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ABSTRACT

Because their services are based decisively ordlection, analysis and exchange of clinical infation or
knowledge, within and across organizational bouedaiknowledge management has exceptional apicati
and importance to health care organizations. THisl@ proposes a conceptual framework for a knodgée
management system, which is expected to suppdnthmstpitals and the oncology network in Brazil. &nthis
holistic single-case study, triangulation of mukigources of data collection was used by mearerafival
records, documents and participant observatiotwa®f the authors were serving as INCA staff merapthus
gaining access to the event and its documentationb&ing able to perceive reality from an insideinp of
view. The benefits derived from the present stafuthe ongoing implementation, so far, are: (i)exfiness of
cancer diagnosis and enhanced quality of both disigrand data used in epidemiological studiesréiluction
in treatment costs; (iii) relief of INCA’S labor sttage; (i) improved management performance; lfisjter use
of installed capacity; (v) easiness of massive lfeixp knowledge transference among the membershef
network; and (vi) increase in organizational cafyacf knowledge retention (institutionalization mfocedures).
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INTRODUCTION

Brazil currently has a complex cancer scenario.e&drincidence and mortality rates are elevated,
with the particularly high incidence of prostatencer in men and breast cancer in women. Theses
cases have been responsible for over one hundoedahd deaths per year. There are approximately
480,000 new diagnoses of cancer each year in Beaml the vast majority of these patients have had
some contact with hospital services. However, mefealso shows that in several regions of the
country long waiting lists for diagnostics and treants have become commonplace, which leads to a
situation of people being diagnosed with cancex &ery advanced stage (National Cancer Institute
[INCA], 2008). These sad findings have moved thdonal health care ministry in recent years to
initiate a series of challenging reforms in ordembplement early diagnosing clinical procedurdse T
management of cancer treatment is a long and complecess and the reduction of the patient’s
waiting time to start cancer treatment plays angasingly important role. Therefore, any environtnen
focusing on the accessibility to the treatment cheonic illness like cancer should make everyreffo
to avoid medical errors and fragmentation of cailevery.

The huge number of cancer cases in Brazil meansnfioamation is highly sought after by patients
and the clinicians involved in their care and thosgponsible for cancer services, which opens an
opportunity window for implementing hospital infoation systems [HIS]. Hoping to bring together
people involved in care planning and deliverindiricians, managers and patient representatives, th
Instituto Nacional de CancgNational Cancer Institute [INCA]) has been imptarting an oncology
care network. The network, as conceived by the INGAa partnership of both private and public
cancer care delivery organizations, whose succékdepend heavily on the collection, analysis and
exchange of clinical and managerial information kmowledge within and across the partners’
organizational boundaries. Its intention is to gateevaluable information by answering the requests
from patients, government and regulatory bodieshwigard to clinical and medical services.
Moreover, the integration of key data would help #@valuation of medical procedures and protocols,
streamlining the organizational processes and imingimprovements to cancer treatment.
Specifically, the network’s objectives are as faldo (i) to improve access to information and
knowledge at all levels (physicians, hospital adstiators, patients); (ii) to create a community of
cancer practice knowledge; (iii) to develop an emunent of easy and friendly access to relevant
information; and (iv) to collaborate with the desismaking process related to cancer care delivery.

In fact, the oncology care network is increasingbcoming a knowledge-based community of
health services and patients themselves that ghare knowledge, helping reduce administrative
bottlenecks and improve the quality of care. Asesault, an environment that helps translate
information into knowledge is under constructiond agonstitutes, in itself, a driver for quality
improvements.

All the above comments bring to mind the need fdtnawledge management system that will
identify, capture, structure, share and apply alividual’'s or organization’s knowledge, which will
result in a competitive advantage and create sswfteustainable development, according to Nonaka
and Takeuchi (1995). Therefore, the purpose ofghidy is to propose a conceptual framework for a
knowledge management system in the Brazilian Natid®ancer Institute. To accomplish this,
knowledge management [KM] enabled health care sys¢eenvisioned that will integrate clinical,
administrative and financial processes in healtk darough a common technical architecture, as well
as provide a decision support infrastructure faoregal decision-making.
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KNOWLEDGE MANAGEMENT

Knowledge management is associated with intelléotapital and the process of creation and
diffusion of knowledge embedded in business praeg8Vigg, 1993), and constitutes a critical
success factor in the current challenging and iatiee business scenario. The main premise of
knowledge management is the recognition of knowdedg the central point of organizational
performance (Drucker, 1993).

In order to enhance organizational performanceaadte value, knowledge management includes
all the processes that deal with the creationcsiring, dissemination and application of knowledge
In the words of Hedlund (1994), these processesbeaanalyzed at various levels: the individual,
group or organization. For Nonaka and Takeuchi $)98nowledge management is predicated on
shared learning, collaboration and the sharing ridvkedge at the strategic organizational level.
According to Davenport and Prusak (1998), knowleaig@agement not only involves the production
of information but also the capture, transmissiod analysis of data, as well as the communicatfon o
information based on or derived from the data ts¢éwho can work on it.

