow is initiated and to some
degree controlled by the generator;

contain information where there is sometimes a large amount of redundancy;

engender interactive and open-ended communication which may contribute considerable
feedback to the originator;

generally eliminate ambiguity, but the information contained may not always be authentic
or reliable as it has not been evaluated, reviewed, etc.;

do not enhance prestige nor can priority claims be made if this method of communication

is used to present work to the outside world,

CHANNEL USE DETERMINANTS

is evidence that scientists’ preference for and frequency of use of a specific channel of

communication is more likely to correspond to their estimate of the ease of using the channel, the

accessibility and the physical proximity of the channel than to their estimate of the amount of

information, or even quality of information expected from the channel (Hertzum & Pejtersen, 2000:
763; Gertsberger & Allen, 1968: 274; Pinelli, 1991:14). Thus communication channels are

frequently “selected not to maximize gain in the information obtained but to minimize the cost in
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terms of effort that must be expended to access the information” (Salasin & Cedar, 1985a: 95) and
Rosenberg draws the conclusion that “the ease of use of an information-gathering method is more
important than the amount of information expected” (1967:125). Von Seggern thus suggests that
the reason why personal collections are so highly valued and frequently used is because of their
accessibility and familiarity (1995:98). It has further been found that the least effort approach is
particularly prevalent among applied scientists and that basic scientists generally exert more effort to
obtain high quality channels as well as to publish in prestigious channels (Pinelli, 1991:13). Wilson
(1981:9) in turn, has suggested that affective needs often have a greater effect on the choice of
communication channels than cognitive needs, €.g. to attract attention a superior will be approached

for information rather than a document.

However, scientists generally also acknowledge that while ease of use and accessibility determine the
initial selection of channels, ideas are accepted and adopted in relation to the quality of the channel
that conveys the idea and the utility level of the information. Information most useful to the work
situation is generally found in high quality sources (cf. Gertsberger & Allen, 1968; Bouazza, 1989;
Hertzum & Pejtersen, 2000; Pinelli, 1991). In general it may thus be stated that information sources
are initially selected on the basis of their accessibility, then the users' familiarity with the source and
ease of use, followed by quality considerations, utility factors, relevance, comprehensiveness, and

finally expense.

The range of channels that various scientists employ has further been linked by a number of
studies to the creative abilities of these scientists. There is evidence that scientists who are more
creative tend to utilise a wider variety of communication channels and are less dependent on formal
information sources and services than their less creative counterparts (Correia & Teixeira, 2005;
Fry, 2006; Maizell, 1960; Palmer, 1991a; Stein, 1967).

Research projects that have, amongst other objectives, tried to determine under what circumstances

channels of communication are used have revealed that:

o The need of specific information, such as for a simple fact, an explanation or a phenomenon
and which, as a rule, is required urgently, is generally satisfied either by consulting an expert in
the field, or by having recourse to the primary literature, especially journals, handbooks, and
standard reference tools.

® The primary literature plays an important role in assisting users to familiarise themselves with a
new or neglected field.

e A person's need to keep up to date is only partially satisfied by formal documentary sources. An
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important source of current information is the wide range of informal channels of
communication {e.g. personal conversations, attending conferences and visiting other institutions
and colleagues).

e The need for exhaustive information occurs at irregular and infrequent intervals, generally at the
start of new work or a new endeavour. Indirect sources of information that direct the user to the
actual information are usually emploved to satisfy a need of this kind.

e Informal communication channels are important sources of serendipitous information and
personal informal communication often provides valuable leads to formal channels of
communication.

(Bouazza, 1989; Hertzum & Pejtersen, 2000; Pinelli, 1991; Poland, 1991; Smith, 1981; Stevenson,

1980; Tenopir & King, 2004; Vagianos, 1971).

2.4.3. USE OF FORMAL CHANNELS OF COMMUNICATION

The findings from a number of studies suggest that peer-reviewed journals’ are the most
frequently used information channel in basic and applied science (cf. Bouazza, 1989; Davis, 2004;
Charton, 1992; Correia & Teixeira, 2005; Gliser, 2003; Hallmark, 2004; Lacy & Busch, 1983;
Lawal, 2002; Pinelli, 1991; Smith, 1981; Tenopir et al., 2003; Tenopir & King, 2004; Vickery,
1961). When basic scientists and applied scientists are analysed as distinct groups it is found that
basic scientists make relatively greater use of journals, review publications, monographs and
secondary bibliographic sources, while applied scientists use research reports, standard and patent
specifications, data compilations, technical handbooks, and textbooks to a greater extent. These
studies further indicate that there are considerable differences in the amount that scientists read

and whether they prefer print or electronic sources.

Engineers and applied scientists in industry rarely use the scholarly professional journals in their
field as according to Allen (1977:73), "most professional engineering journals are utterly
incomprehensible to the average engineer”. The nature of an applied scientist's work often affects the
source of information used, e.g. professionally orientated work usually results in the
consultation of sources outside the organisation, while work that is operational in focus results in
the use of internally generated and available sources. A further factor is that applied scientists
interact more readily with information sources closely attuned to their work environment and
publications that contain specific answers in a familiar and digestible format, i.e. those publications

generated for or within the work environment (Pinelli, 1991:20-23). This would explain why the

S itis generally believed that scientific joumnals started in the mid-seventeenth century with Le Journal des Savants and Philosophical
Transactions of the Roval Society of London (Lawal, 2002: Introduction.).
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unpublished report is the most important and heavily utilised recorded source of information in
applied science, and "it is the principal written vehicle for transferring information in technology"
{Allen, 1977.87).

Tenopir and her co-workers (2003:5-10) found in their longitudinal study that even afier the
general migration to an electronic environment libraries continued to be an important source of
information, and not only as can be expected for older material. It was further found that while
the proportion of readings from library collections increases moderately through the phases, the

amount of readings per scientist increased appreciably.

According to Lawal (2002) preprints have, over time, become an important channel of
communication as the number of articles produced by scientists has increased exponentially and
the formal publishing process has become slower. Preprints, i.e. drafts of manuscripts, were
originally circulated, first by mail and then by facsimile, to colleagues and peers for comment.
Currently the use of the Internet and e-mail distribution has accelerated the process and in some
instances increased the use of preprints (Hallmark, 2004). The formal process of providing
preprints in digital format, or e-prints and e-print archives probably had their origin when
Ginsparg (1994) created the ArXiv.com archive in high-energy physics at the Los Alamos
~ National Laboratory in 1991. The high-energy physics domain has always had a particularly need
to obtain rapid feedback on their research and have traditionally been active distributors of pre-
prints to circamvent the slow turnaround time of the normal publishing process. The use of e-print
servers, however, varies considerably across subject disciplines and while heavily, used by fields such
as high-energy physics (Hurd, 2000; 1281) it is against the policy of many publishers, particularly in
the field of chemistry (Brown, 1999:933; Lawal, 2002: Results, Figure 1).

2.4.4. USE OF INFORMAL COMMUNICATION CHANNELS

According to Hertzum & Pejtersen (2000: 762) informal communication is of crucial importance
particularly in a collaborative environment, and they and Brittain (1982: 145) state that several
studies have provided evidence that researchers spend a considerable amount of their time
communicating informally both as input to their work and as output to disseminate their results
(these estimates range between Hertzum & Pejtersen’s 40% - 66% and Brittain’s 50% - 80%).
Murphy (2003: Introduction and literature review) is of the opinion that there are “some
overarching trends that characterize all research scientists ... scientists, in general, tend to rely on

personal networks for information ... to gain perspective on how a problem can be solved”.
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Herner was one of the first researchers to investigate the comparative use of informal channels of
communication between basic and applied scientists and he concluded that while all scientists valued
informal interpersonal communication, applied scientists were more prone than basic scientists to
utilise informal channels, particularly direct oral communication among colleagues within their own
organisation, and basic scientists again made greater use of formal channels (1954:230-240). These
conclusions were confirmed by a number of later studies (cf. Allen and co-workers, 1968 - 1988;
Allen, 1977; Gerstberger & Allen, 1968; Grefsheim et al., 1991; Hertzum & Pejtersen, 2000;
King, Casto, & Jones, 1994; Pinelli, 1991; Poland, 1991; Shuchman, 1981; Tenopir & King,
2004; and Zipperer, 1993). The major reasons for approaching colleagues within the organisation
is that such colleagues are easily accessible, they have inside knowledge of the problem and can
provide contextual insight (Hertzum & Pejtersen, 2000: 761, 774) and according to Zipperer
(1993: 69-78), not only is instant feedback obtained from a trusted colleague, but the information
provided is also the most appropriate in a given situation and referral is also often then provided
to records available in the organisation. The study by Lacy and Busch (1983:196) of agricultural
scientists, however, indicated that while the most frequent interpersonal interaction was between
colleagues within the same division, the information obtained from colleagues outside their institute,
even though less easily found, was more highly regarded.

While applied scientists tend to communicate actively within their organisations it has been found
that basic scientists maintain more frequent contacts with colleagues outside their own organisation.
Applied scientists generally rely on gafekeepers within their organisation to provide the outside
contact, stimulation and information input (Allen, 1966, 1968, 1977). For example, the research
conducted on information exchange in the petroleum industry of Nigeria found that the basic scientists
depended to a large extent on discussions with colleagues at external universities, while engineers in
the same industry showed preference for informal exchange of information with colleagues within the
industry (Poland, 1991:67).

Studies that have compared the use of communication channels in different work settings have
suggested that a preference for informal channels of communication is more related to a specific work
environment and its concomitant organisational structure than to variation in discipline. It was, for
example found that applied scientists engaged in production activitics are even more prone to using
informal channels of communication than their counterparts engaged in research and development
in industry (Allen, 1977, Raitt, 1986; Wood, 1971).
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Hertzum & Pejtersen (2000: 774) suggest that an important factor that underlies the preference
for interpersonal (preferably face-to-face) as opposed to written information sources is that
interaction with people provides additional contextual background and insight. They therefore
deprecate the general lack of systems containing information on people with special skills,
knowledge, etc., and they thus propose that such systems should more readily be developed to
help identify experts (a very similar concept to the blue pages or expertise databases generally

advocated in knowledge management).

2.4.5. USE OF INDIRECT CHANNELS OF COMMUNICATION

An important aspect of information seeking relates to the manner in which scientists become aware of
and are led to the channel that contains the information they require (irrespective of whether this
happens consciously or not). In most instances users are directed to the channels containing the
information by means of an indirect source or channel of communication. The methods generally
used to find relevant information are personal recommendations by colleagues; tracing references
cited in the literature (thus utilising the interconnectedness of the literature in finding related
works); asking a library or information centre to search for the information; regular scanning of
current literature; personal searching of the Internet, other electronic databases and abstracting
and indexing services; personal searching of publications and other secondary publications such
as bibliographies; and also chance or serendipity. The relative use of these methods usually varies
in accordance with the particular circurnstances of the information need and the scientist's

environment.

Tenopir and her co-workers (2003) found that there were three general ways that the scientists
they studied learnt about the articles they read; they mostly browsed current journals to keep up
with the literature, they conducted structured literature searches to address specific information
needs, and they further discovered useful references through citations or being told about articles
by someone. It was however found that over time the proportion of browsing had decreased
considerably in favour of online searching. Hallmark (2003:Results) reports that 67% of the
atmospheric scientists she had investigated became aware of the article that they had cited
through reading the literature or by interaction with colleagues. They further also generally did
not use electronic databases such as Meteorological and Geoastrophysical Abstracts, as opposed
to electronic journals in the discovery process. It was further found that most of the scientists
obtained their article either through their library (both printed and electronic versions), the author,

or a personal subscription.
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Davis (2004:330) states that because of the extent of the chemistry literature and the volume of new
publications each year, chemists have to use a number of methods to search the literature and keep up-
to-date in their field. It is thus not surprising that he found that the chemists he had investigated
extensively used bibliographic sources to identify and summarise the literature in the field. He further
suggests that the relatively high number of referrals from generic Web searches and Web pages are an
indication that the Internet is in many instances replacing traditional tools such as library catalogues
and bibliographic databases. He argues that this could be because of the often more comprehensive
search results obtained and the closer to one-step process if Web sources are used. Individuals will
thus tend to “modify their strategies to maximise their rate of gathering valuable information” (Davis,
(2004:330).

The results from many studies that compared the information seeking behaviour of basic and
applied scientists have shown that basic scientists make slightly more use of abstracting and
indexing publications and electronic databases than applied scientists. It was observed that basic
scientists generally prefer to conduct their own literature searches, irrespective of whether on-line or
manual, as they firmly believe that they are the only people who can select pertinent sources and
librarians generally retrieve far too many irrelevant items. Applied scientists, on the other hand, tend
to delegate literature searches, often requiring additional value-added services such as the evaluation
of references, the extraction and summary of text (cf. Allen, 1977; Bouazza, 1989; Hertzum &
Pejtersen, 2000; Murphy, 2003; Tenopir & King, 2004; Smith, 1981; Vickery, 1961).

A number of studies have revealed that a considerable proportion of leads to information sources
are acquired by means of informal channels, such as a colleague's recommendation or prior
knowledge (Hallmark, 2003; Meadows, 1974; Menzel, 1966a; Smith, 1981; Tenopir et al.,
2003; Wood, 1971). Personal informal communication and serendipity often provide references to

a number of relevant sources of information that would not come to light otherwise.

2.4.51. Current awareness channels

Bouazza (1989:148) refers to a study by Blaxter that found that for current awareness purposes
basic scientists derived half of their current information by regularly scanning a small core of
primary journals, a quarter from scanning secondary publications such as review and abstracting
publications and the remaining quarter from secondary current awareness publications such as the
Current Contents series, or from personal interaction with their colleagues. Informal

communication channels received a relatively low rating as current awareness providers in basic
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science. Von Seggern (1995:98), however, reports to the contrary and states that informal
communication channels form an important current awareness vehicle in the basic sciences.
Research results indicate that when applied scientists require information to keep up to date they
most frequently turn to their colleagues, then consult their personal information collections,
followed by trade catalogues and manufacturers literature, then they read technical journals,
external and internal technical reports (Jones et al, 1986:786-789).

25  THE ROLE OF CONFERENCES IN THE COMMUNICATION PROCESS

Conferences have ever since their inception in the seventeenth century (Walker & Hurt, 1990:7)
been highly esteemed for the role that they play in not only providing a forum to transfer current
state of the art information, but also for facilitating the informal transfer of information by means of

the collegiate process and for stimulating the exchange of ideas and opinions amongst attendees.

Ziman (1976:111-112), although he identifies a number of negative aspects that attend to
conferences, still comes to the conclusion that they play an important role in the communication
process of basic and applied science. He refers specifically to the plight of scientists in developing
countries and their need for the interaction provided by conferences. A study by Ehikhamenor of
Nigerian scientists reinforces the importance of conferences to assist scientists in developing

nations to stay abreast with the research fronts of science (1990:424-425).

Formal papers are presented at most conferences to disseminate new information and to serve as a
basis for informed debate and discussion. Eminent persons may be invited to deliver papers on
specific topics which are generally complemented by selected contributed papers. This may be
supplemented with prepared discussions that respond to any of the above formal channels.
However, much of what is of greatest interest and importance at a conference often occurs outside the
scope of formal papers. Ad lib, unprepared debates and the interpersonal exchange of
information, often during corridor conversations, is generally very highly rated by all attendants.
Poster presentations, exhibits and displays constitute other less formal, but very effective,
communication channels that promote focused discussions and immediate feedback with less time
pressures than formal sessions (Grogan, 1982:164; Meadows, 1974:125; Smith, 1993:68-71;
UNESCO Ad Hoc Sub-Committee, 1970:82).

A new development in conferences is electronic conferences and the use of bulletin boards to
conduct a meeting. They range from totally unstructured, spontaneous contributions to formal

invited and refereed contributions. All forms of participation, such as papers, discussions, and
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criticisms, are conducted in the electronic medium.

The following is a resume of the most important reasons given by participants for attending

conferences and the value they attribute to conferences:

Information disseminated at conferences is valued for its timeliness and highlights the current
awareness function of conferences. These early announcements represent the forefront of
research and are invaluable for active researchers to keep abreast of research fronts. They further
also furnish participants with the means to announce and publicise new research;

Conferences engender interactive communication, peer evaluation and immediate feedback
from the experts in a field. They, thus, provide the ideal forum to discuss and resolve problems
that participants have encountered. The conference environment, furthermore, stimulates the
generation of new ideas;

They provide an ideal forum to establish contacts and nurture interaction among colleagues and
fellow researchers across national boundaries and even across disciplines. Thereby networks
of experts are created that regularly communicate to exchange ideas and information. Many
individual researchers turn to small meetings, limited to a few selected specialists, as a means of
informally keeping up-to- date and in touch with colleagues rather than try to cope with the
rapid increase in published literature.

(Allen, 1991; Garvey, 1979; Grogan, 1982; Meadows, 1974; Smith, 1993; Unesco Ad Hoc Sub-
Commiittee, 1970; Walker & Hurt. 1990:81-92)

2.6. ELECTRONIC MODES OF COMMUNICATION
Vannevar Bush, as far back as 1945stated that

professionally our methods of transmitting and reviewing the results of research are generations old
and by now are totally inadequate for their purpose ... But there are signs of a change as new
powerful instrumentalities come into use ... The world has arrived at an age of cheap complex

devices of great reliability: something is bound to come of it (Bush, 1945:101)

The vision of computers that would be used to send, receive, and store all kinds of

communications has now come to fruition and the kinds of electronic media that were anticipated

are currently widely used. Many recent studies have found that a growing number of basic and

applied scientists are in some way or other interacting with the burgeoning number of electronic

communication media and networks. It has become part of the modern way of interacting with
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information communication systems and in many ways this is affecting the communication of
information among basic and applied scientists with traditional communication methods often
being overlapped and in part replaced by electronic communication modes. However, some
disciplines are moving more rapidly than others towards using electronic communication modes

with varying effects on the traditional communication structures.

Fry (2006: 301-304, 312) has suggested that factors such as the nature of a discipline and its level
of inter- and multi-disciplinarity, the field’s critical mass concentration, work organization and
structure, engagement in collaboration, character and extent of personal networks, and physical
proximity of personal networks to the locus of collaborative activities all have an effect both on
the use of computer-mediated communication for both informal and formal interaction. Walsh &
Bayma (1996: 689), in a similar vein, report that their study indicated that the size of a research
field, market penetration, the place where critical information is found, degree of interdependence
between research units, and technical limitations determined whether communities in science

utilised computer-mediated networks.

It is, however, beyond dispute that the utilisation of electronic modes of communication within

science communities is myriad. Eisend (2002: 308-310) has for example provided a useful

categorisation of the various ways in which electronic media and systems (particularly the

Internet) can be used in scientific communication:

s For research purposes they are used for inter-personal communication with colleagues (e-
mail, chats); discussion with colleagues (newsgroups, mailing lists, chats); scientists create
their own electronic databases to record and manipulate experimental data; this data can then
be communicated to colleagues all over the world by means of electronic networks; it is also
used to coliect data from remote instruments, or conduct online surveys, or observe behaviour
in newsgroups; scientist participate in electronic conferencing; they access centrally
maintained bulletin boards; they can access remote bibliographic and other databases, and
the Internet to search for of information; etc.;

¢ For publication purposes they are used to post advance research output such as preprints to
newsgroups, mailing lists, personal homepages or to specialised preprint servers; reprints are
sent out for discussion (newsgroups, mailing lists); articles are published in online journals
where the normal peer review verification process is applied, or if the institutionalised

scientific publication process is bypassed, documents are personally authored on the Internet.
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Eisend has further suggested that different forms of communication have relevance for different
purposes at different times and he refers to “theories of rational media choice” to distinguish
between rich and poor media depending on the media’s ability to enhance understanding of the
message and increase social interaction (Eisend, 2002:309). Taking these factors into
consideration Eisend (2002:309) suggests that for inter-personal communication “face-to-face
dialogue is the richest form followed by telephone, letters, faxes and finally e-mail” and that face-
to-face is particularly relevant when there is a high degree of ambiguity in the content being
discussed. Online communication, in turn, is the most appropriate when scientists need to rapidly
search and exchange information and when they engage in factual discourse and simple forms of

collaboration.

The escalating growth in the use of the Intemet and the World Wide Web has far exceeded the
original intentions of their creators and in scientific communication the Internet has assumed both a
complementary and substitutional role in competition to other media and forms of
communication. Eisend (2002:316) however states that whereas

the Internet is able to break up traditional communicafion structures in the field of research ...

in the field of publication the Internet supplements the traditional and institutionalized forms of

scientific communications dominated by publishers.
Electronic mail, in particular, has become an important vehicle in inter-personal communication
and the growing collaborative nature of scientific research {(Allen, 1991:33). It has substituted for
written communication media such as letters, faxes, but according to Eisend (2002:315) not face-
to-face interaction or the telephone. Davis (2004:330) again found in his transaction log analysis of
chemists that e-mail was used extensively for referral purposes and as a major means of

communicating within the research community, particularly when distance is a factor.

With the rapid expansion of the use of electronic communication modes the question arises to what
extent this has affected information communication behaviour. Has it made an indelible impact as
claimed by Allen (1991:32), or has it been absorbed into the scientific communication process as
merely another mode in which information is communicated utilising essentially the same channels as
before? Throughout the centuries humans have adapted their communication styles to fit new
emerging media formats and Cronin (1982:228) is of the opinion that it is difficult to see in what
sense the electronic communication of information would structurally, or substantively, affect existing
practices and kinds of interactions. It has further been suggested that electronic communication
of scientific and technical information may specifically affect the way informal information transfer
takes place (Allen, 1991:32). Hurd (2000:1283), for example, suggests that the current invisible
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college phenomena could evolve into virtual invisible colleges which could possibly broaden and
democratise the membership base, a decided benefit for younger scientists and those from
developing and often marginalised nations who often find it difficult to become integrated in
closed interpersonal networks. Davis (2004:330) further also suggests that there are indications that
electronic media have extended the concept of the invisible college. Talja et al. (2004: Introduction),
however, are of the opinion that metaphors such as virtual communities, cyberspace colleges, and
voluntary networks incorrectly imply that electronic communication forums are new kinds of
invisible colleges. They are of the opinion that communication behaviour is not in fact affected by
these enabling technologies, but rather by the inherent and fundamental “social and cultural
contexts into which they are embedded”. It is suggested that although there is little dispute that
developments in communications technology will to some extent affect the informal communication
of information, it seems unlikely that electronic networks will entirely replace informal networks as
they “have a functional (and psychological) reality which transcends the mode or mechanism by
which they coalesce, and it is this (not the means of communication between members) which in the
long run determines their validity” (Cronin, 1982:232). The real effect of electronic communication
modes on the inter-personal communication behaviour of scientists therefore remains a point of

debate.

It was found for example in the medical environment by Wulff and Nixon that while easier access
to electronic journals in many instances increased use, the general pattern of journal use was the
same in the electronic environment as in the print environment. Clinicians and researchers more
frequently searched and used information produced in prestigious publications, irrespective of the
mode of publication (Wulff & Nixon, 2004:321). Gliser (2003:47) in his discussion of whether
electronic media and specifically the Internet have had an effect on the social structure and
knowledge generation of scientists also comes to the overall conclusion that they have not had
any substantive effect as “science communities are, and always have been knowledge producing
and sharing communities”. He further contends that scientists have always used a variety of
channels to communicate and share knowledge of which informal face-to-face communication is
(and remains) one of the most important for their collaborative activities. O’Dell et al. have
further suggested that only when scientists move away from cloning paper-based communication
patterns in the electronic environment and go “beyond the limitations of a paper-publishing
paradigm and exploit the possibilities offered by the digital age to the full ...[that]... the real
scientific communication revolution will begin” (2004: 91). It would thus appear that there are

contrasting views as to whether the communication process in science has fundamentally been
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pervasive in the scientific communication process their assimilation and acceptance will take
place incrementally and they will only be adopted if they “support and update traditional
functions that endure because they are valued by a community of scientists”. She further states
that the peer review system will remain a fundamental aspect of the communication process with

quality control mechanisms adapted for effective use in the electronic environment.

Hurd (2000:1283) further suggests that new roles and synergies are evolving in the electronic
environment and that these could have a fundamental effect on the communication process. She
refers, for example, to scientists who author and publish on their personal Web sites; to
universities that engage in publishing the research output of their academic staff; to subscription
agencies (such as Blackwell, Dawson, and EBSCO) that offer aggregator services and have thus
become gateway and service providers; and to professional societies that engage in archiving the
primary information resources in their field. She further refers to cooperative ventures such as the
SPARC (Scholarly Publishing and Academic Resources Coalition } initiative where scholarly
associations, commercial publishers, university presses, research libraries, etc. all cooperate to cut
electronic publishing costs. Gldser (2003:47) has also identified new functionalities in the
communication process that he thinks could have a qualitative influence on work practices and
knowledge production. He specifically suggests that features such as having online access to
geographically remote data and the possibility to share data among geographically dispersed

collaborators and colleagues, has the potential to enhance the science communication process.

It is thus clear that scientists' opinions toward electronic media and systems have evolved
considerably from the early scepticism during the 1990°s to recent enthusiasm. Initially high
costs, usability problems, and questions around quality control of electronic journals were the
main factors that prevented extensive use (Hallmark, 2003:Conclusions). Other factors related to
problems with regard to accessing, downloading, and formatting, as well as not knowing about the
availability of such services and how to use them (Folster, 1995:91). It is thus not surprising that a
number of studies conducted in the 1990’s indicated that the scientists investigated preferred
manual systems and journal articles in print to those in electronic format (Bichteler and Ward,
1989; Brown, 1999; Folster, 1995; Hallmark, 2003, 2004). Von Seggern, however prophesised in
1995 that “as computer skills become more prevalent, systems more intelligent, and as physical access
to such systems and other specialised information databases is improved, some aspects of information
seeking may change, though at varying rates among disciplines” (1995:96). Mahe (2004:The

dimension of uses) suggests (in contrast to other authors) that the virtual reproduction of print
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communication channels into electronic modes has in fact helped ease the transformation process

and made it more commonplace and thus acceptable.

Attitudes did in fact change remarkably quickly and by the turn of the century studies of
scientists’ information communication behaviour were indicating that they had adapted to
electronic systems and media, integrating them into their information-seeking routine. The
convenience of having immediate access to a wealth of information, rapid retrieval and seamless
communication possibilities was particularly appreciated. Hallmark (2004: Introduction;
Conclusion), when comparing the results of her 2004 study with similar unpublished data
obtained in 1998, comes to the conclusion that there had been a rapid evolution and acceptance of
electronic media and systems. While in 1998 the majority of chemists and geologists surveyed
still preferred to use traditional (non-electronic) methods for access and retrieval of material, the
later study showed that by 2002 not only was the Internet being used for rapid inter-personal

communication, but also for immediate access and retrieval of information.

Bonthron et al. (2003) further suggest that for scholars to migrate from print to electronic journal
modes there has to be a sufficient critical mass of electronic journals in any specific field. They
found that although it was problematical to define an ideal critical mass in terms of explicit
journal numbers, they could establish that such a critical point was between 60%-75% availability
of electronic journals. These percentages however may vary according to the type of material that
is available in specific disciplines, the accessibility of libraries serving users, and varying
working environments. They further argue that usefulness however remains the primary criterion
used by scholars to accept information and not the mode of communication of the channel

containing the information.

The various problems created by the more traditional publication processes, such as high
publication costs, problems caused by the full transfer of intellectual property rights from author
to publisher, and the slow turnaround of traditional publishing, in combination with advances in
information and communication technologies and the ubiquitous use of the Internet have made
scientists realise that they should use alternative and more efficient ways to share results. New
electronic publishing models, based on author self-archiving, have thus evolved and according to
Correia & Teixeira (2005:349) have the potential to revolutionise scholarly communication by
making it more efficient and effective, One of the most effective such initiatives is the
development of electronic pre-print archives and particularly the arXiv.org e-print archive created

in 1991 by Ginsparg at the Los Alamos National Laboratory to give access to pre-prints in the
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domain of high-energy physics. The success of arXiv provided the impetus to develop a number
of other e-print repositories in a variety of subject domains during the late 1990s (Fry, 2006:309-
310). A related innovation has been the evolution of institutional repositories where open-access
archives are established and managed by research organizations to house articles published by
authors from their institutions. In December 2001, the Open Society Institute (OSI) convened a
meeting in Budapest to establish a protocol to accelerate international efforts to make scientific

and scholarly research results freely available on the Internet (Correia & Teixeira, 2005:353).

Lawal (2002) surveyed the use and non-use of e-print archives in different disciplines. The results
indicated varied use across the disciplines, with the highest use among the physicists, followed by
the astronomers and then researchers in the mathematical sciences. The lowest use rate was
among the biological sciences, while the chemists did not use this channel of dissemination at all.
It is the general policy among publishers in the chemistry domain to adhere to the Ingelfinger
Rule which restricts and even prohibits such pre-publication of results. Scientists in physics have
always had a well-developed structure of pre-print dissemination of new research outcomes and
this has very effectively been upheld by the ArXiv e-print archives mentioned above. Lawal
found that in addition to the disciplinary factors, the level of use of e-print archives related to the
importance attributed to early and rapid dissemination of research results (particularly where the
peer review process and regular publication takes very long), and the amount of visibility and
exposure it provided for authors. Reasons for non- or low use included technology constraints and
as mentioned publishers' restraining policies. Lawal further states that the inherent information
communication bebaviour and the nature of the literature in a field also affect levels of use of e-

print archives.

Tenopir and her co-workers (2003: Background) have specifically identified three stages in the
migration of scholarly literature from print to electronic formats and the effects this has had on
the science comimunication process:

e The first or early phase (1990-1993) followed the introduction of electronic journals, both in
online and CD-ROM format. At this stage, scientists as authors and readers were concerned
about quality and sustainability of the new media and many publishers were also hesitant to
commit to electronic journals. Libraries, however, were hoping that the emergence of
electronic journals might provide the answer to spiralling print-media subscriptions and
pressures of physical space. It was during this time that preprint archives were developed for

physicists at the Los Alamos National Laboratory and the success of this innovation together



44

with developments in information communication technologies and the emergence of the
World Wide Web all triggered widespread interest in electronic media;

e During the second or evolving phase (1994-2002) the majority of scientific journals became
available in electronic format, new features were added to some journals, and some individual
articles were made available through preprint archives, author web sites, etc. Most of the
electronic journals were however merely replicas of traditional print journals (some only in
electronic format, but most published in both formats). Libraries now began expanding their
electronic journal collections in parallel or as replacement to print and academic libraries
particularly began to rely on aggregator databases and/or negotiated licenses with publishers,
library consortia or other vendors. Other electronic preprint services were also emerging
together with author self-publishing initiatives, the development of institutional repositories,
and the Open Archives Initiative (OAI);

e According to Tenopir et al. {2003) we have now reached the advanced phase in which
sophisticated systems have evolved that provide searching capabilities, advanced features,
such as deep links to raw data, individual articles, as well as full text core journals collections
(often dating back to first volumes) integrated into one complete system. A good example of
such an integrated system is the one developed by the American Astronomical Society (AAS)
in conjunction with the University of Chicago Press and the Astrophysics Data System
(ADS).

They further concluded from the three surveys they had conducted that while reading had

increased over the period (from 0.3% during the evolving phase to 79.5% in the advanced phase),

the usefulness and value attributed to the information read had however remained relatively stable
across the phases (i.e. content had not changed) (Tenopir et al., 2003:Conclusion). A further
unusual finding was that author web sites were not really visited as they accounted for less than

one percent of readings.

Although the benefits of electronic communication are obvious, there are also inherent problems
that attend on this mode of communication. Allen (1991:34) expresses the caveat that the “immediate
benefits of new media often halo the opinion of the users of information, causing the potential hazards
of the new technology to be overlooked or ignored”. Hallmark (2004:Access and use of data)
suggests that discovery of useful articles through serendipity has decreased considerably and the
chemists and geologists she surveyed expressed concern over the quality of journals and the
possibility that the ease of electronic publication may result in the field being flooded with too

many publication which further exacerbates the information overload. Mahe (2004:The
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dimension of uses), again refers to the fact that many specialised journals are not as yet, and may
never be, available in electronic format; referencing and citation practices are often irregular and
confusing; and searching and retrieval can be impeded by the inflexibility of hypertext links and
predefined files.

Hallmark (2003:Conclusion) found in her study of atmospheric scientists that while several of the
scientists indicated that the Internet had revolutionised data access and transmission, others were
less enthusiastic and enumerated various difficulties such as the cost of and slow access to certain
data, incompatible data formats and media, and the lack of metadata. Libraries further also have

to contend with ever increasing licensing and access costs (Hallmark, 2003: Introduction).

An area of particular concern that has frequently been mentioned is whether outdated electronic
media would be readable in future if information technology sustains its rapid expansion and
development. Mahe (2004:The dimension of uses) is particularly concerned about the general
availability of journal back-files in the electronic environment, the slow access to some back-
files, and whether publishers will maintain in perpetuity those back-files that do exist. According
to Bonthron et al. (2003) technical problems can cause serious barriers to the use of electronic
media and they, for example, found that the users they had investigated disliked reading from a
screen. De Gootijer (1993:126), in turn, has stated that the growth in use of electronic media may
create pressure to increase the speed of communication which could have the detrimental effect of

reducing time for adequate reflection.

There is the further real danger that the expansion in use of electronic communication media will
erode the fundamental principles on which scientific communication is based. As electronic media
continue to overlap and replace traditional forms of communication there may be a marked
reduction in permanent forms of documentation and the potential created for destroying important
archival records required by future researchers. The structure of science depends to a large extent on
the production of permanent records that reflect scientific endeavour which in turn underpin its
cumulative base, its peer review system and its reward system. It is thus imperative that for
electronic media to effectively replace print-based media and maintain their role in the scientific
communication process that they adhere to the same scholarly control measures such as peer review
for quality assurance and academic recognition; international availability; preservation for
archival collections; inclusion in bibliographic services; and consistent convenient access (Allen,
1991:35-36).

Of major concern to the scientific community is the need for prudent use of instantaneous electronic
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media for communicating scientific information .... when scientists do not adhere to the rules of peer
review for validation of research methods and release information prematurely, the controversy
that can erupt causes damage to the reputation of scientists and their discoveries. The enormous
benefits of electronic media to scientists and publishers must not outweigh the concern for potential
damage to the scholarly communication cycle (Allen, 1991:37).
Cronin is, however, of the opinion that even in the electronic era, the peer review system, the critical
element of scientific communication will continue to be of paramount importance and that the
“formal system will continue to serve as a post hoc presentation of research results, and a
mechanism (an undeniably costly one) for dispensing recognition to the scientific establishment”
(1982:228).

It has further been mooted that scientific communication will become less visible to the general
public as more use is made of electronic communication networks. These networks often
represent a closed environment with access granted only to privileged members (De Gooijer,
1993:125), and this in fact negates the argument that they have the potential to broaden the
participative base of inter-personal communication. When electronic discussion lists first emerged
there was the general expectation that they would increase communication and collaboration
among scientists and that this would also result in increased productivity. It was anticipated that
they would link information-seekers with the requisite information, that they would facilitate new
links among scientists, facilitate discussion and knowledge sharing, facilitate the exchange of
information and ideas, and cooperation among scientists, and extend the participatory base of
inter-personal communication by bypassing exclusive collegiate networks (Talja et al., 2004: Earlier
discussions on electronic mailing lists). Taubes (1993:1246-1247), for example prophesised in
1993 that bulletin boards would have a greater impact than the traditional refereed journal upon the
dissemination of research outputs. Talja et al. (2004) are however of the opinion that very few of
these expectations have come to fruition. In a similar way it was originally thought that electronic
conferences would have many benefits and pave the way to increased worldwide participation (that
is if the connectivity is there). It was soon seen, however, that although electronic conferences have
on the one hand made conference participation more accessible, they have on the other hand
removed personal interaction, one of the most important benefits of conference attendance. A further
drawback is that as the proceedings of such conferences are generally not published, non-participants
cannot access the published record of the proceedings and no permanent archival record is
preserved for future use (Allen, 1991:37).
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2.7. FACTORS THAT AFFECT THE COMMUNICATION OF INFORMATION

A fundamental prerequisite to understanding the communication of information among scientists
would be to examine the variables that affect the communication process and information-seeking
behaviour. A wide diversity of factors has been listed in the literature that might affect information
communication behaviour, one of the most incisive being Paisley’s 1968 analysis wherein he
suggests that "the full array of information sources that are available; the uses to which information
will be put; the background, motivation, professional orientation and other individual characteristics
of the user; the social, political, economic and other systems that powerfully affect the user and his
work; and the consequences of information use - e.g. productivity" could all in various ways be

contributing factors (Paisley, 1968:2).

Wilson, in turn, suggests that a person's /ife world which he defines as "the totality of experiences
centred upon the individual as an information user" underlies all information need that motivates
and drives the communication process. Sub-worlds that have the greatest impact are the person's
work environment, within which we find various reference groups with whom the user identifies
such as fellow professionals, peer groups in the organisation, etc. Other sub-worlds will be the
array of information systems (including their professional staff and technology) that a user is in

contact with and which provide access to various “embodiments of knowledge” (Wilson, 1981:6).

Palmer's (1991a) study of the role of information in the daily lives of a population of research
scientists provides valuable insight into how different categories of scientists interact with information
and information communication systems. She studied researchers from three main disciplinary groups
{(entomology, biochemistry and statistics) that were attached to an agricultural research institute.
Using a subjective and intuitive method that categorised the scientists' information
communication behaviour according to cognitive style and personality she initially identified six

categories of information seekers:

When she used cluster analysis techniques the various information communication behaviour
patterns re-grouped into five distinct typologies that indicated that discipline, particularly the rate of
change in the discipline, work role, organisational structure, and time spent in the subject field were
important indicators of how each category of scientists interacted with information. Palmer's research
clearly indicates that even within a single organisation individual scientists and, collectively,
different sectors have distinct information requirements and manifest varying information

communication behaviour patterns.
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This researcher thus suggests that the variables that impact on scientists' information
communication behaviour are an inter-meshed combination of factors that range from their basic
human needs (cf. Maslow's hierarchy) to external environmental factors that include

e the scientists' innate personality traits (both affective and cognitive domains);

e their interpersonal relationships and demographic characteristics;

o factors that relate to their work situation (such as type of work, whether basic, applied,
theoretical, or practical by nature; specific task attributes; professional and psychological
characteristics required by work roles);

» their adherence to a discipline;

e exposure to information systems, both formal and informal, and cognitive;

e  social aspects of information use.

Other factors that may affect communication behaviour relate to the scientists' interaction with
information communication channels. This would include the perceived quality, availability,
accessibility and ease of use of such channels as well as the users’ interaction with the information

systems that provide access to them.

2.7.1. THE SCIENTISTS' ENVIRONMENT

In his seminal information needs and uses review article Paisley, (1968:3-6) proposes that scientists and
all persons for that matter operate within a series of many converging environments that influence
and impact on their information needs and communication behaviour. He identifies ten such
environmental systems, the scientist within his own head serving as a focal point for the other systems
and denoting the cognitive function of an information user seeking, evaluating and utilising
information, The other nine systems relate to and support this focal system which cognitively creates,

motivates, and directs the need and search for information.

The next encompassing system relates to the group of people working directly with a person, e.g. on
the same project. This environment is very important and influential as it is directly attuned to the
person's work interests and information needs. The next system is the scientist within a formal
organisation, usually his/her employing organisation, which tends either to block or to open

channels of communication.

The political system, such as a nation, to which scientists belong, greatly affects their information
requirements and the transfer of information to them; (all other systems discussed so far are

contained in this system, and are consequently affected by it). For example a strong feeling of
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nationalism can cause scientists to isolate themselves from communicating beyond national
boundaries and for importing information. The political system may also restrict access to certain
categories of information with consequent effect on the communication process. The largest
system of direct relevance to the information communication process is the cultural system to
which scientists belong. Such matters as prestige and professional prominence are unavoidably

governed by the criteria of this system.

The membership group, which exists both within and beyond the previous two systems, is the
professional group or discipline with which a person is primarily associated. Such a system is very
influential, as in all likelihood it will control the official information channels in the scientists'
discipline. Closely related to the previous category, but also extending beyond its boundaries, is
membership of a reference group. A reference group coordinates people with related fields of
specialisation, and is congruent with the scientists’ area of interest. Contained within the reference
group, and of which it forms a sub-system, is the invisible college to which the user might be
affiliated (cf. also 2.2.2.1.). Such a college comprises a small peer group of people who may
be dispersed all over the world, but who are all working in the same, very specific direction

with strong communication links and who exchange information regularly on a personal level.

Each area of specialisation, profession, discipline, etc. that a scientist may be affiliated with has
its own unique information communication patterns. An individual's affiliation to one or
other of these groupings would thus directly influence information communication behaviour. A
scientist's possible association with an invisible college further compound the complexities as
such organisations are very influential as they collectively control most formal and many

informal channels of communication in a membership group.

The two remaining systems are of a less personal nature than the preceding eight, and tend to cut
across the others. The scientist within a legal/economic system is accountable to the prevailing
system of copyright, industrial secrecy, competition, etc. which tend to act as barriers to the flow
of information. On the whole, the economic system further determines the quality and quantity of
information available. According to Wilson (1981:10) the economic climate and the differential
stratification of resources may affect a person's information perceptions. For example certain
communities might have better resources than others which may result in an ‘'information rich/poor’
dichotomy. The final system that Paisley refers to is the formal information system, such as
libraries and other information-disseminating centres to which a scientist has access. Wilson

(1981:6), in turn, states that people interact with a variety of information systems which may



50

consist of human mediators, technology to facilitate information retrieval and access to
"embodiments of knowledge" which may be both documents and people who have the required
knowledge. Such systems have immense influence on perceptions of information need and the

nature of information transfer.

2.7141. Discipline and/or subject affiliation

It is readily assumed that information seeking and information use are professional
requirements and, as a consequence, many studies have been conducted with the specific purpose
of establishing whether or not affiliation to a discipline or profession has any marked influence on
the information communication behaviour of scientists. Herner (1954:230-236) went so far as to
suggest that the only significant factors that have an influence on information use are the
discipline that scientists belong to and fields of work in which they are engaged. Palmer had
originally thought it reasonable to attribute variation in information seeldng behaviour among the
scientists that she had investigated primarily to individual differences in user personality, but as
was seen above the further analysis of her data indicated that although personal differences were
important, discipline or subject area and particularly the rate of change in the discipline was of
overriding importance. She further also found that work role, organisational structure, and time
spent in the subject field were more important than cognitive style and personality as factors that

influence information communication behaviour (Palmer, 19916:273-2785).

A number of researchers have addressed the impact of variation in discipline on information
communication behaviour ((Bonthron et al, 2003; Davis, 2004; Hallmark, 2004; Hurd, 2000,
Tenopir & King, 2002; Walsh and Bayma, 1996). Vakkari argues strongly that the relationship
between individual information seckers and the communities in which they operate should not be
ignored and that situationality or contextuality of information behaviour should be conceptualized
as part of the wider “social milieu in which it occurs” (Vakkari, 1997:462). Talja and Maula
(2003) relate differences in information communication behaviour to the paradigmatic nature of
disciplines. The level of theory development has an impact on knowledge generation, the degree
of scatter in a field, and field-specific relevance criteria which all in turn affect interaction with

the information communication process.

Using Whitley’s (2000) premise that the major differences between disciplines can be attributed
to the degree of mutual dependence of scientists at the research front and the degree of task

uncertainty when producing and evaluating knowledge claims in a field, Fry (2006) conducted a
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domain-analytic study of the information behaviour of three scholarly communities. His findings
indicated that research fields where scientists have a high level of “mutual dependence” together
with a low level of “task uncertainty” are good at coordinating and controlling channels of
communication and that they more readily integrate and utilise electronic communication media
in their work environment. He thus argues that “patterns of coordination and control within
scholarly communities” directly influence the information communication behaviour of each
disciplinary field. In fields that have narrowly defined research areas, that are highly structured
with standardised work procedures and which produce specific results it is found that the
communication system is complex “with a highly formalised symbol structure that is used to

coordinate research across geographical and social boundaries” (Fry, 2006:303).

Walsh and Bayma’s study of scientists” use of computer networks found significant differences
among the fields they investigated. They concluded that structural factors such as size of the
research field, market penetration, the place where critical information is found, degree of
interdependence between research units, and technical limitations determine usage of electronic
networks for both informal and formal communication purposes (Walsh & Bayma, 1996: 689).
Fields that are market-buffered like mathematics and physics make extensive use of electronic
networks for informal communication purposes, while those that are market-penetrated, such as
chemistry and experimental biology, mainly use electronic networks for formal communication.
Walsh and Bayma (1996:693) further suggest that “each field of science is characterised by a
particular work organization” and differences in both work organisation and the overall structure
of a discipline affects the use of electronic media. Researchers in small fields are more likely to
engage in interpersonal communication (and thus also electronic networks) as they know who can
contribute relevant information in their field while in the large expansive fields information
interaction is more prone to take place in the formal domain. In some fields critical information is
found in the minds of colleagues, while in others it is located primarily in the laboratory, and in
others in the published literature, etc. (Walsh and Bayma, 1996: 691).

Kling and McKim, in a very similar way to Walsh and Bayma suggest that four overlapping
structural characteristics of disciplines influence the role that peer reviewing and formal
publication plays in the discipline’s communication system. The differentiating factors that they
identify are the cost of research projects, visibility of research in the field, level of industrial
integration, and the way in which communication channels are concentrated (Kling and McKim,

2000:1317). They further indicate that trust is a pivotal differentiating factor when establishing
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the use of electronic media across disciplines. Kling & McKim (2000: 1306) refute the
assumption that emerging communication patterns such as the early-adopter behaviour found in
high energy physics will be replicated in other specialities. They argue, instead, that there will
continue to be diverse communication practises based on discipline-specific cultures and norms

and thus varying levels of adoption and adaptation to new technological innovation.

Brown (1999: 929-937) further also found in her study that different disciplines showed different
information usage. According to her while chemists have continuous and on-demand needs and
rely heavily on current journals, mathematicians rely more on older material and monographs,
and physicists particularly value pre-print archives (cf. references to ArXiv.org) as they need very
up-to-date information. Tenopir and her co-workers (2003: Previous studies of journal use) argue
that since physicists have always relied on preprints, it can be expected that they would currently
make heavy use of e-print services. They further found in their longitudinal study that engineers,
while reading fewer journal articles per year than scientists, spend more time reading each article
they deem relevant. They further suggest that it may be the nature of the way research is
conducted in specific scientific fields that cause higher reliance on electronic journals, e-print

servers, or aggregated databases of articles.

Hurd suggests (2000: 1283) that the adoption and use of electronic innovations, would as in the
past, vary from discipline to discipline and would relate to the unique culture of each area of
specialisation, their value-systems and how the electronic environment would affect these values
and these would largely be determined by

(a) the existence of an active research front; (b) value placed on rapid dissemination of findings;

(c) presence of an active invisible college; (d) prevalence of large-scale collaborative projects;

(e) geographic dispersion of teams; (f) interdisciplinarity research collaborations use of large

shared datasets; and (g) role of patents in protecting intellectual property.

Fry’s (2006:312) research corroborates other studies that have identified different patterns of
informal and formal communication across fields and he further indicated that this aspect has an
influence on the production and use of networked digital resources. He therefore suggests that
fields that are non-hierarchical, loosely organised, intellectually pluralistic, with local variation
in work organisation, are particularly likely to rely heavily upon face-to-face informal
communication for coordinating collaborative work, and will rely more heavily upon formal

communication for community-wide dissemination of research and reputation building.
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The fundamental differences between the social systems of basic and applied science, the
difference in creative processes and creative products produced by the two social groups, and
their divergent work settings all contribute to the varying communication patterns of the two
main disciplinary groups. The following specific factors have been listed as contributing to the
differentiated communication behaviour of basic and applied science (Pinelli, 1991:11-12):

e Basic scientists discover and explain nature; they search for theories and principles; they
seek a result for its own ends; they contribute new and original knowledge; the reward
system is based on peer recognition and approval; recognition is established through
publication and priority claims of discovery; the communication system is based on
unrestricted access to information; the social system in basic science enforces strong norms
that ensure free and open communication of information; it is not considered proper to seek
rewards outside the social system of basic science; a distinguishing feature of the social
system of basic science is the utilisation of ‘invisible colleges' to promote the informal
exchange of information and peer recognition;

e Applied scientists exploit nature; they seek to develop and make things and use information
for this purpose; they invent things and are engaged in solving problems within a
practical operational situation; new and original knowledge is rarely required; the
reward system is based on materialistic gain and serves as inducement to continue to
contribute in some way to technical knowledge; they also tend to seek rewards outside
the social system of applied science; the value of knowledge in applied science is
related to its value as a commodity; communication networks in applied science are based
on end products, not knowledge; strong impediments operate to prevent open access to
information and the free exchange of information outside the immediate work
environment; the social system of applied science is characterised by restrictions, security

classification, and proprietary claims to knowledge.

2.71.2. Work environment: Employing organisation and work activity

It is further suggested that the immediate work environment of scientists has an important effect on
their information communication behaviour. A scientist's work environment may comprise of a
number of hierarchically related sub-systems and their influence on information communication
behaviour may range from the direct and immediate impact of the specific work-team with whom
a person narrowly associates to the overall employing organisation. Within any organisation it has
been found that various organisational factors impact on the flow of information within, to and

from the organisation and various status levels, roles, responsibilities, structures and policies tend to
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influence employees' interaction with information and their need for information.

Cognisance of such factors features in a number of studies. Hall distinguishes between "public use
[of information] versus proprietary use versus the academic urge to know" as a means to differentiate
between the communication and use of information in various work environments (Hall, 1981:106).
Communication of information in the public domain (usually government institutions) is categorised
by a tendency to seek information only when a crisis arises, to seek information that denotes
consensus opinion, to use information to control situations, to acquire information to achieve pre-
stated goals, and to collect everything as widely as possible. These users infrequently process the
information they acquire to produce new information. Proprietary use of information (usually in
industry or business) may be distinguished by pre-emptive actions to acquire information that might
be useful in future. Proprietary users set new targets constantly, and they retain only selected,
prioritised information. Novel information is primarily used in their efforts to beat competitors and
the emphasis is on the processing of information to produce unique marketable products. Only the
most essential and critical internal reports are produced at as low a cost as possible. Academic
communication of information is distinguished by an inherent urge to know and the need to research
the chronological development of a topic. Academics are particularly interested in theory, there is
constant informal exchange of information through the medium of invisible colleges, and all
information on a specific subject is collected. Information is highly processed by academic users
and the objective of information use is to produce and publish new information, to achieve peer

group approval and to claim priority rights for new ideas.

Wilson has suggested that the various world views of different occupations generate divergent
demands upon sources of knowledge (1984:200) and it is proposed that this in turn also affects
information communication behaviour. Wilson proposes that persons working in bureaucracies
have a distinctive cognitive style which may be distinguished by their general concern with
orderliness and the legal basis of their establishment. This, in turn, results in an information
seeking behaviour that tends to be utilitarian, introverted, constrained and overly preoccupied with
their own organisation (Wilson, 1984:202).

Mahe (2004) found in her research that the importance given to scientific information was related
to a scientist’s work activity and where they were placed on the basic to applied science
disciplinary continuum. Scientists whose research activities were more applied, confidential and
contractual were marginal information users, the literature in their field was usually inadequate,

and they frequently depended on other people to obtain and filter the basic scientific information



55

they required. Researchers working at the more basic end of the spectrum, in contrast, engaged
heavily with the primary literature in their field, they were generally integrated into a large
international scientific community that stimulated informal information exchange, and were

prolific contributors to the information in their field (cf. also 2.2 and 2.3).

There is a whole body of research dealing with the interaction between organisational factors,
information flow and performance (or productivity). T J Allen and his colleagues undertook in-
depth and comprehensive research into the flow of information within the constraints of industrial
organisations (Allen, 1966; 1968). Pelz, and a number of co-workers, in turn, extensively studied
scientists conducting research in a number of diverse organisations with the objective, amongst
others, to establish whether the organisational structure affected performance (Pelz, 1967; Pelz &
Andrews, 1966).

From these studies it would appear that organisational structures and climate can have an
important influence on a person’s information seeking behaviour. The more open and transparent
the structure and the more freedom granted and self-directed, or autonomous, employees are, the
more effective and productive they are with an attendant increase in a need for and use of
information. This further results in increased communication with colleagues within and beyond the

organisation, a general decrease in isolation and an increase in stimulation.

A number of researchers have demonstrated that in general, information flows more freely in an
academic and research environment than in industrial organisations. The latter type of organisation
tends to inhibit the free flow of information as they are often organised along fairly bureaucratic lines
and competition in industry, as well as the tendency to secrecy, frequently results in access to
information being restricted. Further factors that affect information communication in industry are the
general concern with deadlines and cost-effectiveness, and the fact that they are mission-orientated.
Academics and research scientists, as a result of their less structured organisations and less restrictive
work ethos, have fewer impediments to obstruct them when communicating and using information
within and beyond the bounds of their organisation (cf Allen, 1977, Charton, 1992; Hanson, 1964,
Marquis & Allen, 1966; Pinelli, 1991; Slater and Fisher, 1969; Stevenson, 1980; Talja, 2002).

From these studies it has further emerged that:
e researchers in industry require information more speedily than academics;
e factual (as distinct from theoretical) information is required more frequently by researchers

in industry than by their academic counterparts;
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e academic scientists have more specific, focused and defined information needs than industry
researchers;

s academic scientists are far more unsophisticated in their use of information facilities
(including libraries) than their industry counterparts;

e academics search for information themselves, while industry researchers tend to delegate this
task more readily;

& researchers in industry have a wider range of information needs which are more difficult
to foresee;

¢ academics tend to browse more to satisfy an unspecified or unknown need; and

¢ academics make less use of recent literature than their colleagues in the industry sector.

The type of work and a person's 'work role', (i.e. the activities, the responsibilities, etc. that a
person is committed to as employee of some or other organisation) have further been identified as
important determinants of information communication behaviour. Wilson has suggested that the
performance of specific tasks, problem solving, decision-making, etc. will generate cognitive needs,
while the personality of the individual and his/her ability to fit in with the organisational structure
will create affective needs, and both these needs, in turn, motivate and initiate information
communication behaviour (Wilson, 1981:9). Slater and Fisher (1969) investigated variation in work
activity by comparing scientists who were primarily engaged in lecturing activities with scientific
researchers with a minimal teaching load. They concluded that variation in work activity had a marked

effect on information seeking and use behaviour.

2.7.2. AGE, EXPERIENCE AND STATUS

Age, experience, seniority and the status of an individual are often key factors in the information
communmnication process in science. It is reported that older scientists derive inspiration from
informal discussions, usually with their more senior (and thus also often older) colleagues in the
same institution. It was further found that higher-ranked scientists tend to show greater information
use rates than those in the lower echelons (Bouazza, 1989). Hallmark (2004) further reports that her
study indicated that while the younger users preferred using e-journals, the older users rather
referred to print journals. Talja et al. (2004: Earlier studies on scholarly mailing lists) in turn
suggest that electronic mailing lists provide differentiated benefits for senior vs. junior and elite
vs. non-elite scientists (it was found that the senior and more established scholars tend to find

them less beneficial and then withdraw from the interaction).

One of the most marked effects of a scientist's status on the communication process is discernible in
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the context of the informal communication network, where according to studies by Allen
(1968:452), and Price and Beaver (1966:1017), such networks operate at a senior level. The more
senior (and often also older) members of a profession communicate extensively on a personal basis
at conferences, by letter, telephonically, electronically etc. The younger persons, in contrast,
generally have fewer external personal contacts and they tend to rely more on the literature to
interact with the leaders in their field by regularly reading their publications. Ford (1973:101) further
also suggested that in a university environment, junior lecturers are more likely to use library
facilities than professors, who usually form an integral part of some or other invisible college (often
playing a key role). Accordingly, they obtain a large proportion of their information via their personal
contacts, obviating the need, in many instances, to use formal channels through the medium of a
library.

2.7.3. INFORMATION SYSTEMS

An individual scientist will generally interact with a variety of information systems, ranging from a
number of formal systems either related to his’her work environment or social structure to the
informal communication networks to which she/he may be linked. Studies have indicated that thereis a
clear interaction between an individual's information communication behaviour and the information
systems that provide access to information. For example, the mere existence of a convenient and well-
organised collection of information sources and formal information services or, on the other hand, the
integration into an efficient informal information communication system may stimulate
communication activities that would otherwise not have occurred. Conscious and unconscious
needs for information may be activated by efficient facilities to meet them, while inadequate
facilities tend to stifle information needs and communication behaviour. It is suggested that
information users' perceptions of the information system serving them could be one of the primary

determinants of successful or unsuccessful communication acts.

