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Abstract

Technology is a critical component of the knowledge management process. Modemn organisations employ
tools that assist workers to acquire, generate, integrate, interpret and act upon information. This study
discusses the common tools employed by knowledge workers and depicts the applications, advantages, and
disadvantages of each. It utilises a knowledge management and organisational learning framework, which
interprets the knowledge process as a sequence consisting of four interrelated sub-processes, including
generation, integration, interpretation and action stages as a structure within which the knowledge related
functions of individual technologies may be described. Data was gathered from participants in exploratory
interviews and web-based surveys. The research suggests that knowledge related tools and technologies are
not utilised to their fullest potential. Some indication exists that there is a low level of awareness of the
knowledge management and organisational learning process within sample organisations, and hence the
related tools and technalogies are used in a fragmented way.



KNOWLEDGE AND LEARNING IN ELECTRONICALLY ENABLED ENVIRONMENTS

INTRODUCTION

Knowledge management and organisational learning are becoming increasingly acknowledged as processes
through which business may come to understand and master rapidly changing environments (Argyris, 1992;
Senge, 1990a; Stata, 1989). Technology is a critical component of these processes. Modern organisations, as
they develop into electronically enabled environments, employ tools and technologies that assist workers to
acquire, generate, integrate, interpret and act upon information. Many of these tools, including the Internet,
intranets, networked databases, and mobile computing devices have been .examined in light of knowledge
theory. The daily use of these tools by workers, however, and their experiences as they interact with the
technology is under explored. The current study aims to redress this situation.

A number of factors, including economic reform, improved manufacturing techniques, and the continued
trend towards globalisation have influenced business processes in recent years. However, it is a series of
advances in technology that have had the most evident effect (Kochan & Useem, 1992; Malhotra, 1993;
McCune, 1999). Communications technologies are an excellent example; the Internet and e-mail have
experienced exponential growth in popularity over the last five years. Both commercial and personal users
have endeavoured to exploit the technology with varied intent (Gillooly, 1999). Many such tools, by their
nature information based, perform functions critical to learning and knowledge activities; the collection,
organisation, storage, retrieval, and dissemination of information is central to these processes (Bransford,
Brown, & Cocking, 1999). These tools have the potential to replicate, at the macro level, the role of the
human nervous system, permitting learning and knowledge sharing on a wider scale. Their development is
recognised as critical to the enhancement of organisational learning and knowledge management processes
(Gates & Hemingway, 1999; Goodman & Darr, 1996; Malhotra, 1993).

The relationship between the knowledge and learning processes currently used in business and technological
tools is unclear. This study discusses the common tools employed by knowledge workers, describing some
of their applications, advantages, and disadvantages. It utilises an organisational learning framework (Dixon,
1994), which interprets the knowledge process as a sequence consisting of four interrelated sub-processes,
including generation, integration, interpretation and action stages, as a structure within which the knowledge
related functions of individual technologies may be described.

REVIEW OF THE LITERATURE

Organisational learning and knowledge management are the topic of much discussion. The proliferation of
literature on the subject (Fulmer, 1994; Harvey, Palmer, & Speier, 1998; Huber, 1991; Mink, Esterhuysen,
Mink, & Owen, 1993; Senge, 1990a; Starkey, 1996; Starkey, 1998) hints at the eagerness with which both
academics and management practitioners have greeted the field of research. Whilst some have suggested that
organisational change, seen as a result of environmental instability and socio-technological reform, is the
greatest of challenges faced by managers (Kochan & Useem, 1992), knowledge management and
organisational learning have become a top priority for managers seeking the key to competitive innovation
(VonKrogh, 1998). Learning, and the effective use of knowledge, is a principle means through which
organisations can undergo renewal and redesign (Crossan, Lane, & White, 1999).

Drucker (1998; 1999) suggests business is entering a new phase of existence, characterised by the emergence
of the knowledge based economy and specialist knowledge workers. Consequently, many aspects of
organisational life are in flux. Knowledge based work and information-intensive tasks require different skills
than those roles traditionally filled by manual workers. A new set of tools is required to cope with the influx
of data made commonplace by continuous change.

