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Abstract

In most professiond (applied) disciplines, research findings take along time to filter into practice, if they ever do
a dl. Theresult of thisis under-utilisation of research results and sub-optimal practices. There are a number of
reasons for the lack of knowledge transfer. On the “demand side’, people working in professona practice have
little time available to keep up with the latest research in thelr field. In addition, the volume of research published
each year means that the average practitioner would not have time to reaed al the research articlesin their area
of interest even if they devoted dl ther timeto it. From the “supply Sde’, academic research is primarily fo-
cused on the production rather than distribution of knowledge. While they have highly developed mechanisms
for trandferring knowledge among themsdves, there is little investment in the didtribution of research results be-
yond research communities. The World Wide Web provides a potentia solution to this problem, asit provides
aglobd information infrastructure for connecting those who produce knowledge (researchers) and those who
need to apply this knowledge (practitioners). This paper describes two projects which use the World Wide
Web to make research results directly available to support decison making in the workplace. Thefirst isasuc-
cessful knowledge management project in a hedth department which provides medica staff with on-line access
to the latest medical research at the point of care. The second is a project currently in progress to implement a
amilar system to support decison making in IS practice. Findly, we draw some generd lessons about how to
improve transfers of knowledge from research and practice, which could be gpplied in any discipline.

Keywor ds: knowledge management, evidence-based medicine (EBM), World Wide Web (WWW), ISre-
search, IS practice, education, decision support system (DSS), web-based development

Introduction

The Problem Addressed

There is an enormous amount of new knowledge generated every year as aresult of academic research. To
make a practica difference, this knowledge needsto
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Using the WWW to Connect Research and Practice

Practitioner’ s viewpoint (demand side): The pressures of professond practice leaves little time for practitio-
nersto read journds or attend conferences: time is money, and most organisations do not reward their em:
ployees for keeping up with research in their fidd. Also, the volume of research published every year means
that practitioners could not possibly keep up with al the latest research developmentsin their fidd¥a if they
did, they would have little time to do anything ese.

Researcher’ s viewpoint (supply side): Academic research is primarily focused on production rather than dis-
tribution of knowledge (Gibbons et a, 1994). Research communities have developed highly efficient meche-
nisms for transfer of knowledge among themsalves (Via the processes of publication and citation), but there is
little investment in the dissemination of research resultsinto practice. As aresult, potentidly vauable research
ideas are circulated within research communities without ever finding their way into practice. Part of the rea-
son for thisis that academic indtitutions reward researchers for publishing their ideas in scholarly journas and
conferences, not for having them applied in practice.

The reault of these barriersis under-utilisation of research results and sub-optima practices. Thisisundesirable
from the point of view of practitioners and researchers.

Researchers do not get their ideas tested in practice, which is alimiting factor in the development and evolu-
tion of these ideas (Wynekoop and Russo, 1997)

In the absence of rdevant knowledge about effectiveness of practices, practitioners persist in usng practices
that are obsolete or proven not to work. As aresult, professond practice has limited ability to learn from its
mistakes.

Manufacturing Model of Knowledge Production

In manufacturing, it isimportant to pay equd atention to production and distribution. To get maximum vaue
from investments in production of goods, it is necessary to have pardld investmentsin digtribution, to ensure
that goods get sold and produce revenue. Smilarly, to get maximum vaue from invesmentsin research, it is
necessary to have pardld invesmentsin dissemination of research results, in order to improve practices and
achieve socia outcomes. The issue of how to transfer research resultsinto practice is rarely addressed by re-
searchers, and requires much more than publication in scholarly journals and conferences, which is normdly
seen as the endpoint of aresearch project. However, very little is known about how ideas are diffused in prac-
tice. The mechanisms are not as well understood as in the academic world, and rely more on informal channels,
such asword of mouth (Gibbons et a, 1994).

Knowledge Management

Fundamenta to understanding the issues involved in trandferring research findings to practice is the concept of
knowledge management. Knowledge management has only recently emerged as afied of practiceinitsown
right (Sveiby, 1997; Davenport and Prusak, 1998). Knowledge isahigh vaue form of informetion that can be
used to make decisions and take action (Davenport et a, 1998). A key difference between knowledge and in-
formation or dataisthat it is intellectudly intensve rather then IT-intensve. Knowledge is the result of human
interpretation and anaysis rather than data processing. Knowledge can be classified into two broad categories:

Explicit knowledge: thisis knowledge which has been articulated or written down. Thisis aso referred to
as “knowledge that”, articulated knowledge or theoretica knowledge (Ryle, 1949; Polanyi, 1967; Rescher,
1979; Cohen and Squire, 1980; Cohen, 1984; Sveiby, 1997).
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Tacit knowledge: thisis knowledge which is stored in peopl€ s heads. Thisis dso referred to as “knowi-
edge how”, embodied knowledge or practical knowledge (Ryle, 1949; Polanyi, 1967; Rescher, 1979;
Cohen and Squire, 1980; Cohen, 1984; Sveiby, 1997).

Explicit knowledge is the more familiar form of knowledge, and is found in textbooks, manuas and research
articles. However tacit knowledge is more va uable because knowledge must be made tacit to make decisions
or to take action. For example, you must read and understand a book (internalise the knowledge or make it
tacit) in order to be able to apply the knowledge it contains. However because tacit knowledge isintangible, it is
much more difficult to manage. Tacit knowledge can converted into explicit knowledge through the process of
externalisation (or codification), and this has been the focus of many knowledge management initiativesin
practice (Hansen et a, 1999). However, thisisonly ever partialy successful, as we dways know more than we
can say¥ also, some knowledge is not accessible to our consciousness (Polanyi, 1967; Sveiby, 1997).