Many information users are uncertain and anxious when seeking information and communicating
their information needs to information professionals. Mellon (1986:160) has found that states of
anxiety and uncertainty are commonly experienced by users when first interacting with information
services and those individual users perceive this to be due solely to their own inadequacy in handling
the situation. These inhibitions negatively affect the interaction with information service providers and
subsequently limit access to information and communication behaviour. Information systems have,
however, traditionally ignored users’ feelings of uncertainty, anxiety and confusion when they interact
with the system and have rather adopted a systems approach based on order and certainty
(Kuhlthau, 1991:361).
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A number of researchers (Dervin, 1976:333; Nahl-Jacobovits & Jakobovits, 1992:13;
Westbrook, 1993:546-547) have proposed that communication systems should rather
concentrate on helping people to informn themselves by providing them with the requisite
affective and cognitive skills necessary to cope with their information needs, rather than create
sophisticated information retrieval facilities. Information users should be sensitised to the
broader information systems and be made aware of the interconnections between the wider

information systems and the services and resources of their immediate libraries.

2.7.4. INFORMATION USE

A comprehensive study conducted by Hall (1981:103-112) covering a cross-section of
information users involved in research, information operations, and planning, indicated that the
intended use of information plays a very important role in the information communication
process. He suggests that the most important factor in judging the value of information is its
intended use and he further states that this may change with time as roles and priorities are
modified. This, in turn, may affect each person's value judgement as “a given individual operates
from different inner centres at different times and ... the shape of his cognitive map shifts
accordingly, in ways which can be linked to identifiable patterns of use” (Hall, 1981:107).
Users judge the value of the information that they have received and take decisions on what they
wish to retain and use based on a number of rational, objective as well as aesthetic, intuitive,
and subjective principles. Information use thus goes through various levels as more energy
and mental processing is employed to upgrade the information from the raw information
acquired from external sources or personal resources to where it is selected, synthesised and

analysed and finally used to take some or other action.

Information use is further inextricably interrelated to an individual's work roles, discipline
affiliation and other environments that influence communication behaviour. As mentioned in
2.2 and 2.3 basic scientists generally utilise information to generate and publish new information
(the production of scientific literature) while applied scientists use it to solve specific work-

related problems and to develop and improve a product or process.

Research has revealed that applied scientists generally place more emphasis on facts and data of
immediate practical use, and descriptions of objects, processes or methods. Basic scientists in
turn place more emphasises on material for background reading and purposeful study,
information to generate new ideas and to provide stimulation, and information on research
methodology. (American Psychological Association, 1963-1969; Slater & Fisher, 1969).
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Research by Harkins and Petty (1987:268) has revealed the multiple source effect where it was seen
that individuals are more likely to use information that is available in more than one source, than
when the same information is available in only one source. The authors argue that this is because
users have the perception that information contained in multiple sources represents divergent and

independent points of view and thus has greater validity.

2.8. PRESSURE ON THE COMMUNICATION SYSTEM IN SCIENCE

A number of authors have suggested that for the last few decades the science communication

system has been experiencing severe pressure from the following impacting and constraining

environmental factors (see for example: Andrews et al., 2005; Correia & Teixeira, 2005; Crawford

& Stucki 1990; De Gooijer, 1993; Hurd, 2000; Shaughnessy, 1989; Von Seggern, 1995):

e The ever increasing cooperative and collaborative nature of research with long-term goals
entailing many uncertainties.

e Increasing specialisation, growth in interdisciplinary fields and the rapid growth of many sub-
fields.

e The factors mentioned above compound the exponential growth rate of the literature which is
even further exacerbated by the ever increasing publish or perish syndrome.

o The severe information overload experienced by many scientists and the problem they
experience to keep up with the plethora of publications which, in turn, results in reduced ability to
keep track of new discoveries outside their own area of narrow specialisation.

e The emergence of novel publishing models for formal and informal communication among
scientists, using information communication technologies that provide functionalities that far
exceed those existing in the print world.

e The weakening in the peer review process caused by scientists bypassing the traditional
channels of communication and publishing electronically.

e The closed environment of electronic networks can render scientific communication less public
and less accountable in future.

e The different interfaces and architectures that the various multiple electronic resources have
create major information communication barriers.

e The production of expensive highly focused journals, per-page fees, subvention grants and the
overernphasis on refurn on investment.

e The erosion of traditional print-based revenue streams by electronic media has resulted in
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pricing models for digitized products that only large consortium can afford.

¢ Rigidly controlled budgets, accelerating competition, and increased artificial rewards for
discovery.

¢ Pressure on scientists to commercialise their research which militates against the fundamental

assumption of open communication.

There is growing evidence that information technology is impacting on the communication process
and changing the way in which basic scientists communicate information about their work, both to
their peers and to the public in general. In the past, the journal held a pivotal role in scientific
communication and this was largely based on its embedded peer evaluation system that ensured
minimum standards and further that it provided a reputable vehicle for laying claim to discoveries.
More and more scientists are now using electronic media to communicate their research findings
with the result that their work is not always being evaluated and judged by the peer review
system. A further problem that is coming to the fore is that replicability, one of the inherent features
of science is becoming increasingly more difficult to maintain because of the tendency to work in

large collaborative teams, the intensifying competition for funding, and priority in discovery.

2.9. CONCLUSION

It is evident that the system of scientific communication that has evolved over several centuries is
now undergoing a transformation spurred by many factors, least of which is the electronic
environment that we live in. Changes are therefore occurring in the communication system
ranging from the effect on interpersonal communication between scientists to new publishing
models, and the World Wide Web has further enabled new types of products and services to be

developed that go beyond mere replication of print formats.

Not all technological innovations have necessarily produced positive results and assisted the
communication process. Factors such as access problems, standardisation, transmission speed,
bandwidth, etc. have impacted on the real potential of the new medium. Other, and probably even
more important inhibitors, are the human and organisational behavioural factors that relate to
acceptance of technological innovations. Electronic innovations in the communication process,
albeit how effective, have to be adopted by the scientists whose activities they are intended to
enrich. The value systems, reward structures, day-to-day work habits of scientists all have an

influence on their willingness to accept and integrate new developments as part of their
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information communication behaviour. Such value systems and reward structures are further also
deeply embedded in the organizational cultures of individual disciplines, professional
associations, work environments, etc. and it is generally accepted that change at organisational
level is far slower than at the individual level. Also, all individuals have unique perceptions and
value systems and what may appear as a good new visionary innovation to some may be

dismissed outright by others.

From the above it is clear that a study of the communication and use of information is subject to
many variables, all exercising a greater or lesser influence. The factors or variables that have
hitherto received the most attention and which are considered to exert the greatest influence on
communication behaviour are the profession the individual belongs to (e.g. engineer, etc.); the
scientist's discipline and whether the nature is basic or applied; the stage of the project or task; the
type of work environment and employing organisation (e.g whether academic, research institute or
government); job function; and finally the years of professional experience and status within the

organization.

The review of the literature provided this researcher with clear indicators of the main issues that
relate to and impact on the information communication process of science. The salient points
derived from this review were further used to conceptualise a reference framework upon which
the empirical component of this study was based. The variables outlined above were incorporated
into the empirical study and formed the nucleus of the study. In the ensuing chapters the

execution of the empirical study and its outcomes will be discussed.
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CHAPTER 3

RESEARCH METHODOLOGY

3.1. INTRODUCTION
Research in library and information science has traditionally drawn very heavily on social science
research techniques. This is a legitimate field to turn to since in these investigations we are

concerned with the interaction between people and information, an acknowledged social system.

3.2. THE RESEARCH PROCESS

Before examining various aspects relating to research methodology in greater detail, the researcher
will first outline the overall decisions taken during the research process. A number of authors have
indicated that it is important to document the empirical process followed as carefully as possible to
ensure later replication and verification. For this purpose a flowchart of the procedures and steps
followed in this study will be presented. This by no means suggests that the iterative, interactive nature
and the complexities of the research process can be reduced to a simplistic step-by-step procedure.

STEPS FOLLOWED IN THE EMPIRICAL RESEARCH PROCESS
CONCEPTUALISATION
Clarification and conceptualisation of the problem
Establishing the research parameters
Conducting the main literature review (this was continuously updated throughout the longitudinal study)
Concept clarification and generation of research quastions
OPERATIONALIS ATION
identification of the target population & definition of study population
Selection of research methodology and data collecting Instruments
Development of an interview schedule
Pilot study
Development of a database containing population details
PHASE 1 (1990M1)
Arranging & conducting group and individual interviews
Capturing & analysls of data
PHASE 2 (2001/2)
Updating of literature review
Analysis of this data and integration with phase 1 data
Synthesis with conceptual component.
Conclusions, theorstical modsl & compilation of the final report
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3.3. QUALITATIVE VS QUANTITATIVE RESEARCH APPROACHES

Qualitative research is humanistically oriented and attempts to provide an understanding of
human activities. It provides a method to probe deeply into the inner world of persons and
reconstruct their thought processes and lifestyles. Individuals and their cognitive sense-making
worlds are the focal point of the research design. The emphasis is on the natural context of the
environment within which an activity takes place, it is far more situation specific and provides
contextualised descriptions of situations. Phenomena are thus studied in detail by means of less
structured procedures in as natural a setting as possible by researchers who are immersed in the
process. Concepts are defined and analysed to discern patterns and interdependence of concepts
that have probably not been specified before. The research is thus not predetermined and
structured by hypotheses explicitly stated at the outset of the project (although preliminary
hypothesis may be outlined to guide the process). The goal is rather to generate new hypotheses and
theories than to test hypotheses and both questions and answers evolve while the research is in
progress (Bryman, 1992: 57; Grover & Glazier, 1985:247-253; Seldén, 2005: Introduction).

Quantitative research on the other hand tends to be more formalised and follows a positivist
approach. The research is oriented towards description and explanation and the provision of
universally explicable relations. Variables and categories of variables are isolated to explicate
hypotheses which are stated explicitly and formulated beforehand. The researcher attempts to
reduce ambiguity to a minimum and works with clearly defined concepts The researcher tries to be
as objective as possible and operates at a distance. The study is thus attuned to controlled
measurement and data are collected under as controlled circumstances as possible (Brannen,
1992:4-10; Glazier, 1992b:6-7; Mouton & Marais, 1990:7-12).

Probably the most important difference between qualitative and quantitative research is the way in
which each approach treats and collects data. The data collecting techniques may appear to be very
similar, but the orientation differs considerably. Quantitative methods are oriented toward following a
far more structured and unobtrusive approach and obtaining quantifiable data that may be analysed
using sophisticated statistical methods. Qualitative data is usually collected from individuals or small
groups, the researchers are involved with the instrument, and the information generated is often not
numerically analysed or presented (Bogdan & Biklen, 1982:27-30). Analytical induction methods
are used, i.e. they generalise by abstracting, rather than applying enumerative induction that
abstracts by generalising (Brannen, 1992:7).
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Both research approaches have their advantages and drawbacks and researchers should thus be
aware of the most suitable approach to adopt for a specific study. Furthermore, although qualitative
research originally evolved as an antithesis to the positivist approach of the more traditional
quantitative designs, there is currently greater convergence and the two approaches are often used in
combination to complement each other (Ferreira & Puth, 1988:164). Many authorities further believe
that the two approaches are not necessarily mutually exclusive and that they rather lie on a
continuum (Widdows et al., 1991:352). Many researchers thus suggest that the best attributes of each
approach should be selected to arrive at a good mix of approaches with each enhancing the other.
Thus, both modes could under certain circumstances be adopted in one study and used in a
complementary way to obtain the clearest understanding of the phenomena and behaviour under
investigation (cf. for example the views expressed by Babbie & Mouton, 2001; Brannen, 1992;
Bryman, 1988; Ford, 1986; Rohde, 1986; and Streatfield, 1983).

Triangulation, or multiple operationism, or multi-strategy/multi-method research, are the terms used to
refer to the situation where a number of research methods are used in a complementary way to study
the same phenomena The aim of such across/between-method triangulation is to compensate for the
individual shortcomings of each method and to obtain more valid results. Such an approach ensures
flexibility as well as systematisation, it serves as a validity check, and it affords the maximum
utilisation and analysis of data (Brewer & Hunter, 1989:17-21; Glazier, 1992a:209; Layder,
1993:108,205-206).

It is generally thus considered that a triangulated approach enriches a study and improves validity.
Several authors therefore recommend the combination of quantitative and qualitative methods in a
single study to achieve convergence between the positive attributes of each approach (Bryman,
1988:95; Jick, 1983:135-136). Mouton and Marais (1990:92) specifically suggest that when
combining techniques the researcher should try to combine more ‘reactive' techniques with less
reactive techniques (reactivity refers to the phenomenon where users are aware of the fact that they
are being studied). It is therefore advocated that when selecting methods the researcher should try to
provide an in-depth analysis of a situation as well as ensuring validity, reliability, replication and

greater generalisability of results.

For the reasons outlined above and to obtain a true and in-depth picture of the complexities of
information communication behaviour among the selected group of scientists in South Africa, the
researcher decided to adopt a triangulated approach and to combine the best attributes from both the

qualitative and quantitative research domains.
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3.4. RESEARCH DESIGN

The literature on social science and library and information science research methodology indicates that
there is general lack of consensus as to the absolute differentiation between research design and
methodology and the techniques employed to collect the data required. An attempt will be made in
the following sections to first clarify concepts used in this thesis, and then outline the overall

research design, methodology and data collecting techniques applied in this study.

The researcher will adopt the views of Frankfort-Nachmias and Nachmias (1996:99) who suggest
that a research design is the blueprint that assists the researcher to solve problems pertaining to the
investigation. It consists of the "set of decisions regarding what topic is to be studied among what
population with what research methods and for what purpose" (Babbie, 1995:104). Research
methodology will be viewed as the conceptual processes pertaining to the conduct of the empirical
study and will be distinguished from research method which will be taken to refer to the research
tools or techniques used to collect the required data. This researcher specifically holds the view that
the hypotheses or research questions are the core components that serve as the blueprint and

framework for all aspects of the research project.

3.4.1. RESEARCH QUESTIONS

As stated in chapter 1 the purpose of this research project was to examine the constituent elements
of the information communication process within the crystallographic research community in South
Africa. The objective of the study was to establish useful predictive measures of communication
behaviour and to infer appropriate assumptions about the role of various impacting factors on the

communication process over the period from 1990/1 to 2001/2.

As this research project was partially embedded in a qualitative research paradigm, research
questions rather than formal hypotheses were formulated to serve as the framework for the
empirical study. In qualitative studies theories do not usually form the foundation and conceptual
framework of the research project, but they evolve and develop out of the empirical investigation,
i.e. they are grounded in the empirical data. Dey. however adopts the viewpoint that theories should
serve as the organising framework for both qualitative and quantitative research and that even with
qualitative research designs it is imperative that the study is conducted within a conceptual framework
that maps the area to be explored, albeit a loosely defined one (1993:52).
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The research questions that form the framework for this thesis evolved from the researcher’s
concern with the role of the communication of information on scientific endeavour in South
Africa, together with problems identified when the literature in the field was studied (cf. chapter 2),
and the general awareness of the impact of the rapid growth of information and information
technologies and other structural and socio-political changes on the communication process in South

Africa during the last decades.

Thus the primary research question that motivated this project related to
o What constitutes the information communication process among a bounded
community of basic and applied scientists in South Africa?
and this was further amplified by the following subsidiary questions
s  What cognitive, behavioural and environmental factors drive the communication
process in science in South Africa?
»  What factors impact most on the communication process?
s  What environmental and other changes have occurred during the intervening years
of the longitudinal study that affected the communication process in South Africa?

» What is the role of informal communication of information in South Africa?

3.4.2. RELIABILITY AND VALIDITY
Whether qualitative or quantitative research approaches are adopted, the researcher should ensure
that the project satisfies the requirements of scientific credibility. The two criteria of reliability
and validity are generally utilised to assess the quality and credibility of research. These two
criteria are embedded in the concept of objectivity as it relates to research. Glazier (1992a:210)
identify four aspects of objectivity that pertains to the discussion, viz.

(1) objectivity as a control in terms of methodological consistency, (2) objectivity as a

control in terms of accuracy, (3) objectivity as related to new discoveries and anomalies,

and (4) objectivity in the form of reflexivity as a means of being aware of the unintended

and unanticipated effect the researcher has on the data as it is collected and analysed.

In quantitative research objectivity is used as a pointer to the degree of error or the level of bias
introduced by the researcher in the collection and/or interpretation of the data. Glazier further
contends that whereas in the quantitative paradigm, and particularly in the natural sciences, the
acceptable percentage of a variable's variation should be contained in the .99 range, in qualitative

research, particularly as applied in the social sciences, it is perfectly acceptable for the percentage
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of variation to fall within the .50 range. "These differences do not necessarily reflect the rigor of
the research in one area versus the other; rather it appears to be endemic to the nature of the
phenomena being researched and the researcher'’s ability to control the variables impacting on those
phenomena” (Glazier, 1992a:211).

For operational purposes objectivity may be categorised in terms of the concepts of reliability and
validity. Reliability refers to the extent to which the repeated application of the same research
methodology and instruments, under similar or constant conditions, will produce the same result, i.e.
a measure of consistency. Qualitative research methodologies, by nature, are designed to be situation
specific, and generally cannot be repeated under similar conditions. It is often the uniqueness of the
situation that is highlighted in qualitative research. Thus the condition of reliability in the sense of
the typical scientific paradigm is rarely attainable in qualitative research (Fidel, 1992:39).

Despite the inherent problems pertaining to these measures and qualitative research, the method should
not be exempted from the need to test the reliability and validity to ensure the integrity of the
research process. One way of overcoming the problems outlined above in terms of reliability is to
conduct consistency checks by comparing the results obtained in the qualitative study with those
reported in the literature (Glazier, 1992a:211). Another possibility is to apply triangulation and to
utilise more than one method to collect essentially the same data and to compare the results. The
methods used could all fall within the qualitative domain or constitute a mix between qualitative

and quantitative domains.

Validity, in turn, relates to the degree to which the research methodology has in fact investigated or
measured what it was supposed to investigate or measure, i.e. is the methodology appropriate for the
type of data being investigated and how accurate has it been. Once again this might be more of a
problematical issue in qualitative research than in quantitative research. In the former instance the
researcher is generally immersed in the topic and interpretation of events is dependent on the
subjective understanding of the researcher. This again relates to the question of reflexivity (Fidel,
1992:40).

Reflexivity refers to the researcher's awareness of his/her impact on the research process, i.e.
that the researcher is aware that his/her subjective personal experiences and background may
influence the way the data is interpreted, and that she/he is aware of the possible effect of his/her
presence on the persons being investigated and on the outcome of the study (Henwood & Pidgeon,
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1993:24-25). Researchers should therefore develop a sense of reflexiveness (i.e. reflective conscious
self-consciousness) by being aware of personal values and beliefs. Reflexivity is, therefore, an
essential attribute that every researcher, particularly those applying qualitative methodologies, should
acquire to gauge and counter their impact on the research process. Henwood and Pidgeon, however,
argue that in qualitative research the attainment of absolute neutrality is very difficult as "research
activity inevitably shapes and constitutes the object of inquiry, the researcher and researched are

characterised as interdependent in the social process of research” (1993:24).

Closely related to this aspect is the subject’s reactivity to the research process. It is generally
accepted that when humans participate in, or are the subjects in research and are aware that they are
being studied, they may react to this fact and then act in an atypical fashion. They may then
amongst others refuse to participate, supply incorrect information, or behave unnaturally to
deliberately obstruct the research process or to create a good impression. This phenomenon is known
as reactivity and it is one of the greatest threats to the validity of research findings. Data sources that
directly involve humans tend to be more reactive than those where humans are only indirectly
involved (Mouton & Marais, 1990:76, 78). With reference to these aspects Brewer and Hunter
(1989:41) suggest that the following factors may induce reactivity: "the guinea pig effect, role

selection, measurement induced changes, response sets, and interviewer effects”.

Internal validity refers to the requirement that a study should generate accurate and valid findings that
relate to the specific phenomena being investigated in that study. A research project is deemed to have
satisfied the requirements of internal validity if the constructs have been measured in a valid manner
(i.e. theoretical validity has been attained), the data has been accurately and reliably collected (i.e.
measurement validity has been attained), if relevant analysis techniques have been applied
(reliability achieved), and if the final conclusions are adequately based on the data collected
(inferential validity achieved) (Mouton & Marais, 1990:118-119). To overcome the problem with
internal validity, Fidel (1992:40) recommends that the researcher should implement controls by
ensuring that each interpretation is based on several kinds of evidence and validation takes place by
rechecking and comparing the different kinds of evidence, e.g. a number of observations of similar

subjects engaged in similar activities in similar situations would be compared.

External validity is concerned with generalisability and refers to the extent to which results obtained
can be generalised beyond the specific research project from which they were derived (Schofield,
1993:200). The results, thus have "greater validity than merely for the project in which they were
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generated ... it would therefore be correct to regard external validity and generalizability as
synonymous" (Mouton & Marais, 1988:51). A researcher who aims to achieve external validity
should clearly circumscribe and define a target population of people or situations or periods, and then
draw a representative sample that will be studied with the purpose that the conclusions and findings
will be generalised to the defined population. It is thus clear that the greatest impact on external
validity is the extent to which the sample is representative of the target population.

Schofield (1993:220-221) argues that although qualitative researchers have in the past played down
the value of attaining external validity, the situation has changed and there is currently an increased
awareness of the importance to design qualitative studies in such a way that they enhance "their
implications for the understanding of other situations", Qualitative researchers have further moved
towards a redefinition of the concept generalisability to one that provides a closer alignment to
qualitative research and which relates it to the “fit between the situation studied and others to which
one might be interested in applying the concepts and conclusions of that study” (Schofield, 1993:213).

To ensure the highest possible levels of quality and credibility the researcher tried to counteract as
many of the threats to reliability and validity as outlined above. A reflexive consciousness was
maintained and the possibility of reactive responses was guarded against throughout the project. A
triangulated methodology was adopted to, amongst others, improve validity. By conducting an
extensive literature study the researcher could ensure better comparison and the cross-validation of the
interpretations. A further aspect that improved validity was that the entire study population was
investigated in both studies in the longitudinal process.

3.4.3. VARIABLES

According to Mouton and Marais (1990:126) research problems are expressed in terms of a set of
concepts or constructs and these are the categories according to which humans organise their
unstructured empirical experiences. When we progress from the conceptual to the empirical level in
research, concepts are converted to variables by "translating or mapping them into a set of values"”
(Frankfort-Nachmias & Nachmias, 1996:55). Variables are thus the specific concepts or theoretical
constructs under investigation (Rubin & Babbie, 1993:120), or in other words the characteristics of
the research object being investigated (Mouton & Marais, 1990:129).

A discrete or categorical variable classifies persons, objects or events according to the kind or quality
of their attributes (Bohrnstedt & Knoke, 1994:20-21). Discrete variables can either be orderable, i.e.

the categories can be meaningfully arranged into ascending or descending sequence, or they can be
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non-orderable and their units, further, cannot be subdivided (Frankfort-Nachmias & Nachmias,
1996:58). Continuous variables can, in theory, assume all possible numerical values in a given
interval and they can be stated in fractions of a unit. An accepted practice is to treat certain ordered
discrete variables, such as those on a rating scale, as continuous variables in order to utilise the
higher level of statistical manipulation permissible with such variables (Bohmstedt & Knoke,
1994:22). Variables that cannot be measured and expressed numerically are known as qualitative
variables and have labels or names assigned to their categories, while those that can be measured

and expressed numerically are known as quantitative variables (Bailey, 1994:62-63).

When studying the relationship between variables one should distinguish between dependent and
independent variables. Generally speaking, the independent, experimental, explanatory, predictor or
causal variable is the variable which, when varied, has an effect on the dependent or criterion variable.
The latter is the variable the investigator wishes to explain. Thus the independent variable is the
presumed cause and the dependent variable the presumed effect. When studying or measuring the
relationship among variables, the researcher tries first to establish whether they vary in conjunction

with others and, if so, an attempt is made to measure their degree of correlation.

The nature of the topic under investigation and the decision to utilise both qualitative and
quantitative approaches predicated that the research purpose or orientation would be towards an in-
depth descriptive study that further also investigated the factors that have the most impact on the
communication of information among a specific group of scientists in South Africa. To follow
Frankfort-Nachmias and Nachmias' categorisation, the emphasis was placed on investigating
property-disposition relationships rather than stimulus-response relationships.

3.4.4. TIME DIMENSION

A further aspect to consider when deciding on a research design is the time dimension. Cross-sectional
designs examine a phenomenon by taking a cross section of it and analysing that cross section within a
particular time span. Longitudinal studies, in turn, are designed to collect data over a period of time to
study the effects of change on the population being studied. A specific category of the latter is a
cohort study which is used to study changes in a specific sub-population (cohort) over time (Rubin
& Babbie, 1993:109-110).

As mentioned previously (cf. chapter 1.2.; 1.6; & 3.4.1.) the researcher not only wanted to investigate
the constituent elements of the information communication process within a specific research

community in basic and applied science, but also whether communication styles are changing as
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a result of the advances in, and growth of, information communication technologies and systems,
and further whether various political, structural and environmental changes have had an effect on
the communication process in South Africa. The latter aspect motivated the adoption of a
longitudinal, and more specifically a cohort, research design to examine the change in communication
behaviour over the decade spanning the period from 1990/1 to 2001/2 (data were collected in 1990/1
and then again in 2001/2)°.

3.4.5. DEFINITION OF THE POPULATION AND THE UNITS OF ANALYSIS

Not only the temporal and spatial constraints, but also the study elements as well as the relevant
characteristics of the group to be studied should be clearly specified and defined early in the project.
A population is the theoretical aggregation of study elements (Frankfort-Nachmias & Nachmias,
1996:179) and usually a distinction is drawn between the target population and the population actually
covered; the latter is generally referred to as the study population. The actual list of the elements
composing the study population is known as a sampling frame and in practice, "existing sampling
frames often define the study population rather than the other way round" (Rubin & Babbie,
1993:225). Such sampling frames are not always complete or up to date and the researcher may
further decide to exclude certain elements and limit his/her study populations for specific reasons.
Any such redefinition of the population should be clearly stipulated by the researcher.

The population is represented by the units of analysis (Bailey, 1994:83) that are the most elementary
part of the phenomenon to be studied. They can be individuals, groups (which include formal social
organisations and institutions), social artefacts (i.e. all products of human behaviour), social
interactions (e.g. communication), and events whose characteristics the researcher wishes to observe,
describe, and explain (Rubin & Babbie, 1993:111-114). The data collected in a study are employed to
describe the individual units of analysis, or aspects thereof, and these data, in turn, are aggregated and
processed to describe the population.

The researcher gathered from her survey of the literature that the communication of information is a
complex and dynamic activity with various factors impacting on the process (cf. chapter 2.). The
factors that were reported to have the greatest influence on the communication process were the
scientists' discipline and subject orientation; work environment which included work activity and

position; demographic factors such as age, position and qualifications; and each individual’s various

® The time lapse between the last data collecting exercise in 2002 and the finalisation of the thesis was due
to the fact that the researcher had to undergo major surgery in 2004 and again in 2003.
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cognitive, affective and psychological traits. As was mentioned in chapter 1 the researcher decided,
after discussions with various well-known researchers in this field, to select a target population
consisting of a clearly circumscribed and finite population of scientists who were subject to the
influencing factors outlined above. A number of factors pointed to the selection of the community of
scientists who were conducting research in crystallography in South Africa. Crystallography is
studied from a number of viewpoints, ranging from the pure study of the field (usually by either
chemists or physicists), to its utilisation as an analytical tool in a number of basic science subject areas
(such as geology, microbiology and chemistry), to its application in applied science and technology
(mostly by mineralogists, materials scientists, applied chemists and urologists). Further discussions
with a number of crystallographers indicated that the entire group conducted research in one of three
types of organisation: universities, research institutes and R & D facilities of large industries. This
group of scientists clearly manifested the range of attributes and were subject to the variety of
influences required for this study. The circumscribed units of analysis for this study were thus the
individual scientists conducting research in crystallography in South Africa.

Most crystallographers in South Africa are listed in the World directory of crystallographers that is
produced at regular intervals by the International Union of Crystallography (1986, 1997). This
publication lists crystallographers by country as well as providing full contact and biographical
details for each entry. This publication thus provided an appropriate sampling frame from which to
select the study sample. On establishing at the time of the first study that only ninety eight
crystallographers were listed under the South African entry and to ensure that all categories of
crystallographers would be represented in the study a decision was taken not to sample, but to study
the entire population. The researcher had also at this stage decided to adopt a triangulated research
design utilising both qualitative and quantitative methodological approaches The target population
was thus considered to be sufficiently small to study the group in depth, but also large enough to be
able to investigate the various factors that influence information communication behaviour that

were reported in the literature.

During phase 1 (1990/1) of the study, the researcher contacted all the crystallographers listed in the
then latest edition of the Directory (1986) and established that a number of the crystallographers
had left the country, or had retired since being listed. It was further established from the South African
Crystallographic Association that a few new members had joined the crystallographic fraternity in the
interim period. From this information the researcher established that the crystallographic
community in South Africa at the time of the 1990/1 empirical study contained 80 members and
these crystallographers were thus constituted as the study population for the phase I empirical study.
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The study elements for this study could now be re-defined to constitute all the individual
crystallographers listed under the South African entry of the World directory of crystallographers
(1986) who were in the country and actively engaged in research at the time of the study,
supplemented by new members (not yet listed) in the same category. This process was repeated for
the phase II study in 2001/2 and the 1997 edition of the Directory (the most current edition available
at the time) was used to establish the initial list. Once again there were a few subtractions and
additions of members who had left or new ones that had joined and the final study population for
2001/2 constituted 78 members. Of these crystallographers, 63% had also participated in the first
study, indicating a very high level of commonality between the two studies.

3.5. RESEARCH METHODOLOGY
Having clarified the overall design decisions that should be taken, the researcher examined all possible

research methodologies that would satisfy the parameters outlined above. The researcher eventually
decided to concentrate on two possible approaches, viz. case studies which are orientated towards
qualitative research approaches, and surveys, the most well known social science method in the

more quantitative domain.

Case studies have often erroneously been categorised as belonging exclusively to the qualitative
research domain. Yin, the eminent case study methodologist, while acknowledging the propensity of
use of this method in qualitative designs, suggests that they may be used on either side of the
quantitative/qualitative spectrum (1985:23) and Rubin and Babbie more recently refer to the trend
toward using a case study approach that combines both qualitative and quantitative methods
(1993:392). The distinguishing feature of case studies is that they focus on a single case, or a number
of cases to investigate contemporary phenomena within their real-life context and that they utilise
multiple sources of evidence (Yin, 1985:23). Its essential characteristic is the intensity with which
each unit of analysis is studied (Fidel, 1992:37-38). Paris is of the opinion that this method is
particularly suited to studying complex phenomena, to studying phenomena over an extended period
of time and for descriptive studies (Paris, 1988:138). The rationale for applying this method is
usually the availability of a special case that incorporates all the attributes the researcher wishes to
investigate. It is ideally suited to studies that reflect the shift t;)wards a more holistic, user-
oriented approach and that require an in-depth investigation into information communication
behaviour (Dervin & Nilan, 1986:19-20).

The more quantitatively oriented survey research method may be contrasted to case studies. While
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the latter provides an intensive study of a few units of analysis, the former studies many units of
analysis extensively. Generally speaking, surveys provide an overall perspective of a field and
although they are usually concerned with populations or large groups, they may also be used to study
small populations. This method provides a systematic approach to study the relative incidence,

distribution and interrelations of a number of variables (Kerlinger, 1986:377).

Bailey, however, suggests that although surveys provide an effective method to examine the
products of social activities, they are not the ideal method to use to examine the activities themselves
and to attain a more qualitative approach, a case study would be more appropriate (1994:288). Other
problems that pertain to survey research methods include the dependency and reliance on the
respondent’s veracity, understanding of the situation and recall capabilities as well as possible
subjective bias that both the investigator and respondent might introduce. These problems, however,
are encountered in most social science research methods, and the best means of resolving them are to
be fully aware of their existence and to offset the adverse effects as soon as evidence of possible bias
has been detected which may distort the integrity of the responses. Respondents should, furthermore,
be encouraged to fully participate and to identify themselves with the integrity of the research project.

On the strength of the arguments put forward above a decision was taken to combine the best
attributes of case studies with surveys and to conduct a small-scale survey that would approximate the
depth attributes of a case study. In this way both qualitative and quantifiable data on the
communication behaviour of scientists in South Africa and factors affecting the process could be
obtained. This would further satisfy the requirements of a triangulated research design as indicated in
3.3

3.6. COLLECTING THE DATA

The next step in the research process is to collect the data in order to try and answer the research
questions posed. Data collecting techniques may be categorised in a number of ways depending on
whether the data being collected is new, or whether existing data will be used; the nature of the source
of the data, i.e. whether the data is obtained directly or indirectly from individuals, or from recorded or
other physical manifestations of human behaviour, or whether simulated data is used; how aware the
subjects are of the research process, i.e. the level of obtrusiveness of the technique; the level of
control over the situation and the level of structure embedded in the data collecting procedure. Data
collecting techniques can further be placed on a continuum from quantitative to qualitative if they
are classified according to the nature of the data obtained (cf. also the reference to this in 3.3.).
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Obtrusiveness in data collection refers to the degree to which participants are aware of being studied.
The more natural the setting of the research project, the less obtrusive the data collecting technique
and the lower the reactivity level but the lower the validity of the results (Mouton & Marais, 1990:78-
79). The researcher thus constantly has to weigh up the advantages of control and validity against the
risk of reactivity and the decision as to which aspect should be favoured will depend on the aims of
the research project. Each of the main data collection methods may operate on a spectrum that at the
one end incorporates highly structured procedures and on the other end utilises a totally unstructured
approach. (Mouton & Marais, 1990:78-79). Qualitative methods generally utilise data collecting
techniques with the least structure and control and are often highly obtrusive, while quantitative

designs derive data in a far more structured, controlied and unobtrusive wav.

There are essentially only two main sources of data that are generally utilised in information and
library science research, viz. data obtained directly or indirectly from the respondents themselves, and
all forms of recorded information found in archival sources. Each of these main categories of data
source is in turn associated with a specific data collecting technique. Observational and questioning
techniques are generally employed to obtain essentially new data directly from respondents, whereas
archival sources can be examined and analysed to obtain already existing data. It is generally
accepted that if more than one source is exploited, it is possible to obtain a more comprehensive and

detailed perspective of the situation (cf. the reference to triangulation in 3.3.).

3.6.1. QUESTIONING DATA COLLECTING TECHNIQUES

Questioning data collecting procedures have tended to dominate the field of library and information
science research (Hewins, 1990:146) and it is generally regarded to be the most effective technique
to use to obtain both objective and subjective information and to ascertain a subject's opinions or
attitudes on given matters. However, the researcher should be aware that verbal responses may not
always provide objective data as many persons tend to report only what they perceive to be socially

acceptable attitudes; and respondents tend to answer questions in terms of their own insights.

This data collecting technique divides essentially into self-administered questioning methods (such as
mailed and e-mail questionnaires) and interview techniques. Each category, in turn, can utilise
questioning schedules that range from the highly structured to the totally unstructured situation.
Interviews can be conducted with individuals or with groups and may be in person or by means of

communications media such as the telephone, or some electronic medium (Babbie &Mouton,
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2001:249-253).

Self-administered questionnaires may be distributed either by mail or e-mail or by personal delivery.
Self-administered questionnaires are recommended for research situations where a large population is
investigated; where the respondents are geographically scattered; where sufficient knowledge of
the topic warrants the maximum use of structured questions and standardised responses; where costs
are a factor; where interviewer bias may play a role; where time limitations are a constraint;
where anonymity is a factor; and where the researcher is confident the respondents will be able to
understand and answer the questions (Bailey, 1994:148-149; Rubin & Babbie, 1993:355). The main
disadvantages of self-administered questionnaires pertain to the low response rates; the restriction on
the complexity of questions that can be asked; the inability to probe for further information or
clarification of ambiguities; the lack of control over who answers the questions; the inability to
observe and record non-verbal behaviour and to record spontanecus answers; and the general lack of
flexibility (Babbie, 1995:149-151; Frankfort-Nachmias & Nachmias, 1996: 226). Interviews are,
therefore, the better technique to use to ensure the veracity and validity of responses and where
complex situations and phenomena are being investigated in detail (Frankfort-Nachmias &
Nachmias, 1996:237-238; Rubin & Babbie, 1993:342-342).

The main advantage of interviews is that the researcher or interviewer is present and this generally
helps to establish rapport and create a dialogue situation, which generally results in greater and more
accurate detail being obtained. However, this may also have a negative affect as the interviewer may
introduce bias to the situation (reflexivity effect) or evoke distorted responses or the presence of the
interviewer may intimidate the respondent or prompt the respondent to act differently (reactivity
effect). Further deficiencies that relate to this method are that it is a very time-consuming method and
costly, it is difficult to execute if the respondents are geographically dispersed, and only relatively
small numbers of people can be interviewed. (Bailey, 1994:175; Babbie & Mouton 2001:250-
256). Many of the problematical features may however be avoided by being aware of them and by
consciously counteracting them. Interviews, thus, have a clear advantage over self-administered
techniques, as data collected in a face-to-face situation are of a high order, yielding rich and

spontaneous information.

3.6.2. INTERVIEWS
Interviews may range from the more formal, less flexible, structured techniques to the informal, highly
flexible and unstructured situation. The structured approach generally generates guantifiable and
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comparable data (Frankfort-Nachmias & Nachmias, 1996:233-234). The unstructured approach in
contrast is far more open and flexible. The interviewer has the freedom to adapt the proceedings to fit
the needs of the specific situation, to delve deeply and obtain data that truly reflect the respondents’
feelings and opinions about a topic. Such unstructured interviews, however, are in no ways
conducted in an unplanned and haphazard manner and as much thought and careful planning precedes

them as with structured interviews.

Between these two ends of the spectrum lie focused interviews that are "malleable enough to follow
emergent leads and standardised enough to register strong patterns” (Oliker in Frankfort-Nachmias
& Nachmias, 1996:234). The respondents in such studies should all be in a position to contribute to
a discussion of the phenomena that form the focus of the study and the interviews should also focus
on these phenomena. An interview guide is thus usually employed to direct the process and to keep it

focused on the main issues under investigation.

It is often advocated that a triangulated approach should be adopted where structured, non-structured
and semi-structured elements are all be combined in a single interview to obtain all the data required
{Frankfort-Nachmias & Nachmias, 1996:237). For example factual information may be elicited by
means of structured questions while the less directive format may be used to obtain opinions and
attitudes.

The medium in which the interviews are conducted further differentiates between interview
techniques. The most common method is the personal interview where one or more interviewers
personally conduct the interviews. Other lesser used variations are telephone interviews, and
interviews using electronic networks (Bailey, 1994:213; Babbie & Mouton, 2001:262). Interviews
may further be conducted in either a one-to-one situation between interviewer and respondent, or a

small group situation.

Individual interviews provide a face-to-face interpersonal role situation and may operate on a
continuum from the more structured to the less structured approach. Individual interviews are usually
conducted in circumstances where highly individualised, in-depth information and perceptive
commentary is required, the topic is of a sensitive nature, respondents would not convey their opinions
within a group situation, and detailed explanations and answers are required. Individual interviews are
thus the ideal method to use to obtain deeper insights, to establish rapport with the respondents, and
where it is important to obtain a specific person’s responses (Shuter, 1987:31). The greatest
disadvantages of individual interviews (that is in comparison to group interviews) include the problem



78

of establishing rapport with the respondent; the greater obtrusiveness of the method; the overload of
data obtained; the intensity of the method; and the limited number of respondents that can be
interviewed due to time and cost constraints (Schurink, 1988:138). However, most of the negative
factors mentioned above may be counteracted by being aware of them (cf. the reference to
reflexivity and reactivity in 3.5.2.), by handling the situation with sensitivity, and by consciously

trying to avoid them.

Focus group interviews relate to group interviews that focus on specific issues and involve
participants that can contribute to these issues. An interviewer conducts interactive interviews
with a small group of people by introducing a topic which is then freely discussed amongst the
respondents. The discussion is 'focused’ on a specific topic and the interviewer elicits the required
information by means of subtle probing (Ward, et al, 1991:267). This interview technique
provides the ideal environment to analyse complex situations and the group situation engenders
synergism, veracity, frankness and often more detailed responses than in a one-to-one situation.
Group dynamics generally stimulate recall, the generation of new ideas, and the interaction that
comes into play amongst group members can produce very valuable insights. This method further
incurs less direct costs than individual interviews and it is less time consuming. (Ferreira & Puth,
1988:168; Ward, el al, 1991:269; Widdows, et al., 1991:352).

This technique, although providing valuable data and insight, does also suffer from a number
of drawbacks. It shares the problem of obtrusiveness with all questioning methods and the
flexibility of the situation and group interaction can lead to unpredictable and inconclusive
outcomes. Individual respondents may be influenced and inhibited by the other members in the
group or be threatened by the group situation or if tension builds up between group members. The
length of focus group meetings (often up to three hours) may restrict participation, and the logistics
to gather together the members of group at a mutually suitable time and period may be
problematical. (Bailey, 1994:192-193; Drabenstott, 1992:89; Merton, et al., 1990:147-153).
However, if the interviewer is aware of these possible negative outcomes many of these pitfalls can be
avoided. The interviewer should control the interview sufficiently to keep it focused on the topic and
also encourage all members to participate as well as preventing any one person from dominating the

proceedings.

An important factor to consider with this technique is the ideal composition of the groups. The
literature produces a range of recommendations which ranges from the incorporation of

homogeneous to contrasting respondents to total random selection (Drabenstott, 1992:90; Ferreira
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& Puth, 1988:71; Ward, etal., 1991:267). Although the ideal number of participants in focus groups
would appear to range between four and ten persons (Drabenstott, 1992:85), it is suggested that the
nature of the research project and the specific situation will dictate the ideal number of respondents.
The time allocated to the interview is largely determined by the complexity of the topic and time
limitations set by the respondents and generally varies from a minimum of one hour to a maximum of
three hours (Widdows et al., 1991:352),

Telephone interviews represent a semi-personal method of collecting data that has become a
popular and acceptable method to use (Frankfort-Nachmias & Nachmias, 1996:242). The method,
while viewed with scepticism and distrust in the past has gained in popularity (Babbie, 1995:269)
and if effectively used has produced valid, reliable and quality results (Rubin & Babbie, 1993:348).
Powell is of the opinion that this method combines the advantages and disadvantages of personal
interviews and mailed questionnaires (1997:108). Factors that have made this method popular
are that telephone costs are considerably less than that of personal interviews; technological
advances have made telephone interviewing easier and more accurate to execute; it is far less
time-consuming than personal interviews; and interviewer bias is less of a factor (Bailey, 1994: 196,
Huysamen, 1994:147-148). The abuse of this method for sales campaigns has, however, made the
general public inherently reluctant to participate in telephone interviews and it is very easy for a
respondent to terminate an interview before all the questions have been asked. Telephone
interviews, by nature, also produce more perfunctory information (Bailey, 1994:198); the researcher
cannot record non-verbal responses and user characteristics; nor can the environment be
contextualised (Huysamen, 1994:148). Framnkfort-Nachmias and Nachmias (1996:243-244) thus
suggest that although in certain circumstances telephone interviews could replace personal
interviews, they would rather recommend that they be combined with personal interviews to

complement the latter.

Having investigated and evaluated the various data collecting methods outlined above, the researcher
decided that although she would utilise more than one method concurrently, she would concentrate on
personal interview techniques as the most appropriate primary method for this study. During both the
first and second stages of the study individual interviews, focus group interviews, and telephone
interviews were conducted. The latter were mostly used to follow-up and clarify certain ambiguities
that came to the fore during the data analysis stage. In 2001 e-mail questionnaires were also used in the
instances where interviews could not be arranged. Throughout the two stages this data was

supplemented with appropriate data obtained from documentary and electronic resources.
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Once a decision was taken on the data-collecting instruments to use for the study, the researcher
made a concerted effort to counter as many of the weaknesses as possible of the techniques selected.
As the researcher conducted all the face-to-face interviews personally she was acutely aware of the
possibility of both interviewer and respondent bias arising from the complexities of person-to-person

interactions, and she was aware of the need to prevent such factors from distorting the results.

3.7. INTERVIEW SCHEDULE CONSTRUCTION

As stated in 3.6.2. interviews can range from the highly structured to the totally unstructured situation,
or a combination of techniques may be applied in a single interview. This, in turn, affects the nature of
the interview schedule utilised in a study. This can range from the situation where no schedule is used
during an informal conversational type of interview, to a more structured interview guide approach,
to the situation where interview schedules are used that contain standardised open- and closed-ended
questions that have been carefully constructed and sequenced to ensure maximum consistency with
minimum intrusion from interviewer effects and biases (Patton, 1990:280-285; Rubin & Babbie,
1993:161). In the event that a more structured approach or mix of approaches is used, the
guidelines that have been outlined in the literature that relate to questionnaire construction would
apply equally to the construction of an interview schedule. However, more flexibility would be allowed
in the design of interview schedules than with questionnaires as far as legibility, presentation,

simplicity, and ambiguity are concerned.

The researcher decided to utilise a semi-structured interview approach (cf. Appendix B and C) for all
the categories of interviews. The second interview schedule (Appendix C) was also used as the
basis for the e-mail questionnaires that were administered. These schedules served as a guide
during the interviews and the questions varied from totally unstructured prompts to structured rating
scales. The researcher primarily referred to Babbie (1995), Babbie and Mouton (2001), Bailey
(1994), Berdie and Anderson (1974), Duncan and Steinbeck (1988), Frankfort-Nachmias and
Nachmias (1996), Moser and Kalton (1972), Oppenheim, (1966), and Rubin and Babbie (1993),

for guidelines and assistance in designing the interview schedules for this study.

As with most aspects in a research project, the development of the interview schedule is closely
related and integrated with the overall objectives and design of the research project. The interview
schedule should thus address the specific problem under investigation and only questions that
have direct pertinence to the stated purpose of the research project should be included. A further
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point that should be noted is that all potential sources of error that could be attributed to the
interview schedule should be anticipated and counteracted whenever possible, e.g. inaccurate
question wording, incorrect structuring of response categories, asking non-ambiguous and easy to

answer questions, efc.

The establishment of rapport is not only related to the interview situation, the personalities involved,
and the interview technique followed, but also to the type, structure, sequence and wording of the
questions asked. The respondents' motivation to answer the questions in the first instance and to
provide accurate and honest answers may all be affected by these factors. To ensure maximum co-
operation the interview schedule should be designed in such a way as to create a positive attitude
towards the investigation. Bailey (1994:115, 143-144), Frankfort-Nachmias and WNachmias,
(1996:260-263) and Rubin and Babbie (1993:186-188, 190) have amongst others provided useful
guidelines that can be adopted when constructing an interview schedule. These include phrasing
questions carefully, factors such as clarity, brevity, correct language and terminology, the
sequence of the questions, keeping the schedule as short as possible, and pre-testing to obviate

deficiencies.

Most questions usually relate either to facts (or what are believed to be facts) or opinions (or
attitudes). Factual questions are essentially concerned with the respondent's background and
demographic characteristics and facts relating to the subject of enquiry. Questions relating to
demographic facts (also categorised as classification questions) are often used to distinguish the

main groups of respondents for analysis purposes.

Opinion questions that relate to subjective attitudes are, generally speaking, far more difficult to phrase
and construct than are factual questions. A number of specific problems have been enumerated in the
literature and include the difficulty of obtaining meaningful answers, assessing the intensity of
respondents’ opinions, the multifaceted nature of responses to opinion questions, and extraneous
factors influencing responses (Bailey, 1994:115-113; Frankfort-Nachmias & Nachmias, 1996:252-
253; Moser & Kalton, 1972:317-318). These problems should be carefully considered and

circumvented when designing an interview schedule.

Broadly speaking all question formats employed in research projects may be categorised as being either
of the 'open’ or ‘closed' format. In open-ended, or free-response questions the respondents are asked

to provide their own answers to the questions. Closed or pre-coded questions, on the other hand,
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offer the respondents a choice of alternative replies.

Pre-coded questions are generally quicker and easier to answer, more questions can be answered in a
given time, they are pitched at the level of precision required by the researcher, they produce
standardised responses, and quantification and analysis is straightforward (Bailey, 1994:118-119).
The chief advantage of open-ended questions are the freedom they give the respondents to express
their own ideas spontaneously, in their own language, in the detail they wish and to qualify any
answer. They can generate rich data that conveys an in-depth picture of the respondents' perspectives
and views (Bryman, 1992:70). Open-ended questions, however, create problems with coding and

data analysis, the amount of irrelevant data produced, and the time required to complete them.

The interview schedules for this study were developed in accordance with the guidelines outlined in
the previous paragraphs and the final products are attached as Appendices B and C. The only
difference between the two interview schedules related to the effect of various changes over the
study period and specifically that of electronic modes of communication that were addressed in the
second (2001/2) schedule. Both factual and opinion guestions were included in each interview
schedule. The various response formats adopted are indicated in the outline of the main sections of the

interview schedules as follows:

e Section A: This section contained classificatory questions that were used to verify the
biographical and demographic information obtained from the World directory of
crystallographers that was used as the primary source of biographical information at the time
of each data-collecting exercise. These included details regarding the respondents' affiliation to
their organisation and details regarding the specific department they worked in (if it was
established when making the appointments that the person had relocated), his’her current
position, highest qualification (and details pertaining to it), and current research interests. An
aide-memoir was also included to remind the researcher to ask for all the biographical
details of the crystallographers who were not listed in the Directory and who had been
added to the population.

e Section B: Provided an outline and aide-memoire of the points that had to be discussed during
both the individual and the focus group interviews. These non-directive, unstructured questions
related to the communication of information in general, communication of information
within the respondents' organisations, between them and other persons within South Africa, and
between them and persons outside the borders of South Africa. They were further asked to
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discuss any factors that related to the communication of information as it affected their
work environment and their profession in general. They were further requested to name the
persons with whom they regularly communicated to obtain information on a professional basis.
In the second study respondents were also specifically asked to highlight major changes that

had occurred in the communication process in the last ten years.

s Section C: This section included a mix of factual questions and opinion questions to
obtain specific details regarding the information communication process and the use of
various communication channels. The questions were formatted both as open-ended
unstructured questions and closed-ended questions formats. Multiple-choice questions that
included checklists, rating scales, and ranking techniques were also incorporated as measuring
instruments. The various categories were judiciously interposed to arrive at a satisfactory
sequence and arrangement of questions. The following aspects or themes were addressed in this
section: General aspects pertaining information communication and the use of channels and
modes; the communication of information on an interpersonal basis; the use of print-based modes;
the impact of electronic media and modes ~ in the second study far more detail and specific
questions relating to this aspect were asked (cf Appendix C, question 7); the role of conferences
on the communication process; the information gathering process and the role of channels of

communication; and finally the interaction with libraries.

e Section D: This section reverted back to only asking open-ended questions pertaining to
the crystallographers’ professional activities and research output. They were also

specifically asked to provide a list of their publications, reports produced, etc.

e Section E: This final section asked for general comments relating to the communication
process that had not been covered in the previous sections (i.e. an open-ended question

format was used).

In preparing the interview schedules for this study and when formulating free-style questions in the
field, the investigator attempted to word questions in such a way as to obtain optimally reliable and
meaningful data. Her own science background, long years of service as science librarian, the pilot
study and pre-tests helped considerably to achieve this. Care was taken to simplify wording and
sentence structure, to state questions precisely and concisely, to avoid leading and ambiguous
questions, and to generally avoid or eliminate all factors that could potentially affect bias or affect
responses (cf. reference to these aspects in the sections above). The researcher further endeavoured to

sequence and group the questions as logically and effectively as possible. The researcher also
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attempted to produce interview schedules that had a neat and uncluttered appearance and which were
easy to read and follow during the interviews. The e-mail questionnaire that was sent to the
crystallographers who could not be interviewed during the second study was an exact replication of the
interview schedule. The telephone interviews were conducted on an ad-lib basis as they were used in

the follow-up process to clarify ambiguities, or to obtain missing elements and greater detail.

The researcher further subjected the interview schedules (and thus the e-mail questionnaire) to a
number of pre-tests involving a sample of the intended population, experts in the field and information

science, and two experienced research methodologists.

3.8. PILOT STUDY

There is general agreement that a pilot study is an essential prerequisite to any empirical
investigation. Pilot studies are small-scale advance studies, covering most of the ground of the full-
scale study, and they help to clarify the finer details of the research design to be followed. Pre-tests,
generally speaking, are directed at testing specific components of the research project, such as the
reliability, validity, and effectiveness of the interview schedule. Both categories provide the researcher
with advanced knowledge of the factors to be encountered and of the findings that may be obtained.
Such prior knowledge assists the researcher to further familiarise himself/herself with the topic of
enquiry, the study population, the reaction that the questions will evoke, the duration of the
interviews, and the suitability of the data collecting technique It is generally recommended that a pilot
study should where possible also be based on a representative sample of the target population and that
the size should be large enough to fulfil its function, but small enough not to deplete the main study
population, particularly in the case where the population is of limited size (Bailey, 1994: 143-145;
Huysamen, 1994: 197-198).

During the course of this research project various pre-tests on isolated problems of the design were
conducted while the formal pilot study consisted of five interviews that the researcher conducted with
crystallographers who represented a cross-section of the study population. They covered various

work environments, fields of research, crystallography application and position categories.

All these preliminary investigations jointly provided information on the research design to follow, the
target population for the study, the most suitable data collecting method to use, the probable duration

of the of the interviews, the adequacy of the interview schedule and other useful input.
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3.9. EXECUTING THE EMPIRICAL STUDY

Before embarking on phase 1 of the empirical study the researcher contacted all prospective
respondents that were listed in the South African entry of the World directory of crystallographers
explaining the purpose of the study and requesting an interview. The researcher approached all 98
crystallographers listed under the South African entry and found that a number of the listed
crystallographers had either retired, or were on protracted leave within South Africa and abroad and
further that new members had joined the crystallographic fraternity since publication of the 7™
edition of the Directory in 1987. The final population of crystallographers that were present in South
Africa at the time of the study was eventually fixed at 80 members. Once the final sampling frame
had been established, the researcher telephoned all the potential respondents to arrange convenient
times for the interviews. It should be stated that at the outset that the researcher was never refused an

interview and that she was warmly received by all participants in the study.

The respondents were concentrated mainly in five geographical areas in South Africa, which ranged
from the Western Cape in the south west, to the Free State in the centre, to Kwa-Zulu/Natal in the
east, and South and North Gauteng in the north of South Africa. The considerable distances in South
Africa entailed extensive travelling to conduct the interviews and extended the time-span of each
study. The interviews were thus conducted intermittently from the end of October 1990 to September
1991.

At each regional site the researcher scheduled 4 to S individual interviews per day and attempted to
restrict each interview to about one to two hours. The focus group interviews were restricted to two
to three per day and generally lasted two hours. The researcher manually transcribed all responses as
she was of the opinion that a tape-recorder would be too inhibiting and distracting. She reproduced
answer sheets for each interview and these consisted of the interview questions together with
extensive blank spaces to record the responses. This ensured logical progression and assisted with

the later synthesis and analysis of the data.

The process followed in the first phase during 1990/1 was generally repeated in the phase 2 study
conducted in 2001/2. The crystallographers listed in the 1995 Directory were contacted, non-active
members taken off and new members added to the sampling frame. The number of active
crystallographers had diminished over the ten year period to 87, and of these only 78 were available to
participate in the study. As mentioned in 3.4. sixty three percent of the crystallographers in the

second study had also participated in the first study. The researcher conducted personal interviews
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with as many of the 78 crystallographers in the sampling frame as were available during the period
July, 2001 to April 2002. All members of the study population who were not available during the
interview study were contacted and asked to respond to an e-mail questionnaire during May 2002 and
as the response rate was low this was repeated again in June/July 2002. In a number of instances the
researcher further made telephonic contact with respondents to clarify ambiguous responses and to

probe certain issues in greater depth.

3.10. ANALYSIS OF THE DATA

According to Babbie (1995:2-3), research is concerned primarily with measurement and
interpretation. Measurement refers to data collection (or as he terms it observation) that is
deliberately and rigorously executed and it may range from that which is numerically or
quantitatively orientated to that which is qualitative. Interpretation, or data analysis, is where
logic and/or statistics are used to analyse the data collected to establish whether meaningful
patterns emerge and to make inferences. Such patterns can range from simple description, to
providing verbatim quotes from the responses, to describing the objects of investigation in terms of
the variables that characterise them and their relationships, to an understanding of why variables are
related. Data analysis further transforms raw data into a useful format and it assists the researcher
in making sense of and communicating the results of an empirical study in an intelligible format
(Shuter, 1987:35).