The need for individuals and organisations to acquire and utilise the tools and skills required to master
continuous transformation has never been more apparent. It is reflected by the growing consumer




expectation that the full extent of an organisation’s collective knowledge be utilised to solve problems
creatively {Martiny, 1998). Some go as far as to suggest that the speed at which individuals and
organisations learn new attitudes and behaviours could be the single sustainable competitive advantage
remaining to industry (Ruggles, 1998; Stata, 1989). Hout (1999) agrees, saying that organisations should no
longer be valued in the traditional accounting method, but more accurately by assessing everything they
possess that enables them to create new ideas.

It is apparent that knowledge management involves more than just the collection of raw data. Drucker (cited
in Wren, 1994, p. 367) states that real knowledge is only gained after raw data has been processed and
transformed into something that changes behaviour or a person’s mental processes. The challenge for
organisations, then, is to enable this transformation at the group level.

The strength of technology, it seems, lies in its ability to draw together disparate flows of data. Information
about production, distribution, accounting, marketing and external conditions can be incorporated into one
useful resource for knowledge workers (Treece, 1998). Technology can transform a mass of individual
datum into more valuable and actionable information. The purpose of any information system, of course, is
to provide knowledge that is useful to those who need it (Simon, 1998) freely and equitably (Sirois, 1999).

Tools that speed communication, that enable the rapid storage, classification, search and retrieval of large
volumes of data, such as an Intranet or the Internet (Spinello, 1998), and that have the potential to increase
the flow of ideas between people, present extraordinary possibilities to leamming organisations. The
application of technological tools to learning and knowledge processes seems particularly apt; the potential
for such technologies 1o help organisations emulate the human function of learning has been noted (Harvey
et al., 1998). Gates and Hemingway (1999) propound the notion of the “digital nervous system”, an
organisation-wide digital network designed to enable the rapid collection, analysis and dissemination of
information to and from all members.

Communication and decision making processes within organisations are being adapted to the qualities of
knowledge saturated environments (Goodman & Darr, 1998; Harris, 1996). Traditional interpersonal
interactions are often being substituted with direct access to information, A worker with a question who
previously would have had to go to another within the organisation may now find the answer much more
easily by accessing a networked database, Intranet, or web-based resource.

Researchers and organisations have responded to this trend, attempting to develop systems that support the
organisational learing and knowledge processes. Hine and Goul (1998), for example, are concerned with
the development of a support system that facilitates knowledge-based learning through the application of
information technologies.

Little practical material exists, however, that can be applied to real-life situations by practitioners. Basic
information about what types of information technology are being utilised by organisations is not openly
available. General awareness of the various tools and techniques that have become available to the wider
community, including devices like data mining, intranets, video-conferencing, web-phones, search agents
and the fike may be growing. We are, however, still largely ignorant of the ways people interact through
social and other processes in organisations (Malhotra, 1998). The use and effectiveness of such tools and
technologies on the learning and knowledge practices of organisations is far from understood.

The link between technology and knowledge processes is evident. The leaming cycle discussed below, for
example, is concemed with the movement and utilisation of information throughout the organisation.
Similarly, technology within the workplace is typically geared towards the movement of information.

The Organisational Learning Cycle

If effective utilisation of knowledge is a process then it is necessary to understand each component stage in
order to facilitate the phenomenon as an intentional and managed behaviour. Kolb, Rubin and Osland (1995)
and others (Argyris, 1981; Palmer, 1981; Pfeiffer, 1991) have described the process within individuals using
a cyclical model. The cycle illustrates the process through which one encounters an experience, reflects upon




it, generalizes the conclusions drawn from the experience, and actively tests new hypotheses. Every
individual will complete the cycle in a different fashion, emphasizing different stages due to their personal
learning style (Kolb et al., 1995).

Organisational learning, as opposed to the individual process described by Kolb, is a collective
accomplishment. Dixon (1994) addresses this by modifying and applying Kolb’s individual experiential
learning cycle to organisations. She concludes that for organisational learning to occur the organisation as a
whole must be structured so as to facilitate collective leaming. All members of a learning organisation must
actively take part in the search for and creation of new information. This information must be integrated with
the coliective knowledge of the larger group; everyone must have access to the information held by every
other group member. A collective interpretation of data may be achieved by consolidating personal
interpretations. Finally, members of the collective act on the resulting interpretations, generating new
information and initiating the learning cycle once more. This cyclical learning process is illustrated in

Figure 1.
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Figure 1: The Organisational Learning Cycle
(Source: Dixon, 1994, p. 46).