Forma education focuses on imparting explicit knowledge, while experience in practice supplements thiswith
tacit knowledge through on+-the-job learning and skills transfer (Sveiby, 1997). So far, knowledge management
has been primarily concerned with managing knowledge flows within single organisations. However the same
principles can be gpplied to the issue of improving knowledge transfers between research and practice within a
discipline.

There are two key flows of knowledge which need to occur between research and practice in an gpplied disci-
pline (Figure 1):

Practice ® Research: research activity should be informed by the needs of practice and society. Thisen+
sures that research addresses issues that are of socid and practica significance (relevance).

Rescarch ® Practice: research results should be disseminated and applied in practice. This ensuresthet re-
search leads to improvements in practices and benefits to society (impact). In any gpplied discipling, thereis
an expectation that research will ultimately result in some useful socia outcome (Phillips, 1998).

RELEVANCE

practical needs
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research results

IMPACT
Figure 1. Know edge Fl ows between Research and Practice

There are d 0 flows of knowledge which occur within each community, athough these are not the concern of
this paper:

The processes of citation and publication facilitate knowledge transfers among researchers.

The process of skills transfer, in which tacit knowledge is transferred via on-the-job learning.

Industry-based research and development, or “Mode 2" research, in which knowledge is generated and dis-
seminated in the context of practice (Gibbons et a, 1994). Thisis characterigtic of knowledge produced by
pharmaceutica companies, consulting companies and I T vendors.
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Improving knowledge transfers between research and practice will result in more effective production and appli-
cation of research knowledge. In this paper, we focus on the flow of knowledge from research to practice, but
this should dso help to improve flows of knowledge in the reverse direction, via natural feedback processes.

Current Knowledge Distribution Model

Until now, there has been an implicit assumption that the best way to tranamit research knowledge into practice
istofirg load it into human minds, viathe long and expensive education of professonas (see Figure 2). How-
ever there are enormous “voltage drops’ dong this tranamission line (Weed, 1997):

Only aportion of the available knowledge can be loaded, given the limitations of human information process-
ing and the limited time available for their education.

Only a portion of the knowledge loaded is retained, and in fact mogt is quickly forgotten after examinations.

Only aportion of the knowledge loaded is ever used. It is difficult to predict what knowledge might be ussful
in the future, so educatorstry to load as much as possible to prepare for al contingencies. Thisresultsin in-
formation overload and over-taxing of the retention powers of the human mind.

Much of the knowledge that is retained quickly becomes obsolete, and there is no assurance thet it will be
replaced by relevant new knowledge. Once practitioners have completed their forma education, they tend to
rely primarily on tacit knowledge acquired through experience in practice¥s this means they are operating
from a knowledge base which isincomplete, out of date and biased.

education araduation

Research Practice

Figure 2. Current Know edge Distribution Mdel

In the “Information Age’, this seems arather archaic and inefficient way of transferring knowledge. Just as sci-
ence developed the microscope to magnify the power of the human eye, thereis a similar need to use informa-
tion technology to expand the human mind' s limited cgpacity to store and recall large amounts of information
(Weed, 1997). Practitioners should not need to load enormous amounts of information into their heads and then
try to retrieve it years later (when it islikely to be out of date), but should have the latest research knowledge at
ther fingertipsin the workplace. Thiswill not subtitute for the education process, but provides away of cor+
tinuoudy and sdlectively updating their knowledge. The education process only provides a* snapshot” of knowi-
edgein afidd a apoint in time. Whenever a practitioner encounters a new stuation, they need to be able to
update their knowledge on an “as needed” basis¥4 thisis the only workable approach given the rate of changein
most disciplines.

Objectives of this Paper

Improving the transfer of knowledge from research to practice requires a channd which connects knowledge
producers (researchers) with the intended consumers of this knowledge (practitioners). The World Wide Web
provides a globd information infrastructure for connecting researchers and practitioners. This paper describes
two projects which use the World Wide Web to make research knowledge directly available to practitionersin
the workplace. The firgt is a successful knowledge management project in a hedlth department which provides
medica gaff with on-line accessto the latest medica research at the point of care, in order to improve the qual-
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ity of dinicd decison meking. The second isaproject currently in progress to implement asmilar system to
support 1S decison making. Findly, we draw some generd lessons from these projects about transferring
knowledge from research and practice, which could be usefully applied in any discipline.

Case Study 1: Evidence-Based Medicine

Medical Decision Making

To make appropriate decisions about patient care, medica practitioners need to take into account al relevant
medical knowledge and integrate it with detailed data about the patient’s condition. Accessto the latest medical
research can mean the difference between life and death, an accurate or erroneous diagnoss, early intervention
or aprolonged and costly stay in hospital (Ayres and Clinton, 1997). However, staying abresst of dl the latest
developments in medicd research is adaunting task¥4 it is estimated that the amount of medical knowledge
doubles every five years (Weed, 1997). Faced with information overload, doctors fall back on globa judge-
ments based on experience rather than thorough analysis of the relevant medicd literature.