There are two main approaches on which data analysis is based, the inductive approach which begins
with concrete, specific data collection and aims at identifying some general principles governing
what is being observed; and the deductive approach which begins with general principles or theory
and then turns to data collection as a way of testing the validity of the theory. The well known
philosopher, Kaplan (1968:347), in a similar way, posited the “deductive model” (i.e. deducing reason
from known facts) and the “pattern model” (i.e. establishing patterns in the data to explain the factors
being investigated) as the two main methods of explanation in research. While inductive logic and
the “pattern model” generally form the basis of qualitative data analysis, deductive logic, in turn, has
traditionally underpinned quantitative data analysis.

A number of researchers suggest that these two approaches are not mutually exclusive but
complementary. They suggest that in practice a combination of these strategies can be used where
researchers alternate between the inductive and deductive, moving from the one to the other and back

as observations result in theoretical explanations which suggest other patterns that may be present
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which may be tested by means of further data collection and where the results may lead to the
modification of the original theory (Babbie, 1995:2-4; Dey, 1993:3; Mouton & Marais, 1990:103).
Dey (1993:3) thus suggests that, although qualitative data deals with meanings that are analysed
through conceptualisation and quantitative data deals with numbers that are analysed through
statistics, the two forms are interrelated and mutually dependent as "in social science, number
depends on meaning, and meaning is informed by number". The relationship between the
qualitative/quantitative data dichotomy shifts with the level of measurement that is applied which
ranges from the situation where meaning is predominant and the role of numbers is negligible
(nominal/ordinal levels of measurement), to the situation where numbers assume a more important

role than meaning (ratio/interval levels of measurement).

3.10.1. ANALYSIS OF QUANTITATIVE DATA

In quantitative data analysis a general distinction is made between parametric and non-parametric
statistics. The latter refers to the analysis of discrete, or nominal and ordinal variables, while the
former refers to the processing of continuous or, interval or ratio variables (Bailey, 1994:389). If
the variable is nominal or ordinal (i.e. more qualitative), percentages and proportions are calculated
and non-parametric techniques applied. If, on the other hand, the variable is interval or ratio by nature,
measures of central tendency or dispersion are calculated and parametric techniques may be employed
(Rubin & Babbie, 1993:456-457). Rubin and Babbie (1993:457), however, further state that in
practice there are many 'grey areas’, such as when rating scales have been used with an ordinal
variable and the mean rating given to that variable or its categories by the sample or population is
calculated.

Descriptive statistics merely indicate the properties of a sample of observations and do not reveal very
much about the population from which the sample was drawn (Bohrnstedt & Knoke, 1994:22).
Inferential statistics, however, apply the mathematical theory of probability to make inferences
about the likelihood that properties observed in the sample can be generalised to the entire
population from which the sample was drawn (Bailey, 1994:389). If a random sample, which is
representative of the population, is drawn, the researcher may with a degree of confidence make
inferences about the parent population and statistical significance tests can be applied to establish
at what level of error, or confidence, results obtained about a particular sample may be inferred or

generalised to the population.

If data have been gathered from an entire population, the question arises whether statistical
significance tests are necessary. Rubin and Babbie (1993:529-530) indicate that this is a matter about
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which statisticians are not in general agreement. There are those who contend that significance tests
need only be conducted when sampling has occurred and where inferences are made from sample
data about the parent population. If the entire population is investigated, any observation made or
relationship detected should be significant as there is no sampling error and it constitutes a true
reflection of the population's attributes. Others, however, argue that the above statement only applies
to descriptive statistics, and that if the researcher wishes to infer that an independent variable really
causes changes in some or other dependent variable, and that such variation is not merely a function of
random processes and due to covariation by chance, significance tests should always be applied to

establish the plausibility that relationships observed reflect true causal processes.

Many researchers further also utilise significance tests to establish whether a relationship exists
between two variables and to test hypotheses. This, however, is inadvisable as significance tests
merely indicate the probability whether a relationship was caused by chance (i.e. sampling error)
and whether that relationship can be inferred to exist in a theoretical sense or in a broader population
(Bohrnstedt & Knoke, 1994:23; Rubin & Babbie, 1993:489). Therefore, if a relationship is found to
exist, the researcher should rather utilise a statistical measure of association to establish the strength
and direction of the relationship (Bailey, 1994:378). One should however be aware that a negative
or low outcome, particularly when working with smaller samples, does not necessarily disprove the
existence of a relationship, and that it may merely indicate that the chances that it exists due to

sampling errors is greater.

Explanatory statistical analysis is the method used to analyse a perceived relationship between two or
more varigbles (Bailey, 1994: 378). Bivariate analysis examines the relationship between two
variables and multivariate analysis the simultaneous relationships among several variables (Rubin &
Babbie, 1993: 460, 465-466). In bivariate cross-tables two variables are placed together in a single
table in such a way that their interrelations can be examined. The strength of the relationship is
measured in terms of the degree of correspondence between the variation in scores of one variable
and the variation of scores in the other variable (Bailey, 1994:395). Both parametric/non-parametric
and descriptive/inferential statistics may be used in cross-tabulations. Once a relationship is detected
the researcher should first apply a significance test to establish whether the pattern observed in the
sample data is likely to reflect covariation in the population from which the sample was drawn. To
assess the size, direction and strengths of relations among variables, one or other of the various
statistical measures of association should then be calculated. The type of significance test and
association measure applied will depend on the level of measurement used and the type of variable,
(Bohmstedt & Knoke, 1994:155).
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A significance test, as mentioned above, merely indicates that a relationship exists between
variables, but not how strong the relationship is. Measures of association or correlation
coefficients are generally used to assess the strength of such a relationship by measuring the
covariance between the variables. They generally range between scores of 1 for a perfect
correlation, and zero for no relationship and can also show the direction of the relationship by
means of a ‘-’ for an inverse relationship and a ‘+’ for a positive relation. (Bailey, 1994:396). The
question now arises what would represent a sufficiently large correlation coefficient. In the first
instance this would be indicated by the significance level associated with the coefficient.
Secondly it has been suggested by Bohrnstedt and Knoke (1999:146) that correlation coefficients
as low as 0.25 are sufficiently substantive to explain the variance in a dependent variable for a
single independent variable in social science (this would however not necessary apply to other

disciplines).

3.10.2. ANALYSIS OF QUALITATIVE DATA

Whereas in quantitative research concepts and categories are predetermined and defined
operationally, in qualitative research the interaction between empirical data and the concepts that
are grounded in the data generally informs theory construction. The qualitative analyst is supposed
to unearth problems, identify indicators and formulate hypotheses as the end-product of research,
rather than investigating predetermined problems within an established theoretical framework. To
the qualitative researcher the formulation of theoretical propositions, the observation of empirical
events, and the evaluation of data and theory are typically all part of the same ongoing process
(Denzin & Lincoln, 1994:212). The researcher develops theories, or generalised understandings,
over the course of the data collection and analysis process. Each new set of empirical observations are
related to general principles and their impact is evaluated. The tentative theories and conclusions, so
arrived at, then provide the conceptual framework for further data collection. In the course of data
collection and coding the researcher will establish the interaction between variables and emergent
patterns, It is thus clear that data collection and analysis are interwoven processes in qualitative

research.

Maykut and Morehouse (1994:122) refer to three main approaches in qualitative data analysis that
they derived from Strauss and Corbin's (1990) work. These approaches are positioned on a continuum
that ranges from low to high levels of interpretation and abstraction which then culminate in theory

building. The first merely presents the data without any significant analysis or interpretation, while
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the second approach, known as “interpretative-descriptive”, provides a descriptive and realistic
reconstruction of the data. The outcome of the third approach is theory building and requires the
highest level of interpretation and abstraction. This is akin to the grounded theory approach as
developed by Glaser and Strauss (1967) and which many researchers see as forming the foundation
for all qualitative data analysis. This approach adopts the premise that theories cannot be divorced
from the processes that generated them and that they should be inductively derived from the data. Thus
hypotheses and concepts are not only derived from the data, but are "systematically worked out in
relation to the data during the course of the research” (Glaser & Strauss, 1967:6).

The grounded theory approach, however, is not without its critics and Seldén (2005:114) is of the
opinion that qualitative research should not be conducted without a framework that maps the area to
be explored and that researchers should thus adopt theories (even if loosely defined) as the
organising framework within which to connect the various concepts used in the analysis process.
Theory should thus.have a role to play in providing a conceptual framework for a research project.
Despite these divergent opinions and even when considering and accepting greater convergence
between qualitative and quantitative approaches, it is however clear that the logic of qualitative data
analysis differs considerably from that in quantitative data analysis and that each approach would
adopt different data analysis techniques.

From the previous paragraphs it would be obvious that a major concern in qualitative data analysis
relates to the generation and classification of concepts (used interchangeably with “categories” and
“constructs” in the literature). During this process the researcher is endeavouring to extract from the
empirical data the distinguishing concepts that can be generalised into theories and Lazarsfeld
(1972:226) warns that the process of "switching back and forth" between concrete categories
embedded in the empirical data and general categories that relate to other fields of experience until
"both concrete applicability and generality are obtained" is a time consuming process. Dey (1993:30),
however, suggests that despite various opinions relating to the conduct of qualitative data analysis, a
common thread can be discerned that can be used to categorise data and make connections between
categories. He thus proposes that the researcher should at the outset arrive at a thorough and
comprehensive description of the phenomena being studied. This thorough process is often also
referred to as thick description and this is in contrast to thin descriptions which merely state facts
(Dey, 1993:31-32).

The constant comparative method is frequently referred to in the literature as a useful tool to

analyse qualitative data. It combines inductive category coding with the simultaneous comparison of
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all the units of meaning established during the ‘unitizing' process (Maykut & Morehouse, 1994:134).
Units of meaning are categorised and coded and as each new unit is identified it is grouped with
similar units of meaning. If there are no similar units of meaning, a new category is formed. This
results in a continuous process of refinement, initial categories can be changed, omitted, or
recombined, while new ones can be formed and new relationships identified. It is important that the
researcher devises rules that define the dimensions of the categories, their properties, their limits, and
their relationship to other categories to assist in inclusion/exclusion decisions, as well as "to provide a
basis for later tests of replicability; and to render the category intemally consistent” (Lincoln &
Guba, 1985:347).

The key to this process is classification and the categories that are used to sort or organise the data
according to relevant characteristics. Categorising the data assists the researcher in more easily
making comparisons and retrieving it in a variety of ways according to different characteristics.
Classifying the data therefore provides the basis for making new connections between different bits
of data and identifying relationships between variables. Classification both breaks data up into bits
and reassembles these bits into classes or categories and it provides the conceptual foundation for
analysis. It is at this stage that the researcher can establish whether the categories can be further
refined, or sub-categorised, whether boundaries between categories can be finalised and the first
comparisons can be made. This process of re-organising the data according to a designated
category set is also known as recontextualisation and once data have been categorised they can be
counted, and such enumerated data can be statistically analysed, albeit at a simple level (Dey,
1993:40, 129).

Categories should be sufficiently grounded conceptually and empirically to form the required
analysis framework and to arrive at an adequate categorisation of the data it has been suggested that
o the data should always be considered in context;
e categories should reflect the purpose of the research;
e categories should include all conceptual definitions;
e categories should be exhaustive, mutually exclusive and independent, and they should derive
from a single classification scheme;
o the researcher should be flexible and open to constant modification of the categories;
(Dey, 1993: 105, 112; Holsti, 1969:94-100).

Once the data has been classified the researcher can examine it for regularities, variations and

singularities and so establish whether there is a pattern in the data. By studying such correlation
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between different categories or variables, the researcher can identify connections between them
(Maykut & Morehouse, 1994:139-145). Not only regularities arc identified, but variations and
exceptions may also be distinguished and by delving deeper the researcher may establish why such
variations have occurred. Only once a logical reason and meaning for the association has been
identified does the correlation between different variables acquire significance and the researcher
should thus constantly return to the data to see whether such a connection can reasonably be inferred,
According to Dey, (1993:49) cause in qualitative analysis is not only external and contingent, but it is
also related to the "inherent capabilities and liabilities of social actors, and how these interact to

produce particular effects".

Dey (1993:131) further suggests that the next step in the analysis process involves the combined
processes of splitting and splicing. The former refers to the further sub-categorisation of the data to
achieve greater resolution, detail, scope, a more intelligible and coherent analysis, while “splicing”
refers to re-combining categories to provide a more integrated conceptualisation. The rationalisation
for further subdivision depends on similar factors that determined the decision to arrive at the initial

set of categories.

Linking data involves recognising substantive rather than formal relations between things. Formal
relations refer to how similar or dissimilar things are, while substantive relations refer to how things
interact (Sayer, 1992:88). Sayer (1992: 89) further distinguishes between relations that are “internal or
necessary” and relations that are “external or contingent”. To ensure consistency and enhance clarity
the researcher should list and label the links which have been used to associate or relate bits of data.
Links may be derived from the underlying theoretical concerns that underpin the research, or they
can be inferred from the data.

Threats to the reliability and validity in the qualitative analysis process are generally attributed
to the subjectivity of the process, selective perception, evidence being fabricated, discounted or
misinterpreted, and lack of generalisability of such studies (Dey, 1993:222; Lincoln & Guba,
1985: 289). One of the checks against such errors in the quantitative domain is the ability to
replicate the study. In qualitative studies this is notoriously difficult to achieve as the main aim is to
be sensitive to spatial and time contexts which is usually impossible to replicate exactly. A number
of methodologists, therefore, suggest that the researcher should institute internal replication
procedures of his/her research by means of an audit trail, or detailed research records which will
ensure that the procedures that were followed are clearly stated and outlined so that they can be
inspected and scrutinised by other researchers (Dey, 1993:222; Lincoln & Guba, 1985:318; Maykut
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& Morehouse, 1994:146).

However, the greatest problem in qualitative research is the unwitting misinterpretation of data as it
is only human for most researchers to be influenced by their personal presumptions and biases when
they start the analysis process: "We may tend to make more of the evidence that confirms our beliefs,
and pay less attention to any evidence that contradicts them" (Dey, 1993:222). It is thus proposed
that to minimise and prevent such errors the researcher should produce sufficient corroborating
evidence to support impressions, provide opposing interpretations of the data, delay coming to
conclusions too soon in the analysis process, and not only accept one interpretation as the correct
one (Dey, 1993:228). Rubin & Babbie (1993:297) also advise that qualitative observations should be
augmented with quantitative ones as even rough quantification might provide safeguards against

selective perception and misinterpretation.

3.10.3. DATA ANALYSIS METHOD ADOPTED FOR THIS STUDY

The analysis of the data for this study was conducted followings the guidelines provided and within
the parameters outlined in sections 3.10.1 and 3.10.2. above. All responses, both qualitative and
quantitative, from the two studies (Phase I and II) were initially captured using the dBASE™
database management software and Microsoft's Excel spreadsheet software. A record structure was
created that accommodated the various fields ranging from the respondents’ structured responses to
their unstructured qualitative responses. The quantitative data was then manipulated by means of the
statistical functions available on Excel and by using the STATISTICA software programme. Where
relevant and according to the data category, level of measurement, and purpose of analysis,
percentages, means, significance measures and correlation statistics were calculated and represented
in tables. To further explicate and clarify the analysis process certain analyses were graphically
depicted as charts.

The more detailed analyses of the data involved cross tabulating the various sub-categories of the
population (the independent variables) with the various categories of the dependent variables.
ANOVA or chi-square statistics were further calculated for each data set to establish which cross
tabulations were significant at a significance level = .05. This initial analysis provided the overall
effect of the independent variables on the dependent variables. The Wilks’ lambda statistic, the F

ratio and phi values were also calculated and used to establish the strength of correlations.

The constant comparative method was used to analyse the qualitative data that was generated.
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Inductive category coding was combined with the simultaneous comparison of all the units of meaning
that were uniquely identified. The phenomena being investigated were described, classified and
categorised. Categories were refined and re-combined as required. Once the data had been
classified the researcher examined it for regularities, variations and singularities and also whether
any patterns and correlations were evident in the data. Not only regularities were identified, but
variations and exceptions were also distinguished and the researcher tried to explicate the reason

why such variations occurred.

In the ensuing two chapters the results of the data analysis exercise, both qualitative and quantitative,
have been reported in an integrated way to obtain a synthesised view of the results.
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CHAPTER 4

INFORMATION COMMUNICATION PATTERNS AND
NETWORKS WITHIN THE CRYSTALLOGRAPHIC
COMMUNITY

4.1. INTRODUCTION

This chapter is based primarily on the qualitative data obtained from the unstructured questions
asked during the individual and focus group interviews in 1990/1991 and again in 2001/2002 and
was further supplemented with that obtained by means of the structured questions put during the
two sets of data collection (cf. Appendix B & C, Section B, Questions 1-3) as well as follow-up
telephone interviews. The respondents were asked to discuss the communication of information
in their immediate research and work environment and then to expand it to the wider
crystallographic and general science community, first in South Africa and then globally. Specific
attention was paid to the factors they thought had had the most significant impact on the
information communication process between the 1% and the 2™ study. This chapter provides an
overview of the information communication process and interpersonal communication networks
that an analysis of the data revealed. The next chapter will address the specifics of channel and
mode preference and discuss the factors that impacted on the information communication process
in greater detail. In each of these chapters the overall situation that applied to both studies will be
outlined followed by changes (if any) that were noted in the intervening eleven years. The
demographic profile of the respondents is outlined in Appendix D and this data was obtained
from Section A, questions i. — vi., Appendix B and C.

4.2. COMMUNICATION OF INFORMATION WITHIN THE ORGANISATIONAL
SETTING

From an analysis of both the qualitative and quantitative data it clearly emerged that the
respondents’ work environment and work structure largely determined communication patterns
and the interaction with information. (This is in agreement with the findings of a number of

studies as reported in 2.7.1.2.) The organisational ethos that prevailed in each of the three work
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environments (industry, the research institutes and the academic institutions) generally
determined specific work structures which in turn impacted in varying ways on the
communication of and interaction with information. These ranged from the most structured
approach that prevailed in industry, to the less rigidly structured research institutes to the

academic institutions where a far more flexible approach was adopted.

The communication of information was closely integrated with and related to the research
activities of these respondents, the underlying reason for conducting research, and the information
needs engendered by these activities. The communication process was thus driven on the one
hand by a need for information to start up a new research project, to test a theory, to solve a
problem, design a system, product, process, etc. and on the other to keep up to date with new
developments in their field. Another very important driving force was to impart the end result of
the research effort to management, the wider organisation, clients, colleagues, and in many
instances to the science community in general. These interactions with the information
communication process were conducted either on a direct interpersonal level (mostly using
informal communication channels), and/or on an indirect impersonal level (mostly using formal

communication channels).

4.2.1. COMMUNICATION WITHIN THE INDUSTRY SECTOR

All the respondents in industry worked in the research and development (R&D) divisions of one
of five industrial concerns in South African. Four of the five divisions were, by South African
standards, large units with professional staff complements that ranged from 300 to 400 persons.
The fifth unit was much smaller with 50 scientists conducting applied research. Two of these
companies were affiliated to large international conglomerates, while the other three had no

formal international affiliations.

All of these crystallographers were engaged in applied research that was in one of the following
fields: applied chemistry, mineralogy, or material science. The majority of these respondents
worked in South Gauteng (i.e. in the environs of Johannesburg), while the other smaller
contingents worked either in North Gauteng (mainly Pretoria) or Sasolburg in the Free State. The
vast majority of the industry respondents had doctorate degrees that were almost equally
distributed between those obtained in South Africa and abroad. It was found that most of these
respondents held senior posts and were in the 36 to 50 age category. This group of
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crystallographers constituted 16% of the 1990/1 and 14% of the 2001/2 population. There was
only a marginal change in the profile of the respondents when the two studies were compared and
this related primarily to a slight increase in the age profile and slight drop in numbers of the
industry respondents in the 2001/2 study.

The organisational structure within the research and development section in each company was
generally very similar. Researchers were grouped into divisions that were engaged in cognate
research areas and these were further divided into smaller more homogeneous research units, or
groups, each addressing a specific research project of interest to the company. The groups and
divisions were respectively managed by group and division leaders, with a research manager and
often also a deputy research manager providing overall leadership and co-ordination of all
research projects. The R&D division of the smaller company mentioned above, although
following the overall pattern, had a less structured and more flexible approach than the larger
R&D divisions.

The overall flow and communication of information within the five companies thus followed very
similar patterns with minor differences evident between those companies with international
affiliations and those without such affiliations and also between the larger and smaller R&D
divisions. It was further observed that the flow of information was largely determined by the
ability of the group and division leaders to stimulate and encourage the communication process

and by the level of confidentiality of the research they were engaged in.

The research emphasis in these R&D divisions was obviously not on basic research, but on
providing solutions to problems that were related to the operation of the company. They were,
thus, involved in developing and implementing new products or techniques, in providing
technical and product support for the company's production facilities, and in troubleshooting and
problem solving for the production and management divisions of the company. This implied that
they were very dependent on bilateral interaction with all company divisions and other outside
clients that required their services to receive input and feedback to direct their research activities.
There was, thus, constant interaction between them and the production side of the company, with

general management and to a lesser extent with the sales divisions.

Although most respondents commented on the inherent problems attendant on communicating
effectively in the work situation, there was consensus that this problem was generally resolved by

the good, workable communication structure that prevailed within all the R&D sections of these
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companies. This operated at two parallel, but also intersecting, levels where both formal and
informal modes and channels of communication were utilised. On the formal level this was
driven by the project management structure within which most of the industry crystallographers

operated and which enforced regularised reporting and communication of information.

Researchers working on specific projects reported on their progress on a regular basis to their
project managers, group or division leaders who then met at fairly formal, weekly to bi-weekly
meetings to consider the progress made on the most important projects and to focus on short term
problems. The more junior researchers also participated in these meetings if the topic related to
their work. These meetings were generally chaired by a member of the senior management team
of the R&D section, typically the research co-ordinator. In addition to these meetings, less
frequent, but still regular, project review fneetings were held to review all ongoing projects and
these were generally chaired by the research managers. Representatives from the production or
other units for whom research was being conducted also attended and provided input at these
meetings. The outcomes of all these meetings were regular progress reports to the top
management of the company, who then provided feedback and comment which was disseminated
back to individual researchers by their managers. Other information of general interest was also

filtered up and down the hierarchy to ensure that all persons were kept informed.

Formal links were further also maintained between all major divisions in the companies by
convening formal but less frequent (monthly to bi-monthly) meetings that involved all sections,
including the R&D division to discuss general company policy and to exchange information in
general. Senior management from each division generally represented their sections at these
meetings and relevant information pertaining to the research and development operation was then
disseminated back to the laboratory researchers. The research managers were also included in the
decision-making process that involved only the top echelon of the company. Once again it was
incumbent on them to ensure the effective flow of decision-making information up and down the

hierarchy.

In addition to the formal communication structures that were in place all respondents that were
interviewed emphasised the importance of informal, person-to-person, exchange of information.
It was evident that the informal exchange of information was in fact actively encouraged and was
the major method of communication when information was required to solve specific problems

encountered in the work situation. This was particularly prevalent at the research team level
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where project teams worked in close-knit units, communicating interactively. When a specific
problem arose the researchers concerned would first consult amongst themselves and if they
could not provide the information to resolve the problem they would approach their group
leaders. If the problem persisted the relevant group leader would then consult the research co-
ordinator or research manager or some expert from another research group. This could eventually
result in an ad-hoc meeting being convened among all relevant people who could possibly assist
with the problem and provide a solution. If still not solved, the research co-ordinator, or group
leader would then either request the technical library to conduct a literature search, or more likely
approach experts within South Africa or abroad for the appropriate information to solve the

problem.

Such informal communication operated not only at the research team level, but also among the
more senior members of the R&D divisions. Group leaders generally held regular informal
discussions amongst each other and with the top structure of the R&D division to discuss
problems encountered as well as progress made. Such ad-hoc informal communication was also
extended to their ‘clients’ in the production and other units of the organisation for whom they
were conducting the research, or offering a service. Face-face communication was the preferred

mode of interaction, but the telephone and e-mail were also used extensively.

It was specifically observed that informal, interpersonal communication was the most active and
effective when it operated at the same hierarchical level. As soon as information was
communicated outside the peer group more formal channels, such as meetings, seminars, reports,
technical notes etc., were generally utilised to ensure the effective exchange of information up

and down the hierarchies.

From the interviews it clearly emerged that the key person in the R&D communication network
was the person in charge of the researchers working in research teams (this generally varied
between six to fifteen persons working together). Such group leaders were in direct contact with
the researchers in the laboratory, with each other and by means of project meetings with top
management. The group leaders generally acted as gatekeepers for the group, and ensured a two-
way communication pathway to and from their groups to the wider company and even wider to
the overall research community. They were often also members of wider research groups in the
same broad fields that extended beyond the specific company and incorporated all subsidiary and

affiliated companies. A feature of the larger multi-affiliated companies was that inter-company
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meetings were regularly convened to discuss mutual problems and to exchange ideas. Such panel
discussion groups transcended rigid subject boundaries resulting in a cross pollination of ideas. In
the instances where the companies were part of international conglomerates, these meetings then
resulted in the local researchers meeting up with experts from all over the world within the same
family of companies. This aspect was considered to be an important countermeasure against the
isolation from the cutting-edge of international research that was enforced by the confidential
nature of their work and the geographical distance of South Africa from the major international

researcher centres.

Although the majority of the researchers were of the opinion that the lines of communication
were very good within their companies they all agreed that communication could always be
improved. At the time of the 1990/1 study it was suggested that greater use should be made of
facsimile transmission and electronic methods to improve inter- and intra-company
communication and that regular inter-company symposia covering pertinent technical/scientific
topics should be held to gather together all interested parties, particularly the more junior

researchers, and improve the flow of information in the companies.

When these aspects were addressed in the second study it emerged that the use of electronic
media have had a considerable impact on the communication process and are heavily used in
most of the work environments. E-mail, online databases and the Internet are used routinely and
outside the immediate work environment the use of e-mail is very extensive, particularly for
international communication. E-media have facilitated group interaction and this has made it
feasible to obtain information on particular aspects of their work or advice from an expert within
hours from anywhere in the world, and to quote one respondent “the global village has in fact

become a reality”.

However, while it was generally considered that electronic media had improved the ease, speed
and accuracy of information communication (especially when transferring files), all the
respondents still held strong views that person-to-person information exchange was the preferred
mode of communication and remained the best method to obtain information for problem solving.
To quote two of the respondents:

E-mails are useful, but no substitute for one-to-one discussions with colleagues and experts in

the field and Although electronic communication is fine for exchange of information we still

need face to face communication in order to maintain relationships.
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Electronic mailing lists and electronic conferences were regarded in a very similar way — they
were considered to have some use, particularly for idea generation and interim discussion, but the
consensus was that they did not fully emulate the interactive nature of face-to-face

communication that traditional conferences, for example, promoted.

A specific problem that was raised with the use of electronic media was the danger that security
could be breached and confidential information accessed. At the one R&D facility the possibility
of industrial espionage was taken very seriously and the open use of e-mail and the Internet was
strictly controlled. They could only use their own secure tie-lines amongst all subsidiary
companies world-wide to communicate and transfer files. Another problem that all the
respondents referred to was that the poor bandwidth in South Africa had a detrimental effect on

effective communication.

In addition to the information communication structures outlined above these researchers also
interacted with other layers of formal and informal information communication channels and
networks. This related to information networks they maintained with colleagues and other experts
outside the immediate work-related environment in South Africa and abroad and their interaction
with the published or recorded literature in both printed and electronic modes. These
communication interactions were important as they ensured that external information was
imported into the work environment and that their knowledge was transferred to wider audiences,
and if published also to the public domain. The interaction with colleagues outside the immediate

work circle will be further discussed in 4.3.

Most of the industry respondents held very strong views about the importance of engaging with
the published or other recorded literature. They all believed in conducting extensive literature
searches before embarking on any new research project. The comment recorded below provides a
good overview of the respondents’ general views on these aspects:

When searching for information on new topics I use the Internet and CD-ROMs to get pointers

and then follow these up by searching the printed literature and communicating with people. 1

then follow this up by looking for references found in journal articles, etc. It is important that

one should always conduct a thorough literature review of all sources before embarking on a

new project - it is expensive to replicate work already done. I search the printed literature,

databases and patent databases extensively. I don’t often use the Internet for detuiled

information as it produces far too much junk, but when I have to I generally ask the library to do

the search.
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The interviews clearly indicated that the final encoded research output was a formal report, or
series of reports which was circulated within the company, and if applicable, to other subsidiary
and/or affiliated companies in South Africa and abroad. In addition patents were promulgated and
to a far lesser extent conference papers, journal articles and other published material were
produced. All final reports were lodged with the respective company libraries where they were
indexed and incorporated in the library's database. A copy was also sent to affiliated companies
for wider dissemination. These reports were all classified according to their level of

confidentiality and concomitantly the level of access was restricted.

All respondents were in agreement that report writing is of vital importance and a fundamental
component of the communication process in industry. Reports not only contain invaluable
information, they also prevent the reinvention of the wheel by encoding the outcomes of the
research process for future reference. However, it was observed that the free flow of information
in applied science is generally impeded by the fact that reports are not distributed beyond the

boundaries of a company.

Patents were the other important form of research output in industry and they played a
considerable role in the communication process of applied science by ensuring that industrial
research entered the public domain. Although research reports and patents constituted the primary
written end-product of the research effort in industry, many of the researchers that were
interviewed stated that they did try to publish in international journals as well as deliver papers at
conferences. There was, however, usually a problem with confidentiality in industry which
prevented them from publicising information that could be detrimental to the company, but as this
was largely related to the sensitive nature of specific research projects, the embargo on
publication was often lifted in the instances where they were of a less strategic nature. Further
factors that inhibited the general publication of research findings was that the driving force that is
inherent in basic science to ensure that new knowledge is made public does not apply in industry

as their primary objective is to produce a product and/or to provide the best solution to a problem.

The only significant change, other than the far greater utilisation of electronic media, between the
two studies, was that it was apparent that far more research was being contracted out to
universities and research institutes and this in turn caused a far more complex communication

structure. This meant creating good, working inter-organisation communication channels and
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extending both trust and confidentiality restrictions beyond the immediate company boundaries.
The R&D facilities were, as a result, either downsized or their research efforts were redirected
towards troubleshooting and problem-solving, while the more fundamental, developmental

research was outsourced.

4.2.2. COMMUNICATION WITHIN THE RESEARCH INSTITUTES

The crystallographers working at research institutes constituted 23% of the 1990/1 and 22% of
the 2001 study population and were attached to one of the following three organisations in South
Africa: the Council for Scientific and Industrial Research (CSIR), the Council for Mineral
Technology (MINTEK), and the Atomic Energy Corporation of South Africa (AEC)’. The
professional, managerial, and technical staffing complements of these institutes ranged from
approximately 450 to 1 000 members and these research institutes all maintained very similar
organisational structures. The organisational and management structure, as in the industry sector,
to a large extent dictated the formal information communication networks that were in place. All
researchers in these institutes were grouped into one or other division under the direction of a
director, often assisted by a deputy director and/or a project manager. The divisions were
established according to broad subject, or mission orientated categories and each division was
generally further grouped into project teams of approximately 8 to 15 researchers working on
specific programmes under the direction of a group leader. It was found that there was a greater
tendency in the research institutes than in industry to delegate responsibility and devolve power,

resulting in a fairly-flat organisational structure and a more delegated working environment.

All the respondents from the three research institutes were predominantly engaged in applied
research and were working in the fields of either materials science, mineralogy or applied
chemistry. The majority of this group worked in Pretoria, North Gauteng, while a smaller
proportion was situated in Johannesburg, South Gauteng. More than two thirds of this group held
PhD qualifications that were mostly obtained in South Africa. These respondents were fairly
equally distributed amongst the three age categories of 20 — 35, 36 — 50, and 51 - 70, and

approximately half held more senior research positions. There was no significant change from the |

first to the second study in the research institute respondents’ profiles.

7 Now known as the Nuclear Energy Corporation of South Africa (NECSA).
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The majority of the research institute respondents adhered to very similar communication patterns
which were largely determined by work structures and the prevalent business model that operated
at the time. A feature of their work environment was that a large proportion of the research was
conducted under contract for some or other external client (either in the private sector or for some
government department) and they, in turn, often further contracted their research out to various
universities when they lacked the expertise or facilities to conduct the research, or they
collaborated with academics on research projects. The divisional structures outlined above
formed the basis for information communication in the research institutes. Although considerable
differences were discerned among the three research institutes and the various divisions followed
fairly differentiated work models, a generalised information communication pattern did emerge.
The preponderance of contract work dictated that the communication process was, despite the
fairly open culture and flat hierarchical structure that prevailed, still fairly formalised and
structured. Intellectual property and confidentiality issues also impinged on the process.

Formal information communication in the divisions was established by means of regular
structured meetings between the directors and the group leaders, who in turn, passed the
information up and down the hierarchy. The directors, in addition, held meetings with all the
researchers in their divisions at least once a month. The directors were, in turn, part of the top
management structure that held regular strategic planning or so-called summit meetings. Internal
project management meetings, which ranged from the totally informal to a formal structured
situation, were held regularly to discuss problems and to exchange relevant information relating
to current work. In addition, inter-programme seminars were held where the divisional directors
and project leaders communicated across program boundaries. This encouraged cross pollination
of ideas and helped to resolve problems that could not be answered within the unit itself. In
addition to all this, ad hoc informal meetings were convened to discuss specific problems that
arose from time to time. For each project that they were engaged in, progress or interim reports
and finally formal concluding reports were issued. All reports were disseminated to the senior
levels for evaluation and feedback and then finally to the appropriate clients. Reports were

archived both in printed form and electronically.

Work that was sponsored by outside organisations and contract work further also required regular
reporting to the sponsor, or client. Communication was firstly personal, then by means of
workshops, progress meetings, meetings of the management committee, and finally by reports

(this sequence was indicated as being representative of the order of importance and
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effectiveness). Progress meetings and regular workshops were specifically held with their
industry partners to help to keep them in touch with progress and the outcomes of the research, to
explore problem areas requiring investigation, and to clarify any ambiguities. Such contracts
often ran for a number of years and the resultant interaction and communication between the

researchers and their clients was fairly extensive.

There was continuous informal interaction amongst the members of research groups and the
researchers involved in day-to-day empirical research tended to communicate on an informal,
unstructured basis amongst themselves rather than by means of structured meetings. The overall
communication process was generally facilitated and mediated by the group leaders who ensured
the effective vertical and horizontal communication of information in the work place. This they
achieved by means of informal interpersonal discussions, seminars at various levels of formality,

reports that disseminated the research output and the literature disseminated by the library.

As in the industry environment, informal, interpersonal interaction and exchange of information
was highly valued, actively encouraged and it occurred on a daily basis. The view was expressed
by most of the researchers interviewed that they valued direct personal interaction and would thus
rather exchange information on a person-to-person basis or by telephone, than engage in written
communication with their colleagues or find the information in the literature. In their opinion
informal tearoom discussions with colleagues often sparked off ideas and solved problems and
were thus one of the most effective methods of communication. This view was succinctly
summarised by one of the respondents as follows:

Personal interaction provides in-depth information as well as a bigger picture of what people

are doing. In an hour you can be briefed in the direction that the group is taking and you can be

advised of new techniques, new philosophies that are not as yet or never will be in print. The

information is generally less formal and very informative. The literature on the other hand is

more accurate and detailed.

An added dimension that was provided to the communication process at one of the research
institutes was the fellowship structure. The fellows are scientists who are accredited by this
institute for their excellence, and who are acknowledged international experts in their field and
recognised nationally and internationally for their contributions to science. Although they are
ranked as the most senior members of the staff and participate in strategy planning and decision

making, they remain in active research. They meet and communicate actively among themselves
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and their knowledge is regularly sought, for technological strategy development, planning and

foresighting, amongst other reasons.

The research institutes also engaged extensively in multi-dimensional collaborative research
projects that often involved themselves, universities, industry and the public sector. A good
example of such a multi-faceted collaborative research project that created fairly complex
information communication structures was the deep mining research project where the one
research institute instigated a collaborative research effort to solve deep level mining problems
for the entire mining industry. This project constituted a large research team (over 250
researchers) where approximately half of the participants came from two of the research
institutes, and the remainder were derived from a number of universities, and representatives
from the mining industry and government. The one research institute acted as the lead
organisation that co-ordinated the project. It required extensive networking skills, research
leadership and direction to ensure that the various researchers from all the collaborating
organisations worked effectively together and met the targets set. Persons who were normally in
competition with each other now had to work together and this often caused personality,
professional and organisational problems that required good mediating skills. The information

networking was at task level with regular progress reviews that culminated in quarterly reports.

The research institute researchers, in much the same way as their industry counterparts, also
interacted with other layers of formal and informal information communication channels and
networks. Their interactions with colleagues and other experts outside the immediate work-
related environment in South Africa and abroad will be discussed in 4.3. Their formal interaction
with the published and other recorded literature was achieved either by means of their own efforts
to find appropriate information by personally searching electronic databases and the Internet, and
browsing through current journals and other sources; or by means of their interaction with the
library. The latter related to the various services offered by their libraries such as SDI services
and online searching conducted by their libraries for them. A number of these respondents
mentioned that the most important service offered by their libraries was the systematic routing of
relevant journals. The library's involvement with information exchange was thus viewed to be an

integral and very important aspect of the communication process.

As in industry, project reports represented the main formal written research output in the research

institute environment, and, thus, the information input into the communication cycle. Research
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reports, furthermore, were seen to be an important method of communicating with outside clients
and sponsors with whom they had contract research agreements. Progress and final reports were
produced and distributed internally to all interested parties, while contract clients and sponsors
received copies of relevant reports. All reports were permanently stored, usually in the library, to

maintain records of previous research and development and for information retrieval purposes.

The publication of journal articles and the presentation of conference papers, although playing a
secondary role, was far more heavily utilised to disseminate research findings than in the industry
environment. This was partly because not all research was confidential and partly because of the
prevailing ethos of sharing information with the wider research community. Patents were another

form of encoded research output within this environment.

Although the basic information communication model outlined above remained fairly constant
from the 1990/1 to the 2001/2 study, certain significant changes did surface during the second
study. The variation was predominantly caused by changes in the work environment in the
institutes and the impact of electronic information communication media in the intervening
period. The change in the work environment was primarily caused by changes in their funding
structure. These organisations changed from institutions that received very large and liberal
grants from the government to a situation where state subsidies were reduced considerably and
they were forced to operate as self sufficient business units. The intervening years thus saw a shift
from a purely research-based ethos and environment where they were free to conduct research on
any applied or basic science aspect thought to be of use to the country, to one where the driving
factor was the motive to make a profit, This has resulted in the need to engage almost exclusively
in remunerative contract work, which in turn brought about the enforcement of confidentiality

restrictions by their clients (usually in industry) and intellectual property rights issues.

This awareness of intellectual property and the need for secrecy has made people less open, and
the flow of information more restricted. Whereas previously a collegiate environment prevailed
with all new knowledge that was generated being freely shared, there was now a dramatic move
away from transferring their research outputs into the public domain (e.g. by means of
publications, conference presentations, etc.), to patenting innovations and producing profit-driven
products (usually in partnership with or for clients). The number of publications thus dropped

considerably and to quote one director,
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where previously our division produced over a hundred scientific publications a year, it has now

dropped to one to two due to commercialisation, intellectual property rights and confidentiality.
This contract driven environment, with its attendant time restrictions and almost exclusive
focus on final outcomes, has had a considerable impact on the information communication
process and as one respondent stated:

The collegiate ambience that used to exist and was fostered at our institute has changed because

of the profit drive. The emphasis in our institute has moved from our annual publication output

to what income we have genmerated - the days of huge funding for basic research have

disappeared and we are now part of the global village and its competition.

Informal interpersonal interaction has also been affected by the new environment and, because
they have become less fundamental-knowledge oriented, conferences that had previously played a
very important role, have become less relevant. While they still exchange knowledge, the focus
has shifted and peer groups are not so much interest groups based on sharing technical knowledge
but more focussed and oriented towards the exchange of information that is market oriented and
imbued with restrictions dictated by the confidentiality imposed by their clients. In the process
informal networks of people struggle to exist mainly because budgets that are geared towards

selling man-hours penalise time wasted on chat groups.

The researcher, however, detected glimmerings of yet another change in the organisational
structure and research environment of the research institutes. This was the reference made by a
number of respondents that there was a growing appreciation in their institutions of the
possibilities and value that a knowledge management approach and knowledge sharing could have
in the work environment. The largest research institution was in fact actively investigating the
feasibility of introducing knowledge management principles and practices. There was thus once
again a drive to acknowledge and appreciate the importance of collegiate interaction, knowledge
networking and tapping into tacit knowledge and realising the benefits this has for knowledge
generation. The implication was that the focus would once again shift to an environment of
collegiate interaction and learning. A few respondents even mentioned that once again greater
emphasis was being placed on the importance of transferring knowledge outputs into the public
domain. Such a new drive towards a knowledge intensive and sharing culture could however
create tension with the still prevailing profit oriented culture and the attendant emphasis on

confidentiality.

With reference to the impact of information technology and the electronic information
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environment it was noted that electronic communication modes were important, heavily used and
have significantly impacted on the information communication process in the research institute
environment. Electronic media have changed the mode of communication, it is now feasible to
communicate in dispersed mode, it has speeded up the process and far wider communication
networks are more easily maintained. For example, electronic current awareness services such as
e-newsletters were mentioned as being an important and convenient new innovation that provides
very up-to-date alerting possibilities. E-mail, however is the mode that has had the most
significant impact on their information communication process. According to these respondents it
is easy to use, convenient and has revolutionised networking and collaboration. It has facilitated
the sharing of information, the writing of joint proposals, the requesting of information and it has
made managerial information communication very effective by reducing the number of typed

letters and internal circulars that are disseminated.

Not all electronic modes and media were however equally heavily used. It was found, for
example, that electronic mailing lists were generally not used amongst these respondents, but then
those who did engage with them stated that they have assisted them to establish far more robust
communication networks than in the past and have helped to increase the frequency of interaction
with colleagues. The main reason given for not using electronic conferences was that they did not
afford the all important platform to interact face-to-face with other people. It was further stated
that there were too few journals in the electronic format that they could access in their field to

make a substantive difference to their use of this journal mode.

A number of disadvantages to this mode were also noted and a recurrent theme was that because
it is an easy medium to use, it generates endless amounts of irrelevant information and junk mail.
Another problem of e-mail that was highlighted is that it often generalises the communication
interaction and does away with the finer nuances of one-to-one relationships between people with
different communication styles. The general view was that e-mail is adequate for communicating
unambiguous and clear information, but that it cannot supplant personal interaction, or even the
telephone, which provides the possibility for immediate response, dialogue and the clarification
of ambiguities, and as one respondent stated
after the first e-mail contact there should be personal follow-up and interaction to ensure

effective communication.

A further issue that surfaced was the tension between the ease of use and effectiveness of
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electronic communication modes and its dehumanising aspects. It was felt that personal one-to-
one communication and the human factor gets lost when electronic modes are used to
communicate information. Another theme that was often referred to, was the importance of
fostering collegiate communication and informal unstructured interaction as this engenders a
culture of lateral and innovative thinking. The scientists at the research institutes were concerned
that these important aspects were not currently being sufficiently addressed and the following
quote is fairly representative of these views:

In the previous environment - i.e., where less emphasis was placed on information technology

and of course where there was a more open, less profit motivated ambience - we scientists talked

and communicated with each other — sometimes by means of formal seminars and sometimes

during informal group discussions. Typically, the tea room was used to discuss problems and

this interaction resulted in idea generation, synergism and problem solving.

Only three respondents in the first study and one in the second study deviated from the
information communication pattern outlined above. These respondents were working on their
own on specialised research projects and were not involved in the normal reporting and
communication structures. This was an exceptional situation and did not normally prevail in the
institutes. In all the instances, the researchers were utilised in this way because they had
specialised knowledge and the field of enquiry was at an exploratory stage and would, if found to
be a feasible project, be expanded into a group research project. They all still maintained informal
information exchange links with their colleagues in their divisions, attended all divisional
meetings and seminars and interacted vigorously with their divisional directors. They also
maintained extensive contacts with outside people. They, further, communicated by means of

their reports that were circulated internally and to outside clients.

4.2.3. COMMUNICATION WITHIN THE UNIVERSITIES

The crystallographers that were attached to the twelve academic institutions at the time of the
interviews constituted the largest group of respondents (61% in 1990/1 and 64% in 2001/2). The
majority of the academic crystallographers were situated in Gauteng where they were almost
equally distributed between Pretoria (North Gauteng) and Johannesburg (South Gauteng). The
other academic respondents were attached to academic institutions in the Western Cape, the Free
State, and Natal in almost equal proportions. The academic staff complements of these
universities ranged from the smallest with 311 full time equivalent (f.t.e.) academic staff to the
largest with 1270 f.t.e. staff (at the time of the 2™ study in 2001/2).
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All of the academic crystallographers were basic scientists and within this category two distinct
groups were identified, (a) those academics that engaged in crystallography as a primary
discipline (they will be designated as pure crystallographers) and (b) those academics that
utilised crystallography as an analytical method in their main fields of research (these
crystallographers generally referred to themselves as 'tool’ crystallographers). The distribution
between the ‘pure’ and ‘tool’ crystallographers was almost equal and their subject fields ranged
from Chemistry (by far the largest proportion), to the smaller groupings in Physics, Geology,
Materials Science and Biochemistry (Physics and Biochemistry were grouped together with

Applied Chemistry under the Other category).

In the second study the age distribution was fairly equitably distributed among the three age
categories, while in the first study almost half the academic respondents were in the 36 to 50 age
category. The majority of the academic respondents held a doctorate degree, generally obtained in
South Africa. Half of these respondents were in more senior positions and the remainder were

equally divided between those at senior lecturer and junior lecturer level.

It was observed that the formal research team structure that constituted the norm in industry and

only slightly less so in the research institutes was far less strictly adhered to within the academic

environment. However, a natural evolution towards group forming and collaborative research
occurred amongst a large proportion of the academic respondents. Three distinct working styles
were thus discerned:

1. Those academics that worked together in well-organised, cohesive research units, or groups
and maintained fairly strong, interactive and structured communication links amongst
themselves and for the purposes of this study have been designated: the structured groups,

2. Researchers that worked together, but within a totally unstructured framework and
designated: the unstructured groups, and

3. The academics that worked entirely on their own and designated: the loners.

From these working styles three clear communication patterns developed that were based on the
degree of group forming and collaborative research undertaken by the academic respondents. The
communication of information that pertained to the academics will thus be discussed according to
whether they predominantly conducted research in a structured or unstructured group, or operated

on their own.
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The structured groups
The largest proportion of the respondents that belonged to structured research units were pure
crystallographers and worked in the field of chemistry. For example, the four single crystal
diffractometer facilities at South African universities were all operated by units in the
chemistry departments that were involved in pure crystallographic research. Membership of
the groups was however not restricted only to members of the crystallographic fraternity and
even in the groups that concentrated on pure crystallographic research, academics and
postgraduate students from outside the field of crystallography were incorporated. The group

sizes ranged from ten to thirty members, with a median of 16.

The groups all consisted of a leader who was often also the head of the department; one to
four fairly senior academics at professorial, or senior lecturer level (who generally spent half
of their research time on their own special interests and the other half on the group's work); a
number of researchers (often engaged on a contract basis) and other junior lecturing staff who
concentrated their research efforts on the groups' activities; post-graduate students working in
the same field and under supervision of senior members of the group (they often constituted

half the numbers in the group); and finally technicians and other support staff.

It was very clear that the members of these groups all shared common research goals, that a
strong bond existed amongst them and that they were very directed and focussed. Although
the members of the team collaborated with each other and other scientists all over the world,
each person in the team was encouraged to make their own unique contribution. A distinctive
feature of these research teams was the strong communication links that were maintained and
which ranged from daily, informal, contact during which everyday problems and new
innovations were discussed, through to ad hoc, but more formal, brainstorming sessions to
resolve urgent issues, to formal meetings that were held on a regular basis (weekly to
monthly). At these meetings the group's research progress was reviewed, problems were
discussed and post-graduate students reported on progress made. Although all members
participated, the group leader was generally the driving force and these meetings often served
as a forum for the leader and other members who interacted most frequently with the external
environment and information media to report on conferences attended, research contacts made
abroad, discussions held with outside colleagues, the latest literature in the field (both printed

and electronic), etc. Information was thus freely exchanged within the group and each member



113

contributed by alerting others in the group of new developments in the field that might be of

interest to them.

The success of the group dynamic largely depended on strong leadership. This was found to
be an important factor with all the groups in all three work environments that were
encountered in the study. Strong leadership resulted in the development of a good team spirit
and active inter- and intra-group communication of information. It was thus also found that in
all instances the group leader, or one or more of the more senior members of the group, played
a very important and active role in maintaining the strongest links with the external
environment. They exchanged information with colleagues outside the group, they filtered and
disseminated the most relevant information into and out of the group; i.e. a typical gatekeeper

role was adopted.

The more junior members were far more dependent on the leader of the group, or some other
senior member, to disseminate information obtained from their contacts with the exterior
environment than the more senior members, who had generally built up their own network of
contacts and were thus less dependent on the leader to mediate in this way. The more junior
members, in turn, maintained a far stronger link with the institutional library and the
published/recorded literature (both printed and electronic) than their more senior counterparts.
They often provided the physical link with the library and kept the group informed of the
latest literature in the field. All members, however, generally endeavoured to keep up-to-date
by regularly scanning the latest journals in the field. The cross fertilisation of ideas and new
knowledge was further actively encouraged by regularly inviting other scientists from within
the country and abroad to address these groups. Such groups thus maintained strong links with
both the formal and informal information communication channels in their field. (This aspect

will be discussed in greater detail in 4.3)

A feature of these groups was that they frequently provided a service to other researchers,
often external to their university and in diverse research areas that ranged from
crystallography to totally disparate research areas where crystallographic data or assistance
with the structural analysis of substances were required (this was particularly applicable to the
four units that operated single crystal diffractometers). Such activities resulted in expanding

their communication networks far beyond the field of crystallography. The operator of the
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diffractometer within such a group and the group leader were the persons most frequently

contacted in these instances.

Even within these fairly close-knit groups it was observed that collaborative research and
group forming in the academic environment was less structured than in industry and in the
research institutes where research was far more mission oriented. The university environment
cultivated and encouraged individuality and unrestricted interaction. Group forming was thus
a voluntary process which depended largely on the motivation of strong individuals within the
departments and a sufficient critical mass of people conducting research in the same broad
field.

The unstructured groups

In this category the academic respondents were usually members of the same department that
collaborated, but who did not form as close-knit a research unit as the previous category.
Although, as in the previous category, most of the crystallographers were chemists there was a
far more equitable distribution among the disciplines represented in the study, particularly as
far as geology and physics was concerned. Another distinguishing feature was that the
majority in this category were not pure crystallographers but rather utilised crystallographic
techniques as an analytical tool. The unstructured group sizes typically varied between three to
fifteen academics that collaborated with each other and regularly communicated. The nature of

the interaction, however, was far less structured and formalised.

When they interacted and met they generally addressed very similar issues as the structured
groups and discussed problems encountered, new ideas and information found, new material
found in the library, conferences attended, new contacts made, or any matter of general
interest. They also actively communicated with their post-graduate students and other
researchers and colleagues on and off the campus who were working in cognate fields, or
requiring information from them. Although, as in the previous category, it was found that the
more senior members communicated more actively with the external environment than the
more junior members, and the latter tended to rely more heavily on the literature and the
library for their information than their more senior counterparts, this differentiation was not as
marked. There was a general tendency for all members in this sub-category to engage more

heavily with formal channels of communication (e.g. published/recorded literature and the
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library) than those that operated in a more formal group structure and individual members
were less dependent on the group leader to interact with the external environment and to drive
the process. Individuals were thus far more independent and actively involved in the

communication process and there was far less cohesion and evidence of a group dynamic.

The loners:

The last category consisted of the academics who worked independently and in virtual
isolation. These lone workers primarily used crystallography as an analytical tool and their
specific subject fields were fairly equally distributed amongst chemistry, physics, geology and
biochemistry. These loners, although working outside a group structure, did maintain
informal, unstructured communication links with colleagues in their departments, in other
cognate fields and outside the university environment. They usually communicated
extensively with the main crystallographic group at their university, basically to draw on their
technical crystallographic expertise, or to use the diffractometer (if available). The interaction
was mostly with the leader of such a group and the operator of the diffractometer. They also
undertook collaborative research, but to a lesser extent than their counterparts in the other two
categories. They all regarded the library as an important link in the communication chain in

their work environment.

The driving and motivating force for all the academic researchers was to make their research
known to as wide a scientific community as possibly and a major end-product of their research
was thus some or other publication. In this way they received peer acknowledgement for their

research endeavours and they could also contribute to the body of knowledge in their field.

The changes that were observed between the two studies in the information communication
patterns for this work environment pertained mostly to the impact of certain structural changes in
their organisations and the escalating electronic information environment. The structural changes
related to the fact that government funding of universities had increasingly been reduced over the
period and funding for research was not as freely available as it had been eleven years ago.
Competition for NRF® (National Research Foundation) funding was thus intense within and
between universities. This had lead to the universities moving into the realm of profit-based

contract research which they undertook for government and/or industry. This competition for

® The NRF had been established in the intervening years as the main national research funding parastatal organization that channels
research funding allocated to it by govemment and other organizations to the universities and research institutes.



116

funding and the need to secure contract work has increased the level of tension in the universities
and two opposing views surfaced with regard to the effect this has had on the academic
environment. The majority of the academic respondents were of the opinion that it countered
open learning, the free and vigorous flow of information and that it had a detrimental effect on
collegiate interaction. This view is succinctly summarised by two of the respondents as follows:
there is now a greater level of aggression and the old collegiate interaction is not as
prevalent as before and
this competition, because of decreased funding, is not healthy and this has caused
considerable friction in the Department
The opposing view that was held by a much smaller proportion of the respondents was that
competition is good and that it stimulates research, increases output and has further enforced a
shift away from a very theoretical research basis to a more applied approach which has

considerable beneficial outcomes for the country.

As far as electronic modes of communication were concerned, the general consensus was that the
impact of has been extensive and to quote one respondent this
has particularly helped international communication by speeding it up and has
increased the possibilities of exchanging data very easily and speedily all over the
world. I use e-mail extensively for this purpose.
The use of electronic modes of communication has made both national and international
collaboration far more feasible and helped to considerably increase the propensity of such
collaboration. The problems that were encountered in South Africa because of inadequate
bandwidth and the detrimental effect this has on communication were, however, also raised by

the respondents.

The general opinion with regard to the attributes of electronic journals was that the mode in
which the information appeared was not of particular importance and although they were “nice to
have and have many advantages” it was more important to have access to quality information and
not all the main crystallographic journals were available in electronic format at their institutions.
The university respondents’ view on publishing in the electronic format was that the medium was
irrelevant other than their concern that there might be problems with archiving. Their main
concern was that the journal they selected for publication purposes should have a prestigious
standing in the scholarly scientific community. A further very positive impact of the electronic

environment was that university libraries had extensively embraced the enhanced service
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opportunities provided by electronic media and were amongst others offering electronic alerting

and searching services which were highly valued by the respondents.

Almost all the respondents, however, held negative views with regard to electronic conferences as
they did not provide the opportunities for personal interaction and because of their “lack of social
dimension”. In their view the most important aspect of conferences was not the presentations, but
the value of interpersonal exchange of information and the possibilities provided to initiate and
maintain contacts. The university respondents were further also not very enthusiastic about the

value and quality of the information they found on the Internet.

It is clear that although the impact of the growing electronic environment has been considerable
in the university environment it was still not as wide spread as what had been expected. This is in
line with Tenopir et al.’s (2003) reference to the evolving or pre-advanced stage (1994-2002) of
electronic media adoption (cf. also Hallmark, 2003, 2004 and chapter 2.6.) A further aspect to
note was that once again there was the recurrent theme that personal contact is very important and
that electronic modes of communication had not supplanted the need for personal interaction in

the information communication process.