Whilst no one learning theory has achieved widespread acceptance (Fiol & Lyles, 1985), Dixon’s leamning
cycle provides a framework within which knowledge processes may be observed and measured. Huber
(1991), in his review of the prominent material in the field, draws conclusions that support the Dixon cycle.
He also identifies four phases of the learning process. His knowledge acquisition, information distribution,
and information interpretation phases are closely matched to Dixon’s generate, integrate and interpret stages.
Additionally, Huber reveals a new stage in leamning and knowledge processes that he refers to as
organisational memory, a topic worthy of exploration in itself (see Huber, 1991).

The Current Study

The current study proposes to answer four primary research questions, including (1) What information and
knowledge related technologies are being utilised by organisations to support the various stages of the
knowledge and learning process? (2) How are these technologies being utilised? (3) What are the perceived
strengths and weaknesses of the tools in use? And (4) how widely are the tools distributed and utilised
within sampled organisations?

This exploratory study holds significance for management practitioners, as well as for those involved in the
design and implementation of the technologies and tools used by modern “knowledge workers™ (Drucker,
1999). Its discussion of the core knowledge and learning processes and practical applications within industry
help build links between established theory and practice, shedding light on some of the contemporary factors
surrounding the interaction of individuals in the workplace, and the means through which they create,
transfer, interpret and utilise knowledge. Most importantly, this study is exploratory in nature. It is not
designed to test specific hypotheses, or analyse theoretical models. Instead, it poses questions about the




nature of learning processes within contemporary business and sets out to establish benchmarks for future
study. Ultimately, the study adds to the body of knowledge in this essential field of research; streamlined
knowledge processes are a requisite core competency for organisations operating within the emerging
information economy.

RESEARCH METHOD

The exploratory nature of this research project requires that a qualitative method be taken in order to best
answer the stated research questions; a broad-based and comprehensive approach is required to provide
groundwork for, and give context to, future research. Qualitative research provides the scope and flexibility
necessary for comprehensive research in an under-explored field of study, and is of particular use when the
researcher’s goal is a holistic overview of the environment or circumstance under examination (Miles &
Huberman, 1994).

Case studies in three different organisations were conducted. In each case, detailed interviews with
participants were used to gather personal accounts of the use of tools and technologies at the four stages of
the learning cycle. Questionnaires were employed to add depth to the case studies and address the issues of
reliability and validity. Three Australian organisations, including (1) the local division of a worldwide
packaged-goods manufacturing and marketing firm, (2) the state division of an international corporate
information services firm, and (3) a state statutory authority, provided case material for this research. Data
was gathered from participants in exploratory interviews and web-based surveys. Generative analysis of the
qualitative data is used to address the four primary research questions.

Participating organisations were chosen:

» From disparate sectors of industry. This provides for a range of varied responses with respect to the
stated research questions, and allows for an understanding of the current uses of tools and technologies
in each stage of the learning cycle across multiple environments and industry sectors.

»  To provide a set of cases that illustrate variations in the use of tools and technologies at each stage of the
learning cycle dependant upon specific task environments.

Within each of the organisations participating in the study, a member of staff acted as a principal contact, a
conduit through which researchers could contact and interact with the wider firm. To contact potential
participants, an e-mail message was prepared that contained a brief introduction of the researcher and the
purpose of the research. The principal contacts then forwarded these messages to a large number of people
within their organisation with a note to suggest that people take the time to review the message and consider
volunteering,.

Semi-standardised interviews, and a web-based questionnaire transmitted to a wider group within each
participant organisation, atternpted to gather answers for the questions summarised below.

Table 1: Summary of Questions

Questions asked | What information and knowledge-related tools and technologies do you
at each stage | use to GENERATE/INTEGRATE/INTERPRET/ACT UPON
{Generation, information?

Integration, How are you using these tools and technologies to GENERATE
Interpretation, | information?