For decades, the medica profession has documented high levels of error, far higher than most other industries
would tolerate. An adverse event is defined as*an unintended injury or complication which results in disghility,
death or extended hospital stay, and is caused by hedlth care management rather than the patient’ s disease”
(Wilson et a, 1995). In ample terms, this corresponds to an “error” in medica practice. A study of the Austra-
lian health system found that 16.6% of hospital admissons resulted in adverse events (Wilson et d, 1995). Itis
estimated that 180,000 people die each year in the United States as aresult of adverse events¥a the equivaent
of three jumbo jet crashes every day (Leape, 1994). When the causes of adverse events are investigated, it is
found that most (over 80%) are the result of decison making errors (Wilson et a, 1999).

One of the reasons for the high levels of error in medical practice isits reliance on the unaided human mind
(Weed, 1997). Psychologica research shows that the human mind is drictly limited in how much informetion it
can memorise and recall (Miller, 1956; Badddey, 1994; 1999; Eysenck and Keane, 2000). In everyday medi-
ca practice, doctors rely heavily on tacit knowledge accumulated as aresult of their medica training and subse-
quent clinical experience. As aresult, decisions about the most appropriate trestment for patients are often
made based on knowledge that is out-of-date, incomplete and biased. As Weed (1997) says.

“We should never have placed so much power in the hands of those who memorise knowledge, regurgitate
it in examinations, forget much of it, specialisein asmall piece of it, and never fully integrate what they do
with the details of patient’s needs.”

Evidence-based Medicine

Medicd research findings take along time to filter into clinical practice (Phillips, 1998). Empirica sudies have
shown that on average, thereis an 8 — 13 year time lag (depending on the specidty) between atreatment being
proven to work and its adoption in everyday medica practice. It has aso been found that 70% of medica
trestments currently in use do not have any reliable evidence to support that they are any more effective than
doing nothing (Sackett et al, 1997). The widespread use of disproven or unproven trestments means that the
hedlth system is burdened with unnecessary costs and patients are exposed to unnecessary pain, expense, risk
and potential adverse Sde-effects.

Medicine has well-developed mechanisms for transferring tacit knowledge, viathe internship process (on the

job learning and skills transfer). However for transfer of explicit knowledge, it relies mainly on the forma educa-

tion process, which as explained previoudy, is subject to severe “voltage drops’. A mgor barrier to the imple-
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mentation of research findingsis the volume and geometric growth of the medica literature. It is not humanly
possible to keep up with dl the advancesin dl areas of medical research¥ the average medica practitioner
would have to read 20 articles per day just to keep up with developments in their specidty area (Jordens et d,
1998). It isdso difficult for dinicians not trained in research methodology to make sense of the often conflicting
research findingsin a particular area.

Recognition of such problems led to the concept of evidence-based medicine (EBM). Thisis an gpproach that
synthes ses research findings on the effectiveness of medica trestments to support clinicad decison making
(Sackett et a, 1997). The purpose of EBM isto ensure that decisions about patient care are based on the latest
scientific evidence, where “evidence’ is defined asthe results of randomised clinical trials (RCT). Theamis
to reduce the time lag between the development of new treatments and their use in everyday medicd practice,
and to avoid the use of unproven or disproven treatments. The goas of EBM can be summarised asfollows:

To use trestments that have been proven to work
To diminate the use of treatments that have been proven not to work (disproven treatments)
To conduct research into treatments whose effects are unknown (unproven treatments)

One of the mgor methodologicd toolsin EBM isthe systematic review, which isaform of meta-anayss of
research results (Cochrane, 1972; Glass et a, 1981). Systemdtic reviews begin with an exhaugtive search for
published and unpublished research studies addressing a particular medical issue (e.g. treatment of asthma). The
next sep isto criticaly evauate the sudies to identify which are of sufficient quaity to contribute to decison
meking. The find step isto pool the results of the studiesto arrive a a quantitative estimate of the effectiveness
of the treatment(s). Reviews must be regularly updated to take account of new research developments. This
reduces the problems of information overload and interpretation of findings faced by medica practitioners, and
puts information in a convenient form for decison making in practice.

However synthesising the research evidence is only the starting point for using research to improve practice.
Equaly important is the dissemination and use of thisinformation. To make apracticd difference, sysematic
reviews must be reaedily available to medicd practitioners, and must be actively used in everyday clinicd prac-
tice. EBM represents an application of knowledge management in the medica fied, dthough it pre-dates the
mainstream knowledge management literature by more than two decades. It focuses on synthesising explicit
knowledge in the form of research findings, and disseminating and applying this knowledge in medica prac-
tice. It dso focuses on generating new knowledge on the effectiveness of treatments.

Organisational Context

This case study took place in one of Audtradia s state health departments. The department is one of the largest
organisationsin Audralia, with an annua budget of over AUD$38 hillion and over one hundred thousand staff.
Higoricaly, clinicd information needs had not been well supported by investments in information technology.
The mgority of exigting information systems supported adminigtrative processes (e.g. financid systems, payroll
systems, patient administration systems), with very few systems directly supporting patient care. To address this
issue, a committee was formed in September 1995 to specify requirements for medica informetion at the point
of care. It conagted of fifty dinicians from dl hedth disciplines incduding hospitals, generd practice, community
hedth and universities. A proposal was developed for a project caled the Clinical Information Access Project
(CIAP) to address this need, which was endorsed by senior management in December 1996. The stated objec-
tive of the project was.
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“To provide clinicians with access to on-line medica information to support clinical practice, education and
research at the point of care’.

A pre-implementation survey of 2757 dinicians and medicd librarians was carried out to identify the most im-
portant knowledge sources to support clinical practice. The system went live on July 4, 1997, taking just over
sx months from itsinitid inception to implementation. It has now been in operation for over five years, and is il
evolving.