4.3. COMMUNICATION OF INFORMATION OUTSIDE THE IMMEDIATE WORK
ENVIRONMENT IN SOUTH AFRICA AND ABROAD

Two factors had a considerable effect on the communication of information among the wider
community of researchers involved with crystallography in South Africa and abroad. The first
relates to the professional organisation of this community in South Africa and world-wide. The
international crystallographic community is very well organised by means of the International
Union of Crystallographers (IUCr) which was established soon after the end of World War II.
Since 1948 they have been publishing the World directory of crystallographers and the Acta
crystallographica series (Sections A — D), which is one of the most prestigious serial publications
in the field. They further also publish the Journal of applied crystallography and the Journal of
synchrotron radiation. Their Newsletter and Minutes of the Union's meetings are further also
distributed to all member crystallographers on a regular basis. In addition to the print versions of
these publications, electronic formats are distributed as Crystallography journals online. The
IUCr was in fact one of the first scientific organisations to embrace electronic information

communication modes when it launched its online programme in 1999. According to John
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Helliwell, Chairman of the IUCr Commission on Journals, the “WWW has provided rapid and
efficient communication between the IUCr staff and its Editors, streamlined peer-review
procedures and permitted the development of additional author and reader services culminating in
Crystallography Journals Online” (2000:5). This online publication provides full text versions of
all the IUCr journals in both HTML and PDF formats, and all supporting data are made available
through the IUCr electronic archive. Other services such as e-mail alerting, tables of contents and
details of forthcoming events are also made available online. Links are further provided from
Crystallography journals online to relevant bibliographic and structural databases (such as
Medline) and other primary publications that are available on the Worldwide Web. One of the
leading crystallographers in South Africa in fact administers and maintains one of the three

international TUCr Web mirror servers.

In addition to their formal publication efforts they also ensure further interaction by means of
specialist conferences and their general tri-annual congress to which each country sends a
delegation to attend the Assembly. The Union has further established a network of Commissions
that cover a number of areas and which provide 2 body of experts who can be consulted on issues
that range from new apparatus, to publishing and research, to various specialised fields. The
respondents were generally of the opinion that the IUCr provides the ideal forum that facilitates
co-operation, interaction and exchange of information among the members of the international

crystallographic community.

A major impact on communication among the crystallographic fraternity in South Africa was the
establishment of the South African Crystallographic Association in 1984. It was specifically
founded to facilitate the communication of information related to crystallographic research in
South Africa and this Association maintains close links with the International Union of
Crystallographers and the central body of scientific unions in South Africa. The latter has, as one
of its functions, acted as a clearinghouse for scientific information in South Africa and it also
maintains close ties with international bodies of a similar nature. Communication within the
Association is fairly active, and is mainly driven by the regular symposia that are held in the field
in South Africa. These symposia further stimulate the informal communication among the

members.

The second major factor that affected communication was related to the researchers' access to and

interaction with sophisticated crystal analysis equipment and crystal structure databases. Without
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such access crystallographic research would be severely curtailed. Access is specifically required
to analytical equipment such as single crystal diffractometers, and if possible powder and neutron
diffractometry facilities. In South Africa only five institutions have the capacity to acquire and
run single crystal diffractometers and all researchers in the field are thus heavily dependent on the
analysis services that these five institutions offer to the crystallographic research community in
general. South African researchers further rely on the Cambridge Crystallographic Unit (CCU) at
Cambridge University in Great Britain; the Joint Commission for Powder Diffraction (JCPD) in
the United States of America; the facility at Grenoble in France where a number of countries co-
operate to run a large neutron diffractometer facility; and the facilities at the Brookhaven and

Rutherford Laboratories for powder diffractometry and other more sophisticated crystal analysis.

Institutions in South Africa could never afford such large and sophisticated facilities and local
crystallographers therefore rely heavily on data obtained from such umits, and the possibility to
use the sophisticated equipment maintained at the research laboratories when the need arises. A
few institutions in South Africa have subscriptions to the electronic crystal structure databases
produced by the CCU and the JCPD and they in turn provide access to this data to the local
crystallographic community in general. All of the respondents, however, specifically mentioned
that international and local cooperation was excellent and this resulted in the open and often free
exchange of information, data and computer programmes in the field (this even applied to the

years when South Africa was politically ostracised by the international community).

From the above it is clear that members of the local and international crystallographic fraternity
are closely linked to each other either by their need to access sophisticated equipment or their
willingness and ability to provide a service to outside researchers. The result is that there is
constant communication (both person-person as well as by indirect means) between

crystallographers within the country and the international community.

Access to such facilities formed the basis for much of the networking in the field in South Aftica.
Originally the CSIR was the only institution in South Africa that had a diffractometer and they
provided a structure analysis service to all researchers in South Africa. As everyone was
dependent on that facility close links were maintained between the crystallographic community
and the crystallographers at the CSIR. However, since 1983 four other institutions acquired
diffractometers which has resulted in a more dispersed information communication network. The

crystallographers who have their own diffractometer communicate regularly with each other
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concerning technical and operational problems regarding equipment. In addition,
crystallographers who do not have their own diffractometers interact regularly with the institutes
that do have the facility.

In the following sections a more detailed outline will be given of the local and international
information communication structures that prevailed among the researchers in the three work

environments.

4.3.1. COMMUNICATING WITH THE EXTERNAL ENVIRONMENT: INDUSTRY

The main impediment to the free exchange of information and inter-personal communication
outside the immediate work environment in industry was the competitive environment and the
confidentiality and secrecy of their research. The researchers in industry, however, were very
conscious of being isolated from new innovations and research and were thus aware of the
necessity to constantly import new information and technological developments. They, therefore,
made a point of maintaining very active communication links with researchers in cognate and
relevant fields at the research institutes and the various universities in South Africa and abroad.
They, for example, regularly invited academics and other researchers to visit their R&D facilities,

or visited them at their institutes.

They maintained particularly strong links with the universities where their more senior
researchers obtained their postgraduate degrees, or where they had done post-doctoral research. In
one instance, where most of the senior research staff was of British origin, it was found that the
communication links were mostly with British universities. Senior researchers in industry often
served on various committees at the universities they maintained alliances with and in this way a
clearly defined network of contacts both within South Africa and overseas has been built up over

many years.

A feature of this interaction was that while the researchers in industry generally initiated
interaction with outside researchers, particularly in the academic community, the converse did not
always apply. However, there was general consensus among industry respondents that there was a
growing tendency towards greater interaction between academics and applied researchers. It was
suggested that each draws from the others strengths and expertise. Industry provided the actual

problems and funding for research, while the universities and research institutes contributed the
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required research expertise and advanced theoretical knowledge and frequently conducted
sponsored research for them. The second study in fact indicated that most of the R&D divisions
were downsizing their research activities and were contracting out a considerable portion of their
research to universities and the research institutes. Interactive communication links were,
therefore, maintained with the project leaders at the universities and research institutes with
whom they had contracts, or where they sponsored research projects. A fairly complex
relationship has thus evolved between industry on the one hand and the universities and research

institutes on the other.

It was interesting to note that notwithstanding the constraints of corporate security restrictions,
the researchers in industry often maintained information communication links with the R&D
departments in cognate industries (often their main business rivals). It was thus not surprising to
observe that vigorous communication and information exchange took place among parent,
subsidiary and affiliated companies, both within South Africa and abroad. In the one instance a
formal agreement existed between the international group of affiliated companies to exchange
information systematically. Another group of international companies maintained a central
research centre in the United Kingdom that served all the affiliated companies that contributed to
the funding of the centre. This research centre conducted fundamental long-term research and
new technology development was transferred to all the contributing companies who then adopted,
adapted and applied the results to local needs. This research centre often contracted academics to
conduct research for them and further encouraged all affiliated companies to second their own
researchers to work at the centre for extended periods. Individual companies could also bid to do
contract research for the centre and in turn they could contract these projects out to local
universities. Two such contracts were in operation at the time of the interviews at a South African
university. The respondents were of the opinion that such world-wide co-operation and
participation resulted in cost effective research, cross fertilisation of ideas and effective exchange
of information. It was, however, emphasised that they firmly believed in the maintenance of their

own local R&D facilities as South African operational conditions are often unique.

The respondents at companies with no international affiliations were particularly aware of the
necessity to interact with international experts and to import new knowledge, innovation,
information and technology. This aspect was emphasised by one of the respondents when he

stated that
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while academics tend to collaborate on research which leads to mutual interaction, researchers in
industry have to consider confidentiality factors and this means that we work in isolation within our
companies - we then have to seek contacts in other ways as cross fertilisation of ideas is very important,
particularly with experts from overseas as we share very few research interests with persons in South
Africa.
They were generally actively supported by their top management in their efforts to maintain
regular links with colleagues and experts overseas, many of whom were scientists listed in the
World directory of crystallographers. All of the industry respondents went abroad very
frequently, the more senior of them going a few times a year. The main purpose of these visits,
other than for business reasons, was to specifically obtain new ideas and information by
interacting with international experts they had contact with, visiting research institutes (such as
the Cambridge Crystallographic Unit) and international R&D facilities, contacting equipment

suppliers, and attending relevant international conferences.

It was, however, noted that although conferences in general were valued they did not play the
same role in the information communication process in industry as they did in the other two
environments. The confidentiality of their research generally prevented the industry researchers
from making presentations and they, in turn, derived very little direct benefit from the formal
presentations as they were deemed to be far too theoretical and of very little relevance to their
applied needs. The few conferences that were of a more applied and practical nature were
appreciated and all conferences were valued for the opportunity they provided to make contacts

and to strengthen interpersonal networks.

Another important platform of interaction was provided by the links between the R&D divisions
and their outside suppliers and manufacturers of materials and equipment. These informal
networks that operated with their suppliers, often from abroad, were very important as many of
the suppliers could impart unique and very practical knowledge and up-to-date, useful

information.

It clearly emerged that external contacts were initially made by means of indirect methods such as
via third party referrals, or because of knowledge gained during doctoral/post-doctoral research,
or attending specialist conferences, or the literature and then followed up by means of some or
other mode of correspondence and finally personal contact. The preferred method of

communication was by means of personal visits, but in the interim periods extensive use was
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made of telephone contact, e-mail, and faxes. The more senior respondents had more extensive
external connections than the more junior respondents and they went abroad far more frequently
to initiate and maintain communication links. The more junior members were kept informed of
external developments by their senior counterparts who always held debriefing meetings on

return from these visits.

It became clear that a few key persons, often only one to two, in the R&D divisions played a
particularly important gatekeeper role in the communication process {(cf. also reference to this in
4.2.1.). They provided the motivation and stimulation that encouraged the exchange and
importation of new information, they maintained direct contact with the other researchers in their
divisions, they kept themselves informed of the information needs of their colleagues, and they
maintained the closest and most active links with the outside world. They actively sought

information which was then disseminated to all concemned.

4.3.2. COMMUNICATING WITH THE EXTERNAL ENVIRONMENT: THE RESEARCH
INSTITUTES

All the respondents at research institutes were very aware of the importance of maintaining
contact with international research in their field and it was obvious that they were encouraged by
top management to interact vigorously with scientists abroad. There was further also a feeling
that there was not a sufficiently large critical mass of local experts in most of the scientific fields
in South Africa and that this militated against meaningful interpersonal exchange of information.
Most of the respondents in the research institutes therefore went abroad as frequently as possible
and maintained contact with scientists overseas. Such contacts usually stemmed either from
doctoral studies abroad, contacts made by presenting papers at and attending international
conferences, membership of committees of international associations, post-doctoral or sabbatical

research abroad, and correspondence with persons identified through the literature.

On their visits abroad they attended as many international conferences in their field as possible,
visited research facilities and leading academic departments, used advanced facilities such as the
Grenoble neutron diffractometer, and visited suppliers of equipment and materials. Such visits
were then followed up by correspondence by e-mail, or in the past by letter and fax. They also
used these opportunities to find people to invite to South Africa. The one research institute was

particularly proactive in inviting overseas scientists to their institute for fairly extensive visits to
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share ideas, to broaden local perspectives, to assist in the cross fertilisation of ideas and also to
solve specific problems. They generally also invited the wider South African research community
to share in this experience. They felt strongly that this provided an effective and affordable way
of exposing as many researchers as possible to international expertise and to help to overcome the

geographical isolation that all researchers in South Africa were subjected to.

The research institutes generally maintained close contact with similar research institutes abroad
and often instituted various reciprocal agreements. The one research institute also maintained
very close ties with an international organisation that co-ordinated research in their field. This
made them an active partner in this international research environment and its global information
network. Another research institute received considerable sponsorship from abroad and they were
involved in extensive contract research for international concerns which they in turn had partially
subcontracted out to a number of universities and private research laboratories. There was thus
intensive interaction with both their overseas principals, sponsors and the academics who were

doing the contract work for them.

As the research institute respondents undertook a significant amount of contract work, very close
communication links were consequently forged with the various companies and government
agencies who sponsored them and for whom they did the research. There was thus regular and
active exchange of information which included formal meetings involving the clients and the
project teams and informal meetings where mutual problems encountered were discussed. As this
research was often confidential, communication on these matters was thus restricted to their own

group within the institute and the sponsor/client for whom the research was being conducted.

A further area of regular communication was with academic institutions. As was observed with
the respondents in industry, it was found that particularly strong links were maintained with their
current or previous supervisors. They contracted work out to them and consulted them on a
regular basis to assist in problem solving A researcher who actively communicated with
colleagues at universities stated that he had more interaction with departments engaged in applied
research (e.g. engineering, materials science and metallurgy) and with departments that could
provide information on analytical and related crystallographic techniques than with academics
engaged in basic research as "my work is very applied and often remote from that done at

universities". In contrast, two other active communicators again stated that they valued contact
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with basic scientists as they provided them with insights into the latest theoretical research in the

field as "in this way I can focus on what is coming out of the mill".

As in the industry environment, it was found that suppliers and manufacturers of equipment
provided valuable information to the research institute respondents. Scientific meetings and
conferences in South Africa and abroad provided another forum at which information was
regularly exchanged, both formally and on an inter-personal basis. In many instances, however,
the confidential nature of their research prevented them from presenting their research at these
conferences. This aspect generally impacted on the free exchange of such information outside

their immediate research circle.

It was further observed that the work structure had an effect on the level of personal
communication with the external environment. Researchers who worked in structured project
teams depended to a large extent on their team or group leaders to handle external communication
links. The group leaders thus generally facilitated the flow of information to and from the
research institutes. This gatekeeper role, however, was less marked than in the case of industry

and individual researchers interacted far more actively with the outside world on a personal level,

4.3.3. COMMUNICATING WITH THE EXTERNAL ENVIRONMENT: THE
UNIVERSITIES

The factors that played an important role in the academic respondents’ external communication of
information related mostly to whether they participated in collaborative research, how structured
such cooperation was, whether they conducted pure crystallographic research or used
crystallography as a fool, and their level of seniority. It was generally found that the leaders of
structured groups conducting pure crystallographic research were the most active communicators
and they maintained close communication links with all the leading pure crystallographers at the
other universities throughout the country. They also maintained contacts with academics in other
cognate areas, and with researchers at research institutes. Such communication related to the
exchange of information with the researchers with whom they were collaborating on a research
project, as well as with other scientists who required their expertise in solving problems, or
information they, in turn, required from other experts to solve problems they had encountered.
They also communicated with researchers in industry and in this instance the link was often

unilateral and usually initiated by the R&D researchers. In many instances they conducted



126

contract work for various companies and research institutes and once such a link was established

they maintained close relationships with their principals.

The leaders of structured groups who used crystallography as a tool followed very similar
patterns to their peers in pure crystallography, except that they communicated more with
scientists in their primary research area than with crystallographers. The leaders of unstructured
groups, while following very similar patterns, generally communicated less frequently than their
counterparts in structured groups. The senior academics who worked on their own, i.e. the loners,
also followed a similar pattern, except that they were even less active than their peers who

worked in unstructured and structured groups.

It was found that the more junior the academic respondent was, the less active he or she was in
communicating with other scientists. It was further evident that the more structured the work
environment, the more the junior members relied on the more senior members and particularly
the group leaders to interact with the outside world on their behalf. The more senior members of
structured groups, particularly the group leaders, thus played the most active and important role in
the communication process and in the crystallographic community in general. The converse
applied in that the less structured and greater the level of solitariness in which they worked, the
more the less senior academic respondents relied on their own devices to interact with the
external environment and acquire the information they required. This interaction, however, still

remained at a much lower level than that of the group leaders.

A special category of communication took place between the crystallographers from the five
institutions that had their own diffractometers. They communicated actively with each other on
technical and operational matters and in this instance the group leaders and operators of the
diffractometers maintained particularly close ties with the crystallographer who used to operate
the first diffractometer in South Africa. A further form of communication was with the
researchers who did not have their own diffractometers and who approached them for assistance

and a crystal structure analysis service.

It was very clear that a close relationship existed between the academic respondents and their
former students. Such students either moved into industry and then they approached their alma

mater to do contract research for them, or they conducted research at other universities or
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research institutes from where they maintained close communication links with their former

supervisors to obtain or provide information, to solve problems, and/or to collaborate on projects.

University respondents rated conference attendance as a very important factor in the
communication process. It was evident that most of the academic respondents tried to attend as
many relevant conferences that were held in South Africa and abroad as possible. In their view
such conferences provide a valuable forum to discover and discuss new developments, research
fronts and innovations, to publicise their own research findings, and probably the most important

of all, they provide the environment to meet new people in the field and to foster old contacts.

Although the university crystallographers also expressed a need to interact with the international
research community, they did not manifest the same level of international activity on a one-to-one
basis as their counterparts in industry and the research institutes. Their main form of interpersonal
interaction at this level was by means of collaborative research. There was further far greater
emphasis on the role of formal channels of communication in the international arena and in
making their work known amongst their peers abroad. There was thus a greater urgency to
communicate internationally by publishing their work in international publications, to present
their work at international conferences and to read the latest literature in the field, than to
personally obtain the latest information from some or other expert abroad. It was also clear that
funds to travel abroad were not as forthcoming as amongst the respondents from the other two

work communities.

However, they did try and go abroad as frequently as they could. The more prominent and senior
university researchers maintained the most active links with scientists abroad and they generally
tried to go overseas every year to two years to attend conferences and visit their foreign contacts.
The pure crystallographers maintained far more contacts more frequently with other pure
crystallographers abroad than the university crystallographers who used crystallography as a tool.
These links were very positively stimulated by the activities of the International Union of
Crystallographers and interaction with the Cambridge Crystallographic Unit and other such

international research facilities.

As mentioned, although interpersonal contact was primarily maintained with scientists abroad
with whom they wished to collaborate, the university respondents also did interact with scientists

from other countries with whom they wished to exchange ideas and information. All forms of
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interaction was generally initially established at either the time of doctoral degree studies abroad,
and/or post-doctoral and sabbatical research overseas, and/or contacts made at international
conferences, and/or persons they identified through the literature with whom they made contact,
and/or international scientists who contacted them because of their publications, and/or visitors to

South Africa, and/or contacts made through colleagues in South Africa.

4.3.4 EXTERNAL COMMUNICATION: DEVIATION BETWEEN THE TWO STUDIES

The major differences that were observed between the external communication patterns of the
two studies related to changes imposed by decreased funding, the effect of electronic modes of
communication, a greater drive towards collaborative research, and the changed political

dispensation in South Africa.

Budgetary constraints affected all three environments, but was the most marked in the university
and research institute environments where the respondents reported that because of ever
decreasing budgets over the intervening years, they were forced to more actively solicit contract
work to generate funds. This then inevitably resulted in a greater shift from basic to applied
research and confidentiality restrictions. This in turn affected the open exchange of information.
The latter impinged mostly on the transfer of information into the public domain. The one major
positive aspect of this change was that the university and research institute respondents now
maintained much closer links with outside organisations both in the public and private sector and
engaged in research that had very practical outcomes and a greater utility factor. This profit-
driven business model was in greater evidence in the research institutes than in the universities.
Although the industry respondents were far less affected by budgetary cuts, it was still very clear
that in the intervening period the R&D facilities had been downsized considerably and that they
were expected to contract out more of their research to the research institutes and to the

universities,

Electronic modes of communication played a very important role in external communication of
information and particularly assisted interpersonal communication. The vast distances in South
Africa and the country’s remoteness from the epicentres of international scientific research
rendered electronic media even more appropriate and useful. Although face-to-face
communication was still preferred, the use of electronic modes was often more feasible and could

easily be used to interact with colleagues all over the world in near real-time and at reasonable
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cost. It also meant that persons engaged in collaborative research could not only readily interact,
but also exchange files and data very easily. Electronic modes not only effected interpersonal
communication, but also in many instances widened the scope, the ease and the speed with which
researchers could interact with the recorded literature in the field. Electronic modes of
communication made a particularly great impact on external communication in the universities
and research institutes, while the industry environment was more cautious to embrace the new

mode as they were concerned about the possibility of security breaches.

The worldwide drive towards increased collaborative research has also had an impact in South
Africa, and particularly in the university environment. Not only did the respondents report on this
tendency, but a perusal of their publication output saw a marked increase in the number of joint
publications. This meant that there was a greater need to interact with colleagues outside their
immediate work environment and this was further assisted by the greater ease with which they

could communicate electronically.

The change to a democratically elected government in 1994 further assisted interaction with the
international scientific research community. The embargoes that had been placed on South Africa
and South Africans in the past were now lifted and travel, collaboration and interaction with the

international research arena were far more feasible.

4.4. INTERPERSONAL INFORMATION COMMUNICATION CONTACTS

In this section the dynamics of interpersonal and informal communication of information outside
the immediate work environment will be examined in greater depth. In many studies the
important role of informal information exchange has often been neglected. This is despite the
early indications and empirical proof obtained by well known researchers’ that often the most

frequently used and important channel of communication is direct informal oral communication.

To try and obtain a clearer picture of the dynamics of direct personal communication among the
members of the South African crystallographic community, the respondents were specifically
guestioned on the personal contacts that they maintained with respect to their research and/or

work situation and they were requested to provide the names of all the persons (and their

® of. the early work of Price, Gerstberger &Allen, Crane, Crawford and others; and more recently Fry, Hertzum & Pejtersen, Murphy,
Poland, Salasin & Cedar, Von Seggern, Zipperer, etc.



affiliation) with whom they exchanped intformation on a resular basis within and without South
Africa (cf Appendix B & C, Section B., Question 2. From this data a malrix was created tor
euch data sct (199071 & 2001/2) to analyse the interpersonal communication networks that the
respondents maintained. The contacts to crystallopraphers listed in the Warld directory of
crystallographers were identified and a distinction was drawn between South African and foreign
contacts. The tetal number of contacts as well as the average number of contacts was calculated
for each interaction in South Attica (in general and o listed erystallopraphers), and with contacts
abroad (in seneral and with listed crvstallagraphersh U was [urther possible 1o csiablish which of
the respondents were regularly approached by the other respandents and the number of contacts

received could be calculated. This data is represented in Table 4.4, below ¥

[
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The averaze total number ol inlerpersonal communication links that were actively maintained by
individual respondents was 6.7 in 1990¢1 and 7.6 in 20012 and this ranzed between a minimum
of U to a maximuwm of 27 (1990/1) and 32 (2001/2). OF these, 57% (199071 and 60 (200172
were to scientists listed in the Forld divectory of erpstallographers. OF the total contacts
maintained 38% (199071 ) and 32% (200172 were wilhy persons (o South Adrica, and of thase 37%
{1990¢1) and 34% (2001/2) were to registered crystallographers in South Africa. Of the total
contacts maintained, 42% (199071} and 48% (2001/2) were 1o persons abroad, ol which 19% and

28% were to listed crystallographers. The respendents received on average 2.6 (1990/1) and 5.1

T & aontacrs made is thar of the tral of all contacts made, while the %3 contaets recerved 15 that oF the ial of eontaces mad e and
reogived
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(2001:2) contacts and this ranged between a minimum of 0 10 a maximum of 25 and 29, The
“comtaots recefved” data represent 28% (199041 and 29% {2001/2) of all comtacts made and

received,

From this data it is clear that there was an owverall increase in the level of interpersonal
communicalion it the 200172 data set. To establish if these differences were signiticant the results
for the 1wo daty sets were compared by means of the 11est!’ for two dependent samples. The
siymificance threshold level'? was sel al p =.05 and il can be seen from Table 4.4, below that
sigmd Qeant dilTerences (o communication levels occurred in most calegories other than [or
contacts made in South Africa (both the total contacts in South Atrica and with South Atrican
crystallographers). The significant increases in the 200172 study for interpersonal communication
can mainly be explained hy the preater intermational mobility o Soulh Aldcans since 1994, the
general move to lobal interaction and collaboration, amd the ubiguitaus use of clectronic modes
of communication that has made communication over long distances feasible and far more

aftordable.

TABLE 4.1.a. Interpersonal Contacts: T-Test for Significant Differences
' ' 1890/1 data ared with 2001/2
199041 2001402 B
Wean Mean
Contacts madea in SA i 4.0 0.320
Contacts with SA Crystallographers a5 2.6 0.320
Contacts made abroad 2.8 36 0.044
Contacts with Crystallographers abroad 1.3 2.0 0.050
Total contacts made 6.7 7.6 0.045
Total contacts with Crystallographers 3.8 4.6 0.047
Contacts Recelved 2.6 31 0.042
T-test for Ggpendenl Samples. differences marked in red are significant at ps0.05

In Chart 4.1 |xbow the distribution of contacts made to South African and [oreigmn
crvstaltographers and non-crystallographers is depicted, The largest praportion of contacts (37%
in 19901 and 34% in 2001/2) was [or the contacts the respondents maintainad with their fellow

crvslallographers in South Atriea {ie interaction between the respandents). In 200172 this was

VA test caleutares whether the diffzronee in twn poprelabon means s slabistica |y sipsaficance. 10 the et stanstic s leeer o the
critgal dulue mesoziald with the predetecrmined [ lewel then the ohserved ditferenes 1= signitieant. {Frankfoct-Xochmras 8 Nushmias,
0 308 et alan 30030 L) Uhe t-lesl for depeident sioples wis ssed for s lengitudinal swdy thare was a 53% level of
wonpsnarialite Between the pan populasions)

~ I the sneial sciences. geeording to Kubin and Dabbie (1993 4B2-3 1 the masi sommen cut-otpwunl {5 2 signiticance or prohabilitg
leval secat 413 (of also 4. 0010



fallowed by conracts maintained with persons abroad who were listed crystatiographers {26%),

whila tn 1990¢1 the ratios were almost egual [or the other three calcporics alf person they

contacted.
Chart 4.1. % Distribuion of contacts: Crystalliographer / Mon-
crystallographer, South Afnican / Foreign
L
T
Ei Foragn Fon-Uhystalogrophor {hrt,acts.
=05 O Faroon Chystalkorephe Comacts
B 58 koo Crtsionracher Lireads
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It is thus clear that strong communication Ges are maintained within the crystallographic
fraternity as the majorily ol all contacts maintamed were between the respondents and South
African crystallographers ar ather crystallographers abroad (57% in 1990:1 and 0% in 2001:2).
This would strongly suggest the presence of the “invisible cottege” phenomena within this

CAMmUNIty.

4.41. INTERPERSONAL COMMUNICATION ACCORDING TO SUB-CATEGORIES
OF THE POPULATION

The data [or the two studies were [urther analysed two produce cross tabulations between the
various sub-calegories of the popularion (the independent variables) and the different categories
ol interpersonal commuanication {the dependent variables). It was evident from this analysis that
the sub-categories ol the poputation generally also tollowed the Lotal poputulion’s pattern of

mainlaining higher cantact levels in 200172 than in [99¢

ANOVAMANOVA' statistics were then cateulated [or cach dila set to csfablish which cross

3l ARV A T i slatisticas resl of the ufference of mezns of wn or mure proups vl 15 osed o measure the elleels ol the
independent varable on coe deperdast variabiets, ANOYA {Aralysis of varianes) exarunes the ettt of the ndependent varisble,
wharcas MANOVA [multivariae analysis of variance) cempares e effect of pene or more indzpendent varisbles {Hohmsbedo &



tabulations were significant. A threshold significance Jevel was =et wl p = .05 and all cross
tabutattons that fell putside this level were disteparded. Trom Table 4.1.1. below 1t can be seen
that wariation n work cnvironment, work structure, position, age and qualification all produced
signtficant resulls, The coviamanee belwern the vanable: and the sirength of 1he eftect for each
calegory of nteraction was measuted by caleulating the Wilks® Jarnbda' and the T tatios'® lur the
sigmulleant eross labulations {ef. also 3.10.0). The resulls are depicied i1 Table 4.1.1. below

{those correlations that have significant lambda seores and F ratios are marked in red),

I the three work environments are considered it iz clear that the respomdents in induwstry and at
the research institutes were mote active in initiating and maintaining  interpersonal
cottminication links than their counterparts ut the universitics. The respondents in industry
generally initiated slightly morc conacrs (than their counierpanis in (he rosearch mmslwics, The
only instance where the respondent: al universities initated more contacts than the population
average and where they ranked seeond to the reseacch instibute respondents was thelr contacts
with forcim  erystallogmphers. However, it is abundantly clear that the sub-category of
respomdents who received the most contacts was the university respondents. The rescarch mstinne
respondents received on average approximalely hall and the industry respondents a guarter of the
contacts that the university respondents had regeived. These results clearly substantiute the
assertion made in 42,1 and 4.3.1. that the industry B&D divisions are very conscious ol the
potential isolation imposed by the confidentiality resinctions of their work cnyvironment and they
thus make a concerted effort to maimtan coniaets and thus keep abreast of new developments in
their ficld, I was lunher also observed in 4.2.2, and 4.3.2. that the research institule enyvironment
had very strong feelings about interacting with leading scientists worldwide, The university
sclentsts are clearly less dependent on maintaining personal contacts 1o acguire mew knowledpe
while it would appear that their cxperiise 1= valued as they are frequently approached by the other
Lwor enyironments to share their knowledye, The significant Wilky” Tambda and T scoves for this
cross tabulation Tospeciively ranged from 48003 and 8.7266 for 1990/1. and 037733 and
L10HES Tow 200142 and this is not an excessively sirony correlation, albeit stronger in the second

study. The reason for this could be that the small vuration boiween the research insiiute and

Koake, [994 106, 123, 132% (el alsa 3100,
o ilky” fuwnbol 35 2 ooewsye GF the praporion of varianes and e etfaet of the independent vackible on s combinalion of Jepeodent
variattles, Its value anges belwesn 0 and Lowish walues chose oo O oindicaring e gronp means gee dittonend and valoes close ool
indicating the group weans e nat ditoent jequal to B indicutes all neans ace the some) (Everal & Curn, 2000 2082200 G alsse
3Lk

gl At Ftest ataliscic is dhe mate of rthe heowoen gronpoand within group mean squanes. 18 che 1 radio 35l tan e aitical vidue
wasocinled wilh e predeeimined polovel sthew L can he assmed that she effecr ob the independent varnable on the dependent
variables i sipmlicanl dBohipsiedl & Eaoks, 19990016, 123 1532) jet alsa 3,100 1
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industry responses suppressed the marked difference with he university respondents.

WORK ENVIROMENT INDUSTRY RESEARC: UNIVE
ONTACTS MADE
Total &7 9.6 3.0 Bg 5T 6.5
Total with crystallogs. 4.5 4.9 A5 4.7 1.4 4.4
In & Afrlca 4.4 54 4.3 4.8 s 34
With SA crystallags. a.5 2.5 2.9 a4 2.1 22
Foraign 2.8 4.2 3.2 34 .4 3.2
With foreign crystall. 0.8 1.7 15 23 1.3 el |
QNTACTS RECEIVED 0.8 15} 1.8 i85 33 4.1
50091 Wilks lambda= 48003, F{10, 1461=0.7 268, p= 0421, ‘0402 \Wilks lambda=37733, F(14, 1381=11.015, p=.00311
WORK STRUCTURE STRUCT. GRPS UNSTRCT. GRPS ~ LONERS
CONTACTS MADE
Total B.2 9.3 59 T g 4.3
Total with crystallogs. 4.5 55 b3 4.3 2R 4.4
In S Africa 4.5 4.7 3.7 T 22 24
With A cryskallogs. 24a 4 2.5 8 1.4 1.4
Foreign 16 4.2 2.2 3.0 18 Al
With foreign crystall, 1.6 23 1.1 2.0 0.8 1.6
[CONTALCTS RECEIVED 30 15 24 30 1.4 21
90/91; ‘Wilks lambda=03561, F {t0. 146} 77 198, p 00093 "01/02; Wilks lambda=, 0T400 F{14, 4 38)2T§ 116, p = 0OGES
QUALIFICATION FOREIGN Phi> ~  BAPND ; B4 M/HON
JCONTACTS MADRE
Total 7.7 8.5 15 B0 15 21
Total with crystalings. 1.8 44 46 5.2 18 23
In 5 africa 45 4.7 4.3 4.2 Pl 2.5
With 8A crystallogs, bl 2.3 il 33 1.3 1.4
Foreign 3.2 4.2 32 440 1.2 14
With foreign crystall, 1.5 2.2 1.5 21 0.7 1.5
ONTACTS RECENVED 2.7 31 3.3 37 0.5 0.5
30'91: Wilks lambda= 493948, F{10, 1451870368, p= 03457: '0102; Wilks |ambda=52019, F{14, 138)=T TEE1, p=_04010
POSITION JUNIOR MID-LEVEL SENIOR
ICONTACTS MADE
Total 7 T 6.4 7.2 a7 10.4
Total with crystallogs, 4.5 55 4.5 5.0 34 3
In & Africa 1.8 1.8 35 3T 5.6 5.8
With 84 crystallogs. 1.3 1.3 20 2 ar 38
Foreigh 02 1.1 28 33 4.1 541
With foreign crystall. 0. o7 1.3 1.9 0 3.0
FCONTACTS RECE|IVED 0.6 0.4 1.1 21 5,0 56
oo Wilks lambda= 02TEE. F10,1481=R4 606, p=00001; ‘01502 Wilks lambda= 03262, F{14, 13E)=77.5902. p=_00415
AGE CATEGORIES 2035 36-50 5170
ONTACTS MADE
Total 34 4.5 B.4 44 51 g.1
Total with crystallegs. 2.0 2.7 4.1 LR 38 4.8
InS Africa 2.4 5 4.9 50 29 3.0
With 54 crystallogs. 1.3 1.3 LA | =1 21 2.2
Foreign 15 0 36 4.1 22 356
With foreign crystall 0.7 1.5 1.5 2.3 1.4 24
ICONTACTS RECEIVED 1.1 21 ) 15 21 e
oiad: Wilks lambda= 03014, F(10. t4Emad.034 p=00004; ‘100 Wilks lambd a2 02612, Fiid. 138)=66.043, p=.00003

The cross tabulation aceording to work structure indicaled thar the respondents who worked in




more  structured  and  group-forming environments were collectivwely the more active
commynicalors aml were approached by other crvstallographers more  frequenily, The
respondents working 1n unstructured groups rmked sceond for all inlerpersonal communication
acts while those respondents who worked on their own made and received the least number of
comlacts, 'hese results once apgin correlate with those reported in the previous sections and the
phacrvations made during the interviews that working in a group structure has many beneticial
ultcomes: amongsl others 11 stimulales imerpersonal commumication and the tlow and exchange
of information. The significant Wilks® lambda and T scores for this cross labulation respectively
ranged from 0035510 and 77198 for 199071, and 0034 and 78116 for 200172 and this

represents a significantly strong correlation,

If the data iz analysed according (o the respondents' highest quabifications a clear pauern is
evident. Interpersonal commumication for all types of interaction iz at the lowest level tor those
respondents with the lowest qualifications {i.e. [lonours and Master degrees) and at a far higher
level for the respondents with a doctoraee and this also applies to the average number of coneacts
received, An inleresting observation is that the respondents who held foretgn doctorates were
slishtly more active in instigating contacts in South Africa, while the respondents with focil
doclurates maintained slightly more contaces with local cerystallographers and received more
comtacts. This Jatter aspect can be attributed to the tact that all but ene of the six crystallographers
that emeracd as the leaders in the field held South African doctorates {cll 4.5), The mnge of
Wilks' lambda and F scores fur these interactions was respecively: (049948 and 7.9368 for
19007 |, aned 052019 and 7.7 581 for 2001/2 and this ouce apain represent fairly weak correlations.
Again this could be attributed 10 the small variation between the focal and forelgn PhD responses
that suppressed the toueh greater variation between them and those from the lower qualification

respondents.

A stronyr correlation s evident between the level of semorily of the respondents and their
interpersonal communication, both initiated by them and the pumber of contacts received. The
Wilks' lambda and T scores respectively ranged between (02786 and 84,606 for 199041, and
005262 and 77.902 lor 200102 Tt is clear that the more senior the tespondenis, the more they
cotmmynicated on an interpersonmal  level with all categories (foreim. Sowh  African,
crvstallographer and non-crystallographer contacts} and the more they were contacted. This result
is nol surprising as one would expect greater ineraction from and ameng the more senior and

established researchers. Muost of the junior researchers worked in structured group environments
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and thus depended on thelr more senior colleagues to communicate cutside the iImmediate worlk
€nvIFonmenl.

When the data was anialysed according Lo the respomdents’ age categories it was seen that
strangely the levels of interpersonal communication were higher for the middle ape category (36-
50) than for the oldes| age group (the voungest age group [20-35], as expected maintamed 1he
lowest number of contacts for all types of communication), The Wilks' lambda apd F scores Tor
these interactions were signiticantly srong and respectively ranged between 0.03014 and 84.931

fior 190071, and 02612 and 85,0458 [or 200172,

This was a Turly surprising ouleome as ene could have expected that with fime and thus inerease
in age, older rescarchers wouald build up a larger network of comacts. Tlis was partealarly
surpnising taking inte consideration shat the respondents in the most senior positions were the
most active communicators and ope would have assumed that they would also be the older
respondents. On further analysing the dermographic data it was however seen that only a small
majority of e senlor respondents (58%) were in the older age category and that 42% were in the
middle age category. From this data one would s presume that although the most active

communicators were in the more senior posivions, they were also n the 30-50 age cangory.

4.4.2 THE GEOGRAPHICAL SPREAD OF INTERPERSONAL COMMUNICATION

Te investigate the exlent of Lhe geographical spread of the wespondents’ mierpersonal
communication aclivities in South Africa it was decided wo further analyse the data according to
whether the respondents maimeained comacls with persens in their local geographical area or
whether ey went further afield. The geographical disitibution of interpersenal imeeraction [or the
wlal population and the varous population sub-categories for each data scl 1y depicted in Table
4.2, helow. If the overall population is consudersd it is clear shat there was wvery hOttle
differentiation as 32% (19901 and 31% (200172) of the ¢onlacls were made within the
respomilents' own geopraphical arca and 48% (1990¢1) and 49% (2001/2) were owtside heir areas.
It can be seen that the overall pattern had pot changed in any signiicant way in the intervening 11

VEITS.

It the various population sub-calepories are considersd it can be seen that the respondents who
communicated significantly more within their vwn geographical area were those who worked in

research institutes, who worked in unstruciured groups, sod who were o the 20-35 age calepory,
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held masters or honours degrees. applied crvstallography, and worked in Gauleng, The

respondents who communicated significantly more with persons outside their geographical area

were those who worked at universities, who worked on their own, and who were in a middle

position. whe were older. held doclorales, uscd crvstallography as a tool, and worked in the Free

State and Western Cape and to a lessor cxtent in Natal.

TABLE 4.2 CONTACTSE MADE WITHIN AND QUTSIDE THE AREA

Local contact
ider contact

il pontact
idar contact

Local contact
Psiid er coniact

Local contacl
W Ider contact

E:-l:,al contact
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Rocal contact
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ocab contact
ider contact

ocal contacl
ider contact
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An explanation for these tindings could be that

s the Gauleng area conins a suftficient critical mass of expertise in the ficld to chviate the

neod to communicate extensively cuside 1he arca;

a  all the research instituges and the majority of the industrics in the study were situarted in

CGrautcng, while the universilies were nrore cvenly distributed throughout the country as a

whole;

» the respondents who worked on theit own and who were not part of a local network more

frequently forped links Mirther afield than their counterparts who worked in some [orm of

group struciuee;
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+ the respondents in middle positions generally were less bound by the communication bonds
of the groups they worked in and ventured further afield more readily than ther senior
conmterparts and even maore s0 than their mora junior counterparts,

* Lhe older respondents were the ones thal commundcatad further alield,

e iz respondens wilh doeclerates had wider communication links because of their more
extended exposure 1o the research environment: and that

» the applied erystallographers communicated {ar more actively with persens further afield.

4.4.3, CONTACT BETWEEN WORK ENVIRONMENTS IN SOUTH AFRICA

The data was further analysed (0 establish the work categories of the persons with whom the
respondents repularly communicated on an interpersonal basis in South Afica. These results are
represenied in Charl 4.2, below, It can be seen that by far the most communication tock place
belwesn the respondents and persons conducting research at untversities (64% 199071, 60%
2001721, The communication with persons at research insiitutes only represented 165 { 1290/]}
and 14% (2001/2) of the instances amd even [ewer respondents communicated with persons in
indusery (11% i 199041 and 18% in 200172y, The latter result. however, indicates a slight
tnerease i aclivity with industey in 200172, This can be aliributed the facl that in the intervening
period both the research institutes and the universities were forced to engage in more contract
wark and this was often with some or olther industrial concern (cf alse 4.2.). [nteraction with
‘other’ catepories repriesented 9% (1990/1) and 8% (2001/2) of the inslamces and mostly consisied

of contact with clients and suppliers of equipment,

Chart 4.2 CONTACZT WTH WORK ENWVRONMENTS

& Crher Contact

& Urilvera ity Cormtact
B Feerarch Coritacd
B Industry Contact

15901 2002




4.4.4. ACTIVE COMMUNICATORS

During the various interviews it became abundantly clear that a core number of respondents were
repeatedly  being identified as the leading crystallographers in Souwth Alrica.  These
eryvstallographers were not only Mteguently approached for information, but also initated aels of
information communication on & regular basis. The reasons given for making contact with these
persons related mostly to their expertise and knowledee of cryvstallography as a basic science as
well as its various applications. The respondents who were most Mreglently conlacted indicated
that they were approached, amongst others, (0 provide assistance 0 solving erystal siruciure
prablems. 10 help to solve combinatorial problems, to do analytical work on the diffractometer, to
provide assistance with diffractometer problems. to assist with computer software problems, etc.
Another important reasen for interaction was invoelvement in the South Alnican Crystallographic
Associstion. [a Table 4.3, below the range of contacts made and received is depicted. Tt can
clearly be seen that the most active crystalloymaphiers (lop 23% and 10%) maintain r more

contacts than the respondents o genees| (e, the population aggregate).

Table 4.3 Ranga of contacts gﬂé& recalved

N 19890/1= 80, N =78
fininmum Fopulation Average Top 25% Average Top 10°% Average Maximum
Made 19900 0.0 6.7 171 223 27.0
Made 200112 0.0 Fi 214 251 320
Racaivad 1990/1 0.0 26 0.1 18.2 250
Recaivad 2001/2 0.0 3.4 12.2 201 29.0

I'o provide a profile of these aghive communicators, the crystallographers who made and received
the most contacts (top 23%) were wdentified [rom the interpersonal infurmation communicalion
data obtgined for 1990/0 and 20002 {cf. also 4.4.) and this antlvsis according to the population
sub-categories is outlined in lable 4.4, below, Tt was interesting to note that there was a 75%
correspondence between the respondents in the ¢entral network of most active communicators tor
the two studies (the level ol commonalily between the 1wo study populations was 63%, cf. also
chapter 3.4.5.). There was theretore only a slight variation in the protiles of the central nelworks

of the two studies.

Fromm Table 4.4, below it can be seen thil the crystullographers who reccived the most contucts
(the op 25%) mostly worked in structured. but also in unstructured groups, at universities where
almost all were aither “pure” erystalloyraphers or used @0 as a “tool’, As can be expected the

distribution by specific subject feld was mostly in the fields where crystallography was research
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in its pure form and 10 a Jesser extent used as a 1ool, thus chemistey, physics (part of the “other
category} and pealogy, Almast all of these respandents were i sentor pasitians i 1he 36-30 age
calegory with slightly more holding South African than overseas doctarates. The majority worked
in Gauteng, with Southern Gauteng having a slight edge over Narthern Gautenz. As mentiongd

this profile varied only slightly between the 1990/1 and 20012 studies.

When the profile of the core group of crystallographers who received the most contacts is
compared with that of the respondents who inittated the most communication acts, a number of
ditferences surface. The active communication initiators were [ar more equally dissributed among
the three work epviconments and as a consequence there was a shift away from a preponderance
of respondents conducting prre crystallographic research and using il as an analxtieal ol in

basic research. 10 those who applicd crystallography in industry and the research institutes, The
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subject distnbution thus wlso shilted more lewands the apphcd diseiplines such as malcrals
science and minerlogy, More of this culegory worked instruetured groups und mone on their
own, This caregory also mnstly held senior positions (with only a slight shift o the middle
positiom) and the predominant age was even more embedded in the 36-50 are ealegory. There
was further a shift from a small majority of respondents with Souk Alfean doctorutes 0 & largs
majorily of 75%. The geopraphical disinbulion bardly vaded betwesn the core recipients and

initistors.

Within this core group of communicators. eight crystallographers were conlacted considerahly
mote freguently than the other members of the centval network and they generally alse appeared
to be the most prominent members of the erystallography ftaternily, The memberstup of this
micleus of very aciive ervstullographers did not vary hatween the two studies and in both studies
they represented 10% of the wal population of respondents. The slight difference in profile
hetween the 1990:1 und 200152 studies was thus mmly due 1o these respondents’ changed work
situatioms, changed locations and movement imdo an ol der age category and they

¢ all held senior positions;

s 753" headed stucturcd proups, and the other two were leaders of unstructurcd
BrOUE;

o theee held overseas doclonides and five held local doctorates:

» o 19901 only one of thege core members was in the 51-TU age category (the other
seven were between 36 and 307 and by 20012 two were now in the 31-70 age group;

e  mo:t of these respondents were conducting pure crvslallngraphic research at
universities and one of the 1wo who were involved in applied rescarch al rescarch
insritutes had moved by the time of the second study to a university where he then
utiltsed crvstallngraphy as a tool;

= the majority ol these crystallographers worked in the ficld of chetmstey and the three
non-chemists were cither in mineralogy, physics {other cutegory), or materials
seience:

= by [ur the majority were localed in ither South or North Gauteng. one worked In the
Westerr Cape and the one respondent who was in Natal in 199041 had also moved to

North Gauteng by 200142,

O (hese eight respondents, one cryvstullogrupher emerged ag the person who was by far the most

[requently approached for information, for assistance in solving problems and adviee in general,



A mumber of eapondents referred to him as the “doven or boss™ crystallozrapher in South Africs.
He was & senitr academic, in the 51-70 age group, had & Soulh Alriesn docioraie and was the
leader of a structured group working in ihe Geld of chemisiry as 2 pure crystallographer in South
CGauteng. Fhis ‘doyen’ cryslallographer and the other seven whe were approached the most
frequently all served on & number of important boards, committees, ete. within the peneral field of
sclence, they woere aclively involved in thetr professional associations and played a leadieg role in
these msiituilons, ihey published profusely, they served on editorial committees, were sought out
[or external examining purposes and generally emerged as the archetypal 'sociometric siars” in

their field.

To graphically depict the isterpersonil intersetions thal were mantained hetween the core actors
in the ervstablography communtiy 10 South Africa @ socizl network nuap was constructed using the
Coaplools soltware prixleced by the Insiitute for Heman ad Machine Cognition (see Map 4.1.
helow). The map indicalcs ihe key plavers as nodes and the lisking lines the strenpth (thickness
of the line) and direclivn (amrow and commentary) of the interaction. The podes are colour coded,
with ibe blue shades indicating universities, green industry and red shades the tescarch insliinles.
The eight key actors in the comougily are indicated we Tllows: TIC1 was the sp-called doyen
crystallograplier at g university in Gawleng, the othet tele players in Ganteng were UR1, UD1
{both at umiversitics), RCE amd RBL (ai research instiftes). At {in imdwustry); LUHI at a
university in Maial: end 1711 at a university in Cape Town, Fhe nelworks thal sumound them ave

also depeted.



MAP 4.1: MAIN CRYSTALLOGRAPHIC NETWOQRK IN S0OUTH AFRICA




4.5. PROFESSIONAL ACTIVITY, SCIENTIFIC ELITES AND INFORMATION
COMMUNICATION

A pmunber of studies have indicated that information cominunication pvolvement and
professional activity and productivity are ciosely refaled {refer 1o chapler 2010, 22, 23, 2.7
Reference was further aise made in chapter 221, amd 23011 o seiendific efifes and
techrotogica! sutekecpers, The former according te Price (1971, 1973, 1956) are the eminent
men of seiepee whe have been accorded recogniton 1o their disciplings, whoe have achieved a
standard of excelience in their work, who are highly productive and visible in their professional
communily and who have a strong influence owver the scientific communication syslem in thelr
field Technological patekeepers (of Allen et al, 1970) indirecliy apl as inlermedianies n
organisalions (o ensure the eftective flow of informatien within and watheul organmsations. 1t has
been seen that both the efifer and the gatekeepery are very invelyved not only with their timmediare
work situation, but alse the wider science community that they operate in, They penerally serve
on edilomal boards and the committees of their professional orzanisations: they maiptiin a high
prefile and they are highly productive both as [ar as cocoded oulput and other output measures
are concerned. They achieve this by atending more conferences, by having more extensive
persomal comtart wath colleapnes outside the organisation, and by engaying more actively with the

prehiished literature than their less active cotleagues,

It would thus appear that (he mere prominent o role a person plays in his‘her protessional file, the
mote active the person would be o the cemmumicalion of infrmaton n histher feld To
establish whether these patterns were evident amongst the respondents in this study 1he researcher
ohtained information during lhe interviews that related to their involvement in protessiony
activities. The vespondents were asked to indicate whether they had acled as referses and
members of oditorial beards of scientific andfor professional jowrnals; whether they were
invalved with their peofessional institeticns (both Soulh Aldean and inlemational); and further to
pravide informaton on their encoded research output (el Scction D, Queslions 15 & 16,
Appendix B & C). The research oulput and professional involvement (e activity conots for each
activity of each respondent) data were totalled and then the top 10% extracted by means o a
filtering operation to establish the moeyst productive and professionally active respondents. These

were then correlared wath the data relating to inter-personal conumunication activity (top L%



Wwhen the filtered research output data was correlated it was seen that all the erystallographers
who were the recipients of the most information commumication appraaches and 63% of thase
whe initiated the most communication acts were among the group of crystallogeaphers with the
highest roscarch output counts, 1t can be seen tfrom Table 4.5, below that the aggregate overal]
rescarch output count of the most active communicators was 8.0 in 1991 and 1001 in 200172, This
compares very favourably with Garfield’s {1990:230) fourteen vear longitudinal study that
investigared the publication output of so-called efife scientisis (the [000 most gited scientists in
lhe Institute for Scientitic [nformation’s databases’ and which cstablished that the maost highly
citcd seientists were achieving publication counls of approximately nine papers a year'” Although
the validity of publication counts as a criterion af scivntific exeellence and productivity has otten
been queried on the grounds that a crude count of publications ignores factors such as guality and
length of publication, this researcher would like to agree with Price’s {1980:37) statement that
"on the whole there is. whether we like it or not, 2 reasonably good correlation between the
emingnee of a scientist and his production of papers™, The hest researchers thus tend to have
many publications, and only rarely will these be trivial and uncited. while lack of success tends to

terminate publication.

199041 200142 1990/ 200172

Patents 0.1 0.2 0B 11
Reports 0.9 1.3 3.2 4.2
Confarance Fresentations 1.0 ) 2.3 31

Publications 1.8 2.3 .0 7.5

The filtered data relating o the crystallographaers” peneral professional invalvement {i.e. those
respondents who were the most actively involved in commitments such as editorships. refereving,
cte, [rop 10%]) were correlated with the most active initiators and recipients of ¢ommunication
acts and with those who had the highest encoded research outputs, Onee apain it was scen that
high levels of communality existed betwseen the active information communicatars (particularly
the recipients of information contacts, almost 100% coincidence) and research output and
professional activity. The breakdown by population sub-catepories for these highly productive

and active crystallographers is depicted in Table 4.6. helow,

1 Bl salstn Lok Price { 19750 76 LG 265400
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I s elear Trom Table 4.5, that the respondents who were the most active in the widest range of
detivities were thoss who had worked in universitics (except for patents and reports where, [or the
former. the adustry respondents and, tor the latter, the research institute respondents were the
most prolific, who worked in a stractured environment, who were in senior positions, who were
in the 36-30 age range. who held a South Atfrican doctorate; who were pare crystallograpbers
{except for patent and report output and in this instaeee the applied crysiallographers were the
most prolifick and who worked in Northern or South Gauteng {although it was seen that as [ar as
arca was concerned there was a more eguitable distoibution across the country other than for
patent and report output). The lowest activity ratings went to those respondents who worked in
industry {except for patent outpul), who worked on their own, who wete T a junior pasifian, who
wiete in the voungest age gategory, who held lower qualifications, and who worked n the Free

Stare and Matal,

From the above it would appear that hizh productivity, professiomal imvolvement and
interpersonal Information communicalion are intricately interwoyven. 1t is thus subimitted that this
study has produced sufficient evidence of the presence of un efife group of seictists within the

crystallography community which as Price (1971:74-3) has stated comprise the eminent men of
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seienes who have been accorded recognition in their disciplines, whe have achieved a standard of
excellence in their work, who are highly productive and visible n their professional community,
and who are intimately myvelved with {and ollen have conrol over) Lhe seientific cotmumicalion
syslem in their field,

I 1z further clear that the sociomefric stars or elifes in the crystallegraphy commwnity in Senth
Afnea tmostly worked in a work environment that was more conducive o collegiate interaction
where the profit motive and the concomitant restrictions were less evident, Working together in
formal or Joosely structured proups stimulaied mivmmaton communicalion, professional actaly
and produgtivity, 11 was further evidenl that these elites clustered at the basic science, and
specifically the “pure’ crystallography side, of the basic to applied spectrum and that Gauteng
provided a sulficiently large critical mass of sclentists working in the same field o stimulale

mteraction and productivity.

4.6. CONCLUDING REMARKS

Tt elearly emerged that the respondents” work environtnent and work struetare lareely determined
commumcalion pallerns and the interaction with information. The organisatiomal ethos that
prevaited in each of the three work emwirouments (industry, the research institutes and the
academic instilulions) gencrally determined specitic work structures which in turn wupacied m

viarylng ways on the cotmmuonication of and interaciion with information,

The suceess of the work dynamic in all three work environments largely depended om sirong
leadership and although all members participated, the group leader was generally the driving
force, Strong [cadership resulied 1o the development of a good team spint and active inter- and
intra-proup commuuication of infermatiom, ‘The group leader thus plaved a very important and
aetive role in maintaining the strongest links with the exiemal enviromtnent and a typical
gaiekeeper role was adopled. 'They encouraged the cross fertilisation of ideas and new knowledue
and constant interaction with both the fonmal and informal information communication channels
in their fleld, 11 was [uether clear that a core number of respondents were the leading
crystallographers in South Afiica, the seienrific efites, and thal they were deiving the information
communication process. These crvstallographers were not only frequently approached for

information, but also initiated acts of information cottumunication on & resular bass,
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Adthough the busic infommation communication model remained fairly constant from the 1990/]
Lo e 2001/2 sudy, certain significant changes did surface during the second study. The variation
was predominantly caused by the impacl of the esealuting clectrome informaton environmenl,
new political dispensalion in Souath Africa, as well ag financial and sicuctural changes in the work

TR IS,

A more detailed discussion of thege resulis will be provided in chapter 6.



141

CHAPTER 5

THE CRYSTALLOGRAPHERS USE AND PREFERENCE FOR
CHANNELS AND MODES OF COMMUNICATION

5.1. INTRODUCTION

In Chapter 2.4 reference was mwde to Paisley™s (1980) well known assertion that the way and
medium in which  infortnation 18 commumicgled con have a significant effeet on ihe
communication process, It was seen that mlommation may he communicated by means of
varions eombinations of mode and channel and that the twmode of communication is the plysical
state in which it is encoded while the channel of cornmunication is the meilium by which
information 15 conveyed from sender to receiver, Channels o communication can further be
calegorised as cither formal channels (e, when information 15 archived), or informal channels, or
a cotmhination of hoth of these, Both formal and informal channels can also be ¢lassified inlo
rersonal and impersonal channels. The former category involves personal comumunication
belween individuals while the latter category relers 1o channels where the intormation i3 first

recorded and then trans fened,

A number of studies have indicated that aceessibility, familiarity and case of use of information
modes and channels are upporlant aspects that often provide the reason for selecliom and
frequency of use far mote conclusively than high reward or quality factors (cf. Chapler 2.4). It
has, howewver, further been found that while these aspects determine the initial sebection of
channels, information and ideas are accepled and adopied in relatiom to the reputability and

quality of the chanmel that comveys the information.