Action) What do you consider to be the strengths and weaknesses of these tools
and technologies for the GENERATION/INTEGRATION/
INTERPRETATION/ACTION UPON of information?

Who within the organisation has access to these tools and technologies?

Are you aware of any differences in different departments or divisions

within this organisation — for example, do any other departments use

different tools or technologies to GENERATE/INTEGRATE/

INTERPRET/ACT UPON information?




DATA ORGANISATION AND ANALYSIS

Data collected via the means described above during interviews and from questionnaires was organised
according to the stated research questions. Dixon’s (1994) organisational learning cycle was used to provide
an additional level of organisation.

Thus, a matrix was developed that provided, at the first level, three divisions based on case. At the second
level, the matrix was divided into stage of the organisational learning cycle. Finally, at the third level, the
matrix was divided by research question.

Data collected over the term of the research was added to the matrix as it became available. Analysis was
conducted at an exploratory cross-case level and conclusions are discussed below.

DISCUSSION OF RESULTS

A comprehensive discussion of each and every tool and technology used by the case organisations explored
within this study would go beyond the scope of the this paper. Discussion is thus limited to those tools and
technologies considered by participants of the study to have had the most important impact on case
organisations within the framework provided by Dixon’s organisational learning cycle. Note that quotes used
throughout this section, unless otherwise stated, are taken from participant responses and are not referenced
to protect anonymity.

Generation

This study has revealed a number of tools and technologies used within case organisations at the first stage
of the organisational learning cycle, the generation stage. The highest number of tools and technologies were
identified at this stage, including the following: E-mail, telephone, face-to-face communication, word-
processing software, strategic applications programming (SAP), process control equipment, spreadsheet
software, database software, schedule software function — “request task/meeting”, automated forms -
“yes/no” response button, portable computer, intemnet — online references, internet — online survey, data
logging system — plant-wide meonitoring, laptop — link to plant-wide monitoring system, internal mail,
electronic whiteboard — brainstorming, CD-ROM references, paper-based library, floor-plan diagram to
brainstorm workflow, modelling software, voicemail, Lotus Notes — databases, specialist databases, mobile
phone, portable document files (PDF), digital cameras, standard film cameras, and recording equipment
(audio).

Participants made particular mention of their use of e-mail and the Intemnet to generate information. These
tools provide a means of sourcing data (Spinello, 1998), “that in many cases is already out there. It’s just a
matter of finding it”. Consequently, users scan the Internet for “ideas that might be useful to (the firm)”.
These technologies provide for the rapid communication of vast amounts of data and make available that
data to anyone who needs it (Simon, 1998).

Sales staff use portable computers to collect data in the field. Digital cameras can be used to survey actual
situations and return information to the office over the Internet. These cameras are “instant, you don’t have
to wait for the processing”. Further, “we can build a library of these kind of images to refer to and use as
learning tools™. This system helps overcome some of the traditional barriers to knowledge sharing (Brown &
Duguid, 1998). Data that was traditionally fed into the system on paper at irregular intervals, whenever field
operatives returned to the office, is now available on a continuous basis.

Face-to-face communication, often enhanced by technological tools; is used to provide a more personal
approach and to demonstrate “the care factor”, which participants report missing in other forms of
communication or interaction. It incorporates “personality” into transactions. “It’s more ‘hands-on’ you can
see their reactions”. These responses support the concerns of earlier researchers who warn against replacing
human interaction with a technological substitute (Fahey & Prusak, 1998). Participants indicated that face-
to-face communication, by bypassing e-mail, the Internet, and even the telephone, added an extra dimension



to the interaction between individuals and the generation of quality data. Technological interfaces were
generally referred to as “cold” or “an extra layer between people”. Discussions, group dialogues, and
presentations enable a dynamic coming together of minds. Brainstorming, for example, a process identified
by various individual participants as a means of generating new ideas and information, is only valuable when
people are free to “bounce ideas off each other”. According to respondents, e-mail or GroupWare solutions
like Lotus Notes do not allow that level of free form interaction; it seems that the capabilities of these tools
have yet to replace more traditional methods of communication in some respects. “Media boards are used
extensively to capture ‘group generated’ data — this simultaneously generates and integrates information
within a group”. Some users combine technologies by running “working sessions in the conference room
using an on-line PC hooked up to a ‘beamer’ (digital projector) — and tapping into presentation software or
other information on line”.