Knowledge Content

The knowledge content of the system was based on the requirements identified in the pre-implementation sur-
vey. It conggts of five mgor components, which correspond to different classifications of knowledge on the
tacit/explicit dimension and the internd/externd dimension (whether the knowledge was produced ingde or out-
sdethe organisation), as shown in Table 1. Unlike most knowledge management systems, which primarily focus
on internd knowledge (Svelby, 1997; Davenport et al, 1998; Davenport and Prusak, 1998; Hansen et d,
1999), this system is mainly focused on providing access to external knowledge, and in particular, the results of
medica research.

Tabl e 1. Know edge Conponents

EXTERNAL | NTERNAL

Systematic (EBM Revi ews
Clinical Policies and
EXPLICI T On-line Literature Searching Protocol s

Tool s

Phar maceuti cal Dat abases

TAQT Li stservers

Systematic Reviews
A range of databases are provided that provide on-line access to systematic (EBM) reviews.

Cochrane Library: thisis an eectronic database of systematic reviews produced by the Cochrane Collabo-
ration, an internationa not-for- profit organisation speciadising in principles of EBM. The Cochrane Library is
recognised as the leading source of EBM reviews.

APC EBM Reviews. systemtic reviews produced by the American College of Physicians.
Evidence-Based Medicine: systematic reviews produced by the British Medica Association.

Database of Abgtracts of Reviews of Effectiveness. systemétic reviews produced by the British Nationd
Hedth Services Centre for Reviews and Dissemination (NHS CRD).

These databases provide high vaue knowledge in the form of synthesised research findings. Each EBM review
incorporates thousands of hours of critica review and synthess of research articles by leading medicd research-
ers and practitioners.

On-line Literature Searching Tools
Access to primary research sources (medical research journds) is also provided:
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MEDLINE: thisis recognised as the leading bibliographic source of medical research, and provides on-line
searching with links to full text medical journds.

CINAHL: provides on-line searching with links to full text nuraing and dlied hedth journas.
PsychINFO: provides on-line searching with links to full text psychiatry and psychology journds
Hedthstar: provides on-line seerching with links to full text hedth adminigtration journas

Full text journas and textbooks: arange of full text journas and medica textbooks are available on-line.

These databases provide access to the latest medicd research findings. Compared to EBM reviews, they have
the disadvantage that clinicians must synthesise and interpret the research findings themsalves, but have the
advantage of broader coverage (EBM reviews are only availadle for alimited range of topics) and currency
(EBM reviews are only updated on an annua bass).

Pharmaceutical Databases
The system provides arange of on-line sources of drug information:

MIMS: a comprehensve pharmaceutica database, which includes details of al known drugs, side-effects,
interactions and recommended dosages.

Antibiotic Guiddines. provides decison support in prescribing antibiotics (which are generdly poorly pre-
scribed in practice).

Micromedex: poisons and toxins information.

Up-to-date drug information (e.g. recommended dosage, adminigtration ingructions, dlergies, Sde-effects and
interactions) is essentia for prevention of adverse events. A recent sudy of adverse eventsin general practice
found thet over 50% were the result of pharmacologica errors (Kidd and Veale, 1998). With thousands of
drugs currently on the market, and hundreds of new ones released every year, it isimpossible for medical prac-
titioners to keep information about dl of these in their heads (Milne, 2002).

Clinical Policies and Protocols

Clinica policies and protocols define standard procedures for handling particular types of cases (e.g. cardiac
arrest, road trauma). These play acritica role in medicd practice¥s incorrect protocols or failure to follow pro-
tocols represent the most common cause of adverse events (Wilson et a, 1995; Wilson et d, 1999). They rep-
resent an important source of explicit knowledge in the organisation. Each hospital definesits own policies and
protocols, and there may be wide variations between them based on equipment available and when they were
last updated. The system dlows dinicians to post their clinica policies and protocols on avoluntary basis for
peer review. The purpose of thisisto encourage collaboration and sharing of knowledge, and to move towards
standardisation and development of “best practices’.

Listservers

Listservers are provided for ontline discussion of problems and issuesin particular areas of specidty, for exam:
ple, asthma, stroke and medical ethics. Thisfacilitates the exchange of ideas and experiences (tacit knowledge)
among researchers and dlinicians across the organisation. Thisis especidly useful for dliniciansin rura and re-
mote areas, who have less opportunity for face-to-face exchange of knowledge. Strictly spesking, it is not pos-
sbleto tranamit tacit knowledge via a listservery. the knowledge must be externalised or codified (transformed
into explicit knowledge) before it can be communicated. However listservers provide a more informa and per-
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sonal channd for knowledge transfer that enables communication of knowledge that would normdly remain
tacit.

Technology Architecture

The system operates using a single web server located at the organisation’s head office, and is available 24
hours aday, 7 days aweek. The World Wide Web was chosen instead of intranet technology in order to
maximise the reach of the sysem. Because of the geographic spread of the organisation and the lack of a com-
munications network linking adl hedth care fadilities, an intranet would have excluded alarge proportion of dini-
cians. An added advantage of using the World Wide Web isthat it alows clinicians to access the system from
home, which represents around haf the totd usage of the system.

Scenario¥% How the System is used

To illustrate how the system is used in everyday medicd practice, consder the case
of a patient who presents with funnel web spider bite. The funnel web spider (Atrax
Robustus) is unquestionably the most dangerous spider in Audtralia It isalarge (6-7
cm), black, aggressive spider, with fangs large and powerful enough to penetrate a
fingernail. During a bite, the spider firmly gripsits victim and bites repestedly, and the
venom is highly toxic. Thereis estimated to be 30-40 cases of funnd web spider bite
occur each year in Audrdia. Given the rarity of such cases it isunlikely that aclini-
cian would be able to rely on previous experience or their medica training to know
how to treat such a case. Death occurs between 15 minutes and 3 days following the bite, so prompt action is
essntid.