To establish the etfect of channels and modes of communication on the information
comunication process amd lo ascertain the South African crystallographers’ use of and
preterence for such mndes and channels, a sevies of questions relating Lo Lhese factors were put to

the respondents (el Questions C4-C 14, Appendix B & ),
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52 OVERVIEW QF THE PREFERRED CHANNELS AND MODES OF
COMMUNICATION

It was estahlished during the pilol stadies and from the review of the literature that the main
categories of information communicalion channels and modes that the erystallographers general ly
engaged with were dirget person 1o person exchanpe of information (the more informal inter-
personal channels and modes of information communicationy, and the more tormal, indirect.
recorded channels that were usually either in print or electronic formats {maodes), Conferences
were turther frequently mentioned as forming an important constituent of the communication
process and, although strictly speaking consisting of a range of modes and channels. it was taken

as 4 distinct category.

The respondents were thws asked 1n both studics 1o discuss the role thal these four categorics of
modes and channgls played in the information communicaton process and 10 tale the valug of
cach clrannel on a rating scale of 10 {used very frequenty £ very highly rated) to O (not used 7 of
no vilue) {of Appendia B & C, Question €4.). The average rated responses for the study

population are depicted in Table 5.1. and Chart 5.1. below.

Table 5.1. Preference for Communication Channels & Modes in General
~ Awerage Ratings
Inter-Fersonal Recorded Canfarencas
Frint-hased Electromic
19201 8.1 7.8 2.2 6.3
200112 g.2 7.5 7.3 7.0

Chart 571. Praference for Chanmels 8 Modes of ConTrunication in
Gonaral
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While both inter-personal and print-based communication modes were clearly highly rated, the
tormer attracted slighly higher ratings than prine-based modes, Conferences were also considered
to play an important rele in the communication process, only more 5o in the 20001102 study than in
the 199041 study. The ratings awarded to clectronic modes varied considerably trom the very low

values in the 199049 study to the very high value ratings awarded in 20012

The t-test! tior two dependent samples was used to establish whether the data for the two studies
shomwed statistically significant ditferences. Table 3.2 reflects the results of the t-test and it can be
seen that signilicant differences (p <= 0.0%) were scored [or the much higher ratings oblained in
the 2001/02 study tor electronic modes and conferences, The very substantial ncreased rating for
electronic modes came as no surprise as this was commensurate with the worldwide escalation in
availability of ¢lectronic media and systems and the general move towards an electronic
information cnvironment. The ingrease in the value rating given to conference attendance can be
atiributed 1o the general trend towards globalisation and the tact that the political change in 1994
has made it [ar more tenable for South African scientists to attend international conferencas.
There has always been a need tfor South Atrican scientists (who are geographically far removed
from the main science cpiceniees) 1o both stay abrzast with the torefront of intemational science

and 1o publicise and reecive foedback on their own research endeavours,

Table 5.2.. T- Test for significant between study differences;
Mode Preferences, 1990/1 & 2001/2
Mean Std.Dv. M Oitt. t P
1990/1 Inter-Personal 8.2 1.580 a0
204112 |mtar-Parsonal 8.2 1.644 i 0.000 0.000 1.000
19901 Print-based 7.8 1.714 ]
2001/2 Print-based T.8 1.748 [ -0.24& -1.223 0.225
1990/1 Eleclranic 2.1 1.377 &0
2001/2 Electronic 7.3 2.182 it g.192 20.74% ¢.000
195001 Conferences 6.3 2.300 &0
2001/2 Confersnces 7.0 2.431 T8 0.664 2,240 0.02%8
Sgores in red are zlgnificant at p = D50

5.2.1, PREFERENCE FOR MODES OF COMMUNICATION ACCORDING TO SUB-
CATEGORIES OF THE POPULATION
The Jata was further analysed by cross tabulating the dependent variables of mode prelerences

with the population sub-calegurics as independent variahles. ANOVA'Y statistics were then

"7 S chgpters 4.4 and 3100 for o detinition of the t-test.
"% e chaprers 4.4, and 31000 for definitions of ANOVAL WiLks” lanbda anid Foavares.



calculated for each data set to estabilish which cross tabulations were sigmificanl. A lhreshold
significance levet was sel al p = .05 and all cross (abulations that fizll ouside this level wera
disregarded. | 'he mean ratings of the significant results as well as the Wilks' lambda significance
stalistic and the F ratios are depicted Table 5.3 beiow. Statistically signiticant differences were
scorgd for categorisation according to work environmenl, crystallographic application, position

and age in both the 1990¢1 and 2001/2 dala-sets.

TAHLE 5.3 MODE & CRANNEL PREFERENCES by POPULATION SUB CATEGORIES
Mean Fatings of Lhe Significanl Résulls

It P rsonal Fnnt-hazed Electronic Conferances il
Wark Enviroem et 198 o 49490/4 2001002 158 20012 19490/1 MMz 139041 ) b2
Industry 86 . BB 5.6 4H - 5.0 " EHE 5.2 13 1
Ressarch I . B.5 1.5 B.B 3.6 7.8 BT B2 1A 17
University T8 7.9 5.5 8.5 13 T4 T T4 49 4]

A2 WORK ERY; L3 Means Wilkes lambida= (2585, F{8, 144]=T7.063, p=0.0010
10301 WORK ENY; L3 Rl Wilks larubida- 386 FI8, 112050847, p=2iiL=10

Grystal. Applicaton

Appled &5 ar 6.7 6.1 sn B3 28 [ 3t 28
Tool i T4 4.1 8.4 G4 7.a 1.4 78 25 4
Pura B3 T8 “pe . 83 . TE T . LB 74 21 a5
NI CRYETAL APPLICATION; LS Maans Wilks lambdan 36543, Fil, 148)=11.735, p=i 3000
1980¢] CRY51AL. APFLICATION; LS Mrans Wilks lambdam 28208, F(0, 148734 317, p=000uco
Poeition )
Senior 0.5 95 3.3 8.8 28 6.4 2.8 713 h.E 33
Mieiciie B3 3.0 T 7.2 13 T4 14 G T 24
Juniar N e S B0 | E.B 14 ° B2 16 34 4.1 21
202 POEITIDN: LS daans Wilks lambda= 08737, [ja. 7 sai-do 560 | - Ladi
el POEITRGN: LS Saans Wikks lamisdu= 00440, FI5, T=d5 178, p=(0000
Al Range
51-T0 8.0 9.1 4.4 B.A 25 7.0 1.5 8.1 12 L
38-50 Ba - B.T T8 TS 20 T B8 CH 30
2038 B.S B3 - BB T4 19 4.9 50 4.7 2 a2

A2 AGE AANGE: LS Maana Wilke lambde= 50308, FI5, 1410535, = 00000
1PN AGE-RANGE; LS anna Wilks [ambpd s~ 47408, F5 143-0.3472, p—-. 00000

From the above it can ba seen thal as [ar as inlerpetsonal eommunicalion and vardalion according
work environmenl was concerned. all work cnvironments rogarded this as an imporfant mode in
the commuynication process. o both studies the industry respondents, howaver, scored slightly
higher values than the other two environmenes and this result correlates with comments made by
the industry scientists that they prefer discussing problems with colleagues or expurts 10 Gnding
the answer in the llemture, This view was aptly expressed as follows:
D it §f necessoey glodly cateh a pland and Iy (o (e right persons caywhery in the world to
ftave them help s Dhan sevcbeh aroumed in Dhe lleveire to fiad the amover
There were distinetive differences among the value ratings that each of the three work
anvironments awarded o print-baze modes of communication, It s ¢lear that the university
respondants valuad this mode by far the highest, that the indusiey respondents awarded by far the
lowest ratings, any that the research institute respondents took a midway stance that ranged from

the high ratings in Lhe Mitst study to the moderate racings given in 200102, Comments mada
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dwring the interviews suggest that the emversity respondents valued print-based modes not only
tor the: informanon that they conveved. but specifically also for the publication vehicle they
provide tor their research outputs. The industry respondents were more concerned with problem
solving issues as well as producl and service outcomes than with transferring their research
ontcomes into (he public domain. The research institutes moved from a predominantly non-profit
rescarch coviromnenl m the early 1990°s to the situation that pertained in 2002 where cost
recovery, profity and the domination of cuntract reseurch hiad become the nonm, These situational
changes would thus explain why the value ratings these respondents gave to print-based modes

shifted from the high levels in the first stedy 10 moderate levels in the second study,

The very signilicanl wpercase in the value ratings awarded by all the work environments to
electronic modes in Lhe second study came as no surpnse. It can. however, be seen that the
indhstry respondents awarded relatively lower ratings than the other two environments, This can
generally be ascribed to their awareness of the possibility of industrial espionage and the real
threats 1o secunty breaches that pertain (o the eleéctronic envirenment (cf. comments made to this
effect in chapter 4). It is further interesting to note that the rescarch instiute crystallographers
returncd the highest positive ratings in both studies for this mode. This can be autribuled Lo
ohservations made during 1he interviews that the research instilutes genenally are early adopters

uf new innovaitons and technology.

Conferences clearly play w rallier insignificant role in the indusiry enviroument and his is in
direct conlrasl to the ligh value ratings awarded by the other two environments, A number of the
industry respondents indicated during the interviews that conferences have a limited value since
most conteremce papers and discussions are very theoretically otiented. A pumber of university
and industry respondents commented during the stwdy that i1 is very important for them to
regularly atrend conferences to nctwork with experts in the field, ro publicise their work and have
it evalualed, and also to stay abreast with new imovations. The research institute respondents
were very aware of South Afmica’s remoteness from the main seicnce rescarch centres and they

thus made a concerted effort to attend as many inlemational conferences as possible.

[he ratings awarded by fhe respondints in e three crvstallography application wrcas indicale
that whilc the applied cryswallographers followed a pattern simlar to that of the combined
respomses from mdustry and the research imstitutes, the ool and prere crystallographers closcly

emmulated the university respondents. All three categuries rated inler-personal communication



modes highly; the applied crystallographers rated print-based modes and to a lesser extent
electromie modes far lower than the other two categories {this apphed to both studies); this
category turther rated conterences slightly higher in the 199091 study and then in the 20012

study awarded Jower ratings lhan Lhe pree and fool crysiallographers,

The variatdon in responses among the three age and posttion categorics Dllowed very simibar
patterns. It can be seen that the more senici and older respondents valued inter-personal modes of
communigaion considerably more than the junior and vounger erysiallographers, T'his tendency
could be related to the assumpeion that the more senior respondents and thus possibly also Lhe
older respondents bave generally established themselves in their protessions and have over the
vears buill up @ substantive circle of colleagues with whom they communicate, collaborate and
generall v interact. The high values awarded o print-bascd modes by the older and more semor
respondents can iargely be explained by comments made during the interviews thae they valued
print-based publications for the wehicle they provide to publish their research cutput. The older
and more senior respondents” high conference ratings coukd be Hnked Lo thetr yreater ability to
seeure Tunding, their more advanced rescarch standing that ensures that their papers are more
readily accepted at international contferences, and that they are also called on 1o officiate moie

frequenely than ther ¥ounger, maore junior counterparts.

T'he vnly instence where the younger and more junior respondents awarded bigher ratings than
therr senior couneerparts was for eleciromic modes 10 the second study. Tt can be argued that ehiy
may be ascribed to the fact that younyer people {and thus often those in a mere junior position)
cencrally adap to and adopt maodern technologtes more readily than the older generations. Tn the
first study, where very low ratings were awarded to this mode. a reversal ro this pattern oceurs, At
the time of the 199077 study the main use of clectronic modes was for onling searching by means
of vendors such as Dialog. These services were capensive and scarches were also generally
conducted by some intermediary iand the more senior respondents were thus in a better position to

request and afford such gervices.

5.3. PREFERRED MODES OF INTERPERSONAL COMMUNICATION

ITaving established the main categories of modes and channels that the erystallographers used in
the mformation communication process, i1 was decided Lo invesligate chonnel and mode vse In
greater detail, ''be first aspect that the respondents were thus asked 1o discuss was interpersonal

communication and to specifically indicate their preterved wmodes of mtermction when
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communicating with colleaguess at work, within Seoth Africs, and Ooally with collecagues abroad
fef. Question C5, Appendix B & C) The amswers provided by the respondents were grouped into
the tollowing four main interpersonal communication mode carcgorics:
Fase-to-face tntcrusction; using the telephong: clectronic modes such as e-mail; and
manual methods of comrespondence such as letler writing,
The respondents” wmrerated value ratings for each mode at work, in South Africa and abroad are
autlined i Tahle 54, and Chart 5.2 below (a rating scale of 10 [used very feguently [/ very

highly rated] to O |not used ¢ of noe value] was spplied),

TABLE 5.4, Interpersonal Communication Mode Preferences
_ Means _ RGN
AT WORK IMFZOUTH AFRICA ABROAD
185011 200142 169300 200142 1330 | 2001f2
In parson 2.8 88 3B 3 23 24
Telephane 7.3 48 - 5.8 71 5.4 [ e
Electronic 18 7.6 1.8 B3 1.8 9.5
Manual correspond. 6.0 1.5 4.1 23 4.8 31

The results oblained from both the studics clearly indicste that within the immediae work
enviromment by far the preforred mode of interpersonal communication was direct face-to-face
communteation, and 11 can further be seen that thiz mode attracted particularly high ratings in the
[irst study, [ 199071 the next most important mede was telephonic communication followed by
manual corespondence, while electronic modes hardly featured, The siwatien chanpges
considerably In the zecond study and it can be seen that elcetrome modes genceally replaced
manual correspondence #nd @lephonic communication th impeortance (the former more zo than
the latter). Tt is probably also the reason why the thce-to-face mode preference rating dropped

shightly.

If communication within South Affica is considered, the data for 199071 shows that the preferred
mode of cormumunication was using the telephone, followed by manual cormespondence and tice-
to-face interaction, while electronie modes sttracted very losw rafings, In 2001/02 there 15 once
again a reversal with electronic modes becoming the dominant mode of mmeraclion ollowed
closely by telephonic ¢communication. The responses with regard to communication outside South
Africa followed a fairly similar pattern to that obtaited within the borders. The only signifcant
difference pertains lo the 20001/02 rosults where the importance of telephone use dropped

considerably in faveur of the use of electronic modes.
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To establish whether the outcomes for the two studies showed statistically significant differences,
the data tor the two studies wers subjectad 1o the t-test for dependent samples, Table 5.5, reflects
the results of the 1-test and 11 can be seen that in most instances highly significant statistical
dilTerences {p=0.001) were obtained between the responses of the two studies. The only instances
where this did not occur were for the use of the telephone within South Africa and face-10-thce

caommunication with contacts abroad.

I is clear that the mast consequential difference between the results of the two studies with regard
1o interpersonal mode preferences was the considerable inerease in the use of and preterence for
glectronic modes in the second study. It can be seen that as the dislance between the persans
interacting increases (and thus cost implications become significant) electronic modes have
almost supplanted other fonms of interpecsonal communication, The use of manwal methods has
steeply declined over the lust few decades and has become vittually irrelevant in the twenty first

century.



Table 5.5. T- Test for Significant between study differences:
Interpersonal Media Preferences, 199011 & 2001/2 ‘
Mean Sid. Dw. M t [>
Telephons
Al work 18901 7.3 1.8 an -10.225 A
AL wark 200112 4.9 3.2 14
S Africa 19001 6.9 3JiF a0 2.833 0553
§ Africa 20011 T 3.8 it
Abroad 19901 54 21 an 15775 4.000
Abroad 2001/2 32 i !
Manual correspond,
At waork 135011 6.0 1.0 ap 40670 0,000
At wark 200172 16 1.7 i
3 Africa 18350/ 4.1 1.7 20 -14.307 0,009
& Africa 200111 &3 25 78
Abread 195901 4.4 2.4 &0 -15.557 [, Qi
Abroad 200142 kR | 1k Fi:
Face-to-face
At work 155001 9.3 0.6 20 -3.7632 0.009
At work 200172 8.3 2.8 i
S Africa 19901 3.8 24 24 -3.33 0.001
& Africa 20011 3.3 23 TH
Abroad 1990M Z:3 1.B ] 2.040 444
Abroad 200172 24 1.8 7E
Elactronic
At work 19301 1.4 a. Ba 18447 0.000
At work 200112 T8 31 TE
5 Africa 199041 18 AT &0 131565 0,000
5 Africa 200111 B3 2.4 T3
Abroad 199001 1.8 0.5 ED 16021 0.004
Abroad 2001/2 a5 1.8 78
Dulfarences marked [0 red are significant at p < .05000

5.3.1. PREFERRED MODES OF INTERPERSONAL COMMUNICATION ACCORDING
TO SUB-CATEGORI|ES COF THE POPULLATION

The data was further analysed by cross tabulating the dependent variables of interpersonal
communication mode preferences with the popalation sub-categories as independent variables.
Analysis of varianee (ANOVA) statistics were used to test for significance between the means of
these cross abulations, Sipnifeant dilferenees wiere scored e both the 19901 and 2601/02 data-
sets for cateponsation according to the work enviconment and ervstallographic application. The
Wilks” lamxla measures of association ranged between A = 042 amd A = 0,17, These results are

oullined in Table 5.6. below.

o5 clear that within the immediate work situation the vniversity and industry respondents



158

showed a marked preference for face-to-face interpersonal interaction modes (this applied to both
[9940/| and 2001/02). The research institute respondents also showed this proference in 199041,
but in the 200102 study they rated this mode slightly lower than electronic inerpersonal
communication, The other marked variation in the 2000102 study was between the industry
respondents and the ather twa work environmenss wheee the former gave a far lower rating for

glectronic modes than the other respondents.

TABLE 5.6, Interpersonal Channel Preferences by Papulation Sub-categaries {Significant results}

: Means i
Work Environment AT WORH IM S0 TH AFRICA AHROAD M
R + Teleph. Cnrresp, |0 pars,  Elachr | Tglaph.  Cneresp.  Inopees. Elerctr, | Teleph  Cedesp Inpers Elicdr
IMOUSTHRY | 5.5 9.9 1.4 8.0 3.1 &0 4.1 1.6 I 4.2 5.6 4
RESEARGH T8 59 8.5 1. B.1 d.4 3.9 2.6 57 1.6 2.1 1.4 18
UMIVERSITY ¥.0 6.2 = 1.r [ 4.7 3.0 .10 4.6 5.4 1.B 1.8 43
" 139071 WORKE ENV;LS Means 'Wilks lambdaz J2050 Fidd, 1581=E,1480, 2= UCdnd
20012
IMOILFSTRY 5.2 1.4 g1 ir By 1.0 E.B B.4 549 1.0 5.1 B.5 11
RESEARCH 52 1.4 T 78 8.1 2.2 24 Ti 3.4 2 R 1.0 17
LMY ERSITY 47 1.8 8.3 B.1 Bt 2.5 2.B g.1 23 39 1.B 1.0 50
200NT WORK ENY, LT Maang Wilks |ambra=, 17182, F424, T201=T,53239, p=.00000
Cryztal. Appllslion AT WORK IN SOUTH AFRICA ABRDALD
g Y| Telegh. Corvesp  Inpers,  Elecir | Telaph, Comesp,  Inpess, Electn ] Teleph. Gomesp,  Inpers.  Eclr,
HPPLIED el 9.7 15 | 8.5 1.3 4.8 33 BB 38 3.2 18 |- 32
TOOH .3 . 8.7 1.5 57 d.6 2.4 1.0 4.5 d5 1.6 1.8 23
PHRES T 7.7 8.2 8.5 13 5.8 4.t 36 1.0 4.7 g2 1.8 ] L
il | - 91 &R LS Means witks lombdas, 11283, F(F4, 120=4. 2454, p=aoaon
20312
APPLIED 4.9 1.4 81 6.2 1.5 1.6 4.3 5.8 45 16 ) 1.7 29
TOOL 4.3 1.7 5 a0 B0 in 3.1 9.4 15 18 A S VR
PURE 53 20 4.a B8 5.6 2.5 21 8.8 2.3 4.1 1.5 100 25

M1 &PT; LS Maans Wilks lambda= 42475, Fi24, 123)=2. 0790, p=.00007

The indestry and research instituwte respondents rated the use of elephones for inlerparsonal
communication within South Africa fur higher than their university counterparts (hoth studies),
The latter group, in e, raied manual correspondence (in 199071 and clectronic modes ({in
2001402 far higher than the other two envirooments, ‘The indusiry respondeits ferther also raded
fuge-to-face contact within South Africa [ar higher than the other groups. This work environment
ones arain awarded higher ratines to the use of the wlephone and face-o-face interaction when
communigating abroad (both studicsy: while the university respondents gave hisher ratings for
manual correspondence that the other two work enviconments (hoth studicsy, Far higher scores
were wiven by the unmiversity and rescarch institule respondents than the tndustey respondents for

eleetronic modes of interpersonal commumication in 2001/02.

The diferences between the work environments” preterence for clectronic maodes of interpersonal
communication coucld be altributed to a greater tendency for scientists at universities and research

institutes 0 e earhy adfopters of fow innoeations and also of industry’s wariness of elecironic
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security breaches, The explicit preference expressed by the industry participants during the
interviews for face-to-face contact, even il it meant ravelling extensively Lo aclieve this, or if
that was not possible the use of the telephione rather than more indirect methods, was justified by
stating that the value of immediate and reciprocal engagement far outweighed the direct costs
involved. The universiry respondents operated under [air more stnngen! budget constrmints than
their counterparts in the research institules and even more so than the industry scientists. This
wonld explain that while within thewr owen institutions they were very much in favour of fce-tw-

face comimunication they were not prepared or able to travel to achieve this.

If the sariation between the responses oblained [om the theee crystallographic application
categories are examined 1 can be scen that although there are shght differences between the
responses of the pree and food crvstallographers, the greatest variation pertained to the applied
erystallographers. The latter group were generally the least inclined to engage in indirect methods
of interpersonal communication (such as manual comespondence and electronic communication),
and consequently generally showed a greater prelerence for fce-tu-face and wlepheoic modes of
interpersonal commumnicativn. These differences were particularly marked when communeating
nutside thelr own work envivonment, It is suzgested that these variations can be attribured to the
fact that almest all the crystallographers who clagsified themselves as working in the applied field
were attached to either a research institute or 10 some industory and the goplicd patlemn thus closely

foltows that ol the combined rescarch institute and mdusiry responses.

54. PRINT-BASED INFORMATION COMMUNMICATION CHANNEL
PREFERENCES

Studies that have investigated chanmel seleetion bave generally found that disciplinary atfilation
angd the nature of the work engaged in bas a sipnificant affect on channel selection and use.
Inlommation channels that are meee closely attaned to the work situatien are therefiore most
frequently utiised and valued and it las for example been [ound that while scholarly journals are
the most frequently used and valued infommation chamiel in the baste sciences, applied scientists
working in imdustrial environments again value intermally produced reports and  patent
specifications fr higher (of] chapter 24.2. and 2.4.3.). To establish the categorics of print-based
information communication channels that the ervstallographers penerally used and preferred the
respundents wene asked 10 mdieate and rate the most important print-hased channels used 1n their

work environment {cf. Cuestion Cé, Appendix B & C), From the responses received 11 became
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clear that the main channel categories that were used by the respondents were journals,
monographs, internally produced reports, patent specifications, and 2 variety of other lesser used

sources that ranged from review publications, o relerence works to trude literature.

The average rated respanscs foe (the vatue awarded 1o cach channel category are outlined in Table
5.7, and depicied in Chart 3.3, below (a rating scale of 10 [used very frequently / very highly
rated] to 0 [not used / of no value| was appliedy. 1t Is clear that journals were by far the most
valued print-based information communication chennel that was used by the crystallopraphy
community 25 2 whole (this applied to both studies)y. Mot one of the other catepories attracted high
ratings, other than reports that o 200102 was given a maderaicly imparlant rating, The ather

chanmels thit were uscd were specifically awarded very low ratings in both studics.

JOURNALS  BOOKS  REPORTS

PATENTS OTHER
198041 {N B0) 9.0 a7 16 3.2 1.3
200112 {N 78) 2.9 34 4.9 16 13

Chart 5.3. Print-hased Channel Preferences

ag

80

7.0

o O JOURNALS:
5.0 | BOCKS
%k 0 REFCRTS
=0 O PATENTS
20 a COTHER

1.0
o.0

199001 (N BO) 20042 (N 78)

The t-test for dependent samples indicated that there were statistically significant ditferences
Between the twa studies for the results obtained for books, reports and patent specilications with

levels of sipnificance, p = 0,034 (el Table 5.8, below) Tn the sceond study the rating awarded to
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haoks dropped slightly, while the ratings given 0 patent specilications incressed slightly and
those for reports increascd quite considerably, The Tatter two increascs can be imerpreted in the
light of the commenrs made in Chapter 4 that referred to chanpes in organizational ethos at the
universities, but particularly the research institutes where greater emphasis was betng placed on

income generating contract research and the subscquent preater reliance on repert and patent

literature,
‘Table 5.8, T-Test for significant between-study difforonces:
Print-based Channe| Preferences 193041 £ 200172
Mean Sted. Dy, M Dy ff, t p

1aa0/1 JOURNALS 5.0 1.304 B0 -0.115 -0.953 0.343
20012 JOURMALS 2.9 1.642 it

1000/ BOOKS AT 1.540 &0 -0.615 -3.789 0.000
20012 BOOKS 1 1.768 78

1000/1 REPORTS 1.6 3.440 80 1333 5.466 0.000
2001/2 REPORTS 4.9 3111 i

19301 PATENTS 3.2 3.313 &0 0.410 2.189 0.034
2001/2 PATENTS 1.6 3442 Fii-)

1800/ OTHER 1.3 0.923 80 -0.064 -0.583 Q.662
2001/2 OTHER 1.3 0.737 78

Ditterancas marked inred ars s nificant al p s bS]

5.4.1. PRINT-BASED INFORMATION COMMUNICATION CHANNEL PREFERENCES
ACCORDING TO SUB-CATEGORIES OF THE POPULATION

The data was finther analysed by cross tabulating the dependent variables of prelermed print-based
information  communication  channels with the population  sub-calegories a3 independent
variables, Analysis of variance (ANOVA) statistics were used to test for significance betwuoen the
means of these cross tabulations. Significant differences were scored for both the [990/1 and
200102 data-sels for categorisation according to the work environment, crystallographic

application, and position These results are outlined in Table 5.9, elow,
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.‘.T.'a"blE'&&E.-ﬂﬁﬁfaﬂabﬂshﬂfﬁhzf_hﬂt}l Preferences by Population Sub-categorias idiyitivee sl _
o dowmals  Books. Reports  Paiens  Othur d
otk Environment 193041 200002 <990 G003 15804 ZOOUOY 40980 00182 199001 2004 ekl z0nE
Ing ustry B.7 57 1.7 0.9 u1 9.1 9.4 LA s 0.3 [ § 1 1
Regearch 4.6 | B2 o 16 6.2 7a 571 B.E 2.2 1.6 U] LU
University 9.8 819 4.7 4.0 1.0 3.0 0.9 1.3 1.3 1.4 A4 50
2007112 WORK EN; LS Meaiis b kB lambda= 45443, F{10, 1421262,341, p=i.bani
19501 WIORK EN; LS Mpans Wilks lambca=, 01146, F{10, 148}=121.68, pe0.0000
Crystal, Applicatlon
Applled 1.5 ik 16 7.2 BD BB T4 1450 1 a1 b
Tool 9-3_ 3.8 4.5 4.0 1.0 1.1 1.4 1.6 1.6 1.6 =k 4
Pure 29 @ @98 48 3.4 1.0 3.0 0.5 13 1.1 1.2 =
20012 Cryatal. Apgpdicanan, LS Means ¢iks lambda= 20187, F18, 142=17 406, p=0.0000
188011 Crystal. Appaication: LS Meoma Wilks Iaribdas 11908, F10, 146§=29.205, p=0,0000
Position
Senlor d i 4.3 23 2.7 45 B4 41 4.0 2.0 13 % L]
Middla ek i 5.8 38 23 28 4.8 2.3 A0 1.3 ol b1
Junioe .8 %5 &.0 3.8 LESL 2e MR 22 0.7, 1z e
20012 FOSITION; LS Memns Wilks bambda= 10753, F{10, 12}=11.415, p= 00090
19901 POSITION: LS Means Withs funbdia 51804, Fi10, 1463511, 248, o= 00000

The cross tabulation according 1@ the work environment indicates that the industry respondents
placed much higher value ratings on patent specifications and reports than on journals and
particularly hodks and the *other’ channels. The university respondents in tum returned an almost
100% *very impartant” responze for joumnals and a higher than overall study population aggregate
value raling for monographs. The research instilute respondents manifested responses that
refleeicd a position somewhat between that ol the university and industry respondents by
awarding almost equally gh prelerence ruings 1o journals, reports and patents, The ratings they
awarded to reports and patents increased in 2001/02, and this would tend to confirm the assertion
made that the change in emphasis towarls a more profit oriented approach in the workplace
played a role in awarding a value rating to a specific channe! (thiz increase 15 also evident, albeit

less marked, botween the [990/1 and 200102 ratings given by the university respondents ).

The differentiation accarding to cryvstallosraphic application onee again shows that the foof and
pure crystallographers emulated the university respondents and the applisd crystallographers thar

of a combined rescarch institute and industry responses.

If the responses according to position categuries are considered, it can be seen that the maore
senior respondents placed a far higher value on patents and reports and a slightly hizher value on
Joumnals than the junior positions catcgories. The junior position calcgorics agam placed a greater

value on hooks.
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5.5. ELECTRONIC MODES OF COMMUNICATION

When the respondents were asked in 1990/1 to <iscuss the role and impact of electronic media
and communmication networks on the mformation communication process (of Question C7,
Appendix B) it was found that the respondents at that time had minimal interaction with such
media and networks. The limited interaction that did take place was restricted to searching
electronic bibliographic databases by means of vendor services and an intermediary; being the
recipients of electronic SDI output; referring to the CD-ROM version of the Cambndye
Crystallographic database for structural data: and the hitherto infrequent usage of communication
networks such as BIDNET that were available in South Africa at the time.

The respondents were again queried in 20001402 on their interaction with the electronic
environment {cf. Question C7, Appendix C). From the responses received and comments made
during the interviews it is clear that a marked shift in the use of electrotic modes of
communtcation had occurred in the intervening period between the two studies and that the

electronic envirpnment has had a considerable effect on the communication process.

The following comments recorded dunpy the intervicws cloarly express the respondents’ views
ot this topic:
E-mail and farernet have bad a fundanentally positive impoct on oie possibifities o commmmiinicdte and co-
operate with colfeames afl over the world very rapidiv. Rescarch projecis can be oroaised withont gy
personl contact and reswlisquesdons may be discussed afmost eetanshy and af very low cost. Lissservs
ahid newsgrowps ae aveilebic for virtuallv alf topics. Ar the same Hime, Most ) ecessary Bformation, cin de

abvained dronah the fmterpet. The vesearch world has dbecome a much more cfose=fadt world,

Muwt of r commandcation af werk, expeciafly i other loeal and infprnational wniversitics iy done vig e-
el Apsert from interpereoial commurication, rexedrclr information 5 communioated and shared by e-
mall aud the WHWW. fr hay most definitely faciftared ‘srouwp associatfons, coffaberative research,
exfulfisinment of communities of praciice’ I our researeft group afone wehe entablished several overseas
contacis by wsiny the sfecironic commnicaidon media, probabiy av a reselt of e cose and specd of

CERIITL Gt R,

Electeanic medin bave most certam®y Improved comminication with cedleagues fodh in South Afvica ond
aversens, Scientific data oo do seme degree be freely exchonged between rivearchers with the aéd of
elecironic metfia, Rescarch resulis con be move readily compared and differert Wewpoinis easilv discussed

betwern different woups resardioss of thefr seovraphicel position, Ty i viead for colfaborative research.

Flectranic medin have had very fintle infTuence qf work, but eflsewlere in ol Affca thewv have faciiitaied
merre frogquent commaumnicoation ped greatfh inproved frequent and rapid communication worldwide, Things

frove been sped wp 5o much by eleciromic communicadion that tme o actually ink about resulis
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Hhnrapgiily hefore prbiishing vhem fas became g veal probicm.

Chir iepoaritie it s Spread eir aver 3 bildings aaling face-ta-foce cammanivatian STt E-mail is o far
mmove effeckive method of wetting bnfirmalion de o large Waier of peopde ther a Wemio, ancd el guicker
rare maakimg 20 phosre cally, Fomidd by ofliel ateaity of comtmimicalian elsewllere i Soedf Africen o s a
wiare relialle method fo enswee B o messige reachey s destination than the ondinery post. £ e if
coyier thon mahing o phowe codl as ane can cleoarly axgaress exectly whod one wWaes te fmow or sqy siree
Lo fen (e o g abver e messoge. Daa all ny averseas commuricaiion f e-mail and it Doy assisted with

the devifopment of calinbaratinns,

Electronic medin has impacted postiively on the cosmmureioalion ot work, efiewfere br Soeed Afvica oand
crerseas I s gn eayy way o comereniceds wilke o laree number of peopde o B i M atle way of
com e g with sciertises In Africe qid iy mast peobobiy paiag o sgve sefentific researen b Afvica e

e domg ean,

Fmaid iF o vied dood in commaricatiar, oaffers the oprior af addine attochments thot odd o vl
Srercfionality for exchenrging iafemationt which con kake oot o vorlely of fasis This i ol pageitle with
more convertiongl medio ke fu etters, delpfiome it evest persorsal evactint B e opered e dooy
o fhe Monside” world o made compumtcationr withe workers within e comiiey amd bevoid &5 easy af

ceattRTRICE o iR workary I ores iereediote pisienl foecoion

5.5.1. THE IMPACT OF ELECTRONIC MEDIA ON INFORMATION COMMUNICATION
AND ON INTER-PERSONAL INTERACTION

The respondents were further specifically requested 1o comment on and rae the impact that the
use of electronic media had had oo the genetal communicalion of infermation in therr immediate
work environment, elsewhere in South Afvica and finably worldwide (ef] Question C.7.a,
Appendix C) They were also asked 10 indicate the efteer that the use of electronic communication
media had had on interpersonal interaction with cobleagues and other experts. ey had it
tacilitated or possibly inhibiied group associatons, collaboralive research, cfe. (of Cuestion
C.7.h, Appendix C). A rating scale of 10 [used very frequently / very highly rated] to O |not used
£ of no value] was applied and 1he aggregale ratings obtaincd from the siudy population are
outlined in Tabie 5[0 and depicted in Chart 5,4, below,

Table 5.10.  Impact of Electronic Media on Information Communication

Rated Means I In General Inter-personal
S — At waork In South Africa Worldwide Interaction
20042 {H 78)

T T 8.3 G,3




It 15 clear that the respondents in all instances were of the opinion that electronic media had made
a positive impact, albeit in varying intensity. The highest rated impact was for worldwide
information  communication {(%.5), while the use of electronic media for iner-personal
communication atttacted the lowest ratings (6.3), The reason for the former rating relales 1o the
ease and refative low cost of using electronic media and syslems (o access information from
anywhere in the workd, while the latter lower rating is in line with the general preference for face-
to-face interpersonal commutiication that was expressed during the interviews, The tollowing are
extracts from the comments made in this regard:

Feeve-to-fuce meedingy ave importdtin e modivaifonad poarposes bt for ilfaemation excliange e-mall i@

batrer.
Fseill prefor inoe-do-face communicarion ag i s sl e mast effective method to commiipicate ideos.
The tedeer! I fuve-fo-fitee commuaication, fillowed by relephone and e-mail, wiiicll are on a pae to me.

Face-to-fice  commumpication iy abwers prefioedhle, bl e-mad] commiicariond Iv fose and has virfuallv

hecome Hha 1o,
4 prefor personal comeaeication, bt i reed te recch a lamge gronp of peoplte ther Tise wnail,

# ot oy passihle ta inreraer foce-to-face and viemeal corrget Is a vital form of staving in toloh,

Chart 5.4. Impact of Electronic Media on Information
Cormrmuniicaticmr

B Gerweral At wons

B Gereral In South Alica
A General Wesiiovicks
‘@ ter-perseral terastion|

£.5.1.1. impact of electronic media on information communication according to the

population sub-categories
The dita was Tuerther analvsed by cross tabulating the imipact values of electronic media with the
population sub-categories as independent variables, Analysis of variznce (ANOVA) slatislics

were used Lo lest for significance between the means of these cross tabulations. The onby
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significar ditferences that were obtained for the 2001412 data-sel was for categorisation
according to the work environment. The Wilks lambda measure of associution recorded a strong

association of & of 0,78, U hese results are oullined in Table 5,11, below,

Table 5.11. Impact of Electronic Media on Information Communication

by Fﬂpummslth-aai m.s

Rated Means General General General Imter poraonal
WORK ENVIRDNMENT Al wiork In South Africa Warldwida Intorachion M
Industry 6.0 T.2 T.B 5.0 11
Reszaarch Institutes 7.8 T 7.8 5B 17
Universlty 8.0 Tif 9.0 B3 50

M2 WORK EN; LS Maans Wilks lambda=77755, F(E 144324131, pa.d17TBG

There was significant variation in the impact ratings given by Lhe three work environments tor the
effect of 2lectromic media on information conmunicalion within their immediate work situation,
worldwide, and alse for ioler-personal foieraction. The wniversity and  rescarch inslitule
respondents indicated a fac greater impact within their immediate work situalion than the industry
respandents, while the university respondents again returted higher ratings foe the impact on
worldwide information communication and inter-parsonal interaclion than both the industry and
research institule respondants, 1t would 1hus appear that the greatest positive impact o eleclronic
madia was vbservied b the Bniversite eespandents ard that the fndustry respondents were the

least influenced.

5.5.2. INFORMATION SEARCHING AND THE USE AND VALUE OF VARIOUS
ELECTRONIC INFORMATICN COMMUNICATION CHANNELS
The 2001/02 respondents were further probed on the electronic information channels they most
frequently used when scarching Mo work-related information and 1hen asked 1o rate the value of
each channel on a rating scale of 10 {used very frequently / very hichly rated) o U (ol used / ol
no valuc), The clectronic charnels that were mentioned fell into one of the following categories:

# The Internet and the World Wide Web (WWW)

¢ External databases (¢.g. CD-ROM’s) that their organisations subseribed to

s Intemally produced databases that weee available on their Intrancts

o (nher sourees which ineluded sipdfect mafewas, purtals, et

The agprepated use Mequencivs and value mlings Tor each of the above categorics are depicted n
Table 5.12. and Char 5.5, belomw.
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- Table5.12. Electronic infermation channe| use and value
Internet Extornal databasos Internal detabages Clthwer
200152 (N TE} Uze valke Uz Value Use Watlie Lse Vvalue
Rated Moans 7.5 5.8 5.8 B.2 5.0 5.3 12 45

The most frequently used electronic channels for information-seeking purposes were the
Internet W WW followed by external databases subscribed to, internally produced databases and
other channels. It is interesting that the value ratings did not mirror the usage ratings and
externally produced databases such as CD-ROM’s subseribed to, far outranked the Internet, the
channel used most frequently. The databases their own organisations produced. surprisingly,

attracted fairly low usage and value ratings.

Chart 5.5. Rated use and value of Elcctonic informeation channels

o IS I

|0 Intermet |

|
| O Intemal databawes ||
[ERHEE

o = kg Lo

The following pertinent comments were recorded relating to the varying views the respondents

had on the value of electronic media when searching for information:

The INTERNET ix exften uvefinl when stariing o new research project tr get oviented whife subject gataways,
porials are mere wselid 10 ger more dedaifed Information qfterwards. CO-ROM databases are good o
conduet @ fiferaivre search oF (o obtain latere! mformation concerming a specific subfect ur publications of
et qudiay aof iterest. This 1 folfow up by comtaeting ofier workers i the fefd amd g o fasf resort going

through the jrirnads momaliy,

e is aften swamped by peeless imfurmesion on the INTERNET and using it may he guite ne-consuming,
Sudiect pateways - partals are very weefnd and CO-ROM datahases are ahsafuiely essemiial

CO-ROMS are Impuertaet when embaring on or ireltial search for nformaiion, following s | find fliriher
infurmatic By fracie citafioasroferetees I oorticles iat T have read and fomeef pertinent. The fnterngt

and e-fuziymals gre pacticolacty uselt! fo eep-up-to-dare o my fTeld uswally start with an fnternet search,
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followed By o founmd search uid then T use Juks obtalised from these ro scovoll foether, This say drelude

ptfer megicn sek wy O BUIS, extallislking persora! contag! e

Fectronic dokabases are ofter ircompdete ov fil due o Sediguole searclh egines and search sfrwleyies,
gl the wose wseficd Mevadies Dy searcling fe recett review acteles in o spectfic fledd, firdipg ol win
el fime gt pefovand work in that areg, searelling for el papers i Tbeges dotebases amd thes pelog
Hiesz, aned referrees cited n Shes fo expad e inforaotion daiebase. £ olso e o cnrrent slectronic
dtecheise. e d aveey 8 mesflls, thag we sabecribe 8Y 0% e PR e Sigring polat wher loaking e

AoETiiRe soegific

5.5.21. Information searching and the use and wvalue of wvarious electronic
information communication channels according to the population sub-categories

Analysis of wariance (ANOVA) stalistics that were used to test for signiticance when the
glectronic information ¢hannel wse data was cross tabulated showed significant differences tor
catcgotsation aceording to the work environment and application of crystallography, These

results are outlingd in Table 3,13, below,

Table 8.13. Electrenic nformation channel use and value

by Péﬂkjfﬁt_fﬂh:_ﬁuh—hﬁt@gpf |ti'i:a'h:£'n'5$u1t:i'3;"
Internet External databases Intarnal databases Other N
{Waork Environment Use Wadue Uze Walue Usz Yaluz Lise Wahue
Industry 3.5 £ 55 3.1 0.k T 1.8 1.3 1
Resaarch 74 4.4 2.4 5B T3 6.4 32 4.1 17
Univecsily B.g £ 8.5 8.4 4.7 4.3 51 5.2 Eo

ZOQ1/2 Work Enviranment, L3 Means Wilks' lambda= 25373, F{16, 1281=T 1935, p= 000
ICrystal. Applicatlon

Appliad 57 45 a0 7.1 ¥.8 6.7 .8 2.4 29
T 92 8.5 B 8.0 . 54 5.4 4.2 L 24
Fuie BES Ta B.8 3.8 4.4 3.4 5.6 5.2 25

2001/ Crystal Appiicaixn; LS Means YWilks' lambdas #8583, F{18, 128)s3_BE25. pa.00001

The industry respondents chearty not only vsed the Internet infrequently, but also assigned low
value ratings 10 this chanpel. This Is nod a surprising outcome given the comments made by the
industry respondents with regard to 1he seeorily restrictions that many of them operated under and
which prevented them from treely vsing the [ntemel. They further, although using exlernal
databases only moderately, assigned very high value ratings to this channel. The value ratings
they awarded o internatby produccd dalabuses were sueprisingly not as high as their veey high

[requency of use for this channel would have led one to expect.

The rescarch instituie reapondents also showed fairly marked differences between the use and
value ratings they awarded to electronic information channels. Allthough they used the [nierpel

frequently, they also awarded low value ratings to this channel, and while indicating a very low
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use ol external glectronic databases they awarded fairly good value ratings to them, The ose and
value ratings they awarded to internally produced databases were high, a clear indication of the

guality of such internally produged databases.

The university respondents were the only wark enviromment category that assigned almost equal
use and value ratings to the ¢lectronic infurmation channels they used. The Internet and external
databmses were very beavily used by them and rated highly, I is not clear why this result was
oblained. given the predominanty pegative comments made of the value of information found on
the Internet, The low use and value ratings awarded o internaliy produced databases was ool
surprising as this work enviromment generatly had fess proactive library services than the other
two. They were also Lhe onby work environment calegory 1o award moderate use and value ratings

1o “alher” chansels such as subjeet gateways and portals,

it is once again clear that the variation in the cross tabulations for the three ervstallography
application categorics showed similarity between the responses of the pure and foof respondents
on the one hand and the university respondents on the other, while the applied crystallographets,

again returned responses somewhat between that of the industry and research institute responses.

5.56.3. THE USE AND VALUE OF ELECTRONIC JOURNALS

A number of studies have indicated that journals are considered to be the most valued intormation
communication channel by scientists in general. This facl was confirmed by the results obtained
pertaining Lo prinl-based joornaks (cf 543 and the researcher thos wished 1o establish 1o what
cxtent cleclronic journals were being used: what value was attribated to them as an information
spurce  and as a publication mediwm: and how they rated in comparison W print joumals (cf.
guestion C.7.d., Appeadix O). The aggregate rated responses to these questions are outlined in

Table 5. 1d.a ds b and Charts 5.6, 4. & B, below,

Table 514 Electronic journals:
a. Mean Rated Use and Valua

2007/02 (N T8) Frequency of use Yalue as Info =ource Value aé FPubl medium
g 74 3.2
_ b. Compared with Print journals (% scores)
Frint jnls mare important Equally important E-jnls more important D't know

67 % 24% 3 5%
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From the table and charts it is clear that although electronic journals were only used moderately,
their information content was highly valued. They were further also not really used as a vehicle fo
publish research in. When compared to print journals only 3% of the respondents rated them
higher than print journals while 67% rated print journals higher. From the comments made it
would appear that the respondents were not that concerned about the mode of the communication
chamnel, but were more concerned about availability and access. The slow speed of electronic
access is notarious m South Africa due 10 bandwidth problems and the range of journals available
in electronic format at the time of the study was fairly limited. A further concern that was
expressed and which related particularly to publication aspects was that of the archiving problems
that pertain to electronic formats. Respondents were also concetned that they might only reach a
Hmited andience if they were to publish in the electronic mode, The following extracts express a

typical view of the respondents” opinions on this matter:

fir South Africa the wee of e-jemmily i exivemely difficalt becanse of the slew wepwork and fimited number
of subwcriptions. § @ alvo persorally suspicios of electironle arly fatrnals because not comvinced Hiat

thelr archiving poficy Is sufficienily firm fo guraraniee the reading of a paper in sav 20 years ihne,

Fwerrld Pz vary Rappy i elecironic jorrnaly were fo replece privted fourimale. Sowmal sies comtain onfy a
Sew artiefor of intevest and with e fowrmals anly these articles of interest could be privied, avoiding a lot of
wastage. Afve, electranic jewmals pre aweiluble jo evervone immediaiely 2t 5 a pite that clecironic
fotrnals are nat more gerarnfly available th Soud Africa - this wenld give researcliors in his country a

roal competitive edoe

Frinted merfia ave indisperseble af prevest for arefival infeermiation and everview reading,

Most of the forermeals Hrae { prefer ta publish i gre sl endy avatlable in prind forma. £t is pot the eleciranic

Forat that iz mag the worry, B s wiether the fournal b rated aerd reachies a wide audience and { g not vef

crstviced that glecirorie jourmals do that.
These responses of course reflect the position at the time of the study (2001/2} and it can be
argued that opinions might have changed in the interim period as was observed by Tenopir and
co-workers (2003} when they differentiated between the evolving and advanced stages of
electronic media adoption {cf, also Hallmark, 2003, 2004 and chapter 2.6.)
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Chart 5.6.a. Hectronic Joumals Chart 5.6.h. Electronic Joumals
Mean rated Use and Value compared with Print Journals %

w l 74 j

S LR =T I @ Frirt more
@ Freny ey of | i
I i | rportaet
| ;-v asrrroi I-E-_F_Elr,-irrpr_rta:t:
SOLTCE ' .
. 0O Ejris e
0 Walle a8 B irrportart
O Dot ke

£,5.3.1. The use and value of electronic journals according to the population sub-
categories

The dara was further analysed by crass tabulating the valug and use of electronic journaly with the
papulation sub-categories 23 independent varables. Analvsis of variance (ANOVAD statistics
were wsed to test for significance bevween the means of these cross wbulations. The Pearson's
chi-square test' was used to measure the stadsteal significance of the percemtage vatiation
between the calegorical preference ratings for print and electromic journats. Significant
differences were scored 1n both instances tor categorsalion according to work covirotiment and

application of crvstallagraphy. These results arg outlined in Table 3.15.2 & b below.

The measures of association were very significant for variation according to work enviromment
tfor both the assessment of e-jourmal use and value (Wilks™ 2 —= 0,43 F — 12.6) and comparison

with print journals {5° = 42.3: phi®® = 0.74). Tt is clear that the respondents in industry made the

"% Bograan v cltiagyare test (1 15 8 Tua-puramestric tat of swistice siEnifieance amd s one of 2 vartely and 1o el widels-use]
chi-sguars tost 1t dests 2 null hymothesas that the relatve Teguences ol veeurrence ol vbserved evenls lellow o specilied Teguenss
distrihution, Peazsen’s chi-aquare can ke used meagsess hath gondness of 5t (Le whether or not an obserced frequency distribubon
difters ttom g theoretcsl distcibutwny and tests o islepeslence dbe whether poice] observalions an fen vaziahles, cxpressed inoa
crnringenay rahle, are mdependent of sach oteer) (Agrestd, 1996: 2310230 Bubrnsledt & Kooke, (254167

TP an A svmmestne measune of assneiatnn sbat imbeaes the steenpth ol vartation pelwesn poirs ol discoete variables, Phios derived
by dividing a % vatue by W (the ratal mamber of chservanoms) and then squarmg the moot of the product and i alio intemrewsd g a
Feacsen r W values moee betsesrs - 100 aed LGO (roasunune assnesatnn pelationship) and oodt tat indicaes ne relationship
[ Hohmiatadt & Knoke, 1909:13545%
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least use of elecironic journals, rcd their vilug the lowest hurdly rated them as a publication
vehicle and were ambivalent as o whether they preferred prnt or clectronic journals. The
research instilute respondents, although agwarding the highest possible value rating W the
information ¢ontent of electronic journals, did not use this journal made more than moderately,
awarded very low publication value ratings to it. and they held the view that print journals are
mnre impartanl than electronic joumals, The university respondents were the category that made
the most frequent wse of electronic jourmals, regarded their nformation value highly, and
although rating their value as a publication vehicle Baiely low, sull gave the highest rating for this
aspeet of the three work chviconments. Almost two thieds of the university respondents gave &
‘more important’ rating to print journals, while just over one third rated electronic and print

joumnals of equal imparlance.

The variation according to application of crysrallography showed weaker correlations than that
for work environment, En this instance the Wilk's & was (.82, and ¥ was 2.5 for lhe use and value
of e-journals, while when cormpared 1o print jourmals the ¥ was 18,1 and phi was ©.48. This could
once apain be aunbuted 1o the Tact thar the applied Crvstallographers generally worked both in
industey and in the rescarch institutes and thus returmed responses thal represent an aggregate of
that provided by the tso work environmenis and the peree and toof crystallographers inoten all

worked at universities.

_ ~ Tahle 515 Ejmurnals: _ _
‘A, Usa & value by poepulation subcategories (significant resuits)

Means

IO RK ENVIRGNMENT Crequeaty af Uee Infermation Yalue Publication Valuse N
Indugtry 4.1 1.6 0.8 11
Rescarch Inglitutes 5.4 10.0 1.8 i
Universities B.2 T.3 4.2 1

LS Means Wllks lambda=.43465, F|6, 148)=12.5T76, p=.00000
ICRYSTAL. APFLICATION

Applied 4.4 7.4 1.6 29
Tool B3 Lih 4.8 24
Pure 6.2 sz 3.8 25

LS Meang Wilks lambdas 87303, F{6. 14Eja7 4863, pr 02E3E

‘b. Compared with Frint jJournals by populatian subcategaries
islgnificant results)

Prinl more important Equal importance E-lnis mara Impartant  Don't know lotal M

PraRK ENVIRDONMENT % *h s % o
frdugtoy 36% 18% 0% 45% o 11
Reosearch Institutes 100% 0% 0% % 1pow, 17
Universitias G2% 345 4% 0% oo, S0

Fearson Chl-square: 42 30761 dies; ps 0d000; Phie. 7364817
CRYSTAL. APPLIGATION

Applled T2% 0% 0% 17% ooy, 2%
Toal §67% 25% B% 0% 1o 24
Pure &% 40% LS 0% 0% 25

Pearson Ghi-square:18.11162; df=6; p=00536; Phi=.4518715
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5.6. THE ROLE OF CONFERENCES IN THE COMMUNICATION PROCESS

[t was mentioned in 2.5 that conferences have ever since their inception been lighly valuad for
the role that they play in providing a torom to transfer and publicise current state of the wrt
information. They are valued for nol only promoting scientific and technological innovations, but
alsn for tacilitating the informal transfer of informaion by means of the collegiae process and for
stimulating the cxchanae of ideas and opinions amongst attendants, They further thus provide a

vehicle for scientists to make new. and matntain old interpersonal contacts.

5.6.1. INFORMATION COMMUNICATION VALUE OF CONFERENCES

The respondents were wsked fo indicate the role that conftrences plaved n their work
covironment in tacilitating the communication of scientific information and also to rate the value
on a scale of 10 {used very frequently / very highly rated) to 0 (not used ¢ of no value) {cf
Cuestions T8 Cl0, Appendix B & C), The mean ruled responses for both studics are owtlined in

Table 3.16. below, while the t-test for significant between study differances is given in Table 317

below,
Table 5.16. Mean Rated Value for Conference Attendance
19931 (N 80) 2001/2 [N 78)
6.3 7.0
Tahle 517 T-Test for si gftiant:t‘rEF&w een-study differences:
Value of conference attendance
Rated Mean Values hlizian 31d.Dv, N n ]l 1 ¢
199041 5.3 2.520 BO 0.782 4.9495 4.050
20012 78 2.535 7a
Tdest for Dependent samples: Differences in red are significant st p = 0.050

These responsas corrohorate those obtained in 5.2 and it thus contirms that while the respondents
in both studies valucd confercnces, the 20001702 rtings were significantly higher than those
obtained in | 9901,

As was mentioned in 5.2 this difference can be attributed o the thct that South African scientists,
since the change in the political dispensation tn 1994, are now encouraged to attend international
conforences. Tha responses outlined in Table 516, are, however, not as high as was expected
trom the enthusiasm shown for conference allendunee during the interviews, This lower than
expected rating can be explained by the fact that international travel is prohibitively costly and
this prevents many Sowth Affican scientists rom travelling abroad and parlicipating sl

conterences as trequently as they would like to.



174

The fiullowing summary of the comments made dunng the inerviews clearly indicate the

setentisis” vigws of the benefits of conference attendance:

+ They furnish participants with the means to anncunce and publicise new research, work being
chome, prodducts that have been developed. ete. to a knowledgeable, cnitical and interestied
audience.

# New research apnounced at conferences can Often be as muck as ome 10 twe years in advance
of publication and are invaluable finr keeping abreast of research fronts.

o (iften, the only information available os a topic s transmitted through the medwm of
conferences ag it may never formally appear in the published literature.

s {“onferences thus provide an easy way to cstablish the ‘state of the art' of a research area and
insight inle new directions, inmovations, practice, equipment, ete in a field.

o Comferences engender inleractive communication. peet evaluation and tmmediate feedback
trom the experts in g field and the enviromment stimulates the generation of pew ldeas.

» Thev provide the opporiumily o readily establish the tdentity, contributions, and activities of
individuals, or groups in 4 Oeld,

» [solation can be effectively counteracied by atlending conlerences. particularly international
conferences, This is of specilic value (o eountnes such as South Africa that are
veopraphically 1solated from the forefront of international activity,

o The benefil ot frequently mentioned and enthused about was that they provide an ideal
[orum o cstablizh contacts and narture interaction amoeng colleagues and fellow
reseatchers across national boundaries and even across disciplines, Many individual
roscarehers turn oo small meetings, limited to a few sclected specialists, as a means of
informally keeping up-to-date und in touch wilh colleagues rather than iry o cope with the

rapid increase in published literature.

The data was analysed further to establish if there was vanation in opinion among the population
sub-categorics. The ANOWA statistical tests again mirrored that obtained 1o 3.2.1 and showed
sigmiflcant differences (or categorization according 1o work environment and position for both
199041 and 2001/2; crystallographic application for F92070 and age for 200172, The results hwve
been graphically depicted in Charts 5.7.a. - d. below (the tables for these resalts mirror that

presented in 5.2.1. and were not duplicated here),
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In smmmary it can be restated that the industry, the junior, youngest and to a far lesser extent the
applied crystallography respondents awarded lower ratings to the value of conferences than the
other categories. This trend applied to both studies and only the intensity of the value awarded



varied. It is further cvident that the value of conferences increased incrementally with age and the
seniotity of the position. The latter trand can he explained by the fact that the mote semior (and
(hus then renerally oldery the respondents Lhe more established and eminent they had hecome and

the maore readily could they present papers and forther alsoe attraet funding to allend conferences.