Integration

Technologies identified as applicable to the integration stage of the learning cycle included the following: E-
mail, face-to-face communication, word-processing software, spreadsheet software, database software,
presentation software, SAP, telephone, Lotus Notes — shared databases, laptop — link to plant-wide
monitoring system, whiteboard, voicemail, tele-conferencing, distribution lists, intranet — publishing HTML
documents, internal mail, field PenPad ~ portable computer, data warehouse, photocopier, specialised
databases, presentation equipment, field link system, desktop publishing software, mobile phones, and
network drives.

E-mail was reported the most common means of sharing information within sampled organisations, and was
favoured for the ease with which it enabled communication. “Electronic means (of communication) give me
more control over the timing of actions (I can choose when to open an e-mail but I have much less control
over when to receive a phone call). Conversely | don't have control over when people respond to my e-
mails.” Senior members of staff report receiving “probably one to two hundred” e-mails a day on all topics
from policy matters, requests for tasks, requests for information, and general communication.

E-mail is considered problematic, however. “We’re too reliant on them. They’re just another layer between
people — they’re just ‘cold’, no personality” — “I just delete a lot of them”. E-mail can be abused, and people
fail to recognise the potential sensitivity of the medium. ‘I’ve had to deal with a few people who have
misused the system, sending things they shouldn’t, mostly without knowing they were doing it”. “Because
it’s a public thing, but it feels private. Things can be forwarded to anyone, and you can find that you’ve
revealed something to someone you never meant to”. E-mail is also used to automatically request meetings
or assign tasks. Using the automatic meeting request function “can be intrusive”, and lets the system take a
“certain degree of control”. E-mail is used to share information “...large volumes of information can be
duplicated and disseminated easily”, but “it’s too easy to forward things on”. With one address, staff are able
to reach “everyone, that’s 3000 people around the country” — “there are no adequate filters” to sift through

the masses of e-mail that is sent.

Other tools, like Lotus Notes, provide users with the ability to share information. “When I first got here, [
was excited. I expected it to have all this relevant information and discussion. But you get there and it’s all
just “This space is vacant, just waiting for your contribution’”. “l am not even sure I'd know how to
contribute, what 1’d have to do to add anything to it”. It appears that little or no support is provided for the
technology at the management level, despite the obvious need for upper-ievel involvement in all leamning
tasks (Senge, 1990b). No encouragement is given for people to use the system, and the perceived benefits of
sharing information across this platform evidently do not outweigh the perceived cost. This is perhaps
typical of an organisation that places considerable emphasis on personal knowledge, rather than knowledge
sharing (O'Dell & Grayson, 1998).

Interpretation
Previous stages of the learning cvcle have highlighted the importance of communication to facilitate the

learning process. Tools and technologies that increase the communication of data into the organisation
populate the generation stage. The integration stage, by comparison, makes use of tools that facilitate the




communication of data throughout the organisation. This stage uses tools that increase the value of the
communication process, focussing on the development of two-way interaction. Tools and technologies
identified as applicable to the interpretation stage of the learning cycle included the following: Face-to-face
communication, presentation software, conference calls, telephone, e-mail, video conferencing, electronic
whiteboard, whiteboards, group-based meetings and presentations, schedule software function — “request
task/meeting”, sales force management system, Mindmap modelling software, digital projector, internet, and
audio-visual equipment.

Face-to-face communication is a dominant process through which individuals discuss and interpret data.
Tools and technologies, including presentation software, electronic whiteboards, and modelling software are
means through which the communication process is enhanced (Gallupe & Cooper, 1993; Ganzel, 1998;
McManus, 1998) within case organisations. “Hard data is usually interpreted through statistical analysis
software. Soft data is usually interpreted through public forum discussion”, using digital whiteboards.
Brainstorming is aided by the use of these whiteboards, where sketches of models and ideas are made to
illustrate points or “capture group-based data” and printed for individuals, helping interpretation by making
the process more tangible for participants (Cole, 1998). The images can then be taken away and worked on
or developed further. This function addresses the concerns of Huber’s (1991) organisational memory,
providing a record of the otherwise intangible interpretation process.