Funnel Web Spi der
(At rax Robustus)

From the opening screen, the attending medica officer conducts a search using the phrase “funnel web spider
bite” (Figure 3). Thisinitiates a search across al knowledge sources in the system.

-
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ALL - Search all Resources: USE H|@BODIRECT Log Out | Help

) USE Home > Help | Feedback =
Unified Search Environment use

Search: |1unne| web spider bite
& Overview ¢ Drugs/Guidelines « Textbooks ~ EBM ¢ Local ¢ Citationsfe-Journals (change

Instructions: ENTER a search term into the box above and SELECT a content group to search. Alternatively you can BROWSE using the links below OR select
an option from GoDirect above to go directly to a knowledge resource.

Example queries:

- asthma and salbutamol - searches for content that must contain both terms

- adrenaline or noradrenaline - searches for content with either term

- lung transplant - searches for the phrase "lung transplant” (ie: words must be adjacent)

- title.asthma and author.phung x - search for specific title and author (B@O, EBM and Citations only).

Browse Health Occupation Overviews
Medicine. Dentistry. Nursing. Allied Health Occupations. Health Services Dietetics. Optometry. Orthoptics. Medical Psychology. Podiatry. Veterinary

Administration. Hospital Administration. Pharmacy. Medicine. Physical Therapy (Physiotherapy).

Browse Medicine Overviews

Clinical Medicine Radiology

Pathological Conditions, Signs and Symptoms. Medical History Taking. Physical Diagnostic Imaging. Nuclear Medicine. Radiation Oncology. Interventional
Examination. Evidence-Based Medicine. Radiology.

Family Practice Critical Care

Internal Medicine Anesthesiology. Emergency Medicine. Traumatology. Intensive Care.

Allergy and Immunology. Cardiology. Endocrinology. Gastroenterology. Geriatrics. ~ Psychiatry
Hematology. Medical Oncology. Microbiology. Nephrology. Neurology. Respiratory ~ Community Psychiatry. Child Psychiatry. Adolescent Psychiatry. Geriatric

Medicine. Rheumatology. Psychiatry. Biological Psychiatry. Forensic Psychiatry. Psychoanalysis.
Pediatrics Psychosomatic Medicine. Mental Disorders. Psychotherapy.
Perinatology. Neonatology. Adolescent Medicine. Growth and Embryonic Pathology

Development. Neonatal Diseases and Abnormalities. Clinical Pathology. Surgical Pathology. Telepathology.

Medical Specialties Medical Genetics

Dermatology. Forensic Medicine. Hospitalists. Osteopathic Medicine. Physical Genetics. Genetic Techniques. Human Genome Project. Gene Therapy.
Medicine. Preventive Medicine. Reproductive Medicine. Tropical Medicine. Sports Consanguinity. Eugenics. Genetic Counseling.

Medicine. Venereology. Telemedicine

Surgical Specialties Remote Consultation. Telepathology. Teleradiology.

Colorectal Surgery. Gynecology. Obstetrics. Neurosurgery. Ophthalmology. Epidemiology

Orthopedics. Organ Transplantation. Otolaryngology. Plastic Surgery. Surgery. Epidemiologic Methods. Evidence-Based Medicine. Molecular Epidemiology.
Thoracic Surgery. Urology. Pharmacoepidemiology.

Figure 3. Unified Search Environnment

39



Using the WWW to Connect Research and Practice

The top-ranked result of the search is an entry from the Drug and Therapeutic guiddines, which describes the
symptoms of funnd web spider bite (for confirming the diagnosis), the antivenom required, recommended dos-
age, adminigtration ingructions, interactions and possible sSde effects (Figure 4).
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Indications

Significant systemic envenoming by Australian funnel web spiders Atrax robustus (Sydney funnel web spider), other Atrax species and probably
all species of Hadronyche funnel web spiders, as indicated by:

o tingling of lips, tongue twitching, increased salivation, lacrimation, piloerection, hypertension, dyspnoea (secondary to pulmonary oedema
which may develop rapidly and is potentially fatal)

« major nonspecific symptoms of systemic envenoming such as vomiting, severe headache, abdominal pain and collapse; be aware that
anxiety may cause similar symptoms

Adverse effects

Adverse effects are very rare. Anaphylaxis or anaphylactoid reactions have not been reported. Serum sickness reactions may occur very rarely.

Dosage

Major envenoming by funnel web spiders is dramatic and can prove fatal within 30 minutes of bite; do not delay antivenom treatment if systemic
envenoming is present.

Initial dose is 2 ampoules IV, or 4 ampoules if severe envenoming. Be prepared to give further doses. In severe envenoming 4-8 ampoules are
commonly required.

Administration instructions

Always give IV after dilution with Water for Injection. Watch for adverse effects; if these occur, treat appropriately. Observe patient for at least
24 hours after the antivenom is given. If there is incomplete resolution of symptoms or relapse, consider giving further antivenom.

Figure 4. Search Results

Benefits of the System

Both anecdota evidence and perceptions of clinicians support the conclusion that the system has been success-
ful inimproving the qudlity of dinicad decison making. A survey of dinicians using the system revedled that over
90% felt that it had improved patient care. There have dso been a number of reported cases where access to
the system has saved lives.