The lera talings relumed by the industry respondents can be atributed @ the following tactors
that etnerged during the intervivws (of. also 52,17
*  Most conferences are too theoretical and not tailered to ntect their applicd and often
multidisciplinary needs
s Intemmational conferences have a limited value as research conducted elsewhere in the
wiorld 1s et always gpplicable o the local situation
+  They cannot deliver papers as their research is confidential.
It is thus clear that although they do attend conferences and they do deliver the odd paper, the
general consensus of this group was that, as they were more interested in new products and
processes, they proferred to attend trade fairs that have direet relevanee for their. They further
cominented that thev tind that by maintaining c¢lose ties with local universities they tnport new
ideas and theoretical innovation meve effectively than by being exposed to these issues at
conlerences. bul they alse did state thyl conlerences can be very tselul 1o muake mlerpersonul

Coaacts.

The high ratings given to conferances by the research institute respondents who are alse generally
engaged in tesearch of 4 more applied malure, cleatly indicales that lhey have been [ more
successtul in hridging the divide between theory and practice. If the responses according to
application of ceystallography are considerced, 1 can be seoen that althoush the variation is nol very
substantial, Lhe applied crystallogruphers returned the lowest radngs, This s mainly because the
ratings of the applied crystallographers are cleady an asgresation of the industry and rescarch
insiitute responses where the low and hish ratngs offser ewch other. The pure and toaf
crystallographers showed veary little varation, and while the former rated conferences slightly
higher in the second study, the tof crystallographers reversed the value ratings in the 1T9940¢ ]

ludy.

5.6.2. REASONS FOR ATTENDING CONFERENCES
[n questicn €2 (ef Appendix B & ) the respondents were asked to state the reasons why they

attended conlorences and fo adicate the relad ve importance of cach reason on a raoms seale of 10
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{very importanl) 1o ¢ (nal ar all imporiant), The responses received were grouped Into the
calegories af making comtaces, holding discussions. presenring papers, listening to pupers and
other (e.g. officiating, ete.). The mean importance rating tor each category is outlined in Tahle
5,18 and Chart 5.8, below, The responses Tor both studies Tollowed the same trend and by Far the
muost highly rated reasan for atending conferences was 1o make new and nueture ald inlerpersonal
contacts. Lower down the rating scale was discussions, both formal and informal, followed by
presenling: papers, lslening 1o papers and a few ather ceasons such as officialing, arganising the

canference, ele.

Table 5.18. Reasons for Attending Conferences
Rated means Making contacts Discussions  Fresenting papers  Listening to Fapers  Other
199041 [N 80} a0 6.8 54 4.5 1.2
200102 [N T8 8.1 5.9 ) 4.1 0.4

Chart 5.8. Reasons for attending corferences: Rated values

o Caher

O Listening to Papoers
O Presonting papers
B Dizci1Esions

@ Making corgacts

199001 (N B0) 200112 (M 78)

The t-test that measuried significant differences belween the two siudies showed no significant

variation between the two studies at plevels < 0.05 (cf. Table 5.1%. below).
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Tahle 5.49. T-Test for $|q.r|1f|ra|1t hetween.study differences:
Raaanns for 11;tﬂ.ndl.'rg cuu‘[‘irrn.'ru’as
Meana ratings Mear Sl D k| niirr | I
Making contacts 15901 4.0 2465 B a.orT 0.208 0.H3E
Making contacts 20042 4.1 2.243 Ta
Discussions 1ua0M 6.4 2.231 BQ a.orT 0.2as o.4aar
Discussions 2n01:2 L 1.340 T
Fresenting papers 183301 4.9 3.0RT EQ 0.034 DATE 0.E§R
Fresenting papers 206102 5.9 L5 74
Listening to Papers 18901 1.5 1.812 B0 -0,172 -1.BG3 G100
Listeming to Papers 2001452 4.9 1.845 ra
Dlhor 1 1.2 1.636 Bl -0.304 o 51 3 (UL
Gthar 200112 H 1.28% TE
Ttesifor Deperdent samples: oo differenced were siguificaat acp - 0,050

5.6.2.1. Reasons for attending conferences according to sub-categories of the

population

The data was turther analvsed by cross tabulating the rated reasons given for alending
conterences with the population sub-categories as independant variables. Analysis of vanance
(ANOVA) statistics were used 0 lest for signilicance between the means of these cross
tabulations, Significant differcnces were scored for berh the 1990/ and 20012 data-sets for
caleporisation according to the work environment, crystallsgraphic application, position. and age.

These results are outlined in Tahle 5.20, helow.

Tuble 5.3 Rulad Raascns for Stkeadling l::urt{maﬁce.ﬂ. by Populaticl SUD-CaTeqorles jse feant raaullsl

Making contacts [Hacyssions Pr|.:|.n1|r.|g papurs  Listening 4o papeis Cther H
ark Environinent |E9E 20012 14501 aau12 12401 L] i P 1.‘:”é|."'."| 2m 2 99ai ZOci/2  1aen't  1a0ds2
Indusmy 31 2] a7 6.4 141 0.9 231 22 1.3 1.2 14 =11}
Heszarch g L] g2 5.9 5.2 4.5 4.3 4.1 0.8 0% 18 o
Lvernty T8 77 ¥ T 7.5 7.5 = | 4.5 1.3 0.6 A4 =]

10T WORK FR LS Wa w5 Wil [ambdn- 1585 -'I_II]..14-E-|=H.!E!. p=0.uDGC
20N WORE Efl: LS Veane Wit lambdu- IRTCT. F(10, 143121393, p=0.00G2
gl s i uf Gresk,

fupy e b.a by B0 G 34 1.h S 3d ER] 10 1.2 il 1
Tl a6 .0 Ba TH 1 T.h +4 42 i o.r 23 24
M B4 T BT - BB PR 7. BA 4.7 i or 25 25

19900 Zrldal. 3 ppllcasan; LS Mnin.iwllh:l.hnlata 14133, Fiil, 14&]=13.36E, p=.C .
2012 Crysdal @ pplléaian: LS Meand 1Wilks ambda=. 33005, A0, 4210518, p= IIII]IZI:I'I

Pusilivn
Zalos a7 =R} By -3 s Td 3.4 31 1.7 16 a3 i3
Wiz k.7 B.5 Tl T &.0 55 4.4 4.1 1.8 0.5 21 21
L uniar 4.7 4.4 7 1.5 4.0 4.5 LN 5T a8 an Z3 E3|

23 POEITEON: L3 Yoos Whlks lambda=.07) ]"I-CI», Fl1|] 'I“I"I? b L TR
20:04/2 POEITEDM; LS Yaars Wika lambda=.0840%. FI10, 142]=33.916, 220, UE':':I b

ana Range
231 3.7 4.5 4.3 4.3 4.B 5.4 =i 5.4 9.5 0.7 24 i3
b1 [ .49 &.B ra 7.8 8.5 5.0 E 2.8 10 14 r Al
51T 5.0 24 8.1 4.3 7T 6.3 4.3 15 2.2 2 18 il

T AGE R _5 Kean: wilks mbda= 30730 FI bk 136]=5 9Tk, pr anzan
JHIAL AGE-RA. _5 Means 'Waiks Unibda=. 35702, Flia 14204206, pr iHGn

The Wilks” 4 and F statistic was the strongest for variation aceording ro pesition {respectively
0078, 38 and 0.081. 35.5 in 199071 and 200 1:2002), followed by work environmenl {respectively
15, 236 and 0087, 339 in 199041 and 2007172002, then application of crystallography
{respectively 023410, 104 and 033, 19,5 in 199401 and 20012002 Land Loally age (tespectively
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0.50, 5.9 and 0.393, 8.4 in 1990/1 and 2001/2002).

It is clear that although all work environments rated ‘making’ contacts very highly; the industry
respondents basically only attended conferences for the contacts they can make or maintain and to
a lesser extent for discussions they can have with colleagues. It can further be seen that the more
senior and older respondents and both the foo! and the applied crystallographers also rated the
networking feature of conferences very highly.

Engaging in formal and informal discussions at conferences was an important feature for all the
work environments, but slightly more so for the university respondents than the other two work
environments. The more senior and older respondents also valued this aspect higher than their
junior and ydunger counterparts. It is further clear that the fool crystallographers rated discussions

the highest of the three crystallography application groups.

The university respondents, the fool and pure respondents, the more senior and the older
respondents rated the presentation of papers and posters far higher than any of the other
population sub-categories. The younger and junior position respondents, in both studies, and the
pure crystallographers in the 1990/1 study were the only categories that returned a higher than

average importance rating to listening to papers as a reason for attending conferences.

5.6.3. CONFERENCE MODE PREFERENCE

In 1990/1 electronic modes were not generally utilised for conference presentations, but in the
intervening period the situation changed considerably and the crystallographers were thus queried
in 2001/2 on whether they engaged in this mode of conference participation. The overwhelming
negative response (only 17% engaged with electronic conferences) was fairly surprising and on
being explicitly asked to indicate their preference between traditional and electronic modes, the

overwhelming majority indicated a preference for traditional conferences (94%).

The reason given for this very clear disinclination to engage in electronic conferences was that
although the electronic format does overcome all travel-related problems and costs they do not
provide the opportunity for face-to-face interpersonal interaction, and this in their view is the
most important aspect of conference attendance. The outlined comments below clearly

encapsulate these views:
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Conferences serve a totally different function than other communication media such as e-mail, they are

about networking, chance meetings and general impressions.

1 have an overwhelming preference for the personal attendance of conferences particularly those that

specialise in the theme I work in.

Electronic communication might eventually replace the need for large conferences, as costs are high and

travelling is time consuming, but I find the main use of a conference is to meet on a one-to-one level,

Electronic conferences are not used by us, mostly due to bandwidth problems. I think though that I would

always prefer personal attendance which enables personal contact.

Personal conference attendance is very suited to research development and the testing of new ideas.

5.7. INFORMATION GATHERING AND CHANNEL SELECTION

In chapter 2.1 it was seen that one of the main motivating forces that drive the information
communication process in science is the need to gather information (the other is the scientists’
need to transfer knowledge into the public domain, usually in the form of information, but also
as a product, service, etc.). It is further suggested that information gathering is fundamentally
driven by a trichotomy of information needs, viz.; a need to stay abreast of new developments in a
specific field; a need for exhaustive information covering all aspects on a topic; and a need for
information to answers specific questions. Each of these needs, it is suggested, would require the use
of different information gathering methods, channels and modes of communication. To investigate
these assumptions the respondents were therefore questioned on these aspects and asked to apply a
rating scale of 10 [used very frequently / very highly rated] to 0 [not used / of no value] (cf.
Questions C11 ~ C13, Appendix B & C.).

5.7.1. KEEPING UP-TO-DATE
It is generally accepted that it is a fundamental requirement that any person permanently engaged
in research should keep up-to-date with the latest information being generated in his/her field of
endeavour. The respondents were therefore requested to first discuss how they kept up-to-date
and then to rate the usefulness of the methods that they used. An examination of the methods that
the respondents mentioned could essentially be categorised into the following five methods:
s Regularly scanning current print journals or printed current awareness (CA) publications
- categorised for the purposes of this study as scanning ‘print media’. The ratio was
approximately 70:30 in favour of journal scanning vis-a-vis CA publication scanning for

both studies.
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= Resularly communicating with collcagues and other experts in the tield to discuss new
development in the ficld - catcgorized a5 ‘colfeagues™ in the tahles below,

+ Reoularly attending conferences to pather new information cither by lisiening o
presentations or engaging tn informal personal discussions with experts, ete. - categorized
below as ‘confercnces’

»  Reopularly perusing ourpar from electronic alerting services and scanning electronic
journals on a regular basis (20012 oniyl. These are categorised in the tables below as
‘electronic methods”,

¢ A ovariery of ‘ether” methods that ranged from keeping track of work produced by

Havourite authors’, to students” work, to serendipitously Gnding information.

The preference ratings for each of these catepories were aperepated and the results are depicted in
Table 3.2 1. and Chart 5.9 below.

‘Tahle 5.21. QURRENT.}'&W&_&H_ENE@S:".ME%QE_.PREEHENGEE _
Rated means Print media Colleagues Conferences Electronic methods Other
198017 {N=8]) a7 16 2.7 25 16
200112 [N=TB) 7.9 4.0 6.4 7.3 11

From the above it can be seen thal in 1990/] the scanning of the latest print journals and CA
publications was by [ar the most highly rated method to keep up to date. This was followed (ata
much lower raring) by commuonication with individoals {colleagues o othet eapertsl and then
almost equally by conference attendance and electronic €A methods, The “other’ methads Tisted

attracted a very low rating,

In 200102 althouph scanning printed published media again attracted the highest ratings. the
differential between it and the second most favourcd catesory, eleerronie methods, was not very
substantial, Conferenee atiendance atpracted the third highest ratings and communication with
colleaguesiexperts attracted the fourth highest ratings, albeit a a much lower level. Orher

methods used were again rared much Iower than any ot the other categories.
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Chart 55 Curment Avareness Method Preferences

'O Cther l
|0 Bectr rethods|
3 Corferences
B Colleagues
| 3 Frirt rredia

199041 (N=B0) 2001/2 (N=F38)

The t-test for dependent vartables was conducted 1o establish whether the variation in the resulrs
for the two stodics was slalistieally significant. From Table 5220 below it can be seen that
between-stady variations were significant for all variables except communication with colleagues
wher? it can be seen thal he rulings awarded were very similar. The greatest ditferences betwesn

the two studies were the ratings awarded o conterence attendance and «lectronic CA methods,

PR = WV

Raled mueans =
Front e i 200102
Fring madia 193041 B.7 1,647 1d 0. Tda 2,144 SHpRie
Calleagues 20012 4.0 3.188 ]
Calleaguus 1920 i 2820 41 n.369 0.7T66 M43
Conleronces 200142 B.4 4001 T
Confrrences 189301 2.7 2.402 Ea 1ET7D 7.1B4d o.ooo
Electronic mathoeds 2001/2 T.3 3.287 T8
Elestranic methods AR LTS | RE] 1742 Bt 4718 122567 p.ooa
CHiliger 20012 1.1 14574 TR
iher 14901 1.4 1.544 11! -0.474 217 0037

DiMarencas In red ara significant atp = 05000

The inercased rating for electronic methods is not sorprising as this was in keeping with the
international trend towards greater adoplion of clecironic media and methods (66 comments in
5.2% The very substantial increment in the rating awarded to conference attendance trom 19941
to 200172 was sarprising and the ooly clacificalion would be similar to thal given in 5.2 where the

iherease was attriboted o greater globalisation and the attendant need to interact with other
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scientists over the world and also the greater ¢ase with which South Aftican scientists can travel,

5.7.1.1. Keeping up-to-date according to sub-categories of the population

The duta was further analvsed by cross tabulating the dependent variables of CA preferences with
lhe population sub-categories as independent variables, ANOVA statistics were used to test for
sipaificance between the means of these cross tabulations. Signilicant differences were scored for
hothe the 990 and 20012 data-sets for categorisalion according to the work environment, and

erystallographic application. Thase resulls are entlined in Tuble 5,23, below,

" Table 5231 ‘Gurrent Awarenoss meampm h:.r Pumauunﬁub-mmﬁes 1Signific u_lt';_;t _
Print media  Collesgues  Gonfsrsnces  Elsctronic methods N
fwork Environment 198001 2004/2 195001 200402 199MNT 20442 193041 20042 189901 20012 19901 20042

Industry B.B3 B.36 3 6,55 3,40 164 4.26 a8 2.5 1.36 14 1
Reaearch B.BE T4 .08 2.59 232 TEE 355 4.7 1.75 142 14 17
Unlverslty boz B.04 3. 3.B8 Z.B8 700 .51 - B.5E 1.62 1.08 48 Eili]

1990/ WORK EN; LS Means Wilka lamba=_ 42300, F{10, 134)=7.2032. p=_00004d
200142 WORK EN; LS Means Wilks Jan bdsa EFEFE, F{10, 142)»5.7874, p= DOHII
Crystal, applicatlon

Applicd 863 745 .:t,as 421 208 . SAT 3ed B4l 484 Lotr o m
Taol BB5 763 . 40F 487 3000 TOD 473 867 0 180 071 @2
furs §73 816 400 . 304 336 20 (138 648 148 44 .izs 28

19 0NT Crystal appliu;.atlnn LS Meana Wilks lambda=51387. Fi13, 145)=5. 74T, p= (b
2001/2 Cryatad. application: LS Means ks lambde= 75008, F[1F 142 =2 1062 p=021 20

The Wilks® 2 and F statjstie showed average strength in the relationships: work environiment was
respectively B.42, 7.2 0n 199070 and 0.5, 5.8 in 2001720020 and application of ervstallography
was respectively (.31, 5.8 in 199071 and 0.75, 2.2 in 2H)1/2

Ther: was thus very little variation amongst the three work environments as far as the value
Falings they awardad to the scanning of print media, other than that the rescarch instilule
respondents rated this methad slightly lower in 200122 where than the other two work
enviromments, [t was further interesting 1o note that the industry respoadents gave this methoed the
frigrhest ratings of all the CA methods used. The research institute respondents awarded the Jowest
ratings of the three work envieonments for interaction with cellcaguesiexpers as a CA method,
and in 2001/2 the industey respondents rated this mathod considerably higher than the ather work
environments, The industry respondents consisteatly gave low ratings in both stedies or
conleronees us a means (o keep up-to-date, and while the ather two environments also awarded
fairly low ratingz in 199071, they both rated this method highly in 200072, Borh the rescarch
institute and indusiry respondents rated clectronic CA methods very highly in the 200172 study,
considerably higher than the university respondents, There was [utther very lillle variation in the

low ratings awarded by all three work environments to the “other’ categories used,
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Tt i clear that although all three envivonments valued print media highly as a means to keep up-
to-date the wvalue atributed to the wher CA metheds vaned considerably. The industry
respondents’ hirh rating of colleaguesiexperly in 2001/2 can be explained by the constderable
value they generally placed on secking owr experts when they required information. It is
suggested that the important role that conferences play in the research insttute and university
crvirmntments {in both instances far more so in 200012} iy because of the greater ol round curren
awareness benefits that these sclenliss derive from conterence atendance i compared to their
industry coumterparts. The lower vilue attributed tw clectronie methods to keep up-to-date by the
university respondents can be related o comments made which indicated that the libraniss that
served the umiversities were less proactive 1n providing electronic push services than 1n the wiher

Two work envirniments.

The three crystalloymaphy application categories alse atributed almest equally hish values o
scanning print media, The main variation berween methods for this categorsaion related 1o
differences in mungs awarded to approaching colleagues/experts, atiending conferences, and
psing electronic CA methods. 1t can be seen that the respondents who applicd crystallography
wenerally differed considerably to those who used it as a teol or conducted e erystallographic
rescarch. The applied crystallographers awarded far higher ratings to elestronic methods and far
lower raitngs (o conflercnces than the roof of pree eostallographers. oo 199071 the applied
cryylallographers also rated colleagues vonsiderably lower than the other twe groups. but in
2001/2 the pattern changey in that the foo! and appfied crystallograpbery gave higher ratings o
colleagues than the pure category. 1L ean thus once again be scen that the applied response patlemn
closaly emulated the combined responses of the industry and research mystitute responses and the

prore and wonof responses that of the vniveryity respondents.

5.7.2. FINDING INFORMATION FOR NEW RESEARCH PROJECTS

It is generally accepted that most researchers would Drst establish the state-of-the-art of a field
hetare nndertaking new research in that area. Tlis avolds unnecessary duplication, provides
melthodological nsight and wsually helps clanfy conceptual issues. It was thus decided tw
guestion the crystallographers on how they approsched information gathering before they

cngaged in new research and 1o rale the value of each method that they used.
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'I'he methods that the respondents indicated that they predominantly used when conducting an
exhauslive scarch for information can essentially be cateporised into the tollowing four methods:
e Corducting a manuval search of the prined published Hlerature,
e Conducting an onling search of various electranic databascs and the Intemet,
e Calacting colicagues or experts ta provide the required informatiarn,
e Other lesser used methods that included random unsystematic searching. and following

up refirences found in useful sources.

It Tabie 524 and Chart 5.10, below the aggresated ratings for the main methods that the

respondents used to gather information before underiaking & new project arc 1abled and presented.

Table 524, EXHAUSTIVE INFORMATION SEARCH: METHOD PREFERENCES
Ratod Means Lit Search Manual Colleagues/Experts Electronic search  Other methods
1580/1 (N &0j BB 21 3.6 29

2001/2 (N 78) 8.3 1.9 5.6 22

Chart 5.10. Exhaustive Informmation Search: Method
Profgrences

Q Crhar

0 Bectronic saarch
E Calleagues/Bxparts
. @ Lit Search Marual

1590/ (N 80} 20012 (N7

Although most respondents used mote than one method concurrenty, it can be seen that in
19901 by far the mosl valuped method was to conduct systematic manual [iterature scarches for
published print material, The next mosl valued method, but at g tar lower rating. was to conduct
glectronic scarches, it was established in 199071 that the manual scarches were generally
conducted personally by the crvstallographers, while the andine searches were generally delegated
to the staff of the library. The ‘other’ methods they used were raled next in value and an
unexpected outcome was that a high percenlage of these were for random, unsystematic searching

ar browsing. The use of colleapues attracted the lowest rating. In 200172 a faitly similar pattemn
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emerges, except for online searching that surpasses manual literature searches, The sumrising
Factor is that manual searches still attracted such high matings, It was Turther inlercsting Lo gsther
that anline searchas were now conducted personally by most of the crystallographers from Lheir

wwn desktap compuiers.

A t-test for dependent variables was conducted to establish the level of significance in the
variation botween the results for the tswo studies (cf. Table 5.25. below). Tt can be seen that
hetween-study vatialions were significant for almest all the variables (other than asking
colleapuesiexperts Tor information), and it is clear that the grearest differences belween the two
studics were for the higher ratings awarded to electronic searching methods (o 20012 (this in
alignment with the global pattern and the gencral increase in use of and value gwarded to

electronic methods in the second study),

Table & 25 T-Test far sign ificant batwaen-study iferences for |
Exhaustive Infarmation Search Meth
Rated Means Mean Sed.Dv. M DOVifk. t P
LIt Search Manual 200152 B3 2.3858 78
Lit Search Manual 135001 3.8 1.578 EQ 0,438 -2. 184 0.032
Colleagues/Exparts Zomy2 1.9 3,288 Ta
Zollaagues!/Exparts 194011 1 3410 44 -0.205 -1.473 01563
Electronic search 200112 3.5 2.327 T8
Electranls search 15ami1 3.8 1.337 a4 4.947 Z2.07H 0.oam
Othar 2otz z.2 3.603 TH
Other 19901 2.9 3.328 80 0.641 =4 Oi%43 0,000
T-test for Dependent Sam ples.. D differences in red are significant at p < 05000

5.7.2.1. Finding information for new research projects according to sub-categories

of the population

The data was further analvsed by cross tabulating the dependent variagbles of exhaustive
information retrieval methods with he pepulation sub-categories as independent variables,
Analysis of variance (ANOYAY statistics were used to test for significance between the means of
these cross tabulations. Significant differences were scored for categorization according to the
wark environment, cryslallographic application and position (both the 1990/1 and 2001/2 data-

sets). These resulis are outlined in Table 5,26, helow,
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~ Table 5.25. fxﬂmlvnjnfagnamwﬁam FPraferances by Population aﬂbﬁmmgwm Mﬂm
Search Manual  Colleagues  Electronic ssarch o
n'i'ort Ermmnmant il EEEI 1 200152 '1 SISIIZI.H 20I:I112 1_‘390- 200152 1‘3‘3-’.1.'1 2DD1 f2 155.0'1 2DD1 12

Ind ustry T 6.9 2.1 1.5 4.3 3.3 0.4 0.0 14 11
Reagarch B.E 8.4 0.0 0.2 36 8.2 1.5 0.4 18 17
Unlvargity i 8.6 .8 2.6 i 8.6 2.9 34 4B 50

199001 WORH EM; LS Maans Vilks [amboas 86437, FI8, 140)=4,1968, p=_ 00015
200112 WORHK EM; L2 Maans Wilks lambdan, 75838, F(B, 144)=2.6854, p=100915

A ppllcaklon of Grgst.
appllad B.2 7.8 1.0 1.1 39 88 13 0.5 a2 P
Toal 9.4 84 3.1 3.4 35 8.9 4.9 4.1 22 4
Pure 4.0 §.a 25 1.4 EEa 8.3 < by 25 28 25
1980/ CrysL Application; LS Means Wilks lamboa=, 71530, Fi8, 148)p=3,0744, p= 00311
20072 Gryst. Application; LS Means Wilks lamboa=. 75038, Fi8, 144)=2.6423, p=00386
Position
Senkor 7.5 29 R 3.3 S 3.4 4.2 is i3 33
Mid-Faeltion B.2 23 1.8 1.0 26 a7 3.0 1.7 24 24
Junior 9.1 T.B 14 0.8 1.2 8.8 1.5 0.3 23 21

1980/ POSITION; LS Meang Wilks lambda=78641, F{3, 14821611, p=.02a31
2001 ZPOSITION: LS Means Wilks lambda=77453, FI9, 1ad)=2. 4616 p=_ 01614

The measures of association for these cross tabulations were not particularly strong with the
Wilk's lambds ranging between 2 = .66 and & = .79 and the F statistic between 4.2 and 2.2, Il can
be seen that the imdustry respondents in both the studies showed the greatest predilection for
electronic search methods and by Far the lowest preference ratings for manual methads. Tn [ 940/
the university respondents gave the highest ratings tor manual search metheds and they also n
tusth the studies rated colleagues as well as ‘other” search methods (e.p unsystematic browsing),
tar higher than the other two work enviconments. It 1s further interesting to note that the research
institute respondents awarded equally hiph ratings for manual and electronic search methods |n
the 2001/2 study.

As far as variation according 1o application of crystallography is concerned. it can be seen that the
ton! and pure crystallogeaphers awarded only slighely higher ratings 10 manual methods than the
applied crystallographers {both studies), and that there was hardly any ditterence wmongst the
threg categories in the ratings they gave tw electronic methods, The greatest differences amony
the three categories were the far higher ratings given by the fond catepgory to colleapues and offrer
methods in iboth studies. The reason for the later difTerences could be explained hy observations
made during the imerviews by the tool crystallographers that because they used crystallopgraplhy
2% 20 analyvtical tool they often have to depend un the pure crysiallographers” for assistance with

cryvstallographic analvses,

The variation according o position is only particularly marked for the relatively greater value

attrihuted by the senior respondents tor approaching colleagues/experts and “other” methods (hoth
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studies). it is inferesting to note that while the more senior respondents appeared 1o use and rale
electronic methods relatively higher in 1990/1 and the junior respondents gave the lowest rutings,
the position is reversed in 200072, This, it is suguested relates w the previous explanation given
that in 199041 online searching was conducted by means of vendors and was expensive, and when
it hecame more generally available and affordable the more junior and vounger seientists wers

enthusiastic adopters.

5.7.3. FINDING INFORMATION TO SOLVE A PROBLEM IN THE WORK SITUATION
The third main need calegory that gives rise to information pathering is when researchers
¢neonnter problems in the work situation. The respondents were thus asked 10 indicate how they
generally went about it w find information 1o resolve their work-related problems, the

communication channels they used and the uscfilness of these chammels,

The methods that the reapondents indicated that they predominamly used can essentially be

categoriscd as follows:

s Approaching a volleague or some other capert w2 help them solve the problem. This referred
to aither colleagues within the respondents’ own organisation, or an experl in the ficld in
South Africa, or less frequently experts abroad,

¢ Tooking tor a seolution in the literaure In the fickd. The respondents were asked o
ditferentiate hetwean the valug of print and elecironic media and the rated responses have
been reported sepuratcly fir these two catepories.

« Finding their own solution to the problem and other lesser wsed methods thal inchuded
specitically attending contirences to find an answer o the prablem. These more infrequently

wsed methads were conflated with the *other methods’ responses,

The aggrepaled ratings for the importance astributed Lo the main methods that the respondents

used to tind information to solve problems arce tubled and presented [n Table 5.27. and Chart 5.11.

below,
_ Tabla 5.27. Finding Information for Prablem Solving: Preferred methads
Ratad Mean= Print Media Colleayuas/Exporns Electronic Media Other methoda
19941 (N BO} ] B.O 2.9 31
2002 [N TH)} B.5 T E.0 i
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It was tound in both studies that approaching a person who could provide the solution to their
problem was the mast used and valued method, Comments made during the interviews indicated
thit calleagues in the warkplace were (the most highly valoed as they were familiar with the
speeific silwation and could provide immediate and relevant assistance. 1T their colleagues could
nol assisl them, they approached local experts external to the organisation and then experts
abroad. Information tound in the literature (hoth print and electroniet plaved a lar less important
role in prablem solving than when information wis reguined to keep up-to=daie or when doing an
exhaustive search [or information. This can be atributed to the need for rapid answers and

teedback and the highly situation specitic nature of work-related problems.

Finding a solution in electronic media, such as scarching the Tnternet only really featured in the
2001/2 study, The *other” methods wscd mainly referred o sitvations where the respondents rated
tinding their own solutions 1o problems above other approaches they [ollowed. As can be seen

this was nat the predeminant method used to resolve problem sitvations.

Chart 511. Finding Information for Problem Solving: Freferred
Methods

100

B0k
- a Other

1
|
A Electromc media :

BO%

B Frint meada

0%, '
0O Crollzagues Erperts

20%

T

198041 (M A 212 (MW TE

T-tests for dependent variahles were conducted to estublish whether the sarfation in the resulis for
the two studies were statistically significam (¢f] Table 3.28. below). It can be seen that the only
significant variations were obtained for the ratings awarded 1o Iinding solstions 1o problems in
some or ather electronic medivm, [n 20012 electronic media were valved subsiantially higher

than in 9907,



Tahin 528 T-Trat farsignificant betwron-study difforencoes:
Informatlon fof probiem sclving
Fated Mirans Mran St 0. S L Ef. r 4]
TO01'2 Palnt medla G A 34850 Ta
19801 Printmedia g.5 3552 EO 0.348 0.7T23 0.472
30111 Calltaguies FIOE, 3423 |
1980 LCallragues 3.0 3.203 EQ 0.5358 1674 0.502
rd01)2 Elactronic media B0 3BT T
1980 Elactronic media 58 1.832 B0 3141 E.5d45 0.o00
0012 Othar 3.2 5.627 Ta
14961 Dkner E 3.570 B0 0128 0avi LA
T-tesifor Dependent samples, differences in red are significantatp = 0.050

5.7.3.1. Finding information to solve a problem accerding to the sub-cateqories of
the population

The data was tuether analysed by cross tabulating problem-solving information gathering
methods with the population sub-categories as independent variables, Analysis of variance
{ANCYWVA) staristics were applied to test tor sipnificance belween the mean scores of the cross
tahulated variables. Significant differences were scored for categorisation acearnding to the work
environment and ¢rystallographic application (hoth the 1991 and 20012 data-sets). These

resulls are oulined in Tahle 524 below.

Takla 5.28, Informatinn fir Prablar Slving: F‘ii.j_gr":g@l Channuls by Papulaticn _S_IJI.'FCIiTEEﬁrthrlﬁiﬁjrni.mlmulnﬁ

Brint imedia - CullaAgues | Electroniz mesia - Dther N
Wnrk Erviranmanl 19ad+1 233%:2 pioi=lif zZhD1!'2 1 9‘9'].'1 200t 49914 20012 19301 2004152
Izl L an E N 1.9 o 5 (LN 14 11
Razaarcl 5.1 h.5 12 et | 24 B.d4 .4 2.6 18 7
Hniversiiy Fiic an o A 11 8.5 4.2 4.1 48 L1}

1330 | WIRHE B, LS $edas Ve ds lambdan. SF06T. Fol, 12l-a, 1o b o000t
TONFEWORK EN: LS Meawe Wi lka lambAs=6T455, F|B. 134)=1.9145 p=.000213
LApplicaticd ol Zrypar.

Aaijrien d.4 a9 4.2 &3 2.3 b 1.5 1.4 12 i4
izal T 7.8 B T4 2.8 5.4 4.1 4.5 a2 i8
Hurs A2 E.2 E.7 E.7 K un AR T8 a.l 4.0 25 48

168500 Copa Spaligation, LS Maara Wilks lambda=.c3861 FrB, 145:=4.6301, p=.000ud
20012 Crym. Applicaicn: LS Mu_m Wiithe lambde=c9t54, FOR, 1£4-3.8453, . 0083

Tt can be zeen that although the data analysed according 1o the respondents’ work criviconmen
shows distinet differences between the three work environments, the measures of association are
not particularly strong (the Wilks” lambda and F statste Tor 1990/ and 200072 was respectively,
L= 61, 4= 68 and F — 32, F = 301 In both studies the respondents in industry rated
approaching thelr colleagues and experts in the fizld thoth local and abroad’ substantively higher
than any other method to Mind mformation to solve 2 problent. The research institute respondents
while in 199041 miving aloost as bich ratings e this merhod assigned lower ratings in 200072,
Ihe university respondents. in both 199041 and 200172, awarded the highest ratings to print media
ol all the problem solving information sources they used and subsequently also rated them higher

than any of the other work environments.



L3

The ratings for electronic sources of information were low fur all work emaromments in 199041,
with the wniversity respondemts scoring marginally higher ratings than the research institure
respontdestts who ip twn were shghtly higher than industry. The electronic media ralings, as
mentioged above, inereased considerably in 20001:2 and it can be seen that the vmversity and
research imstilute respondents still attributed higher rotmgs 0 tlos mode tan the indusiey
respondents. While the industry respondents bardly wsed “other’ methods o find informaiion o
solve problems, lhe rescarch institute and usiversity respondents progressively rated these
methods shightly lgher Tt would (hus appear that while the mdusiny respondenis almaost
exclugively relied oo inter-personal information gathering to resobwe problems, the other two
work epvironments spread thelr options more evently and the umiversity resposdents valoed print

suurees parbeularky highly.

The crnss labulalions aceording to the respondents’ application of crystallography also showed
moderate levels of association (the Wilks™ bambda and F statistic Tor 199041 and 2001/2 was
respectively, 7 = .64, ¥ = 69 and F = 47, T — 360 It ca be scen that as fac as the value
atlrthuted to print media, the gure crysiallographers valued this source the highest of the tloree
application groups followed closely by the toof covstallographers (his applicd Lo bolh studics),
The imporlance of cobleagues and other experts as a means to solve problems was the highest
among the applied respondents (in both studies), closely followed by the foof crystalloggaphers.
The pure crystallographers awarded the higher matings to the yse of electrome sources ot problem
sulving purposes than the other two groups (in both studies. only more so in 2001:2). The 1o/
and pure responsdents attritubed higher miings o offer methods than the apphed respondents (in

both sudica).

5.8. THE USE AND VALUE OF LIBRARIES

A wumber of studics have indicated that the information facility serving a commumnity can impacl
vonsiderably, both positively and negatively, on the mfonnation communication: process of that
community (¢fl also chapter 2.7.3.). For example, the men: existence of @ convement and weli-
greganised collection of literature apd fromal information services or, og the other hand, the
integration into an etficient informal mfornmalion commumcation system may have a very
pusitive effect on that wser group’s interaction with infontation. Conscious and weconscious

needs for information may be stimulated by efficient Facilitics to meet them which then sctivate
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the communication process. while inadequate facilities tend 1o stifle information necds and the

communication of information.

To establish the role that their organisational Hbrurics plaved in the communication process. the
respondents were isked Lo indicate how lreguently they used their libraries, to rate their librarigs”
contribution ta the information communication process, and to rate the service provided by their
librarics (& rating scale of 10 [used very frequently ¢ very highly rated| to O |not used / of no valug|
was applied: cf. Question C14, Appendix B & C.). The aggremited ratings are depicted in Table
5300 and Chart 3,12, belmw.,

Table 5.30. Library Use, Value & Service rating
Rated Means Frequency of Use importance Service Rating
198011 (N 80} 8.7 7.2 5.0
200112 {N 78) &.1 i1 5.7

Chart 5,12 Library Use, Value & Service Rating

o Frequenoy of Lisa
2 Imporance
| O Senvics Rating

U T T CO - s A

1S (NS ’ 2001/2 [NTE)

It iz evident that in both studies, while the libraries were highly rated Tor their contribution they
made to the information communication process, the use made ol them and the service ratings
given were much lower ratings, This sceming anomaly can be explained by the Facl that many
respondents stated during the inerviews that they rarely personally used the library as they either
senf 4 junior staff member or a student to find material in the library an their behall, or they
requested Lhe library stalT to s¢arch Far the information they required. The low service rating can,
in turn, be explained by the large number of university respondents who were dissatisfied with the
services provided in the 19907 study and the [rustration that the respondents at the largest
researeh inatitute had with theie libeary in 200072, Tt was evident that the zeneralised view was
that the muin vitlue of their libraries resided in the information resawrces offered rather than in the

salvices pravided.
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Tl 1-1¢51 that was conducted indicated thae the only significant between-study variations were for
the ratings awarded o library service provision (cf Table 531, below) The satistaction with
library scrvice provision was higher in 200172 than in 192071, This can largely be explained by
comments made by the umversily rospondents thal with the greater use of dlectironie moedia and

services thelr libratics had beeame more effective and could now offer a more personatized

servive,
Table §.31. T-Testforsignificant between-study differences:
Library Use, Value & Service rating
Ratel Means Mean LR k 2tk ! F
2004:2 Library Uee 6.1 2618 TE
199071 Libhrury Usn 5.7 2,863 84 0.346 1.027 43407
200102 Library Walue il 1.63% TE
19901 Library Value Tl 16732 BO -0.090 -0.401 0.9
20012 Likrary Service 5.7 | .25 5 L
193001 Likrary Service 5.0 2354 RO o718 2. 738 3.O0E
T-test ior Dependeat samplas, (itlerpnces 0 reg aep sigoilicant at p < G .05

5.81. THE USE AND YALUE OF LIBRARIES ACCORDING TO THE POPULATION
SUB-CATEGORIES

Vhe data was furthar analysed by cross tabulating libracy vulue, use, and servics ratlings with thye
population sub-categories ws indepondent variables, The ANDWA statistical tosts that were min
produced  signilicance  scores  for  catesorisation  according to the work  environment,
crysiallographic application and position catepories (both the 19907 and 200172 dars-sets), These

results are outlined 10 Table 5.32, below,

Table 832, Library Use, Value & Service rating by Population Suh-categories sigirsant resus;

Frequency uf use Impurtance Sorvieo rating M
Work Envirnnment 1890/ 2012 1950 20012 19801 20012 18801 20012
Industry 4.0 38 2.1 3.4 | T4 13 11
Rezsarch 5.2 5.1 Fa 7.2 .2 5.6 18 17
Umivirsity B E.9 sl B3 3.9 5.4 49 50

199001 WORK EN; L3 Moans Wilks lurnhda=.59570, F(%, 150]=7.3100, p=. 00300
20012 WORK EN; LS Means Wilks lambda=_ri831, F{§. 146)=31.866T, p=00105
Applitation of Grysl

Appled 4.7 4.8 7.6 73 B.5 6.3 31 79
Tadl 57 6.7 iy 5.8 4.3 5.8 23 24
Pure 74: 6.5 65 8.8 R 5.0 26 75

1990/1 Crys. Applicatlon; LS Means Wliks [ambia= 57733, F(E, 130)]=7.3025, p=.00000
200112 Crys, Application; 13 Means Wilks lsmbda=,TEE68, Fi8, 14§]23.4200, pa 00345

Fogiticn
Seniar 38 4.4 B.8 B.5 8.3 7.2 ] Ja
Misldle E.J B.0 7.0 6.9 4.4 5.5 2d 24
dunar TG ar 5.2 51 FLE 3.4 23 21

19800 POSHICN; LS Means Wilks lamboa=.25206, Fig, 150}=24.T496, p=0.0400
20012 POSITHIN; LS Means Wilks lambdas 252740, F[6, 146)=24. 101, p=0.0000
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Althoush very clear differences surfaced in the responses received from the three work
crivironmends, the measures of association were only moderately strong (The Wills' lambda and
F statistics ranged respectively for 1990/7 and 20082 befween ? =000, 7 =07 and F— 7.3, F—
4.0}, The respondents in industry. although personally using their libkaries infrequently, awarded
the highest value ratings to their contribution to the information comununication process and
service provided. During the interviews i1 became clear thil @ very hummoniows telitionshop
existed between these respondents and their fibrares and although their libearies were usually
sitaated within the sescurch divisions. these respondents {particularly the more senior ones) rarely

had to visit the libraries us o very proactive service was provided by the library statt

The univeraity respondents personully wsed their libraries the most frequently ot the thece work
catezories, but they also awarded shohtly lower value estimates and considerably lower service
ratings thun the other two categorics. The latter view varied considerably between the two studies,
and while the comments tnade during the 1990/ interviews indicated general dissatisfaction with
the service offered, the sentiment in 200172 was fir more positive. 'The unpression gaiped was
that with the advenl of cleclronic mediy and services, the university libraries were now offering

maore user-onenled and value-added senvices.

The pattern of responses from Lhe research institates respondents (el somewhat in between that of
the umversity und industry respondents. Tt was interesting to note that a number of respondents
iltached o the largest research institute were very dissutisfied o 200172 with their organisation
fir considerable downescaling library services. Thers was obvious disagrecment with the

argument that the general availability of electrome infirmation sowees made lbearics redundant.

The vardation in responses according to how the respondents applicd erystallography once again
indicates the applied crvstallographers followed the pattern of the wggrepated responses of the
industry and research instibsle respondents and the pure and fool respondents that of the
university respomdents. It should however be noted that the tos! respondents” responses,
partiewdarly in 19901, veered slightly in the direction of that of the applied crvstallographers. The
data as analysed by the posilion catepories of the respondents shows that while the frequency of
fibrary use mereases as the position categories drop from the senior to the more junior catepones,
the value placed on the library's role in the communmication process and dhe library service ratings

mereased from the eror o the senlor categories.



5.9. RESEARCH OUTPUT AND PUBLICATION DETAILS

‘Ihe research process reaches its peak when the results of the study are transterred into some o
other oulpul. This could, depending on the circumstances {usually the nature of the research and
the work cnvironment) result in some or ather publication in the public domain; the production of
an wnpublished internal Feponts the patenting of an inventlon: the production of a physical entity,
or the introduetion of a process. This final stage signals the transfer of (he interacnon with the
communicatinn system from the informal 1o the formal domain and the conclusion of the research
project. The information comtnunication process thus culminates when scientific information
wenerated duning lhe rescarch process hecomes public knowledge {ofl also chapler 2,1, 2.2, &

2.3

The publication of research findings in basic science 1% regarded by this community not ooly
constitute the culmingtion of the rescarch proeess hut also to form the basis of the communication
process. Zimim (19693 13) has often heen quoted for arpuing that the results of research in
seience can only become completely scientific once they have been published and this body of
recorded knowledge nor only Torms an integral part of the seientific communication process and

hut underpins the advancement of science,

Applied science’s inferaction wath the publication process, by nature, occupies  position of lesser
impartance than in basic sclence. An apphed scientist is concerned, pomartly, with producing a
phsical or practical end-product (e a patent, a lcense or new produect) which will provide the
best solution 1o a particular problem, rather than with verbal encoding and, as mentioned in
Chapter 2.3, this is the basis for dilTerenttating belween the information eommupication processes

in basic and applied science,

Although, as indicated above, published lilerature oceupies a mueh less important position, it still
plays a simificant role in the communication of technical information. The literalure of applicd
seience, however, tends to be of a practical nature and appled seicntists as readers become so
gecusiomed 1o this form of outpot that they find it difficult to assimilate hemiure of a more
thenretical nature and hence their reluciance o ranseend the Heratyre of hasie scicnce (cf, the

reference 1o Lhese aspects in chapter 2.3%

T'o enable the rescarcher to examine and investigate the research output and publication patierns

of the crystallographic community. the respondents were requested to submit a list of their
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publications, or any other fonm of encoded research output and further to pravide as mouch detail
regarding their research output as possible. The information reparted in this section is thus based
on the data obtained from these lists topether with the respanses obtained to Question DI,

Appendix B and €; and information obtained during the interviews.

5.91. RESEARCH QUTPUT CATEGORIES AND DISTRIBUTION

From the data received ot was clear that the research aupot of the respondents could be grouped
into one of the following categories: tormal publications such as journal articles, review articles.
took chapters, ete.; technical reports that were produced within the organisation: patents that
werg prarmulgated; and invited lecture or conference presentations. 1t was assumed that resgarch
that cubminated in the production of a product ar the generation of a process would be verbally
encoded in the format of an internal report produced for the institution of company. Where the
conlidentiality of the research prevented a respondent from providing the reguired information,
the researcher requested that the average number of reports, patents, ele. submitted per annum be
divulged, The researcher received full co-operation from the respondents and is satisfied that the

data obtained is a fairly accurate reflection of the research owtput of each respondent.

The distribution of the research output among the various channels for the entire population is
depicted in the Table 5.33. and Chart 5.13. belaw. It is clear that farmal publications constituted
almost halt (30%) of all forms of encoded output. Intermal reports were 2 guarter (25%) and
conterenceslecture presentations slightly less (22494), swhile patents lagyed far behind at 3% of the

total output.,

~ Table 533, % Distribution of Research Output among Channels
CHANNELS %oteant % 200102
Publications 50 45
Print 50 40
Electronic 4 5
Presentations 22 23
Reparts 25 28
Patents 3 4
TOTAL 100 100
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Chart 5.13. %% Distribution of Research Output amorneg Channels
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The data was further analvsed by cross tabulating the distribution of the research outpui among
the various channels with the population sub-categories as independent variables. The Pearson’s
chi-square test was used o measure the siatistical significance of the percentage variation and
significant differences were scored for cateporisation according o work environment and
application of erysiallography (both studies). [t is fucther clear that in all instances the measures
of association were very significant (work environment: ¥* = 63.2 [1990/1], 59.3 [2001/2]; phi =
0,86 [1990/1], 0.81 [2001/2]; application of crystallography: o = 56.5 [1990/1], §2.9[2001/2]; phi
=0.73 [1990/1], 0.71[2001/2]). These results are cutlined in Table 5.34. below

In industry the written research ouiput was very clearly technical reports (709, 1990/1; 75%.
200142, with patenis (13%, 199071; 4%, 2001/2).), publications (9% 199071, 6%, 200/2), and
conference/lecture presentations (8%, 19901: 5%, 2001/2),) lagging far behind. None of the
publications was in electronic format. This confirms the statemenis made by the respondents and
findings reported in the lieraiure (cf. chapter 2.3, & 2.4.3.) thai researchers in industry are
primarily concerned with improving products and production procedures and technical reports
thus serve as the maln vehicle 1 convey research outcomes to the company at large. Publication
in the publication domain and presentation of papers was perceived to be an ancillary by-ptoduct

and often not feasible because of the confidemiality of their research.

The industry and rescarch instiiute environments produced by far the largest proportion of
patents, a clear indicaiion of the importance of this channel to safeguard new innovations in the
applied science environment. The respondents ai research institutes were also prolific producers

af reparts {even more 5o in the second study), onee again a clear indication of the high percentage
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of contract research that they conducted and the confidentiality restriction prevented them fram

transierring a large proportion of their research oulcomes into the public domain,

The university respondents, in total contrast 1o the other two work cavironments, almost
exclusively ransterved their rescarch outcomes into the pablic domain, mostly as formal
publications {71%, 1990/]; 67%, 2001.2) and to a lesser extent as presentations (1990/1, 28%:
20%, 20012) The effect of increasing financial constraints and the drive to engage in
remunerative contrct research can be seen in the marked increase in the praportion of technical
reports and patents produced by the university respondents in the seeond study, They and 1he
respondents from the research instituies were the only crystallographers to utilise ¢lectrunic mode

fiur publications {albeit only 7% amd 5% respectively).

Publications g S 23 1 Sy &7 50 5

Pring g g 23 11 71 &0 $tt El

Elpetronfc 0 o L & o P [ 5
Presentations 3 5 16 14 B 23 21 23
Heparts 70 B 58 62 1 4 25 28
Patants 13 14 3 L] 1] ] 3 4
TOTaL 100 4840 100 00 40 100 100 100

17 mMu:ﬁm: ai=3; p= THO: FroE Thaant T
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5.9.2. AVERAGE ANNUAL RESEARCH OUTPUT

From the daia that each respondent submitted the researcher caleulated the towal number of
research oulpuws within each category and then this [lgure was divided by the number of vears
that each respondent hud begn productive to amrive at wn aggregate annual oulput This
information is represenied in Tahle 3.35. below, [n [990V1 the average annual encoded research
ouiput for all channels for the entire population of crystallographers was 2.5 and this rangad from
.12 for patents, W 0.86 for reports. t 0.25 tor conference prescniations, (0 1.92 for publications.
By 2001,2 this had increused on average by 28% to an overall output of 3.2 (0,18, 1.28, 1.21, 225

respectively for patents, reports. conference presentitions, and publications), The runpe of the
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encoded outpur was from (L0 10 0.9 in 199E] and 0.0 to 12,1 in 200172 This growth in the
numbet of publications per person per annum was a general tendeney that was abserved, not only
for the ten year period of the study, butl also il the tofal pubdication output is analyvsed over the
tonal period of publicalion activily (.. [ram the time of first conducting research to the time of

the 20012 inlervicws),

AYERAGES 1990M 200142
Patents 412 018
Reports .36 1.28
Presentations .95 1.21
Fublications 1.92 2.25

Crverall 2.5 3.2

[f the total research output data is analvsed according to the various population sub-catcgarics the
follonwang trends emerge (¢l Table 536 below). The research inslitule and university respondents
were dlmost equally peolitic and both categories showed an ingrease (n output in the second
sludy, The industry respondents were slightly less prolific and also did not increase their output as
suhstantively as the olbers in 200172, The variation among the crystallography application
categaries was minimal. There was a slight inereuse in output, the mare structured the work
environment became and this incremnental increase also applied as seniority in position and ape
increased. The outpul was much higher for respondents with doctoral deprecs and those with a

forcizn doctorate were slightly more prodific than those with a {ocal qualitication.

~ TABLE 5 35. ANNUAL AVERAGE RESEARGH OUTPUT by Population Subcalagories
189071 zonz | 1930/1 20012 | 18s0n 2o01z § 18s0N 2004i2
WORK ENVIROMNMEMT

INOLIETRY RESEARCH INSTITUTES UNIVERSITIES (WERALL

e A 4 3.2 1.5 | 25 o
CRYSTALLOGRAPHY APPLICATION

FURE TOOL AFPLIED WERALL

2.8 3.6 2.4 a5 2.5 2.4 25 3.2
GROUR STRUCTURE

LONERE UHETR. GROUPE STRULT, GROLUPS TWVERALL

2.1 2.5 2.5 e 2T 13 2.5 i e
POSITION

JUNIDR MIDOLE SENMHIR DWVERALL

1.2 1.4 24 2.0 ] 4.4 25 32
AGE RAMGE

20-28 A1-59 51-T0 OVERALL

0.4 0.5 25 Bk b .1 2.5 3z
DEGREE

SA-HaonsBasters Farzign PhD SAPKD OVERALL

1.0 A 3.1 3B 2.4 3.4 2.5 It i
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5.10. CONCLUDING REMARKS

From the above it 15 very clear that the reason why information s reguired has a sigoificant
impact on the method wgad to mither nformation and on the preferred comumunication channel
and mnde. The respondents reported during the interviews thal they usually used more than cne
tnethod concurrently and that their responses rellected Lhe gencralised stualion and prefernd
methodsfchannels could vary conmderably depending on the specific natwre of the inforination
required. Tt js further clear that the importance and relevance of the methods and chammels used
varied {in some instances considerably) according 1o lhe respondents work aflibalion and

application of crystallography and alsoin many instances according to their position.

In g wery simmilae vein, the reason why research was being conducied and particululy (he
respondents’ work environment and application of crystallography impacied on their research

ourpit and on the channels and modes of commumeation used for this purpese.

The variguon on channels wsed for information seeking and research output purposes between the
studies zenerally showed consideratle differences. The mberent commumcation model did not
change, but iU s elear that the clectrome environment had a marked effect on the mode of
interaction used and on channel selection {or inlormation-secking purposes. The electrome
environment had, however, handly affected pubbeation output mode use, even in the second
study. The other marked difference between the studies was clearly the etfeel of changed
organizational stroetures and finaneial models, as well as the positive impaet of lhe new political

dispenszation in South Adnca,

These aspects will be addressed in greater detail in the following chapter.



201

CHAPTER 6
DISCUSSION OF FINDINGS

6.1. INTRODUCTION

In this chapter a discussion will be presented of the main results derived from the study.

One of the main premises of this thesis is that scientific and technological advance is largely
dependent on the efficient communication of ideas, knowledge and information as well as the
amount and quality of interaction among scientists and technologists. With the growth of
scientific and technological enterprise over the years, the burgeoning information industry,
globalisation, and rapid technological advances, the information communication process in
science and technology has likewise increased both in size and in complexity and this, in turn, has
impacted on the efficacy of the system. It is therefore suggested that to be effective, the
information environment, and this includes information professionals, has to comprehend the
information communication practices of the scientific and technological communities it seeks to

serve.

A factor that is of specific concern to the researcher is the dynamics of information
communication behaviour within specific science communities in South Africa. The problems
outlined above are compounded by the complexity of the South African society, real economic
constraints and above all the fact that our science and technology community is geographically
{and in the past also politically) isolated from the forefront of research. The focus of this research
project was thus on establishing what factors impact on the communication process within a
specific research community in basic and applied science in South Africa, what role informal
communication of information plays and particularly what the effect of changes in the socio-
economic, political and technological environment have had on the information communication

process over the last decades.
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6.2. COMMUNICATION OF INFORMATION AMONG THE
CRYSTALLOGRAPHERS

It clearly emerged from the empirical study (cf. Chapter 4.2.) that the crystallographers’ work
environment and work structure largely determined communication patterns and the interaction
with information. The organisational ethos that prevailed in each of the three work environments
(industry, the research institutes and the academic institutions) generally determined specific
work structures which in turn impacted in varying ways on the communication of, and interaction
with, information. These ranged from the most structured approach that prevailed in industry,
through the less rigidly structured research institutes to the academic institutions where a far more

flexible approach was adopted.

The communication of information was closely integrated with and related to the research
activities of these respondents, the underlying reason for conducting research, and the information
needs engendered by these activities. The communication process was thus basically driven by
two categories of need. On the one hand there was a need to obtain information to start up a new
research project, to test a theory, to solve a problem, design a system or process, produce a
product, and to keep up to date with new developments and research fronts. The other very
important driving force was to impart the end result of the research effort to management, the
wider organisation, clients, colleagues and, in many instances, to the wider science community
and public in general. These interactions with the information communication process were
conducted either on a direct interpersonal level (i.e. where informal communication channels
were mostly used), and/or on an indirect impersonal level (i.e. where formal communication

channels were mostly used).

6.2.1. INTERACTION WITHIN THE ORGANISATIONAL SETTING

As mentioned above, a fairly structured work environment prevailed in industry and researchers
were grouped into divisions that were engaged in cognate research areas and these were further
divided into smaller more homogeneous research units, or groups, each addressing a specific
research project of interest to the company. All the respondents in industry were engaged in

applied research, usually either in applied chemistry, mineralogy, or material science.

The research emphasis in these R&D divisions was on developing and implementing new
products or techniques, providing technical and product support for the company's production

facilities, and in froubleshooting and problem solving for the production and management
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divisions of the company. This implied that they were very dependent on bilateral interaction
with all company divisions and other outside clients that required their services to receive input

and feedback to direct their research activities.

In general a good, workable, communication structure prevailed within this sector and this
operated at two parallel, but also intersecting, levels where both formal and informal modes and
channels of communication were utilised. On the formal level this was driven by the project
management structure within which most of the industry crystallographers operated and which
enforced regularised reporting and communication of information. In addition all respondents
stressed the importance of informal, person-to-person, exchange of information. It was evident
that the informal exchange of information was in fact actively encouraged and was the major
method of communication when information was required to solve specific problems encountered
in the work situation. Face-face communication was the preferred mode of interaction, but e-mail
and the telephone were also used extensively. The key person in the R&D communication
network was the group leader of the research teams and they generally acted as gatekeepers
ensuring a two-way communication pathway to and from their groups to the wider company and

beyond to the science community in general.