The Internet “can be used to gather corroborating evidence”, and “to check ideas out™. It is also “particularly
useful when pulling together cross-divisional presentations”. The Internet is “dynamic, you start with one
idea and it develops” into much more. Hyperlinks allow you to “expand on ideas”, follow them through and
see things in new ways. “You have to draw a circle in the sand”, and decide on your boundaries or you’ll get
carried away.

Action

By nature of the learning process, any behaviour or decision made in life is the ‘action’ of a learning cycle.
Thus, by the broadest of definitions, any tool or technology might be considered relevant at this stage. For
practical reasons, only those tools that enable the learning cycle to continue by providing feedback on
actions taken are considered. Tools identified as relevant to the action stage of the organisational learning
cycle included: E-mail, focus groups, intranet, paper-based communication, performance review software,
face-to-face communication, telephone, voicemail, monthly newsletter, and databases.

Respondents report that software is available to “provide anonymous performance feedback” to staff
members at all levels of the organisation. But sometimes it is best to “just ask... People are always happy to
discuss things with you and let you know what they think”. “I like to meet with them (the internal client) and
work through exactly what it is that they want and why”.

E-mail, which “allows you to give prompt feedback or seek it about something you've been involved in”, is a
broad-reaching communication tool that enables the growth of users (Maccoby, 1999) by giving them the
power to seek commentary on actions they have taken. The success of such a request, however, is dependent
on the recipient and his or her willingness to provide a timely and appropriate response.

Access to tools and technologies

No significant difficulties were reported in accessing tools or technologies. One interviewee suggested that
“they’re pretty good here, if you need it you can have it”. Overall, organisations recognise the value of the
tools discussed above within the organisational setting. However, there is nothing within the data collected
during this study to indicate that these technologies are perceived as learning tools. Rather, the general
comments received from participants suggest that they are considered “tools of the trade”, a means to an end
rather than a small part of a larger interactive and recursive learning cycle. Access is granted to tools that
management recognises are needed to complete specific tasks, rather than for any potential benefit they
might present in terms of learning,.




In light of Gates and Hemingway’s (1999) notion of the digital nervous system, and their concern with
providing transparent access to information and technology at all levels of a firm, one can see a need to go
beyond the mundane perception of workplace tools to a vision of enablement (Maccoby, 1999). By
perceiving tools and technologies within the workplace as a means through which workers may learn, or
rather may expand their capacities to achieve the results they desire (Senge, 1990a), one might better
operationalise the leamning process within organisations. The development of organisations as learning
systems would increase tangibly, especially considering Kautto-Koivula’s (1998) suggestion that the
technical infrastructure of an organisation is one of the primary impediments to sharing personal data.

CONCLUSION

This study has identified a number of tools and technologies used at different stages of the leaming cycle,
including e-mail, the Internet, presentation equipment, software applications and the telephone. The actual
process within which each tool is utilised depends upon the nature of the business at hand. It is the general
application of these tools, however, that appears most significant to the learning process. The generation
stage, for example, primarily makes use of communication technologies to improve the flow of inbound
data. The integration stage uses similar tools to store and disseminate that data internally. The interpretation
stage of the cycle utilises tools and technologies that enhance two-way communication, thereby increasing
the effectiveness of group-based interpretation of data. Finally, the action stage makes use of tools suited to
collecting feedback.

The dramatic increase in communication speed commeon to many of the tools explored is an obvious benefit
to organisations in a world where competition depends on the availability of information. Significant
resistance is evident, however, where this speed sacrifices the human element of interpersonal
communication throughout the knowledge and learning processes.

Overall, this research suggests that the available tools and technologies are not utilised fully for the purpose
of enhancing learning or knowledge management within the participating organisations. A low level of
awareness with regard to the knowledge and learning processes, and especially the organisational learning
cycle, is reflected in the strictly task-based deployment of technologies throughout observed workplaces.
Future research should aim to redress this through a closer examination of specific tools, especially those
most evident in the current research like enhanced presentation media and e-mail, and the manner through
which they are most able to support knowledge and learning in an electronically enabled environment.
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