A regigrar in arura hospital was able to save apatient in acritica condition suffering from the Lyssavirus.
The Lyssavirus, which is acquired from contact with bats, causes encephditisin humans and can be fatd if
not treated quickly. However because it is ardatively new disease (the first case was discovered in Audtraia
in May 1996), it does not yet appear in medica textbooks. Using MEDLINE, the clinician was able to ook
up and apply the appropriate treatment.

Another rurd dlinician was able to save a patient who was admitted in acritical condition in the middle of the
night, suffering from meningitis. The patient did not respond to the normal treatment for this condition, indi-
cated by the standard clinical protocol. A MEDLINE search reveded anew drug treatment that hed imme-
diate results.

Findly, aclinician was able to save a child who had been bitten by afunnd web spider by looking up the
anti-venom in Micromedex. Funnel web spider bite can be fata, especidly in children, and for the anti-
venom to be effective, it must be gpplied within 30 minutes. Having on-line access to this information dmost
certanly meant the difference between life and desth.
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Towards Evidence-Based Medical Practice

This system provides a mechanism for moving away from experience based medica practice (based on tacit
knowledge) and towards evidence-based medica practice (based on explicit knowledge in the form of medica
research). It provides away of putting the theory of evidence-based medicine into practice, and using informa-
tion technology to supplement the limited capability of the human mind to store and recdl information. The sys-
tem provides a direct channdl for transfer of research resultsto clinica practice, and also directly connectsre-
searchers and practitioners via listservers. While the concept of EBM has been around for over three decades,
the use of IT to provide on-line access to medica evidence in the workplace operationdises the concept in
clinica practice.

Prior to this system, clinicians only had access to medical research vialibraries attached to the larger hospitas.
However these were generdly not open after hours or on weekends and many smdler hospitals did not have
libraries at al. Also, because of the pressures of clinica practice, medica practitioners rarely had the timeto
vigt thelibrary during working hours. Using this system, clinicians have on-line access to the latest medica re-
search 24 hours aday, 7 days aweek, both in the workplace and at home.

One of the explanations for the success of this system and its acceptance by diniciansisthat unlike traditiona
decison support systems (DSS), which have proven to be largely unsuccessful in medical practice, it does not
tell the clinician what to do. Twenty years of DSS research has revealed a persstent problem, in that decison
makers ether ignore or modify the advice given by the DSS (Lim and O'Connor, 1995; Turban, 1995; Law-
rence and Sim, 1999; Goodwin, 2000). A range of sudiesin different environments have shown decison mak-
erstend to trust their own experience and judgement much more than the DSS, even when presented with
overwheming evidence that they would perform much better by smply following the sysem’s advice. A possi-
ble explanation for thisis that people, and especidly highly educated and experienced professionas, do not like
being told what to do by a computer. The system described in this study supports human decision making by
providing information about available treatments and the evidence for and against them. However it leavesthe
find decigon about what to do to the clinician¥a it therefore empowers human judgement and dlows them to
incorporate their experience and judgement into the decision making process.

Removing the Knowledge Gap between Practitioners and Consumers

If use of the system was extended to consumers, it would potentialy have an even greater impact. In particular,
patients could use it to look up the latest evidence about their own medica conditions. If they found that there
was no reliable evidence to support use of the trestment they were being given, or that there was a better, clini-
cdly proven trestment available, they would rightly question their doctor’s decison. The medica profession cur-
rently enjoysadmost “god like’ statusin society, as aresult of the wide knowledge gulf between medica practi-
tioners and consumers. Patients are often uninformed, passive objects in the medica care process, and rarely
guestion their doctor’ s advice (Weed, 1997). Making the latest research evidence available to patients would
help to reduce the knowledge gulf between doctors and patients. While such amove might be ressted by medi-
cd practitioners¥s as knowledge is power and most professiond groups are concerned with maintaining their
power and status¥ it would help to improve accountability and the quality of hedth care.
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Case Study 2: Evidence-based IS Practice

Decision Making in IS Practice

There is an enormous amount of 1S research published each year, but very little of this knowledge finds its way
into practice (Bubenko, 1986; Keen, 1991; Gdliers, 1994; Benbasat and Zmud, 1999; Davenport and Mar-
kus, 1999; Moody, 2000). IS practitioners rarely refer to research evidence to make decisons but rely instead
on their own experience, talking to peers, articlesin the popular press or advice from consultants and vendors
(“expert opinion”). However dl of these knowledge sources are highly subjective and anecdota. This means
that, like medical practitioners, but to a much grester extent, they are operating from an incomplete and biased
knowledge base.

Like medica practice, IS practice dso exhibits high levels of errors. For example, empirica studies show that
only 16.2% of software projects are completed on-time and on-budget (Standish Group, 1995). This repre-
sents a success rate about the same as the error rate in medical practice (cf. 16.6% of hospital admissons result
in adverse events). Part of the reason for the high error ratesin IS practice is the failure to learn from mistakes
and the persstent use of practices which do not work. Research plays a vitd role in enabling a professon to
learn from its mistakes and in eva uating the effectiveness of practices.

The mgjor reasons why 1S practitioners do not refer to published research are;

Time pressures. The constant deadline pressure and long working hoursin IS practice leaves little or no time
to read journals or attend conferences.

Information overload: The volume of 1S research published meansit is not humanly possible for IS practitio-
ners (and chalenging even for full-time researchers) to keep up with al the relevant research in their area of
practice. A recent study identified over 233 journasin the IS field (Hardgrave and Walstrom, 1997). The
result is a Stuation of massve information overload for IS practitioners.