The respondents in industry were particularly aware of the isolation caused by the confidential
nature of much of their work, the geographical distance of South Africa from the major
international researcher centres, and during the first study, the effect of political isolation on
information communication. They were thus very conscious of the necessity to import external
information into the work environment and made a concerted effort to engage with external
colleagues and other experts, often transcending rigid organisational boundaries. They further
also realised that they had to engage with recorded literature, not only to obtain much needed
external information, but also to transfer their unique knowledge to wider audiences, and if
feasible even to publish in the public domain. The latter aspect, however, was not generally
feasible as they were severely hampered by the confidentiality restrictions mentioned above and

the profit motivation that was the driving force of their work environment.

The most general encoded research output in this environment was thus some or other technical
report that was circulated within the company and, if applicable, further abroad. Such reports are
a fundamental component of the communication process in industry and ensure that the outcomes

of the research process are encoded for future reference, albeit only within the confines of a
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specific organisation. Patent specifications, which of course are directly related to the main
business of industry, were another important encoded output. The presentation of conference

papers and publications such as journal articles hardly featured in this environment.

The organisational and management structures that were in place in the research institutes, albeit
more flexible, were fairly similar to that in industry and these structures also generally
determined the formal information communication networks that were in place. Most researchers
thus worked in research programmes within divisions that were established according to broad
subject, or mission orientated, categories. The greater flexibility in the research institutes and the
tendency to delegate responsibility, however, resulted in a fairly-flat organisational structure and

a less restricted working environment.

These researchers were also predominantly engaged in applied research in the fields of materials
science, mineralogy or applied chemistry. A feature of their work environment was that a large
proportion of their research was conducted under contract for some or other external client (more
evident in the second study) and they, in turn, often further contracted their research out to
various universities, or they collaborated with academics on research projects. These various
levels of contract work resulted in a fairly complex information communication structure and it
also dictated that the communication process was, despite the fairly open culture and flat
hierarchical structure that prevailed, still fairly formalised and structured. One of the
consequences was that intellectual property and confidentiality issues impinged on the
information communication process (again more evident in the second study) and this was in
direct conflict with the underlying culture of information sharing that has always prevailed at

these research institutes.

Formal information communication in the research institute divisions was established by means
of regular, structured project management meetings. In addition inter-programme seminars were
held where the divisional directors and project leaders communicated across program boundaries
and this encouraged cross pollination of ideas and facilitated problem solving. The overall
communication process was generally mediated by the group leaders who ensured the effective
vertical and horizontal communication of information in the work place. As in the industry
environment, informal, interpersonal interaction and exchange of information was highly valued,

actively encouraged and it occurred on a daily basis.
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The research institute researchers further also engaged with the published and other recorded
literature to obtain the information they required and to transfer their research output into the
public domain, if possible, or to circulate it within their closed community, if confidential. They
thus produced reports for each project that they were engaged in, and patents where possible.
Although the presentation of conference papers and publication, such as journal articles, played a
secondary role, they were far more heavily utilised in the research institute environment than in
the industry environment. This was partly because not all research was confidential and partly

because of the underlying ethos of sharing information with the wider research community.

The crystallographers that were attached to the twelve academic institutions were basic scientists
who were either engaged in pure crystallography research or utilised it as an analytical method or
tool in chemistry (the largest proportion), physics, geology, materials science or biochemistry.
The formal research team structure that generally constituted the norm in the other work
environments was far less strictly adhered to within the academic environment. A natural
evolution towards group forming and collaborative research, however, occurred amongst a large
proportion of the academic respondents. Many academics thus worked in structured research
groups or less formal unstructured groupings, while a smaller proportion worked on their own
(the so-called loners). These working styles predicated three distinctive communication patterns
based on the degree of group forming and collaborative research undertaken by the academic

respondents.

The structured groups all shared common research goals, they were very directed and focussed, a
strong bond existed amongst them, and although collaboration was a very distinctive ethos, each
person in the team was encouraged to make his/her own unique contribution. Interactive
communication links were maintained amongst members of the group, which ranged from daily,
informal contact, to scheduled formal meetings. A further feature of these groups was that they
mostly consisted of researchers conducting pure crystallographic research and they frequently
provided a service to other researchers, often external to their university and in diverse research

areas. Such activities resulted in extended communication networks far beyond the field of

crystallography.

The unstructured groups usually consisted of members of the same department that collaborated,
but who did not form as close-knit a research unit as the previous category. The nature of their

interaction was thus far less structured and formalised. It was further evident that these
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crystallographers were more equitably distributed among the basic disciplines represented in the
study and further that most of them utilised crystallography as an analytical tool. It was also
observed that there was far less evidence of a group dynamic in these less formal teams,
individual members were more independent and personally involved in the communication

process, and were less dependent on the group leader to drive the process.

The last category consisted of the academics who worked independently and in virtual isolation.
These lone workers primarily used crystallography as an analytical tool and their specific subject
fields were fairly equally distributed amongst chemistry, physics, geology and biochemistry.
Although they worked outside a group structure, the ‘loners’ did maintain informal, unstructured
communication links with colleagues in their departments, in other cognate fields and outside the
university environment. They usually communicated extensively with the main crystallographic
group at their university and then mostly with the leader of such a group and the operator of the
diffractometer (if available). They also undertook collaborative research, but to a lesser extent
than their counterparts in the other two categories. They all regarded formal channels of

communication as important links in the communication chain in their work environment.

In all three categories the driving and motivating force for the academic researchers was to
receive peer recognition for their research endeavours, to make their research known to as wide a
scientific community as possibly, and to contribute to the body of knowledge in their field by
publishing their research outcomes in the public domain. They also produced project reports and

promulgated patents, but to a far lesser extent than the other two environments.

Although the basic information communication model outlined above remained fairly constant
from the 1990/1 to the 2001/2 study, certain significant changes did surface during the second
study. The variation over the ten years was predominantly caused by the impact of the escalating
electronic information environment, structural and other changes in the work environments, and
changes brought about by the adoption of a democratic political dispensation in South Africa.
These and other variations between the two studies will be discussed in greater detail in 6.6.

below.
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6.2.2. COMMUNICATION OF INFORMATION OUTSIDE THE IMMEDIATE WORK
ENVIRONMENT IN SOUTH AFRICA AND INTERNATIONALLY

It was clear (cf. Chapter 4.3.) that two factors had a considerable effect on the communication of
information among the wider community of researchers involved with crystallography in South
Africa and abroad. The first related to the professional organisation of this community. The
international crystallographic community is very well organised by means of the International
Union of Crystallographers (IUCr). From the formal scholarly communication point of view they
have been very active in publishing (both in electronic and print formats) some of the most
prestigious journals in the field of crystallography. They have actively embraced the electronic
environment to enhance and improve the efficacy of their publication procedures, and to provide
links to relevant bibliographic and structural databases and other primary publications that are
available on the World Wide Web. They provide a number of other online services such as e-mail
alerting, tables of contents and details of forthcoming events. These electronic services are made
available throughout the world by means of their three international IUCr Web mirror servers

{one of which is administered in South Africa).

In addition to their formal publication efforts they further promote interaction by means of their
tri-annual congress, to which each country sends a delegation, and other specialist conferences
they organise. The Union has also established a network of Commissions in a number of specialist
areas and which provide a body of experts who can be consulted on a variety of issues. The IUCr
thus very effectively creates the platform for interactive co-operation, interaction and exchange of

information among the members of the international crystallographic community.

In South Africa, the South African Crystallographic Association has had a similar major impact
on communication among the local crystallographic fraternity. It specifically aims to facilitate the
communication of information related to crystallographic research in South Africa and further
ensures that close links are maintained with the International Union of Crystallographers and the
central body of scientific unions in South Africa. Communication within the Association is fairly
active, and is mainly driven by the regular symposia that are held in the field in South Africa.

These symposia further stimulate informal communication among the members.

The second major factor that affected communication was related to the researchers’ access to and
interaction with sophisticated crystal analysis equipment and crystal structure databases. Access

is specifically required to single crystal diffractometers, and if possible powder and neutron

r
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diffractometry facilities. In South Africa only five institutions have the capacity to acquire and
run single crystal diffractometers and all researchers in the field are thus dependent on the
analysis services that these five institutions offer to the crystallographic research community in
general. The crystallographers from these five institutions maintain very close communication
links with each other as well as with researchers at other institutions who approach them for a
crystal structure analysis service. South African researchers further rely on the Cambridge
Crystallographic Unit (CCU) at Cambridge University in Great Britain; the Joint Commission for
Powder Diffraction (JCPD) in the United States of America; the facility at Grenoble in France
where a number of countries co-operate to run a large neutron diffractometer facility; and the
facilities at the Brookhaven and Rutherford Laboratories for powder diffractometry and other
more advanced crystal analysis. A few institutions in South Africa subscribe to the crystal
structure databases produced by the CCU and the JCPD and they then again provide access to this
data to the local crystallographic community. It is clear that international and local cooperation is
excellent and this has resulted in the open and often free exchange of information, data and
computer programmes in the field (this even applied to the years when South Africa was

politically ostracised by the international community).

From the above it is clear that members of the local and international crystallographic fraternity
are closely linked to each other either by their need to access sophisticated equipment or their
willingness and ability to provide information and/or a service to outside researchers. The result
is that there is constant communication (both person-person as well as by indirect means)
between crystallographers within the country and the international community. This interaction
and exchange of information was further fostered by the respondents’ acute awareness of the
importance of exchanging information and cross fertilising ideas by maintaining contact and
interacting with other experts in their field and the wider science community. The paucity of a
critical mass of experts in many specialist fields in South Africa further encouraged active

interaction with international scientists and research facilities.

‘Where possible, the local crystallographers thus tried to go abroad to visit international centres of
excellence, use advanced facilities, attend whatever relevant conferences were being held at the
time, and visit suppliers. They also then generally used these opportunities to find international
experts to invite to South Africa and where feasible encouraged them to spend sabbatical periods
in South Africa where they were then also exposed to the wider South African research

cominunity. Scientific meetings and conferences clearly provided an important forum at which
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information was regularly exchanged (both formally and inter-personally), where the
crystallographers made and fostered contacts, publicised their latest research and also kept abreast
of new research fronts. Another important platform of interaction and source of new innovation
(particularly in the industry environment) was provided by interacting with suppliers and

manufacturers of materials and equipment.

A feature of the respondents’ external interaction was that while the applied fields actively
approached the basic fields for information and assistance, the converse did not always apply.
The interaction in the basic fields was generally between scientists at the same level of expertise
and environment. In the second study there was evidence, however, that this aspect seems to be
changing with a growing tendency towards greater interaction between the environments, each
drawing from the others strengths and expertise. This could be attributed to the fact that over the
last decade the university and research institute respondents were forced to engage in more

contract research and industry to outsource more research.

The worldwide drive towards increased collaborative research has also had an impact on South
African researchers and resulted in greater interaction with colleagues outside the immediate
work environment. The increase in use of electronic media and networks has assisted this process
as well as the fact that South Africans have generally gained greater international acceptance and
increased mobility since the change to a democratically elected government in 1994. The general
use of electronic modes of communication has not only widened the scope and ease with which
researchers can interact with recorded literature, but also facilitated inter-personal
communication. This, despite the fact that face-to-face communication was still the preferred
mode of interaction, has been an important factor in South Africa, with its vast distances between

main centres and its remoteness from the epicentres of international research.

6.2.3. THE CRYSTALLOGRAPHERS’ LEVEL OF COMMUNICATION ACTIVITY

It was seen in Chapter 4.4.4 that there was a relatively small nucleus of crystallographers who
were driving the information communication process and who were the most active inter-personal
communicators. These active communicators were the recipients and instigators of far more
regular information exchanges than the population aggregate. In Chart 6.1. below the aggregate
number of professional contacts made and received by individual respondents are compared. The
Chart compares the population aggregate with the top 25% and top 10% most active

communicators. It can clearly be seen that there is considerable variation between the data for the
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population as a whole and that of the top communicators, and this, it is submitted, demonstrates
the presence of a core group of respondents that intevact and exchange information vigorously. Tt
was further seen in Chapler 4.4, that a substantial majority of the eontacts that were maintained
were B0 listed cryslallographers and that aver hall ol hese were South Alricat {bath sladizs)y. The
slirony communication links ghat were sustaingd within the erystallographic fratemiy and the Gl
thal the preatest activity was contained within a small group of crystallographers would thus
suggest the presence ol the fmvisible coflege phenomenon within this comomngy (el alsa Map
4.1, thal ilustrates these Hinks).

Chart 5.1. Compari=on of cortacts rraintaired & received
N 19901 =30, N ZX2=T8

Popudation Received 20152
Ao Average Serpne

When the geographical spread of commumication activity was analysed L was further seen that
the Gauteng area contained a sutficient eritical mass of expertise in the [eld 1o obviale the need
W1 Communicats extensively ontside the area. The respondents in all the other areas (particularly
those tn the Free Slate and the Western Caped communicaled far more widely with persans
outzide their own area. This could also be partially astributed to the [aet that all the research
instituees and Lhe majarity of the industries in the study weee situated in Gaoteng (the universities,

horwever, were move evenly distributed throughout South Africa),

6.3. THE CRYSTALLOGRAPHERS' USE AND PREFERENCE FOR
CHANNELS AND MODES OF COMMUNICATION
The agssertian has ofien been made that the way and medium in which infarmation s

communicated can have a signiticant effect on the communication process and to test this
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assumption this study specifically investigated channel and mode wuse among the
crystallographers (cf. Chapter 5.). A number of studies have indicated that although accessibility,
familiarity and ease of use are of prime importance to information users when initially selecting
communication modes and channels (cf. Chapter 2.4.), the reputability and quality of the channel
that conveys the information is far more significant as a measure to accept and adopt information

and ideas.

Paisley’s (1980) distinction (cf. Chapter 2.4) between mode (the physical encoding) and channel
(medium transferring the message) was adopted for this study and it was further decided to view
communication channel categories as lying along a continuum that ranges from formal, indirect,
channels which could for example utilise recorded modes of communication, to informal personal
channels which could typically relate to oral face-to-face communication between individuals. It
was established in the study that the broad categories of channels and modes that the
crystallographers generally engaged with in the information communication process were direct
person to person exchange of information, recorded channels that were usually either in print or
electronic modes, and conferences (although strictly speaking consisting of a range of modes and
channels) were further frequently mentioned as forming an important constituent of the

communication process.

In the 1990/1 study there was a clear preference for both inter-personal channels and print-based

communication modes, and while conferences attracted only a slightly higher than average rating,

electronic modes hardly featured at all. There was an almost complete reversal in the 2001/2

study, all four categories were highly rated, and there was hardly any differentiation amongst the-

preference ratings given by the respondents. These factors will be discussed in more detail below.

6.3.1. INTER-PERSONAL COMMUNICATION OF INFORMATION

The important role of informal communication of information in science has been highlighted by
a number of researchers, of which the seminal work of Price (1963) provides one of the foremost
expositions of the invisible college phenomena {(cf. also Chapter 2.2.). Cronin has stated that
informal communication did not evolve as a reaction to shortcomings in the formal systems of
communication but as a “device created by scientists for scientists to serve a particular set of
functions™ (1982:229), the most important of which, the researcher suggests, is the interactive

nature of the exchange process and the stimulation that collegiate interaction provides.
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A number of studies (cf. Chapter 2.2 and 2.3) have indicated that there is a positive correlation
between high levels of communication with colleagues and high performance levels and that
performance increases if informal communication links are encouraged. Indicators point to the
fact that scientists who belong to large informal networks are more actively engaged in
collaborative research and publication collaboration, they have stronger citation links, they are
more innovative, their ideas are transmitted more effectively, and they generally have more

influence on research than their counterparts who do not belong to such informal networks.

From discussions during the interviews (cf. Chapter 4.4. and 5.3.) it was clear that direct personal
interaction and exchange of information was very highly valued and by far the preferred mode
was face-to-face engagement followed by communication by telephone. It was frequently stated
that informal corridor discussions generated new ideas and serendipitous problem solving and
some respondents were prepared to go to extreme lengths to engage in face-to-face interaction,
for example the one respondent as mentioned in the previous chapter was prepared to

...catch a plane and fly to the right persons anywhere in the world to have them help us...

It was, however, further seen that various external and often pragmatic factors impinged on this
inherent preference for face-to-face interaction. The most important was the distance factor, and
while by far the most respondents indicated a high level of personal interaction in the immediate
work environment, this changed to the greater use of the telephone (both 1990/1 and 2001/2),
electronic media (2001/2 only) and manual correspondence (1990/1 only) when communicating
elsewhere in South Africa and abroad. The greater the distance and the effect of cost factors, the
greater the tendency to use the more inexpensive modes, such as manual correspondence in the
first study and electronic modes in the second. In 6.7. other factors, such as the work

environment, that impinged on mode preferences will be discussed in greater detail.

6.3.2. PRINT-BASED INFORMATION COMMUNICATION CHANNEL PREFERENCES

The main print-based channel categories that the crystallographers generally interacted with were
journals, monographs, internally produced reports, patent specifications, and a variety of other
lesser used categories that ranged from review publications, to reference works to trade literature
(cf Chapter 5.4.). Of these, journals were by far the most generally used and valued
communication channel (this applied to both studies). All other print-based channels attracted
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very low ratings, other than technical reports where the use of this channel increased considerably
with the increase in contract research that was observed in the 2001/2 study. Studies that have
investigated channel selection have generally found that information sources that are more closely
attuned to the work situation are more frequently utilised and valued and it was seen that these
factors also played a role among the respondents in the three work environments. These factors

will, however, be discussed in greater detail in 6.7. below.

6.3.3. ELECTRONIC MODES OF COMMUNICATION

With the rapid expansion of the use of electronic communication modes the question arises to
what extent this has affected information communication behaviour. It was seen in Chapter 2.6
that conflicting views were expressed in the literature and while some authors claim its impact is
considerable, yet others are of the opinion that science communities view electronic media as
merely another mode in which information is communicated. What is certainly undisputed is that
electronic modes and networks have been absorbed into the science communication process; they

are used extensively; and scientists apply then in a myriad of ways (cf. Chapter 2.6.).

In 1990/1 there was no evidence that electronic media had had any significant impact on the
community of crystallographers. The limited interaction that did take place was restricted to
delegated online searching and SDI subscriptions (which were very costly); using the electronic
versions of the CCU and JCPD databases; and the hitherto infrequent usage of communication
networks. There was, however, a complete reversal of the situation in 2001/2 and it was seen that
the use and application of electronic media, networks and systems had increased exponentially
and become common practice. These findings are very much in line with those of Tenopir et al.
(2003) and Hallmark (2003, 2004) that were reported in 2.6.

The general consensus that surfaced from the second study was that electronic media have had a
very positive impact and that e-mail, in particular, is a vital tool in communication. It has helped
to overcome South Africa’s geographical isolation and extended the scope of interpersonal
communication and collaboration outside the immediate work environment. It was specifically
noted that scientific data and a vast variety of media (text, graphics, audio/video, etc.) can easily
be exchanged between researchers, research results can more readily be compared and different
viewpoints easily discussed. A further benefit is that wide array of information in electronic

format can easily be retrieved.
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The most frequently used electronic channels for information-seeking purposes were the Internet
followed by CD-ROM databases subscribed to, internally produced databases and then at a far
lower rating other channels such as subject gateways and portals. It is interesting that the value
ratings did not mirror the usage ratings and CD-ROM databases were valued far more highly than
the Internet, the channel used most frequently. The databases their own organisations produced,
surprisingly, attracted fairly low usage and value ratings. Comments made during the interviews
indicated that while the Internet is useful when starting a new research project, subject gateways
and portals are more useful to get more detailed information, and CD-ROM databases are
invaluable when conducting a detailed literature search or to obtain specific information to solve
a problem. According to many of the respondents, the greatest drawback of the Internet is that

many searches produce totally irrelevant or low value information.

The crystallographers, although they used electronic journals only moderately, both as a carrier of
information and as a publication vehicle, were generally very satisfied with the quality of the
information content. From the comments made it would appear that the respondents were not that
concerned about the mode of the journal, but were resolute about availability, access, quality
considerations, rating levels and whether the journal reaches a wide audience. They were not yet
convinced that electronic journals achieve all of the above and were particularly concerned about
archiving problems in the electronic environment and the effect this has on maintaining a
permanent record of scientific research (cf. comments made above). A specific problem that
pertained to South Africa was the bandwidth problems that we have here and the impact this has
on speed of access. Printed journals were thus still preferred and considered to be indispensable at
the time of the 2001/2 study (again a result similar to that of Tenopir, et al. and Hallmark, cf.
2.6.).

From the above it is clear that the most obvious benefits of electronic communication media and
systems are that they eliminate the distance factor and they provide a channel that can be accessed
instantaneous all over the world (if the infrastructure is available). They thus facilitate
international collaboration and the exchange of information. While the benefits of electronic
modes of communication are indubitable, there are, however, some inherent problems that attend
to this mode. One of the main areas of concern are that electronic modes and networks are not
sufficiently inclusive and that scientific communication may become less visible and only

accessible to privileged members of closed communities. A further factor is that the rapid
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evolution of information technologies could render current and past electronic media inaccessible
and this could effect the permanent archiving of scientific information. The structure of science
depends on its permanent body of knowledge that records all scientific endeavour and which

underpins its cumulative base, its peer review system and its reward system.

6.3.4. THE ROLE OF CONFERENCES IN THE COMMUNICATION PROCESS

Conferences were valued for a variety of reasons, including amongst others the role that they play
in providing a forum to transfer and publicise current state of the art information, for promoting
scientific and technological innovations, for facilitating informal contact amongst attendants,
stimulating the exchange of ideas and opinions, and assisting with the transfer of information by
means of the collegiate process (cf. Chapter 5.6.). The crystallographers, despite listing all the
important reasons why they valued conferences, returned fairly moderate ratings for their
information communication value. The main reasons given during the interviews for this
contradiction were high attendance costs (particularly for international conferences) and, to a

lesser extent, because many of the applied scientists felt that presentations were too theoretical.

As far as electronic conferences was concerned, it was very clearly stated (and also so rated) that
they did not favour this mode of participation. The most important value of conference attendance
was the forum that it provides to interact with other scientists, to conduct informal corridor
discussions and serendipitous information gathering. Although the electronic format does
overcome all travel-related problems, the advantages of the medium, in the respondents’ view,

does not compensate for lack of human interaction.

6.3.5. INFORMATION GATHERING AND CHANNEL SELECTION

It was suggested in Chapter 5.7 that the information gathering process is set in motion by a need
for information that can be related either to keeping up-to-date with new developments in a field,
or to undertaking new research projects, or to solving problems that occur in the work situation. It
was further indicated that each of these information needs predicate the use of different
information communication channels and modes and that they have varying effects on the

information communication process.

All the crystallographers held very strong views about the necessity to stay abreast with new

developments and the latest information being generated in their fields. Although a variety of
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methods were used it was seen that by far the most predominant was to scan the latest journals in
their field and in 2001/2 the use of electronic current awareness media and services were also
very popular. Communicating with knowledgeable persons and attending conferences (the latter
applied particularly to 2001/2) were highly rated albeit less so than perusing current journals, etc.
(cf. Chapter 5.7.1.).

Almost all the crystallographers commented during the interviews that before starting a new
project it is imperative to conduct an exhaustive survey of the literature and establish the state-of-
the-art of research in the field. Such a forerunner to a research project obviates duplicating what
others have already done, it provides greater methodological insight, and usually helps clarify
conceptual issues. Once again, although a variety of methods were used concurrently, it was clear
that by far the most popular was to conduct a systematic manual or electronic search of the
information in the field (electronic methods mostly applied to 2001/2). The only other
methodology that attracted significant ratings was to approach colleagues or experts for
information and a surprisingly large number picked up the required information serendipitously

by browsing (the latter was incorporated in the other category; cf. Chapter 5.7.2.).

It was further clear that when the crystallographers encountered a work-related problem they
most frequently approached a colleague in the work place or some other expert, and to a lesser
extent they looked for a solution in the literature in the field, both in printed and electronic modes
(the latter applied to the 2001/2 study). They obviously first tried to solve it themselves and often

used a combination of these methods.

From the preceding it is very clear that the reason why information is required has a significant
impact on the method, channels and modes used to gather information. It was further observed
that preferred methods, channels and modes could vary considerably depending on the specific
nature of the information required, the work environment, characteristics of the individual
crystallographer and application of crystallography (these aspects will be discussed in greater
detail in 6.5. below).

6.3.6. THE USE AND VALUE OF LIBRARIES IN THE COMMUNICATION PROCESS
A number of studies have indicated that the information facility serving a community can impact
considerably (both positively and negatively) on the information communication process of that

community (¢f. Chapter 2.7.3.). The availability of efficient facilities may stimulate conscious
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and unconscious information needs which then activate the communication process, while

inadequate facilities tend to stifle information needs and the communication of information.

It was evident that in both studies, while the libraries were highly rated for the contribution they
make to the information communication process, the use made of them and the rating given for
the service provided was much lower (cf Chapter 5.8.). The first seeming anomaly can be
explained by the fact that many respondents stated during the interviews that they rarely
personally used the library as they either sent a junior staff member or a student to find material
in the library on their behalf, or they requested the library staff to search for the information they
required. The low service rating can, in turn, be explained by the large number of university
respondents who were dissatisfied with the services provided in the 1990/1 study (but which had
improved by 2001/2) and the frustration that the respondents at the largest research institute had
with their library in 2001/2. It was evident that the generalised view was that the main value of
their libraries resided in the information resources offered rather than in the services provided.
This view, however, varied considerably according to work environment and seniority of the

respondents (cf. 6.5. below for more details).

6.4. RESEARCH OUTPUT

The research process reaches its culmination and is concluded when the results of the study are
transferred into some or other output. It was clear from both studies that the nature of the output
depended largely on the kind of research that was conducted and the type of work environment.
This output, depending on the circumstances, was found to be either some or other written record
of the project or a physical entity or process. Even when the latter was produced, it was found that
some or other encoded output in the form of a technical report, and/or a patent accompanied the
physical end-product. The crystallographers in the basic sciences generally produced some or
other publication in the public domain, usually journal articles, usually in print format (even in

the second study print was preferred over electronic) (cf. Chapter 5.9.1.).

In both studies formal publications constituted by far the greatest proportion of the recorded
output, followed by internal reports (this category of output increased in 2001/2) and conference
presentations, while patent specifications only represented a negligible component. The average
annual encoded research of the respondents raged from zero publications to 9.9 in 1990/1 and

12.1 in 2001/2 and the aggregate population output increased from 2.5 in 1990/1 to 3.2 in 2001/2
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(i.e. by 28%). This growth in publication output was observed not only for the ten year period of
the study, but also when the total publication output over the total period of publication activity
for each respondent was examined. These increases may be attributed to a combination of three
factors. The first is that during the last few decades all work environments have been under
greater pressure to improve productivity and increase accountability, hence the increased encoded
research outputs. The second might be that as each researcher matured and acquired enhanced
skills and knowledge there was a growth in productivity with time, and thirdly the increase in

collaboration practices that was cbserved also stimulated greater output.

The typical collaboration, and thus co-publication, pattern that emerged was that collaboration
would predominantly occur among members of the same research group together with one or two
scientists from the wider circle of South African and international scientists. It was further
observed that the more prominent and well known a scientist became, the wider afield he/she
would collaborate. It is clear that all the leading crystallographers within South Africa have
worked with one another at some or other time and that the more eminent crystallographers
collaborated extensively with scientists abroad. In this way the entire South African and

international crystallographic fraternity was linked by means of their most eminent researchers.

A further interesting observation that was made was that there were decided peaks and troughs in
the crystaliographers’ production patterns with periods of intensive research engagement
stimulating research output and increased publication. The greatest proportion of the

crystallographers published both in South Africa and abroad, or only internationally.

It is clear that the encoding and recording of research outcomes signals not only the final stage of
the research process, but also the transfer of information generated during the research process
into public knowledge and the scientists’ interaction with the communication process converts

finally to the formal domain (cf. also Chapter 2.1., 2.2. and 2.3.).

6.5. FACTORS AFFECTING THE COMMUNICATION PROCESS

It was stated in Chapter 2.7. that a fundamental prerequisite to understanding the communication of
information among scientists would be to examine the variables that affect the information
communication process. It was mentioned there that a wide diversity of factors have been listed in the

literature that might affect information communication behaviour. The information
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communication process is a complex social system and it should thus be acknowledged that an
inter-meshed combination of variables could synergistically impact on the process. It is suggested
that these could amongst others include
o the scientists' innate personality traits (both affective and cognitive domains), and
demographic characteristics (e.g. age, position, qualifications, etc.);
e factors related to the work environment, such as structure, type of work (e.g. whether applied
or theoretical by nature), specific task attributes, etc.;
o adherence to a discipline and/or profession;
e various external factors such as the socio-political environment of the scientis;t
¢ information use and the consequences of such use;
e interaction with information systems (both formal and informal ) and information

communication channels.

The factors or variables that surfaced in this study as contributing most to differentiated
communication patterns and behaviour were the scientist's work environment and work structure;
whether they were basic or applied scientists and how they utilised crystallography; and finally the
years of professional experience, and status within the organisation. This is fairly congruent with
various studies as reported in the literature (cf. Chapter 2.7).

6.51. WORK ENVIRONMENT, ORGANISATIONAL STRUCTURE, AND
APPLICATION OF CRYSTALLOGRAPHY

The study clearly indicated that the crystallographers’ immediate work setting was the most
important factor that influenced their information communication behaviour and the flow of
information in their environment. The work setting’s influence ranged from the direct and
immediate impact of work-team structures and interactions, to overall organisational policies, to
the individual’s status or position, and the roles, and responsibilities they fulfil. Related to all these
factors and intricately interwoven with it were the crystallographers’ allegiance to, and position on, the
basic to applied science continuum (i.. whether on the one hand they utilised crystallography in its
pure form or applied it in basic science, and on the other hand whether they applied it for more
practical outcomes in their work environments). The three work environments that pertained to
this study population thus each imposed their own inhibitors and stimulants to the information

communication process.
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The applied and very practical nature of the work environment in industry meant that these
crystallographers’ need for information was very utilitarian and their interaction with the
information communication process was thus directly related to product and system development,
and providing technical and problem solving support for their company. A specific feature of
their work environment was that they operated within a very structured project management
system which imposed clear lines of communication and this framework very clearly stimulated
internal communication. They were not only compelled to hold regular progress meetings and
produce written reports, but were also actively encouraged to regularly interact on an informal,

person-to-person basis.

The competitive nature of their environment, however, restricted their communication with the
outside world. This bound them to confidentiality and secrecy restrictions which severely
impeded the free exchange of information and impinged on the transfer of their research findings
to the public domain. The latter aspect meant that their final encoded research output was usually
a report (with restricted distribution) or to a lesser extent a patent and, very rarely, conference
presentations or formal publications. Report-writing was thus a fundamental component of the

information communication process in industry,

All the industries, however, made a concerted effort to counter information isolation by actively
supporting all initiatives to stay up-to-date with new scientific developments and innovations.
This was mostly achieved by maintaining very strong interpersonal links with the local and
international research community, usually by means of gatekeepers in their organisations. These
gatekeepers were very active information communicators {cf. also 6.7.), they maintained direct
contact with the other researchers in their divisions and they kept themselves informed of the
information needs of their colleagues. It was very clear that within the crystallographic
community the industry respondents (by means of their gatekeepers) were the most active in

initiating and maintaining contacts outside their own environment.

The crystallographers who were attached to the academic institutions were, in direct contrast to
the industry environment, all basic scientists that were either pure crystallographers or utilised
crystallography as an analytical foo/ in a variety of subject fields. They operated in a far more
open work environment and the forming of research teams was entirely voluntary. If these did
evolve, it was because of the strong leadership of the more eminent academic crystallographers

who attracted postgraduate students and colleagues who wished to work and collaborate with
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them. Not all of the university crystallographers, however, operated in this way and three distinct
work structures were thus observed that ranged from well-organised, cohesive research groups, to

the less formal framework of unstructured groups, to the academics working on their own.

Members of the structured groups were very directed, focussed and were coalesced by strong
inter-personal communication links that ranged from informal contact to formal meetings. These
fairly close-knit groups were however far less structured and mission oriented than what was
found with the research teams in industry. The unstructured groups usually consisted of members
of the same department that collaborated with each other and regularly communicated, but the
nature of the interaction was far less formalised. There was far less evidence of a group dynamic
and individual members were less reliant on the group leader to drive the information
communication process. The lone workers, although working outside a group structure, still
maintained informal, unstructured, communication links with colleagues in their departments and

outside the university environment.

The driving and motivating force for the academic researchers was to make their research known
as widely as possible and to obtain peer acknowledgement in the broader science community. The
major end-product of their research was thus some or other publication that could contribute to
the body of knowledge in their field. They also produced project reports and promulgated patents,
but to a far lesser extent than the other two environments. The latter two outputs however
increased between the two studies in conjunction with the growth in contract work that was
enforced by decreased budgets and the need to become more self-sustaining over the period of the
study (cf. also 6.6.).

The distinguishing features of the academic respondents' interaction with the external
environment related to whether they participated in collaborative research, whether their expertise
was sought afier by other researchers (often from a range of work environments), and whether
they were attached to one of the universities that had their own diffractometers. The pure
crystallographers who operated such diffractometers communicated actively with each and with
those researchers who required a crystal structure analysis service. It was further clear that a close
relationship existed between the academics and their former students. The latter kept contact with
their former supervisors to tap into their expertise and/or to collaborate with them and/or to
engage them to do contract research for them. The university crystallographers further interacted

with the international research community by publishing in international journals, presenting
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papers at international conferences and perusing the international literature.

The research institute environment emulated characteristics that were present in both the
university and industry environments. Although most of the researchers in these institutes worked
within a project team work epvironment, it was less formally structured than in industry (but
more formal than in the universities). There was a greater tendency to devolve responsibility and

this resulted in a fairly flat organisational structure and a more delegated working environment.

Research was applied by nature and originally this was driven by an inherent need to investigate
and solve research problems to the benefit of South African society. Over the years this changed
(once again because of financial reasons) to the prevalent situation where a large proportion of
their research is conducted under contract (and for profit) for some or other external client (both
private and public sector) and they, in turn, often further contracted their research out to various
universities. This has resulted in a fairly complex information communication system which
ranges from the more formal aspects of a typical project management environment to a more

informal collegiate situation.

The free exchange of information outside the immediate research circle was, because of the high
prevalence of contract work, thus also often affected by confidentiality restrictions. The
respondents at the research institutes therefore consciously tried to maintain contact with other
environments and a particular area of concern was the danger of not staying abreast with the latest
international research developments. They therefore made a concerted effort to maintain close
contact with research institutes across the world, to interact with scientists abroad and to keep up-
to-date with international publications. The gatekeeper phenomena, although not as prevalent as

in industry, was also present in this environment.

Although project reports and patents (to a lesser extent) represented a significant component of
the research institutes’ encoded research output, publications such as journal articles and the
presentation of conference papers also played an important role in the dissemination of their
research findings. Not all their research was confidential and it was part of their work ethos to
share information with the wider research community and to transfer as much of their research

output into the public domain as was possible.

The work environment clearly had a very distinctive impact on the use and value attributed by the
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crystallographers to the various communication modes and channels that they used. It is clear that
while all three work environments regarded interpersonal and particularly face-to-face interaction
as an important factor in the information communication process, the crystallographers in
industry, and to a slightly lesser extent at the research institutes, were far more dependent on this
form of interaction than their university counterparts. The industry respondents often exerted
considerable effort to achieve face-to-face interaction and if this was not possible they preferred
telephone interaction, rather than less personal and less interactive communication modes. The
university and research institute respondents clearly embraced electronic modes of
communication to a far greater extent than their industry counterparts. A further feature of inter-
personal communication was that while the wuniversity crystallographers were generally
approached by the other two environments for information and advice, the converse rarely
occurred. The university respondents, when they did contact an expert, mostly approached a

colleague within the academic environment.

The university respondents awarded the highest rating of the three environments to print-based
modes of communication and particularly journals and to a lesser extent monographs as channels
of communication to both obtain information and as a publication vehicle. In the industry
environment, reports and patent specifications were used the most extensively of the three work
settings. The research institutes’ position shifted from the situation in 1990/1 where they valued
journals as a channel of communication to that in 2001/2 where, because of the increase in

contract work, reports and patents grew in importance and equalied the role of journals.

Although it was clear that from the first to the second study all three environments had
experienced considerable growth in the use of electronic modes, this was less evident in the
industry environment. This can generally be ascribed to their wariness of security breaches in the
electronic environment and their more conservative approach to new innovations and technology.
As far as specific electronic channels were concerned, the only group of crystallographers that
both extensively used and valued the Internet and CD-ROM databases was the university
respondents (this is in line with the methods generally used by this group to search for
information). Internally produced databases were used frequently and valued by the research
institute respondents and to a slightly lesser extent by those in industry and this can be attributed

to the more pro-active information services present in these environments.

It is not surprising that the respondents in industry gave the lowest use and value ratings to
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electronic journals as they did not extensively engage with electronic modes or the journal
literature in general. The research institute respondents, although awarding the highest value
rating to the information content of electronic journals, did not use this journal mode more than
moderately, both as a source of information and publication vehicle. Although the university
respondents were the only category that made frequent use of electronic journals, and regarded
their information value highly, they gave fairly low ratings to their publication value. The
relatively low use of electronic journals at the time of the second study can generally be attributed
to the fact that electronic journals of a specialised nature were not that readily available; that the
respondents still doubted whether there was general acceptance of this mode within the science
community and the effect this would have on peer acceptance of their research; and they were
concerned that the archiving problems that pertained to electronic media would have serious long

term effects on the science communication process {cf. also comments made in 6.6).

While conferences played a fairly insignificant role in the industry environment, they were highly
valued by the other two environments, particularly the research institutes. This is a clear
indication of the limited value that the predominantly theory orientated conferences have for
industry as well as the fact that confidentiality restrictions generally prevented them from
presenting papers. The high ratings given to conferences by the research institute respondents
who are also generally engaged in research of a more applied nature, clearly indicates that they
have been far more successful in bridging the divide between theory and practice. The university
respondents valued conferences for the forum they provide to publicise their work and have it
discussed and they, as well as the research institute respondents, particularly valued the

opportunity conferences provided to network with experts working in similar fields.

While all three environments valued print media highly to keep abreast with new developments in
their fields, it was clear that there was considerable variation in the use and value attributed to the
other methods used. The industry respondents were more prone to seek out experts; the research
institute and university environments valued conferences; and the industry and the research
institute respondents valued the electronic current awarenmess services provided by their
institutional information services. This can be attributed to the industry and research institute
crystallographers’ more proactive library services; the greater value placed on conferences in
general by the university and research institute respondents; and industry’s general predilection to

approach experts for information.
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The three environments showed very similar search patterns when conducting an exhaustive
search for information and the only distinctive differences were in the intensity of the use of the
channels and methods. This varied from the slightly higher score awarded by the university
respondents in 1990/1 for manual search methods to the higher scores given by the industry
respondents in 2001/2 for electronic methods. The only other significant difference was that the
university respondents rated colleagues and other search methods (mostly unsystematic
browsing), far higher than the other two work environments. To find information to solve a
problem the industry respondents relied almost exclusively on approaching colleagues and
experts in the field; the research institute respondents also first approached an expert and then
searched for a solution in print and electronic media; and the university respondents first searched

in the print media and then approached colleagues or searched electronic media.

There was considerable variation with regard to the use and value attributed to organisational
libraries. The industry respondents, although personally using their libraries infrequently,
awarded the highest value ratings to their role in the information communication process and
service provided. This can be explained by the proactive, value-added and user-oriented services
that were generally provided by their libraries. The university respondents while personally using
their libraries the most frequently, awarded the lowest estimates to its contribution to the
communication process and service provision. The views of the respondents from the research
institutes fell somewhat in between that of the other two environments with moderate use and

service ratings, and high ratings for the value of libraries in the communication process.

It was further seen that working in a group structure appeared to often predicate information
communication styles and have many beneficial outcomes; amongst others, it stimulated
interpersonal communication, the flow and exchange of information and generally stimulated
productivity. The respondents who thus worked in more structured and group-forming
environments were collectively the more active communicators, and professionally more active.
The more the respondents worked in a less group forming environment or on their own the less
they initiated information communication acts and the fewer number of contacts they received

and the less they were involved with all aspects of their profession.

It was specifically observed that the success of the group dynamics in all three work
environments largely depended on good leadership and although all members participated, the

group leader was generally the driving and motivating force. Strong leadership resulted in the



226

development of a good team spirit, vigorous inter- and intra-group communication of information
and in maintaining active links with the external environment. Such leaders encouraged the cross
fertilisation of ideas and new knowledge by ensuring that information was exchanged with
colleagues outside the group and by filtering and disseminating the most relevant information into

and out of the group; i.e. a typical gatekeeper role was adopted.

It was further evident that in the more structured work environments the junior members relied on
the more senior members and particularly the group leaders to interact with the outside world on
their behalf. The converse applied in that the less structured and greater the level of solitariness in
which the crystallographers worked, the more the junior academics relied on their own devices to
interact with the external environment and acquire the information they required. This interaction,

however, still remained at a much lower level than that of the more structured groups.

The empirical studies clearly indicated that the crystallographers’ alignment along the basic to
applied science continuum (which was also related to their work environment) and the contingent
application of crystallography had a significant impact on the information communication
process. It was thus observed that while there were only slight differences between the
information communication behaviour of the pure and ol categories, considerable variation
pertained between them and the applied crystallographers. The respondents who applied
crystallography generally emulated the combined information communication behaviour of the
industry and research institute respondents (i.e. those who were on the applied science side of the
basic/applied spectrum), while the respondents who were pure crystallographers or used it as a
tool generally followed the behaviour pattern of the university respondents, i.e. on the basic side

of the spectrum.

The applied crystallographers clearly followed the pattern referred to in Chapter 2.7, that applied
scientists tend to transfer information vertically by exchanging information between researchers,
practitioners, and others through several different levels of expertise. The pure and tool
crystallographers, on the other hand, rather transferred information horizonmtally, by sharing
information among like individuals who have the same levels of expertise (¢f. the above
paragraphs for verification of this statement). While the assertions made in Chapter 2.7 that there
is a distinct difference in the way that applied fields of knowledge and the basic fields
communicate information clearly came to the fore in this study, it is suggested by this researchers

that these factors are closely intertwined with the work environment and that the latter is in fact
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the primary variable that determines alignment along the disciplinary spectrum and information

communication behaviour.

6.5.2. POSITION, AGE AND QUALIFICATION

The empirical studies clearly showed that there was generally a direct and strong correlation
between information communication behaviour and the respondents’ age, position and
qualification levels. In most instances information communication activity intensified with
increase in level of seniority, qualification and age. In the latter instance there was however a few
exceptions were the most active respondents were in the middle age category (31-50 years). This

finding correlates well with that reported in the literature (cf. Chapter 2.7.2.).

It was thus seen that of the older respondents (i.e. the middle and oldest age categories), the more
senior and highly qualified the respondents were the more they initiated communication contacts,
the more they were approached by other scientists and the further afield they communicated.
These respondents thus also went abroad far more frequently to initiate and maintain
communication links. It is suggested that information communication activity and networking
capacity evolves and grows over time and the more mature, senior, highly qualified, and thus
established, researchers have made a name for themselves in their professions and have therefore
over the years built up a substantial circle of colleagues with whom they communicate,
collaborate and generally interact. This verifies the assertions made that one of the most marked
effects of a scientist's status on the communication process is related to informal communication
networking. Such networks generally operate at a senior level with the more senior (and often
also older) and experienced (and often more highly qualified) members of a profession

communicating extensively on a personal basis at conferences, telephonically, electronically, etc.

The younger respondents thus generally had fewer external personal contacts and they relied fairly
extensively on their seniors or on the literature to obtain external information inputs. It is once again
suggested that the more senior members played a pivotal role in the communication process and
in the crystallographic community in general. It would further appear that respondents who were
in middle positions were generally less bound by the communication bonds of the groups they
worked in and that they were thus less dependent on their group leaders than their more junior

counterparts.

An analogous pattern was observed for the variation in use and value awarded to most channels
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and modes of communication. The use and value awarded to print-based modes increased with
level of seniority, and age and this could partially be attributed to the fact that research output
activity generally reached its peak among the more senior respondents in the 40 to 60 year age
bracket and that prestigious print-based publications provided the best vehicle to publish their
research output (this was observed even in the latter study). This further explains why the use and
value of specific print-based channels such as journals, reports and patents also increased with

level of seniority, qualification and age.

It was similarly observed that the more senior and older crystallographers attended conferences
more frequently and valued their information communication attributes considerably more than
their younger and more junior colleagues. These senior respondents particularly valued specific
features and opportunities that conferences provided, such as the interaction and discussions with
other experts in the field and the platform to present their research outcomes. One assumption
could be that these crystallographers’ more advanced research standing ensures that their papers
are more readily accepted at international conferences, that they are called on to officiate more
frequently and also that they have a greater ability to secure funding. The younger and more
junior respondents, however, did attend as many conferences as possible and they particularly
valued the more formal presentations far more highly than their senior counterparts. In fact many
of the institutions had a policy to award funding to expose as many junior members as possible to

international gatherings.

The only instances where the younger and more junior respondents awarded higher ratings than
their senior counterparts to an information communication channel, mode or system was to
monographs, electronic modes, listening to papers at conferences, and using their libraries. It can
be argued that in the instance of electronic modes this may be ascribed to the fact that younger
people (and thus often those in a more junior position) generally adapt to and adopt modern
technologies more readily than the older generations. The greater use of monographs could
possibly be ascribed to the fact that the more junior and younger researchers, because they had
not reached a sufficient level of research maturity, derived more value from secondary
publications such as monographs that had already synthesised and interpreted the primary
information. In a similar vein they would derive more value from conference presentations. The
greater use of libraries, it is suggested, is because the more senior and older respondents often
delegated library visits and literature searching to their more junior colleagues and possibly

because they are usually linked to some or other invisible college where they easily obtain
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information via personal contacts, moderating the need, in many instances, to use formal channels of
communication. It should be noted, however, that the more senior and older respondents valued
their libraries’ role in the communication process, and the services they provided, far higher than
the more junior and younger respondents. This can probably be explained by the fact that the
libraries more readily provided proactive services to the more senior {(and often older)

respondents.

6.6. VARIATION BETWEEN THE TWO STUDIES

Although, as mentioned, the underlying information communication model remained fairly
constant between the two studies, a number of significant changes were observed that mostly
related to the impact of the escalating electronic information environment and structural and other
changes primarily caused by decreased funding and the adoption of new organisational business
models in the work environments. To a lesser extent the changed political dispensation since
1994 and the worldwide trend towards increased globalisation and collaboration in research also

had an effect on the communication process.

In the industry environment there was a general downscaling of their R&D facilities and an
increase in the research they contracted out to universities and research institutes. This meant
increased levels of interaction with researchers outside their own environments and different
information needs and interaction with primary information sources. The research institutes were
subjected to drastic state subsidy cuts and they were thus forced to operate as self sufficient
business units and adopt a profit-making model to drive their research endeavours. This resulted
in the need to engage extensively in remunerative contract work, which in turn brought about the

enforcement of confidentiality restrictions by their clients (usually in industry) and intellectual

property rights issues.

This contract and profit driven environment had a considerable impact on the research institutes’
information communication process. The project focus and a budget that was geared towards
selling man-hours forced researchers to become less open and also generally prevented them from
transferring research outputs into the public domain. The incentive was rather to patent
innovations and produce profit-driven products and all these factors severely restricted the
previously dynamic flow of information. Informal interpersonal interaction was particularly

affected and informal networks struggled to exist. There were, however, glimmerings of yet
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another change in the organisational structure of the research institutes. This was the growing
move to adopt a knowledge management approach and once again emphasis being placed on the
importance of collegiate interaction and knowledge sharing. The question, however, arises
whether the transition into a knowledge intensive and sharing culture could effectively be
synchronised and synergised with the profit motivation and emphasis on confidentiality that still

prevails.

Government funding for universities had also been declining steadily over the period between the
two studies and competition for external research funding was intense within and between
universities. This has also forced the universities into the realm of profit-based contract research.
This competition for funding and the need to secure contract work has increased the level of
tension in the universities and two opposing views surfaced with regard to the effect this has had
on the interaction with information in the academic environment. A few of the academics were of
the opinion that competition is good and that it increases output, stimulates research and enforces
a shift away from a predominantly theoretical research base to a more applied approach with
greater relevancy and tangible benefits for South Africa. The opposing view, as voiced by the
majority of the academic respondents, was that it countered open learning, the free and vigorous
flow of information and that it had a detrimental effect on collegiate communication. An indicator
of the effect of this shift in emphasis was the increase in patent and confidential research report

outputs.

All these factors thus inevitably resulted in a greater shift from basic to applied research and
confidentiality restrictions. This, in turn, while negatively affecting the open exchange of -
information and impinging on the transfer of information into the public domain had one major
positive impact. A situation was now created where the three work environments maintained
much closer links with each other and where research in general was more attuned to achieving
practical outcomes and a greater utility factor which could have beneficial outcomes for South
Affica.

The second major variation between the two studies related to the considerable impact brought
about by the escalating growth in the use of electronic media, networks and systems. It had
improved the ease, speed and accuracy of information communication, it was now possible to
more easily maintain widely dispersed and a wider range of communication networks, and it

further increased the propensity and feasibility of both national and international collaboration. It
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was thus found that, although e-mail, online databases and the Internet were all used routinely,
the channel that had the most significant impact on the information communication process was
e-mail. The electronic environment also meant that the organisational libraries had extensively
embraced the enhanced service opportunities provided by the electronic environment and the

improved alerting and searching services were particularly valued by the respondents.

It was clear that while certain electronic innovations had considerable impact, others were not
equally valued and used. It was found, for example, that electronic conferences and mailing lists
were not extensively used, the former because they did not provide the right environment for
collegiate interaction and the latter did not live up to the original expectations of providing a
vibrant discussion forum. Although the Internet was used extensively, the general view was that
the value and quality of the information was frequently of a dubious nature. Electronic journals,
although considered to be very convenient, were not that extensively used as a source of
information and even less so as a publication vehicle. The major reason was that, at the time of
the second study, there were still too few journals in the electronic format in their specialised
field, and of even greater concern were doubts about the permanency of the mode and the long-
term impact this could have on the scholarly communication process in science. These findings

correlate very well with many of those reported in the literature (cf. Chapter 2.6.).

A specific problem that was raised in the industry environment was the danger that security could
be breached and confidential information accessed if electronic media are used. A further issue
that surfaced recurrently was the tension between the ease of use and effectiveness of electronic
communication modes and its dehumanising aspects. It was argued that it generalises the
communication interaction and does away with the finer nuances of interpersonal relationships.
The general view was that e-media are adequate for communicating unambiguous and clear
information, but that they cannot supplant personal interaction, which generally creates few

barriers and enhances interactive collegiate communication and lateral and innovative thinking.

The effect of the post-1994 political changes in South Africa, amongst others, resulted in a more
open society, greater entrée into the international research community, which in turn meant that
South African scientists could travel more extensively, have their work exposed for international
scrutiny and evaluation and thus generally be integrated more seamlessly into the international
research community. This clearly also opened more opportunities to engage in collaborative

research, which again meant greater international interaction and exchange of information.
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6.7. PROFESSIONAL ACTIVITY, SCIENTIFIC ELITES, AND INFORMATION
COMMUNICATION

It was clear from the findings reported in Chapter 4.5. that there was a core nucleus of
crystallographers who were not only approached far more frequently for information and advice
than any of their colleagues, but who also frequently initiated interpersonal and formal
information communication acts. The reasons given for making contact with these persons related
mostly to their expertise and knowledge of crystallography as a basic science as well as its
various applications. The respondents who were most frequently contacted indicated that they
were approached, amongst others, to provide assistance in solving crystal structure problems, to
help to solve combinatorial problems, to do analytical work on the diffractometer, to provide
assistance with diffractometer problems, to assist with computer sofiware problems, etc. Another
important reason for interaction was their involvement with the South African Crystallographic

Association as well as with the IUCr.

The high level of commonality between the two study populations, and particularly the more
eminent crystallographers, meant that there was almost no variation between the central networks
of the two studies and it was generally seen that the crystallographers who received the most
contacts mostly worked in a group structure; they were attached to universities and to a far lesser
extent to research institutes; they were predominantly pure crystallographers with only a few who
applied crystallography or used it as a fool. All of these respondents were in senior positions,
mostly in the 36-50 age category and they all held doctorates (the majority were obtained in
South Africa). The majority worked in Gauteng.

When the profile of the core group of crystallographers who received the most contacts is
compared with that of the respondents who initiated the most communication acts, a number of
differences surface. The active communication initiators were far more equally distributed among
the three work environments and as a consequence there was a shift away from a preponderance
of respondents conducting pure crystallographic research to those who used it as an analytical
tool and who applied crystallography in industry and the research institutes. Almost this entire
category worked in a group structure and mostly held senior positions (with only a slight shift to
the middle position) and all were in the 36-50 age category. There was further a shift from a small
majority of respondents with South African doctorates to a large majority. The geographical

distribution hardly varied between the core recipients and initiators.
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Of these very active communicators, one crystallographer emerged as the person who was by far
the most frequently approached for information, for assistance in solving problems and advice in
general. A number of respondents referred to him as the “doyen or boss” crystallographer in
South Africa. He was a senior academic, in the 51-70 age category, had a South African doctorate
and was the leader of a structured group working in the field of chemistry as a pure
crystallographer in Southern Gauteng (cf. also Map 4.1.).

These very active communicators, and particularly those who received the most contacts, were
further also identified as being the most prominent members of the crystallography fraternity.
They stimulated considerable interaction, not only because they were very active seekers and
disseminators of information, but also because of their knowledge and personalities; the other
scientists were encouraged and motivated to approach them for information. It was further
observed that they generally served on a number of important boards, committees, and other high
profile professional activities in crystallography and within the general field of science. They
were actively involved and played a leading role in their professional associations, they published
profusely, they served on editorial committees, were sought out to act as journal referees and for
external examining purposes and generally emerged as the archetypal sociometric stars in their
field.

From the above it is clear that high productivity, professional involvement and interpersonal
information communication are infricately interwoven. It is thus submitted that this study
indicated very clearly the presence of an elife group of scientists within the crystallography
community who are in Price’s (1971:74-5) words the eminent men of the crystallography
community, who have achieved a standard of excellence in their work and are highly productive;
who are very visible in their professional community and who generally have a distinct influence
over the scientific communication process in crystallography. These findings are further also in
line with the measures Amick (1973:318) suggested could be used to identify and circumscribe
the positive relationship that generally exists between scientific elitism and the information

communication system of science (cf. Chapter 2.2.1.).

It was further clear from the results of the two studies that Allen’s (1968, 1977) technological
gatekeeper phenomenon was a distinctive factor in the communication process within all the
work environments. There was thus a clear indication of the presence of intermediaries in the

various organisations who indirectly ensured the flow of outside information into the organisation
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and the subsequent dissemination of that information within the organisation. This phenomenon
was even more visible in the more applied environments where confidentiality created barriers in
the flow of information and where because of the very applied and practical nature of the work
environment many of these researchers required someone to transcend the divide between applied
and basic science in an interpretive way. This study further verifies the assertions made in
Chapter 2.3.1.1. that such informal importation of information provides an effective mechanism
for these researchers to stay abreast with external innovations and probably explains the survival
of the information communication process among applied scientists despite the unique

constraining features that are imposed on them.

These technological gatekeepers were all outstanding contributors to the technical goals of their
organisation and emerged as leaders in the crystallographic community. They were generally also
more highly qualified, produced more reports (and, if possible, published articles) and held more
patents than their colleagues. They enhanced their linking capabilities by attending more
conferences, by having more extensive personal contact with colleagues outside the organisation,
by engaging more actively with the technical literature than their less active colleagues. Such
gatekeepers are clearly akin to scientific elites in the more basic fields of endeavour and although
the gatekeeper phenomenon was not as conclusively indicated in the data that was collected as
the scientific elite phenomenon, it very clearly came to the fore during the interviews. As was
mentioned in the earlier sections of this and other chapters the group leaders of research teams in
the both the industry research institute environments (and even in the structured groups in the

academic environment) very evidently matched the typical gatekeeper profile.