Accesshility: the average IS practitioner would have great difficulty understanding papers published in the
leading IS journas, because of the excessive focus on rigour and use of complex datigtics and mathematics.
IS research papers are primarily written for other researchers (conference and journal reviewers), which acts
asabarrier to utilisation of research findings in practice (Moody, 2000).

A number of industry research organisations have emerged to support IT decison making in practice. However
whilethis research is more ble and relevant to practitioners, it is of questionable validity.

Towards Evidence-based IS Practice

The concept of evidence-based medicine—of making decisions based on the latest research evidence rather
than on experience and opinions¥z is something that has clear application for the ISfield. The ISfidd exhibits far
more serious problems than medicine in transferring knowledge from research to practice, and the principles of
EBM would help to bring research and practice closer together. There are important smilarities between 1S and
medicine, which suggest that the concept can be adapted from one field to another. Both are applied rather than
pure disciplines, which focus on applying technology to solve practical problems (Moody, 2000). While medicd
practitioners gpply medica interventions to improve the hedlth of their patients, 1S practitioners apply | T-based
interventions to improve organisationa effectiveness. The problem of transferring research results to practice is
essentidly the same in both disciplines, though in IS the problem is much worse.

By analogy to evidence-based medicine, the objectives of evidence-based IS practice would be to:
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Use practices that have been proven to work
Eliminate practices that do not work (disproven practices)
Conduct research into practices whose effectiveness is unknown (unproven practices)

The third objective would provide direction for IS research in evaluating the effectiveness of practice, which
would help to improve its relevance (the feedback loop in Figure 1).

The system described in the first case study provides a successful solution to the problem of trandferring re-
search knowledge to practice. It operationalises the concept of EBM in the form of aweb-based information
system. In this case study, we adapt this solution to the problem of transferring knowledge from IS research to
IS practice. Thisisan example of analogical reasoning, a problem solving approach in which asolution is
found to a problem by looking a how asmilar problem has been successfully solved in another (referent) do-
main (see Figure 5). (Gentner, 1983; Holyoak, 1985; Keane, 1985; 1988). In this case:

Thetarget domainis 1S, whilethe
referent domain is medicing
The problem to be solved isthat of TARGET DOMAIN REFERENT DOMAIN

transferring IS research knowledge
to IS practice, while the exemplar Problem to @ Exempler
problem isthe transfer of medica be Solved derdiy Problem
r@eafch knowledge to medical | similar |
practice; desied problem has knonn
The exemplar solution isthe web- solution solution
based systemn described in the first | |
case study, while the target solution N e @ Exemplar
isagmilar sysem to g,pport evi- : Translate Solution
dence-based IS practice. solution to

Analogica reasoning represents a par- new domain

ticularly useful research gpproach for an Fi gure 5. Anal ogi cal Reasoning

immature discipline like IS, and away as a Problem Sol ving Approach

of learning from other, more established
disciplines (in this case, medicine).

Project Objectives

The objective of this project is to develop a web-based system to provide IS practitioners with accessto the
latest |S research, to support decision making in the workplace. Thisis an ambitious project, which attemptsto
build a comprehensive knowledge base to support IS practice. Thisis an gpplication of principles of knowledge
management on alarge scae¥a the leve of an entire discipline¥ and is ajoint venture between a research inditu-
tion (Monash Univerdty) and the association for IS professondsin Audrdia (the Austrdian Computer Soci-

ety).

The design of the system will be closely based on the system described in the first case study. The systemwill
incorporate the following components:

On-lineliterature searching: thiswill provide sophigticated searching of IS journas with linksto full text jour-
nas. Thisfecilitates the transfer of explicit knowledge between research and practice. A number of existing
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on-line literature search engines could be used for this purpose. While such search engines are standard
“tools of the trade” for IS researchers, few practitioners have access to them in the workplace.

Systematic reviews: thiswill involve the formation of expert committees, conssting of both researchers and
practitioners, to review research findings and synthesise results on particular topics. Thisisavaue-added
process which will put research resultsin a highly synthesised form to support decison making in practice.
Thisisaprocess of synthesising explicit knowledge and provides away of making research results more
accessible to practitioners and reducing problems of information overload (Atkins and Louw, 2000; Moody,
2000).

Posting of policies, standards, architectures, software evaluations etc. by practitioners for peer review: this
would be done by subscribers on avoluntary basisto facilitate knowledge sharing, development of “best
practices’ and industry standardisation. This facilitates sharing of explicit knowledge among practitioners.
Commercid interests will be alimiting factor in such knowledge sharing, as many organisations will want to
protect their intellectua property and competitive interests, but in many aress, there will be clear mutua
benefitsin sharing knowedge.

Listserversto promote discussion on particular issues: thiswould facilitate transfer of tacit knowledge in the
form of ideas and experiences between practitioners and researchers.

Theintention is to make the system available free of charge to dl members of the Austrdian Computer Society.

Potential Benefits
Implementation of this sysem will help to:

Improve the dissemination and application of IS research results in practice

Reduce time lag between development of new research knowledge and its application in practice
Help to reduce the use of practices that don’t work and thereby facilitate learning from mistakes
Connect researchers and practitioners together (vialistservers)

Provide a comprehengve and up-to-date knowledge base to support decison making in IS practice

Improve the professonaism of IS practice, by moving towards evidence-based rather than opinion and ex-
perience based practice

Reduce problems of information overload for IS practitioners and make it eesier for them to stay abreast of
the latest research (via systemétic reviews)

Improve sharing of knowledge among practitioners (via posting of policies, sandards etc.)