From the above discussion and the results of the study it is clear that there is a direct relationship
between a scientist’s professional activities and interaction with the information communication
process, i.e. the more prominent a role a person plays in her/his professional life, the more active
she/he would be in the communication of information in her/his field. It was further evident that
while the sociometric stars or elites in the crystallography community in South Africa mostly
worked in a work environment that was more conducive to collegiate interaction where the profit
motive and the concomitant restrictions were less evident, the gatekeepers were very successful
in ensuring that work environments that were bound by confidentiality and other restrictions
maintained contact with the external environment and new information. It was further clear that

working together in formal or loosely structured groups stimulated information communication,
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professional activity and productivity and that Gauteng provided a sufficiently large critical mass

of scientists working in the same field to stimulate interaction and productivity.

6.8. CONCLUDING REMARKS

It clearly emerged from the above discussion that the crystallographers’ information
communication behaviour was largely determined by their work environment which again
determined their alignment on the basic to applied science continuum. Other factors such as level
of seniority and position also played a significant role in the process. It was further seen that
informal communication networks and the invisible college phenomenon, scientific elites and
gatekeepers were all important factors and often the motivational force behind the information
communication process within the crystallographic community. The longitudinal study further
indicated that the varying factors that impacted most in the intervening period were the changes
brought about in the work environment, organisational structure, and work ethos as well as the
impact of the significant growth and ubiquitous use of electronic media, networks and systems.
To a lesser extent the changed political environment provided an overarching impact on the
socio-political environment in South Africa and interaction on a global front. Information
communication in this defined science community clearly constitutes a complex system of many
communication pathways, information flow variables and a network of systems that drive the

process.

In the next and final Chapter these findings will be utilised to derive a theoretical framework and
model to explicate the information communication process within this circumscribed community
of basic and applied scientists. This model will also be used to further explicate the findings,
evaluate the research questions that motivated this study and derive hypothesis that can fruitfully

be used as a basis for future research in the field.
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CHAPTER 7

THEORETICAL FRAMEWORK AND CONCLUSION

7.1. INTRODUCTION

2! from the main results obtained in

In this chapter the researcher will derive a conceptual mode
the study and synthesise these with salient aspects drawn from a study of the literature to provide
a contextualised framework of the information communication process among the bounded group
of crystallographers investigated. The research questions that underpinned this study will, in
conclusion, be examined within this framework. It was stated in chapter three that a triangulated
research approach was adopted and that both quantitative and qualitative paradigms informed the
research process. In keeping with the objectives of a qualitative approach, the research process
was thus not overly structured and set within predetermined theories, but rather a more holistic
approach was followed where questions and answers evolved while the research was in progress and

where the final outcome of the research process was the development of a framework that could

serve as a basis for future research in the field.

Another reason for adopting this approach is that the researcher, after examining the literature in
the field, was of the opinion that none of the existing theoretical frameworks or models satisfied
all the parameters required for a study such as this one?. Having said this, the researcher however
did examine a number of theoretical/conceptual models in the field and acquired useful guidelines
from this perusal. The discussions that contributed most to the development of the proposed
model were the works of Bathelt et al. (2004); Belkin (1978, 1980, 1984, 1990); Belkin et al.
(1982a, 1995); Derr (1983); Dervin (1977, 1980, 1997); Dervin and Nilan (1986); Ellis (1989,
1993); Ellis et al. (1993); Ford et al. (1999); Fry (2006); Ingwersen (1984, 1995, 1996); Itoga
(1992); Jarvelin and Ingwersen (2004); Jdrvelin and Wilson (2003); Johnson (2003); Krikelas
{1983); Kuhithau (1988a,b, 1991); Kuhlthau et al. (1990); Levitan (1980); Maceviciute (2006);
Menzel (1966b); Niedzwiedzka (2003); Paisley (1968); Shannon and Weaver (1949); Spink et al.
(1999);, Vakkari (1997); Wersig (1973); Wersig and Windel (1985); Yovits and Whittemore
(1973); Wilson (1981, 1984, 1999, 2000); Wilson et al. (1999).

2! For operational purposes the researcher has viewed the concepts conceptual models and theoretical
frameworks in much the same way.
2 Cf also similar views expressed by Dervin, 1977; Dervin & Nilan, 1986; Jarvelin & Wilson, 2003; Wilson, 1999,
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Wilson (1999) and Jérvelin and Wilson (2003) provide useful perspectives to differentiate
between conceptual models and scientific theories and Wilson (1999: Introduction) suggests that
“A model may be described as a framework for thinking about a problem and may evolve into a
statement of the relationships among theoretical propositions”. Jarvelin and Wilson (2003:3) in
turn state that “Conceptual models are broader and more fundamental than scientific theories in
that they set the preconditions of theory formulation ... they provide the conceptual and
methodological tools for formulating hypotheses and theories. If they are also seen to represent
schools of thought, chronological continuity, or principles, beliefs and values of the research
community, they become paradigms”. Conceptual models thus provide an operational framework
for any research project by assisting in organising major concepts and variables and showing their
relationships. Following these definitions it is proposed to develop a theoretical framework or
model that will as closely as possible follow the recommended structure proposed by Jarvelin and
Wilson (2003).

The underlying premise adopted for the development of a theoretical framework is that the
communication of information in basic and applied science should be viewed as a holistic,
human-centred activity where the knowledge and problem state of the individual scientist should.
be taken to be at the locus of the process. Specific attention will thus be given to the role and
effect of the scientists’ cognitive and behavioural modality, as well as environmental and other
factors that impact on their interaction with information communication systems. It is the
intention that the theoretical framework will thus provide a basis to derive predictive measures of
communication behaviour and assumptions about the role of information in the communication

process of science.

From the previous chapters it clearly emerged that the communication of information among
scientists constitutes a very complex social system with distinct communication and information
flow patterns with many internal and external variables interacting synergistically. However,
certain factors, such as the work and professional environments of the scientists, their research
domains (whether basic or applied), their interaction with both formal and informal
communication channpels, and their integration into the global basic and applied science

communication structure, appeared to have the greatest impact on the communication process.
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7.2. INFORMATION AND THE COMMUNICATION PROCESS

As a point of departure towards the development of a theoretical framework, the researcher will
re-examine the interrelationship between the concepts of information/knowledge and the
communication process {(cf. also Chapter 1.4.1.). Belkin and co-authors (Belkin, 1978, 1984,
1990; Belkin et al. 1982a; Belkin & Robertson, 1976) adopted a cognitive approach that focused
on people in problematic situations™ with views of the situation that were incomplete or limited
in some way and which then becomes the motivating force behind any act to engage with the
communication system, i.e. it emphasises the potential recipient's purposeful interaction with the
information communication process to correct a perceived knowledge anomaly. Belkin (1978:82)
thus refers to information as the message contained in the signals exchanged in the communication
process which he suggests is instigated when humans react to internal or external stimuli to resolve an
anomaly encountered in their knowledge structure. This is in direct contrast to the more positivist
systems approach’® that is based on the Shannon/Weaver model, which is sender controlled and
which views information as “a measure of one’s freedom of choice when one selects a message”
{Shannon & Weaver, 1949:100).

The researcher would, however, like to adopt an approach that takes cognisance of the interactive
forces of a scientist’s need to generate and the need to gather information and the effect that both
these needs have on the communication process in science. It is thus suggested that both the
generator and recipient should be viewed as prime movers in, and instigators of, the information
communication process and that they often interact synergistically to drive the process. The
researcher therefore suggests that the concept of information should, for the purposes of this
thesis, be circumscribed as
the message contained in the signals exchanged in the communication process by means
of some or other mode and channel when scientists react to internal and/or external
{environmental) stimuli
e to generate information by partitioning off a section of their knowledge
structure, and/or
s to seek information to resolve a deficiency encountered in their knowledge

structure.

Information is further viewed as a structural representation of knowledge (Belkin, 1978:82) which

22 They refer to such a situation as one in which individuals are in an Anomalous State of Knowledge (ASK).
# Refer to the work of Wersig (1973); Wersig & Neveling (1975), Yovits & Whittemore (1973)
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has no intrinsic meaning (Miller, 2002:Introduction). Meaning can only be construed and the state
of knowledge attained when an individual assimilates information, makes sense of it and if that
person’s knowledge structure and reference framework is changed in some way. It is thus clear that
human intervention is required to convert information into knowledge and that this is directly
related to a person’s coguitive ability to do so (Wilson, 2002:Knowledge and information). It is
further argued that for this to happen effectively it is contingent that there is a level of common
understanding, conceptual development and reference frameworks between the sender and

recipient of the information (cf. also Chapter 1.4.1.).

It thus follows that humans are at the locus of the information communication process, and that
this process is set in motion when some or other stimulus creates a need to impart a portion of
their knowledge or makes them realise that they have a gap in their knowledge structure. The
generators’ partitioned knowledge, once it has been externalised and encoded, is contained as
information in the signals exchanged, while at the other end of the communication system the
recipient extracts relevant information, which, if used and internalised, becomes part of his/her
knowledge structure. When information interacts with a recipient’s knowledge structure, this can
result in a number of consequences, most important of which are that the anomalous knowledge
state can be corrected and the problem situation resolved, and or the role of the recipient can

change and he/she can now become a potential generator of new information.

Another aspect of the information communication process that should not be neglected are the
ancillary, but influential, communication channels and modes. They contain mechanisms or
devices which operate on information, either physically or intellectually (or both), to transform it
into a form suitable for further transmission, extraction or to assist in guiding it to the correct

destination.
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FIGURE 7.1. An information communication system

Such a communication model, however, has limited application as it has not taken cognisance of
the scientist's personal characteristics, cognitive state, and the factors that relate to the situation
that evoked the need to penerate infommation andfor the knowled e inconsistency that provided
the motivation to seck information. Further factors that should be addressed and which impact on
the dynamics nf'the conumunication process are specific aspects relating to the enviromment of the
scientists and the influgnce ol environmental and sitwational wvariables on  information
communication behaviour, the factars that lead (o the transfer of knowledee o the public domain,
and the use to which mformation s put. 1t is further clear that the complexity and the interactive
nature of the information communication process produce many teedback loops that constantly

modity the system and (hat these aspects should alse be reflected in a communication medel,

7.3. PERSONAL CHARACTERISTICS

I it is accepled that humans are at the Iocws of the Informanon communication process then it
should be recopnised that a scientist’s personal characteristics and attributes have an atfect on
infurmation commuynication behaviour, Palmer (199115:256-271) has proposed that scientists’
learning and creative styles are important indicators of the cognitive model that each scientist has
of the world af infermation. Using the Kitton Adaptation-[nnovation Theory she staled that ail
scientists can be placed along a ¢reative style continuum that indicates how individuals approach
problem-solving and decision making. A seientist would thus operate somewhere between the

ettapter end of the continuum, where individoals follow conventiomal procedures and adhere 1o
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consensus opinion to solve problems, to the innovator end where they apply innovative and
original approaches to problem solving. She further suggested that individuals can be categorised
according to the learning style they prefer to use and which ranges from the activists who
embrace new experiences, to the reflectors who are more cautious, to the theorists who adhere to
rational objectivity, to the pragmatists. She found that these personality styles affected the

intensity and originality of scientists” information communication behaviour.

Mahé (2004:4-6) proposes a typology of scientists as users of electronic journals based on the
intersection of two axes that indicate how receptive the scientists’ environment and their
personalities are to electronic modes. She identifies four quadrants, indicating the levels of
receptivity which she labels “high level surfers (high personal and environmental receptivity),
basic level surfers (high personal and low environmental receptivity), traditionalists (low personal
and high environmental receptivity) and bookworms (low personal and environmental
receptivity)”. She suggests that these factors play an important role in creating a culture that
embraces electronic media. She further found in her investigations that affiliation to a discipline,
the scientists’ position and personal motivation all affected how readily electronic modes were

accepted and used.

Both Ingwersen (1982, 1984, 1996) and Kuhlthau (1988a/b, 1991) have borrowed from De Mey's
cognitive perspective of an information processors model of the world to serve as a basis for their
views of information seeking behaviour. A person's mind set, prior experiences and education set
the parameters for such a model of the world and all information processing is negotiated by
means of systems of categories of concepts. These systems of categories of concepts are a
person’s individual knowledge structures or cognitive maps which change with time and
conceptual growth. Individuals are seen to be purposeful learners, they are actively involved in
sense-making and seek meaning in the information they encounter. They are in a continuous
process of constructing and reconstructing a system of personally held constructs which have

been built as a result of some or other experience.

Kuhlthau further also utilised the Personal Construct Theory (PCT) to explicate the interplay
between affective and cognitive states when a person is interacting with new information and
searching for meaning (Kuhlthau, 1988a/b; Kuhlthau et al, 1990). When an individual first
encounters a new experience or idea, s/he enters a state of uncertainty and this feeling of

confusion continues until the person takes the decision to choose between relinquishing the
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search for meaning and either accepting or rejecting the new construct. The PCT theory,
therefore, suggests that both a person's feelings (affective domain) and thoughts (cognitive
domain) would influence as well as be influenced by his/her decisions and actions during the

information communication process.

Psychological and personality factors, such as motivation, extraversion, introversion and
emotional stability, may further also affect the communication process. Hewins explored the
synergistic relationship that exists between cognitive attributes, which are used to explore or
solve problems, motivational attributes, which prompt a person to tackle the unknown, and a
person's need for, search and use of information. She suggests that a person “may possess the
cognitive processes for resolving” an information need, but might not have the “motivation to
seek novel information” to resolve the need. Likewise, a person “who is motivated to seek out
novel information to resolve problems” may be unable to process the new information without

the required cognitive ability (Hewins, 1990:160-161).

Wilson referred to Schutz's characterisation of types of people, ranging from the expert whose
knowledge is clear, distinct, but restricted to a specialised field and whose opinions are based on
verified facts; to the man on the street who depends on recipe knowledge to resolve problems and
whose decision-making is as much affected by emotion and passion as by knowledge; to the well-
informed citizen who is not an expert, but who also does not rely on recipe knowledge and
irrational emotions to arrive at decisions and who rather “arrives at reasonably founded opinions”
(Schutz in Wilson, 1984:199-200). Thus different categories of person have different frames of
reference and world views and as a consequence they have different information seeking and
generating needs and interact in different ways with information when engaged in the

communication process.

Drawing on the aspects discussed above it is suggested that personality and cognitive factors
impact in a number of ways on the information communication process. Cognisance should be
taken of the variety of cognitive processes that affect both the search for information and the need
to generate new information. Scientists, while engaging with the information communication
process, are constantly forming new constructs that interact with their internal cognitive maps and
which affect and are affected by their reference frameworks and the nature of the original

situation that stimulated the process. It should further be noted that the scientists are constantly
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engaged with sense-making and creating meaning and that their knowledge structures thus also

change over time as they mature cognitively.

It is not only a person's cognitive domain, but also his/her affective domain and motivational
attributes that can influence as well as be influenced by an encounter with the information
communication process. While a scientist may have a cognitive need to seek or generate
information, the motivation may be lacking, or the reverse could apply. Overlaying all these
factors would also be the scientists’ predilection towards a certain creative and learning style (e.g.
how innovative, methodical, etc. they are) and their emotional state at the time. It is thus clear
that each scientist is an individual with unique frames of reference, personalities, cognitive states
and world views and each would thus react and be influenced in different ways by an engagement

with the information communication process®.

7.4. ENVIRONMENTAL INFLUENCES

As was seen in Chapter 6.5. (and in Chapter 2.7.) the various environments that scientists
interacted with have a distinct influence on their information communication behaviour. It is
generally accepted that scientists operate within a series of many converging environments, or
systems that influence their information communication behaviour (cf. the reference to Paisley's
model in Chapter 2.7.1.). These systems range from the focal system of a scientist within his own
head to a number of external systems with varying levels of interaction and influence on the
information communication process. Contained in the focal system is the cognitive function of
the scientist who is seeking, evaluating, utilising and/or generating information and this in turn
cognitively creates, motivates and directs the engagement with the information communication ‘

process.

It was further suggested in Chapter 6.5. (and in Chapter 2.2 and 2.3) that each major orientation
in science, i.e. basic or applied, has its own unique information communication patterns and a
scientist’s affiliation to one or other of these disciplinary groupings would thus directly influence
his/her information communication behaviour. A further factor that adds complexity to the

situation is a scientist’s association with and incorporation in a circumscribed research area with

B A typical example from the study that illustrates these factors was the divergent views that two academics from the
same department held on the benefits/demerits of greater engagement with industry and contract work. The one saw it
as a threat to academic endeavours, the other as an opportunity to conduct research that has greater practical and
beneficial outcomes (cf. Chapter 4.2.3.).
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its structures that can range from informal but very important associations (e.g. invisible colleges)
to formal professional organisations. Such organisations are very influential as they collectively
control most formal and many informal channels of communication in a discipline (cf. references

to the IUCr and the SA Crystallographic Association in Chapter 6.2.2.).

An environment that, this researcher suggests, exerts one of the greatest influences on the
communication behaviour of scientists is their immediate work environment (cf. Chapters 6.5.
and 2.5.1.2,). Such a system consists of a number of hierarchically related subsystems ranging
from the specific work team with which the scientist narrowly associates to the overall employing
organisation to which s/he belongs. The work team, consisting of the group of people working on
the same project, has the most direct impact as it is directly attuned to the scientist's research area.
The organisational structure of the employing organisation with its unique aims and objectives
further strongly affects information communication behaviour. It can either impede the flow of
information by regulating roles, establishing rigid communication structures, etc. or it can
facilitate the communication of information by creating an open collegiate environment (cf. also

references to this factor in Chapter 6.5.).

The information communication behaviour of any community in science is influenced,
furthermore, by all-encompassing systems, such as the formal information-system and the socio-
political and cultural environment. Although, the influences of the latter two systems are less
personal they ofien create barriers to the flow of information. Libraries and other formal and less
formal information dissemination structures further have an obvious and very direct affect on the

communication of information (cf. also 2.5.3.).

A very complex structure emerges if one, further, takes into consideration that most scientists
have more than one work-related, and professional role to fulfil. This results in the generation of a
set of closely related and interacting problems requiring information to facilitate the decision-
making process and/or the need to transfer information into both the public and private domain.
Information communication behaviour should thus, it is suggested, be examined in the context of
how individuals view their constantly changing environments, and how their information

communication activities correspond with those changes.

A theoretical framework should, therefore, embody, first an individual's information behaviour at

a personal level, taking into consideration all influencing variables emanating from personal
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attitudes and cognitive states, as well as professional tasks, roles and functions within a given
organisational structure and circumscribed research area. Second, these individual-dependent and
situation-specific variables should be placed in a more generic setting, due cognisance being
taken of socio-political and cultural environmental influences. The factors influencing
information behaviour in the basic and applied sciences can thus be seen in terms of a concentric
structure ranging from the most concrete individual and personal level of influences to the more

abstract and general environmental levels of influence.

7.5. INFORMATION SEEKING AND INFORMATION GENERATING NEEDS

The discussion in 7.2. and 7.3. clearly suggests that personal attitudes, cognitive states and
various environmental influences of the individual scientist set the communication process in
motion. On the one end of the communication cycle a need to generate information arises within
an individual scientist which has usually been triggered by internal cognitive, affective and other
personality factors and which are usually also related to the accomplishment of some or other
task, e.g. the completion of a research project, which requires that the outcomes (that can range
from intangible theories to tangible products, processes, etc.) are made known in encoded format,
either within the confines of the immediate organisation (by means of a report or if priority claims
are made as a patent), or to the science community and the public domain in general (usually by
means of a publication in a reputable journal or conference presentation). Alternatively the
scientist may have been triggered by other factors (€.g. a personal need to share knowledge; the
intake and internalisation of new information that changed his/her knowledge structure; or an
invitation to contribute to a publication, conference, etc.) to partition a section of his/her
knowledge and transmit that as a communicable structure (information) by means of the

communication process.

On the other end of the cycle some or other problem or decision or situational inadequacy,
generally in a work-related situation, sensitises scientists to the fact that they have reached a state
where they have insufficient internal knowledge to continue with whatever they were involved
with (cf. the reference in 7.1. to the anomalous state of knowledge [ASK] situation identified by
Belkin). It is at this stage that they realise that they should try to find the right information to
overcome their knowledge inconsistency and a need for information is established. The scientists
would then generally be prompted into some form of activity to try and acquire information to

resolve the need. A need for information, however, may also be latent and may only become
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apparent after information has passively or accidentally been assimilated (this, however, could
only have had an effect if there was an inherent anomaly in the knowledge structure of the

individual).

Information need, i.e. both the need to generate and to search for information, is a subjective,
abstract concept existing cognitively in the mind of the scientists who are experiencing some or
other professional or work-related stimulus (either as a knowledge inconsistency, or the drive to
convey knowledge). Scientists, in their daily work environment, are constantly in some or other
incongruous situation where they require a knowledge input to resolve the situation, but in many
instances this need is not consciously recognised and it remains latent, or it is suppressed for
various reasons or the scientists, because they are not aware of how to resolve the situation, leave
it unattended, or they might be aware of the situation but unsure of how to negotiate a resolution
with an information system. To compound the situation, at different stages different needs arise,
each requiring different information inputs which vary according to the level of knowledge of the
topic and the nature of a person's situation. In much the same vein scientists are either
consciously or sub-consciously motivated to partition off a section of their knowledge and convey

it to others as information.

Dervin' s (1977; 1980) sense-making model, which she labelled SITUATION-GAP-USE, depicts
users in unique time-space contexts with fundamental gaps regarding their immediate world that
instigate a need for ,and motivation to seek, information. These discontinuities sensitise
individuals to the fact that their internal sense has run out and they then stop movement until
bridges are built to cross these gaps (i.e. an information need situation arises, strategies are
created and information is acquired to resolve the situation). Information communication is thus
depicted as a sense-making process where individuals engage with information to create meaning

in order to bridge a situation caused by an information gap.

Dervin and Nilan (1986:13-14) state that within the sense-making approach information needs are
situationally determined, and information seeking and communication is a process of movement
over time where information assists people to move more effectively through life's time-space
continuum. It is further suggested by the researcher that knowledge is created by the user of
information when he/she processes it to create sense that is unique to his/her situation (no
message means the same thing to different people). In the process the information user, therefore,

becomes an active participant of the communication process rather than a passive recipient who
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mechanically accepts information. It is further clear that the individual’s problem state changes
and evolves as information is encountered and assimilated. Derr (1983:274-277) has further
argued that value judgements play an inextricable role in determining a valid need to search for
information and the search would only commence and focus on obtaining information if the
potential use of that information has been judged to contribute directly to achieving specific
objectives. In the same, it could be argued that value judgements and the perceived benefits of
sharing their knowledge would have a direct influence on any scientist’s decision to generate
information.

In brief, it may be summarised that information seeking need is viewed in this thesis as a
cognitive state that is intricately related to the scientists’ awareness of a problematical situation
they are in and which they cannot resolve themselves and which causes them to realise that there
are gaps in their knowledge structure and further that they can possibly alleviate the situation by
obtaining and assimilating relevant information pertaining to the problem. Information generating
need is also seen as a cognitive state that relates to the various personal and external situations
that generate a need to transmit information and engage with the communication process. The
experience of information need and its resolution is situation specific and changes as information

is processed and a value judgement regarding the situation is made.

To obtain a more complete understanding of information need and its impact on the information
communication process, the various situations that cause a need for information should be further
explored®. 1t is suggested by this researcher that in the environment in which basic and applied
scientists operate, information need can be categorised according to whether there is a need to
Seek current information (i.e. a need to stay up-to-date with new research and work-
related developments and to maintain a certain level of competence, stimulation and
feedback);
Seek specific information (i.e. a need related to finding information for clearly
demarcated applications, such as finding solutions to specific problems or responding to
questions generated by professional tasks solutions);
Search for exhaustive information (i.e. the need to scrutinise all extant information of

relevance to a subject),

26 A detailed exposition of many of these factors have been provided amongst others by Brittain (1975), Cronin (1981), Line (1974);
Lor (1979); Krikelas (1983); Menzel (1964), Orr (1970), and Rohde (1986)
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Generate information in the formal domain (i.e. the need to impart knowledge by
encoding a section of the knowledge they wish to impart and transferring it as recorded
information or delivering formal lectures;

Generate information in the informal domain (i.e. to participating in informal meetings,
discussions and oral person-to-person information exchange).

Both of these information generating needs might apply to an inherent need to share

information or it may constitute a work-related output requirement..

It is also clear that the above information need categories could be further classified according to
whether they are continuous and spread over time or whether they are episodic and have a short-
lived time-span; and whether the information that is required or generated is specific and
specialised by nature or if it relates to the broader fields of science and other cognate knowledge
areas that a scientist engages with. Three restraining factors, however, relate to all categories of
need. First they can manifest themselves in either conscious or unconscious modes and in the
latter instance, because the need situation is masked, overt action will not be taken to resolve it.
Secondly the need may not be sufficiently urgent and of immediate importance and a conscious
decision is taken to defer action. Third, people often do not, or are unable to, articulate and
verbalise what they need to seek or wish to generate and this factor also might inhibit action to
resolve the situation. An additional factor to consider is that the information need situation may
continuously change as a person assimilates information and transforms it according to the
requirements of that person's knowledge structure. This process will lead to changes in the
original knowledge structure which in turn might trigger a new need to either seek or generate
information. Furthermore, because information need is situation specific it will further change as
the individual's situation and problem states change. It is thus clear that both the information

recipient and generator's knowledge and need situation are in a constant state of flux.

The aspects discussed above have been summarised and graphically depicted in the following
diagram:
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I may funther be queried whether the meed to seek or impant information is in any way amenmable
to precise categowlsation and whether humans shoudd not rather he viewed as having a range of
necds, including basic needs (as depicted by Maslow in his hierarchy of human tesds), which
constantly interact with and impact on each other. Such human needs, various envirnnmental
fclors as well as the varous roles a person fills in Jife may inslizate 4 variety of needs at

diftering levels of intensity, each of which may set the communication process in mation.

7.6. USE OF INFORMATION

[t s suggested (that the process of information vse oceurs when a specitic sub-set of information is

internalised, processed and actually used or applied 1o salisly some or other need for information
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to resolve an incongruity or to generate new information. This may be the result of purposeful
information seeking, browsing, the accidental acquirement of information, or the partitioning and
use of internal knowledge. Use, however, may or may not result in the resolution of the original

need that set the information communication process in motion.

Paisley (1980:121-154) had proposed that information use and its value are related to various

inherent information attributes and the settings in which information is used. Information

attributes that he identified that affect use include relevance, timeliness, comprehensiveness,

authoritativeness, ease with which the information may be represented, ease of location, ease of

acquisition, and the suitability of the form and content for intended use. Various other factors

further also have an effect on use and include, amongst others

e the reason why information is used, including its use to generate new information, for
learning, decision-making, problem-solving, keeping up-to-date, etc.;

¢ the individual's cognitive approach to information, including their preference for cognitive
complexity or simplicity;

e the theories and principles by which the field of enquiry is structured;

¢ the various social and organisational structures that impact on the individual, such as the
characteristics of the work team, work organisation, and professional disciplinary groups to
which an individual belongs; and

¢ the nature of the individual's tasks, including whether the problems encountered in a task are

recurring or episodic, and its effect on information requirements.

Westbrook (1993: 542) was of the opinion that information users who are interacting with new
information assimilate it into their own internal reality in terms of “what is comfortable and
acceptable to the individual” and not what “best fits with external reality”. People create personal
constructs to represent the universe which they test against external reality to establish how well
it matches. New constructs are accepted on the basis of how well they fit in with a person's
existing system of constructs. Such an approach suggests a framework according to which we
may understand how information users relate to the availability of information, how the choice of
information is determined by the frames of reference, and how information may change or affect
the frames of reference. The process of forming meaning from information is seen primarily as a

creation of the information user.
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As mentioned in Chapter 2.5, a further factor that impacts on information use is the medium
through which information is communicated. Messages may be communicated by means of
various combinations of modes and channels and as stated it has been suggested that although
channels and modes are initially selected based on the principle of least effort, time and cost,
there is evidence that quality and credibility considerations determine whether the information
will be adopted and used. It was also mentioned that information derived from more than one
source is perceived to have greater validity and thus increases the probability that it will be

accepted and processed.

7.7. PROPOSED THEORETICAL FRAMEWORK

Based on the preceding discussions a theoretical model will be developed which will encapsulate
the findings of the empirical study and incorporate the main points derived from the literature (cf.
the relevant sections in Chapters 1, 2, 4, 5 and 6). Such a model it is suggested could in future be
used as a framework to study the communication of scientific information within a specific

science community.

The focus of the framework is on individual scientists who are at the locus of the information
communication process in science, i.e. it is based on a human- and not on a system-driven
paradigm. The researcher contends that the communication process is set in motion by human
intervention when there is a need to create and disseminate new information and/or to acquire

information to resolve an incongruous situation.

Thus, at the one end of the communication cycle a stimulus, which has been generated within the
context of a particular task-orientated situation (an enactment), and which is further impacted on
by cognitive, personality and other environmental factors, prompts potential generators of
information to impart some aspect of their knowledge and to engage with the communication
process. To actualise this need to contribute knowledge they isolate the units with which they
wish to communicate and modify them to create communicable structures that are transmitted to
the science community by means of various channels, modes and either or both formal or
informal communication systems. These communicable structures then become part of the body

of scientific information and knowledge.
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At the other end of the communication cycle a stimulus, which has been generated within the
context of a particular task-orientated situation (an enactment), or the need to maintain a certain
level of competence in a field, prompts a scientist to realise that he/she is in an incongruous
position that requires an information input to resolve the situation. It is at this stage that there is a
conscious or subconscious awareness of the information need situation which can further be
influenced by the scientist’s own cognitive states and the various environments that they interact

with.

If a positive decision is taken to resolve the information need, the scientist then actively sets the
communication process in motion by seeking information. The required information can either be
found from within, or from the external body of knowledge accumulated by mankind. The latter
possibility results in engagement with a variety of information channels, modes and systems that
can range from the informal and personal to the formal and recorded. This enactment is achieved
by converting the information need into some communicable structure that can effectively be
used to select from the required channels and modes of communication the appropriate
information to resolve the situation. If a negative decision is taken, the scientist disengages with

the system.

If the information seeker is successful in finding information it is then interpreted and evaluated
in terms of the original situation that evoked a need for information. If satisfactory this might lead
to complete or partial resolution of the situation, and/or feedback to need, and/or input into the
communication cycle of new information. If not satisfactory there could be re-engagement with
the information communication cycle using different strategies, or a decision can be taken to
abandon the search for information. It is thus clear that the information communication system
and the scientists’ interaction with it is a dynamic, interactive and cyclical process which

undergoes constant adaptations and feedback into the system.

The following is a graphic outline of the concepts discussed above:
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The theoretical model clearly may be categorised into the following main components (cf. Figure
7.3. above) and they each suggest a categorisation in terms of which variables can be grouped and

hypotheses derived for the purpose of future empirical investigation:

A. The enactment component relates to the enactment of a work- and/or professional-related
situation in which the scientists are prompted to realise that they have a need to impart an area of
their knowledge structure and/or are in an incongruous situation and that they lack the
knowledge/information to resolve it. This component of the model takes into account all factors
which affect the need to impart and/or seek information such as the individual characteristics of
the scientists, situation specific and environmental factors, professional role requirements which
may be task specific, related to the general maintenance and generation of knowledge, uses to
which information will be put, previous interaction with information communication systems,

engagement with channels and modes, etc.

B 1. The information seeking component which is precipitated by the enactment of a work-
and/or professional-related situation and which results in the scientists realising that they
require a knowledge input in the form of a communicable structure (information) and that they
need information to reduce their states of uncertainty. This component of the model takes into
account all factors which affect information seeking need, and types of information need (e.g
whether or not conscious and articulated, etc.). It further relates to the decision by the potential
recipient/user to resolve his/her need by interfacing with an informal and/or formal information
communication system to obtain information. It takes into account the interaction with systems
channels and modes by means of which information is transferred (whether of a personal,
impersonal, formal or informal nature). The recipient, or user, of information is the focus and

serves as the point of departure in this component.

B 2. The generation of new information component. This component relates to all factors
that lead to the generation and dissemination of new information. It addresses all aspects that
stimulated the need to impart a subsection of the generator’s knowledge base, such as the
intake of new information and the consequences of information use: the completion of an
empirical investigation; problem solving; other work requirements; interaction with other
scientists; or merely the wish to partition existing knowledge. Factors that impact on

information generation such as the individual’s personality and cognitive attributes; other
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environmental factors such as the scientist’s work environment, membership of a discipline,
profession, reference groups and informal networks, specific work activity, and the wider
socio-political and cultural environment are further also considered here. It also takes into
account the interaction with systems, channels and modes by means of which information is
transferred (whether of a personal, impersonal, formal or informal nature). The generator of

information is the focus and serves as the point of departure in this component.

C. The resolution of the situation component addresses information processing, the
evaluation and subsequent use, or non-use of information in relation to activity (such as
whether task specific, or for current awareness purposes, or to generate new information, etc.);
the analysis of information behaviour in specific situations; indications of preference for modes
and channels for both generation and use; the relationship with formal and informal
communication systems for both generation and use; the relevance, timeliness,
comprehensiveness, credibility, and usability of information and success in finding
information; the success in transferring knowledge-structures into the information
communication system, measures of success (¢.g. impact factors). It further addresses the
success in resolving the original situation that lead to engaging with the information
communication process and all feedback loops back into the system. The most important of
these are the impact on information generation and creating new needs (both from information
use and generation), on the generation of new information seeking needs; and the effect of the
engagement with the information communication process on cognitive and personal states,

environmental situations, enactment and the creation of new stimuli.

It is proposed that this theoretical model could provide a perspective from which to view the
factors that determine individual information behaviour in the communication process and that it
could suggest useful hypotheses that could serve as an impetus for future research. It further
provides a framework to identify interrelated variables that impact on the communication process.
It is clear that the relationships among predictive variables are highly situation specific and that
while certain variables are affected by environmental factors, others are influenced by personal
attitudes and professional and work-related functions. These, in tum, influence the need to
generate information, and/or the need to seek information, thus creating a basic causal element in

information communication behaviour,
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7.8. CONCLUSIONS IN RELATION TO THE THEORETICAL FRAMEWORK
AND THE RESEARCH QUESTIONS, RECOMMENDATIONS, AND FUTURE
RESEARCH

Using the model as a framework the main research resuits of the longitudinal study may be
briefly recapitulated and then related to the research questions that served as the basis and

motivation for this study (cf. Chapter 1.7).

The framework evolved out of the findings of the study that clearly suggested that the
information communication process should be based on a human-centric paradigm that regards
the crystallographers’ interaction with the communication process either as contributors of
information or as seekers and subsequent users of information which in turn may lead to feedback
into the process. The researcher will thus first relate the model to the crystallographers as pro-
active seekers, recipients and users of information who set one end of the information
communication cycle in motion when they react o a stimulus, which has been generated within
the context of a particular task-orientated situation such as when a new research project is
initiated, or an ad hoc problem arises in the work situation, or when the need arises to keep up to
date in their field of endeavour. This stimulus sensitises them to the fact that they are in an
incongruous position as they have insufficient internal knowledge and information to proceed

effectively with their tasks and that they should remedy the situation.

A number of other causal factors may further also reinforce or prevent the crystallographers from
acting on the situation. These causal variables all interact synergistically (once again positively
and /or negatively) and may be viewed as radiating from a nucleus of the most immediate and
personal influences to more general environmental factors. A scientist’s personal view of life,
mental attitudes, affective and cognitive states all in varying ways will influence a decision to
take action to remedy a knowledge incongruity. The external environment that has the most direct
influence on the situation is the professional and/or work-related tasks, roles and functions that
the crystallographers have to fulfil within a given organisational structure (e.g. an academic
institution, research institution, or industrial organisation). This is followed by a commitment to
research programmes which could be either inter- or intra-institutional; incorporation in,
interaction with, and role played in an invisible college; and affiliation to various professional
associations. These situation-specific influences should, however, be placed in a more generic
setting, cognisance beixig taken of the global communication structure of the specific discipline

the crystallographers belong to with its distinet information flow and behaviour patterns; the
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research domain (whether pure, tool or applied); all-encompassing systems, such as the socio-
political and cultural environment in South Africa and worldwide; and interactions with both

formal and informal communication channels and information systems.

These factors may thus, collectively, or individually influence the crystallographers either to
react, or not react to the fact that there is a gap in their knowledge structure which prevents them
from effectively continuing with their activities. A further factor that should be noted is that two
persons in the same work environment and even the same person at different times might react in
widely divergent ways as specific interests and other factors may vary with time, place and

situation.

If the crystallographers decide to remedy the situation a need for information is awakened and the
information comsmunication process is set in motion. They might, however, for a variety of
reasons not react at this stage, e.g. if the stimulus was not sufficiently imperative; if it is not very
crucial to satisfy the need and the consequence of not having the information is not severe;
information and/or sources of information may not be available and the cost to search for
information might be too high. This then may result in a decision not to act at all, or to defer
action; or neither the need nor its satisfaction might be consciously recognised (i.e. it will remain
dormant), or less important needs may be solved by chance long after the time they were
recognised. In the event of a negative decision being taken, the hitherto potential recipients/users

of information make their exit from the system.

Information need may be resolved in three different ways if a positive decision is taken to react to
the situation. The first possibility is for the crystallographers to find the required information
from within themselves i.e. from their own store of knowledge (which may or may not have
momentarily been forgotten), or to personally produce the required information empirically, or to
acquire it by means of observation. The second is to try and find the required information
externally amongst the body of scientific knowledge. The latter possibility results in the seekers
of information going directly to individuals who they think may have the knowledge, and/or to a
record of that knowledge (generally the published literature, both in print and electronic modes).

The third possibility is to utilise more than one option.

If the crystallographers decide to find external information they activate the communication

process by converting their need into some communicable structure, for example a request, which
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is used to select and/or extract from the universe of knowledge in basic and applied science such
information as is likely to satisfy their need, reduce their states of uncertainty and remedy the
situation (e.g. solve a problem). An information contact, however, may satisfy only some of the
crystallographers’ needs but is not likely to satisfy all of them and a large proportion of
information needs may thus remain unfulfilled, inadequately fulfilled or inefficiently fulfilled.
Alternatively such an information contact may generate new needs which once again set the

information communication process in motion.

Once the crystallographers have created a communicable structure they interact with one or more
communication modes and channels by means of either an informal communication system (for
example, direct personal contact with another scientists who has the required knowledge) or a
formal communication system (for example, a library or information centre). The sources of
information may have an organisational, or a research related relationship with the recipient
crystallographers, they may have been suggested by a colleague, by circumstantial conditions

(including a serendipitous incident) or by some other indirect channel.

After a successful interaction with the information communication process, the crystallographers
analyse and interpret the information received, and evaluate whether or not the original
information need has been reduced or resolved. The evaluation process is influenced by the
nature of the information need prerequisites (such as timelines, environmental aspects and task
requirements) and the crystallographers’ inherent cognitive and affective states which not only
determine the conceptual requirements of an appropriate answer, but the situational requirements
and enactments as well. If the evaluation leads to a negative result or, initially no information is
found, the system is either re-instigated, or the system is closed on the basis of a negative
accomplishment. If, however, the results of the evaluation are positive one or more of the
following will occur: 1) the problem will be resolved, a decision will be taken, or some or other
task related activity will come about 2) the crystallographers will keep up-to-date and maintain a
certain level of competence in a field; 3) there will be feedback to personal attitudes and cognitive
states; 4) new information will be generated; 5) there will be feedback to need, or 6) as stated a
combination of the above will happen. A further aspect that should be noted is that the
crystallographers’ perception of the situation and the need for information will probably change
with each encounter between them and information. Furthermore, information assimilation,
processing, interpretation, and its use may trigger an awareness of an information need hitherto

unrecognised.
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At the other end of the communication cycle potential generators of information decide, or are
stimulated, to communicate some aspect of their knowledge in the fields of basic and applied
science (or any other field for that matter) (it should be noted that all personal, internal and
external environmental factors that impacted on the need to search for information would
likewise affect the need to generate information). The generation process is set in motion when
the crystallographers isolate the units they wish to communicate and modify them to create
communicable structures. During this process the senders adapt the knowledge they wish to
communicate, taking into account, first, the various personal and external environmental factors
that stimulated and motivated them to communicate the knowledge (i.e. created a need to
communicate information), and second, their understanding of the likely states of knowledge of
the potential recipients. These communicable structures then become the communicable texts,
i.e. information that is transmitted in the communication process by means of a combination of
modes and channels and systems which may be formal, informal, personal, impersonal, direct or
indirect, or a combination of these. This information is then evaluated in various ways by the
community of science and if accepted it is assimilated into the storehouse of knowledge in

science and it then becomes accessible to potential recipients.

The model outlined above clearly indicates that the crystallographers’, and by analogy any
scientist’s, information communication behaviour is by no means a simply explainable
phenomenon. The communication of information constitutes a very complex social system with
distinct communication and information flow patterns with many internal and external variables
interacting synergistically. Information travels through diffuse paths, and individual information
generating and seeking behaviour is the result of a network of interactions, involving personal
attitudes and backgrounds, work-related roles and functions, specific tasks, situations,
environment, as well as the scientist’s active role in the information communication system of
basic and applied science and includes factors such as their place on the activity continuum

(which can range from that of a sociometric star or gatekeeper role to that of quiescence).

In conclusion the research questions that motivated this project will be examined in relation to the
outcomes of this research project (cf. Chapter 1.7). The primary question related to
What constitutes the information communication process among a bounded
community of basic and applied scientists in South Africa?
It is suggested that the crystallographers’ (i.e. the bounded community of scientists) information

communication process and behaviour, including all impacting factors and variables have
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been outlined in terms of the model in the previous paragraphs.

With reference to the subsidiary questions, it is further suggested the model has also addressed the
Cognitive, behavioural and environmental factors that drive the communication
process in science in South Africa;

and that
The factors that impacted most on the communication process were the immediate
work environment, overall organisational and work structure, utilisation of
crystallography, whether they were basic or applied scientist, position, age, and
qualification;.

and that
The environmental and other changes that had occurred during the intervening
years of the longitudinal study and which affected the communication process in
South Africa were mostly the changing funding structures, organisational models,
the effect of the escalating electronic environment and to a lesser extent political
changes since 1994. While changes towards more structured and profit orientated
organisational models and decreased funding appeared to mostly have a negative
impact (other than greater interaction between industry and the other environments)
the change to a democratic government opened many communication channels that
were previously closed to South Afvicans. The significant increase in the use of
electronic modes and systems while not affecting the inherent structure of the
communication process did create a far wider range of modes of communication and
did have a positive influence on the ease of communicating and cooperating with
particularly the international research communily;

and that
Clear evidence exists that informal communication of information plays an
important role in the science communication process in South Africa and in many
circumstances face-to-face interpersonal communication is the preferred mode of
communication. It was clear that this applied for example where reciprocal
interaction and feedback was important. However, it was also clear that when it
was required to ensure that a permanent knowledge record be created and
transferred into the communication cycle it was far more important to ufilise
reputable, permanent and formal channels of communication. It was further

evident that the invisible college, scientific elite and gatekeeper phenomena played
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an important role in the crystallography environment;

Finally it is suggested that the theoretical framework that has been developed and the main results

that evolved from the research project may be used as a basis for future studies on information

communication in other areas of science. The researcher further suggests that the following

research statements that that she has derived from the theoretical framework could fruitfully be

used to derive hypotheses to serve as foundation for such future research:

Variation in work environment has a distinct impact on the information communication
process of basic and applied science;

The level of structure in the work environment impacts on information communication,
too much as well as too little structure can have a negative impact;

The more invol{/ed scientists are in the information communication process, the more
active they are in their profession and the more productive they become;

Informal, particularly face-to-face, communication of information is an important factor
that enhances scientific activity and output;

The more senior a scientist, the more she/he is integrated into informal information
communication systems and the greater the influence she/he has on the system;
Productivity grows with seniority and age to a certain cut-off point beyond which it
declines again;

The electronic environment does not affect the inherent structure of the information
communication process;

Greater use of electronic media and systems facilitate the ease with which information is
communicated, particularly if distance is a factor;

Although the use of electronic media and systems will continue to escalate and in many
instances supplant print modes in science, face-to-face interaction will continue to be one
of the most important modes of communication;

The more open and democratic the political environment the more the information
communication process is promoted;

In most scientific communities evidence will be found of the presence of the invisible
college and gatekeeper phenomena and these are driven by the most eminent scientists in

the community.

This has by no means been a definitive research project on this topic and it is clear that further

research is required to investigate specific aspects of the information communication process and
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the effect thereof on scientific endeavour in South Africa. In this way a more unified view would
be obtained of the communication of information in science on the African continent. It is this
researcher’s conviction that the African continent is in urgent need of developing its science and
technology endeavours if it wishes to compete and even survive in the prevailing competitive and
technologically orientated global economy. Specifically, if South Africa is to fulfil its full
potential as a nation in the new millennium, concerted efforts should be made to develop an
environment that promotes scientific and technological research and this can only be achieved by
promoting the effective exchange of scientific and technical information and active and collegiate
interaction among its science communities. One input into such an endeavour would be to
systematically study the information process and identify lacunae that require remedial

intervention.
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APPENDIX B

INTERVIEW SCHEDULE: 1890/

SECTION A: Personal Details

Verify personal details (Particularly for unlisted members)

1. Name

2. Department and organization

3. Position

4. Highest qualification; which university obtained; what year obtained

5. Describe major research interests
6. Date of birth

SECTION B: Communication of information

Discuss the communication of information within your immediate work environment, within your
institution, in South Africa in general, and beyond the borders of South Africa.

2. Discuss the role of inter-personal communication of information. Indicate for what purposes you
mostly maintain contact, e.g. information exchange in general, collaborative research, routine matters,
maintain friendships, efc. and please name the people with whom you exchange information within
your work and research environment (give names and organisation).

a. In your organization
b. Elsewhere in SA
c. Worldwide
Discuss any other aspects that relate to the communication of information within your profession.

SECTION C: Information Communication Modes and Channels

General

4. Discuss the role that the following four general methods of communicating information play in
your field and work environment. Rate their relative importance on a scale of 10 very important to 0
not important/not used:

a. Person-to-person communication

b. Recorded information:

i. Print-based e.g. journals, books, patents, etc.

ii. Electronic media and modes

C. Information communication at conferences

interpersonal
5. Discuss information communication on an interpersonal basis and please rate your preferred
method of interpersonal communication when interacting with
a. colleagues at work
b. persons elsewhere in South Africa
c. persons outside South Africa
{apply a scale of 10 very important to 0 not important/not used)

Print-based modes
6. Discuss your use of print-based information communication channels. {e.g. journals, monographs,
reports, patents, etc). Rate the usefulness of each source to you. (apply a rating scale of 0 - not
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used/useful to 10 - very useful)

impact of electronic modes/media
7. Discuss the role of electronic media e.g. electronic communication networks, electronic journals,
etc. and the impact they have had on the information communication process.

Conferences

8. Discuss the role of conferences, symposia, etc. in the information communication process. Rate
the value of conferences on rating scale of 0 - not used/useful to 10 - frequently used/very useful.

9. What was the reason for attending the above listed conferences, (e.g. as organiser, to present a
paper or poster, to listen to papers, to obtain specific Information, for informal interaction, etc.).
Indicate how important each of the reasons given are on a rating scale of 0 - not important to 10 -
very important.

10. Do you engage in 'electronic’ conferences? If yes, do you, i. prefer electronic conferences to
personal attendance of conferences, ii. prefer personal attendance of conferences to electronic
conferences, iii. have no preference ?

Information gathering

11. How do you keep up to date in your field? Do you Browse in the library, trace citations in journals,
etc., regularly communicate with colleagues, regularly attend conferences, Other. For each method
rate its usefulness (apply a rating scale from 0, not at all useful / never used to 10 Very useful)

12. How do you go about it to find information for a new research project, or investigation into an
unknown field. For each method given rate its usefuiness (apply a rating scale from: 0 - not at all
useful/ never used to 10- very useful)

13. How do you go about it to find information to solve a problem encountered in your current work
environment. For each method given rate its usefulness (apply a rating scale from: 0, not at all
useful/never used to 10 very useful)

Library interaction
14. Discuss the role of the library in the information communication process. by
a. rating its importance to you,
b. the frequency that you personally visit the library, and
¢. your satisfaction with the service provided.
(apply a rating scale from: 0 - not at all important/frequented/satisfied to 10 -very important/very
frequently visited/ very satisfied)

SECTION D: Professional Activity & Research Qutput

15. Discuss your involvement in professional activities such as editorships, refereeing, professional institutions,
etc.

16. Discuss your main research and/or development output: e.g. published papers, papers read at conferences,
reports, patents, products, procedures, etc. Please provide full details such as whether you generally co-
publish, and with whom, and where do you mostly publish (in SA or overseas)? Could | please also have a
list of your publications, reports, patents, conference papers, etc.

SECTION E: Conclusion

17. Please provide any other comments with regard to
a. the way that you find information
b. exchange information with colleagues / other scientists
c. interact with colleagues, other scientists
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APPENDIX C

INTERVIEW SCHEDULE: 2001/2
SECTION A: Personal Details

Verify personal details (Particularly for unlisted members)

1. Name

2. Department and organization

3. Position

4. Highest qualification; which university obtained; what year obtained

5. Describe major research interests
6. Date of birth

SECTION B: Communication of information

Discuss the communication of information within your immediate work environment, within your institution, in
South Africa in general, and beyond the borders of South Africa.

2. Discuss the role of inter-personal communication of information. Indicate for what purposes you mostly maintain
contact, e.g. information exchange in general, coliaborative research, routine matters, maintain friendships, efc.
and please name the people with whom you exchange information within your work and research environment
{give names and organisation).

a. In your organization
b. Elsewherein SA
c. Worldwide
Discuss any other aspects that relate to the communication of information within your profession.
Specifically refer to any changes that have taken place over the last 10 years

SECTION C: Information Communication Modes and Channels

General
4. Discuss the role that the following four general methods of communicating information play in your field and
work environment. Rate their relative importance on a scale of 10 very important to 0 not important/not used:
a. Person-to-person communication
b. Recorded information:
i. Print-based e.g. journals, books, patents, eic.
ii. Electronic media and modes
C. Information communication at conferences

interpersonal
5. Discuss information communication on an interpersonal basis and please rate your preferred method of
interpersonal communication when interacting with
a. colleagues at work
b. persons elsewhere in South Africa
¢. persons outside South Africa
{apply a scale of 10 very important to 0 not important/not used)

Print-based modes
6. Discuss your use of print-based information communication channels. (e.g. journals, monographs, reports,
patents, efc). Rate the usefulness of each source to you. {(apply a rating scale of 0 - not used/useful to 10 -
very useful)

Impact of electronic modes/media
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7. Discuss the role of electronic media e.g. electronic communication networks, electronic journals, etc. and
the impact they have had on the information communication process.
Specifically relate your discussion to:

a. The impact that the use of electronic media has had on the communication of information in your
field.

Please comment with reference to each of the categories below and rate the impact on a scaleof 0 —
no impact to 10 — very positive impact:
i at work
i. elsewhere in SA
ili. worldwide

b. The effect that the use of electronic communication media has had on interpersonal interaction with
colleagues, efc. For example has it facilitated/inhibited 'group associations, collaborative research’,
elc.? Rate the effect on a scale of 0 — no effect to 10 — very positive effect.

C. List the electronic sources such as the internet, CD-ROM databases, etc. you use when looking for
work-related information. Rate the frequency of use and value of each sources on a scale of: 10 (used
very frequently / very highly rated) to 0 (not used / of no value)

d. Do you use electronic journals, and if yes, indicate

i how frequently you use them on a scale of 0, never used to 10 used very frequently.
ii. their value as a source of information using a scale of 0, not useful to 10 very highly rated
iii. their value as a publication vehicle using a scale of 0, not useful to 10 very highly rated
iv. their relative importance in relation to printed journals
1. electronic journals more important
2. printed journals more important
3. equally important
4, no comment
Conferences

8. Discuss the role of conferences, symposia, etc. in the information communication process. Rate the value of
conferences on rating scale of 0 - not used/useful to 10 - frequently used/very useful.

9. What was the reason for attending the above listed conferences, (e.g. as organiser, to present a paper or
poster, to listen to papers, to obtain specific Information, for informal interaction, etc.). Indicate how
important each of the reasons given are on a rating scale of 0 - not important to 10 - very important.

10. Do you engage in 'electronic’ conferences? If yes, do you, i prefer electronic conferences to personal

attendance of conferences, ii prefer personal attendance of conferences to electronic conferences, iii have
no preference ?

Information gathering

11.

12.

13.

How do you keep up to date in your fleld? Do you Browse in the library, trace citations in journals, etc.,
regularly communicate with colleagues, regularly attend conferences, Other. For each method rate its
usefulness (apply a rating scale from 0, not at all useful / never used to 10 Very useful)

How do you go about it to find information for a new research project, or investigation into an unknown field.
For each method given rate its usefulness (apply a rating scale from: 0 - not at all useful/ never used to 10-
very useful)

How do you go about it to find information to solve a problem encountered in your current work

environment. For each method given rate its usefulness (apply a rating scale from: 0, not at all useful/never
used to 10 very useful)

Library interaction

14.

Discuss the role of the library in the information communication process. by
a. rating its importance to you,

b. the frequency that you personally visit the library, and

¢. your satisfaction with the service provided.
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(apply a rating scale from: 0 - not at all important/frequented/satisfied to 10 -very important/very frequently
visited/ very satisfied)

SECTION D: Professional Activity & Research Output
15. Discuss your involvement in professional activities such as editorships, refereeing, professional institutions, etc.

17. Discuss your main research and/or development output: e.g. published papers, papers read at corferences, reports,
patents, products, procedures, etc. Please provide full details such as whether you generally co-publish, and with

whom, and where do you mostly publish (in SA or overseas)? Could | please also have a list of your publications,
reports, patents, conference papers, efc.

SECTION E: Conclusion

17. Please provide any other comments with regard to
a. the way that you find information
b. exchange information with colleagues / other scientists
¢. interact with colleagues, other scientists
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7. SUBJECT PROFILE

CHART D.7. SUBJECT DISTRIBUTION
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Distribution aceording to subject for 19907] and 20012 was as follows: Chemistry 4044 and
36%4%; veolouical and mincralnzical sciences | 3% and | 8% material science 24% and 22%: other
24% and 24%% (1his was mostly pliysics),

8. GEOGRAPHICAL AREA PROFILE

CHART D.8.GEOGRAPHICAL AREA DISTRIBUTION
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The distribution by secgraphical area clearly indicates that this had hardly changed belween
19941 and 20012 and that the majority of the crystallographers worked either in MNorth {30%:
31%) or South Gautenyg (34%., 31%00. [ullowed by the Western Cape (168%: 17%), the Froe Slate
(11%; 13%) and Matal (9%),



5. AGE PROFILE
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CHART D.5. AGE DISTRIBUTION
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The age distribulion showed an increase inoage distribution from 199HKT © 200172 and was
respactively fur the two studics 30% and 28% for the voungest, 46% and 38% for the middie and

24%; and 33% for the oldest age catesories.

6. QUALIFICATION PROFILE

CHART D.6. DEGREE DISTRIBUTION
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The distribution aceording w gualification indicated thar respectively tor 1994071 and 2001/2: 23%
and 22% held honours or masters degrees (all South Africany: 32% and 49% held South African

doctoraleys: 25% and 29% held foreign doctorates.



3. WORK STRUCTURE PROFILE
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CHART 0.3. WORK STRUCTURE DISTRIBUTION
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The distribution according to group forming indicated that respectively

[or (99091 and 20012

47%: 3 1% worked in structured groups; 35% and 30 % iTI'St:m'l-SII‘LllHLLI‘ed eroups; and 18% and

19 on their own,

4. POSITION

CHART D.4. POSITION DISTRIBUTION
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As tar as position was concerned there was a Fairly equitable distribution among the senior fevels

with for 1990¢1 and 20012 respectively 1% and 42% at the senior
nuddle level: and 29% and 27% at the jumior level.

level, 310 and 31% al the
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APPENDIX D

PROFILE OF THE STUDY POPULATION
1. WORK ENVIRONMENT

CHART D.1. WORK ENVIRCNMENT DISTRIBUTION
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The work enviranment distribution indicated that respectively for 1990/1 and 2001 /412, 16%% and
4% of the respondents were in the indusiry sector; 23% and 22% were working av rescarch
inatitutes: and &1% and 64% ol universilics.

2. APPLICATION OF CRYSTALLOGRAPHY PROFILE

CHART D.2. APPLICATION OF CRYSTALLOGRAPHY
DISTRIBUTICN

|
E
E

100%

]| |

B0

& APPLIED
o TooL

O PURE

| o

& 0%

400

20%

g
1660/ 2001102

|'he disiribution accarding to application of cryslallography was respectively for [990/1 and
200072 407 and 37% applied; 27% and 31% ool and 33% and 32% pure.