Asin the previous study, this system would aso be beneficia to consumers of IS services. Many end users are
relatively uninformed and rely heavily on advice from vendors and consultants which is often biased (and some-
times quite predatory). Consultancy firmsand I T vendors are notorious for taking advantage of users' lack of
knowledge to sell them products or services that they don’t need or are not effective. Making the latest IS re-
search available to consumers of 1S products and services will help to ensure that they get better vaue for
money and aso improve accountability of the IS profession.

Potential Barriers

There are ds0 anumber of potentid barriers to successful implementation of this system, which reflect some
fundamentd differences between medica and IS practice:
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Scepticism about |S research: |S practitioners tend to be rather sceptical of the value of academic research.
Thiswould be a significant barrier to adoption and use of the sysem. However if the system isfound to be
useful in practice, and acritica mass of practitioners sart using it, normative influences are likely to over-
comethis scepticiam (Green, 1998).

Lack of evidence: in most areas of 1S practice, thereisn't a sufficient body of research to conduct effective
systemétic reviews. Because of the rate of technologica change, it is difficult for IS research to keep pace

with new technologica developments and evauate them in atimely manner. In addition, the conclusonsfrom
IS research studies tend to be much weaker than those in medicine. Because most IS interventions are ap-
plied at the organisationd leve, randomised clinicd trids, which are the standard method for obtaining evi-
dence in medicine, are not as widdy gpplicable¥s in fact, some researchers have argued that experimental

methods are inappropriate in IS research. |S research relies much more heavily on quditative research meth-
ods, which leads to less definite conclusions about effectiveness of practices.

Relevance of 1S research: A number of authors have criticised IS research for not addressing questions that
are relevant to practice (Keen, 1991; Gdliers, 1994; Benbasat and Zmud, 1999; Davenport and Markus,
1999). Thisisa“supply S9de’ issue that is difficult to addressin the short term. However as research results
are more widely disseminated in practice, relevance of research should be improved through natural feed-
back mechanisms. In addition, listservers provide a direct channel for practitioners to influence research pri-
orities.

Need to incorporate non-academic research sources. Gibbons et d (1994) argue that universities no longer
have a monopoly on knowledge production, and that especidly in high tech fields, most new knowledge
originates from practice than from academic research. This suggeststhat it isimportant to include industry
based knowledge sources rather than restricting knowledge sources to academic research.

Conclusion

Summary of Findings

For research to make a practical difference, research results must be reedily available to practitioners, and must
be actively used and implemented in everyday practice (Jordens et a, 1998; Phillips, 1998). The World Wide
Web provides an infrastructure for connecting the producers of research knowledge (researchers) with thein-
tended consumer s of this knowledge (practitioners). This paper has described a successful system which pro-
vides ontline access to the latest medica research to support clinical decison making at the point of care. It aso
describes a project currently in progress to develop asmilar system to support IS practice. Neither of these

projects would have been possible prior to the development of the World Wide Web, and illustrate how it has
the potentia to improve practices and aso to alow consumers to become more informed. Providing this infor-
mation to consumers will erode the power base of practitioners, which they are likely to resst, but ultimatdly it is
good for society and will be a powerful impetus towards improving practices.

Towards a Paradigm for Evidence-based Practice

The systems movement was founded with the objective to “investigate the smilarities of concepts, laws and
models from various fieds and to hep in useful tranfers from one field to another” (von Bertdanffy, 1968).
Systems theory uses the process of generalisation as an approach to achieving such transfers. A problemin a
particular domain can be generdised to a systems problem by removing al domain specific aspects (Klir,
1985). The solution to the systems problem can then be gpplied in awide range of domains.
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Evidence-based medicine (EBM) is an gpproach for improving the effectiveness of medicd practice. More gen
erdly, it provides a conceptua framework for improving knowledge transfers from research to practice. The
problems addressed by EBM are experienced to a greater or lesser extent in al gpplied disciplines, and smilar
principles could be gpplied in any fidd to improve knowledge transfers from research to practice. The principles
of EBM can be generdised to the systems leve to develop a generd paradigm for evidence-based practice,
which can then be gpplied in

multiple domains (Figure 6).

The two case studies described Evidence

in this paper represent practical Based General (Systems) Level
solutions to the problem of Practice

transferring knowmledge from re- / \

search to practice, which opera- abstract o apply 10

tionalise the concept of evi- v —

dence-based practicein the Boced Besdls | Specific (Discipline) Level
form of information systems. The Medicine Practice

key dements of these systems

are: Figure 5. Evidence-based Practice

Systematic reviews. synthesis of research literature to increase bility to practitioners and reduce time
required to find and evaluate evidence.

Ontline literature searching tools. access to primary research sources with value-added search capabilities

Pogting of practitioner-developed “knowledge products’ (e.g. policies, slandards, procedures): sharing of
explicit knowledge to support development of “best practices’ and achieving industry standardisation.

Ligsarvers. informa channds for sharing knowledge between researchers and practitioners.

These systems demondirate how information technology can be used to expand the human mind' s limited ca-
pacity to store and recdl large amounts of information. Providing practitioners with access to the latest research
in the workplace provides aform of “just-in-time’ learning, which dlows them to sdectively update their knowi-
edge on an “as needed” bags. Thiswill help to supplement the education process, which provides a“ snapshot”
of knowledgein afidd a apoint in time.
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