The Nature of Knowledge

Concerning knowledge itself, there are two maindkintacit and explicit. Tacit knowledge is the
personal, unarticulated, unexpressed knowledgeepsed by an individual. It is the knowledge and
expertise that a person has gained over the ylaiggh experience, by interacting with others, and
through a process of trial and error. This knowketlgs in the individual's brain or in his personal
notes, computer files or desk drawers. It has nbgen completely articulated, recorded, documented
or written down in a comprehensive format. Gengrétiund in non-structured form, such as an
individual's ideas, insights, values, experienced pdgments, it is more difficult to identify arnd
manage. Thus, it needs to be structured beforeajt ne stored and processed. On the other hand,
knowledge, sometimes, may be explicated, codified set down in manuals, written procedures,
records, notes, graphic representations, audio vasuhl materials. Stored in databases, explicit
knowledge is suitable for access and processingdkbp & Takeuchi, 1995).

Reber, Nonaka and Takeuchi (1992 as cited in Spedd86) picture explicit knowledge as the
small tip of a huge iceberg of pre-conscious ctillecknowledge. The major part of it would be
formed by tacit knowledge, invisible and completiglyorporated into social identity and practice. An
individual will understand a message completelyyahhe understands the body of his organization
collective tacit knowledge. In other words, the gibgl reality is socially built. By similar reasoq,
Spender (1996) concludes that interpretation (kedgé) of experience comes from the interaction
among the variables that surround the environment the individual's perception enhanced by
experience.

According to Tsoukas (1996), people are co-produoétheir own reality, and this will help them
to form their attitudes and behaviours. Attitudes morms and values that the individual perceiges a
favourable or not, and the behaviours are the sgjor of these attitudes which can be shown as
coherent or incoherent towards its related attitd@eit knowledge is one of the main foundations of
the individual's attitudes. Therefore, detectingitt&knowledge is complicated by the fact that the
individual has the autonomy to decide what and hawh should be transmitted to others.

Almost all activities require some combination ofpkcit and tacit knowledge, and effective
knowledge management is the one that capturesabdtiem. In fact, the real challenges to knowledge
management lie in being able to identify and captacit knowledge so that it can be retrieved when
needed. While explicit knowledge is easy to recardl transfer, tacit knowledge is difficult to
identify, capture, and transmit. Although convagttacit knowledge to explicit knowledge is difficul
it is not impossible. The employee’s tacit knowledg generally transmitted under the form of
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organizational best practices, which are often dwmmied and put into a network, which is
subsequently accessed and used by other employees.

For Spender (1996), the big challenge of manageisetat distinguish the systemic activities that
really increase the collective tacit knowledge frahose that only generate local and limited
knowledge. In the opinion of Haygk992 as cited in Spender, 1996), good managens kioav to
use organizational knowledge efficiently, the kiofl knowledge that, although incorporated into
people and processes, does not belong totally yo catflaborator. So managers must build an
organizational space that facilitates the seleatiband interaction among different tacit and ecipli
knowledge available to the organization, both witité internal and external environment.

The Strategic Value of Knowledge

The health care industry itself is increasingly dreing a knowledge-based community that is
connected to hospitals, clinics and patients farisly knowledge, reducing administrative costs and
improving the quality of care. Thus, the successedlth care depends critically on the collection,
analysis and exchange of clinical information orowitedge within and across organizational
boundaries. It is recognized that the spread of pewtices is shaped by multiple influences. lis thi
process, physicians play an important role. Thay loa thought of in terms of very sophisticated
knowledge workers (Wickramasinghe, 2000). Like cghé) physicians “make sense” of this wealth
of knowledge (Borghoff & Pareschi, 1998); (ii) theywn the means of production, e. g., their
specialized knowledge; (iii) they possess spe@dligkills and training, which they have acquired by
investing significant resources towards their etlona and (iv) they make decisions that have far-
reaching consequences both for their organizatiodstheir patients (Wickramasinghe, 2000).

Thus, it is the interchange of knowledge that repnés the significant change in the present way of
managing knowledge in comparison to the early dafysnanaging knowledge. It means that an
organization’s body of knowledge is considered sset(intellectual capital) only when shared by its
employees. Ultimately, this implies seeing the aigation as a distributed knowledge system, where
managers have to deal with the central questidroafto stimulate experts and workers to share their
knowledge without facing resistance and insecufiitye main point is how to create knowledge and
exchange it among partners. The traditional diamgtaf acquiring information either in reactive
mode, to support a specific decision, or in pra@&ctnode, to scan and monitor the environment to
detect problems, is not preemptive.

For Grant (1996), the following conditions, whergent in the organization, would be primary for
transforming knowledge into value: the first is thiganizational capacity of disseminating explicit
knowledge and of auditing the application of t&ecibwledge. The second condition is the capacity of
the workforce to fully understand the received klemlge, what is facilitated by a common
organizational language. The third factor stemsnfithe organization being able to recognize the
collaborator who is responsible for the knowledgeation and to compensate his effort adequately.
This is not an easy task because, although incatginto the workforce, most of the knowledge is
generated within the boundaries of the workplace @fer to it specifically. The fourth condition
derives from the limited human capacity to acquitere and process knowledge, the focus of the
rationality thesis proposed by Simon, Egidi and fi4af1992). That would require the division of
knowledge among specialized organizational areasl fnally, the last condition presumes that
knowledge is the critical input of a production teyg and the one which generates value into
products.

Sveiby (2001) conceives the body of intangible @ssd# an organization as formed by the
competence of the professional staff and the iateamd external organizational structure. In this
author’s words, the internal structure is the dihedf with management staff and information systems
basically, and its main function is to support pinefessional staff when delivering services. Sebgnd
the internal structure, viewed as the conductiaie wonnecting the organizational body of knowledge,
would be used to facilitate the transfer of tacibwledge among the professional staff. One of the
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most important facets of this process is to propdafessionals with the elements for an efficient
conversion of knowledge. By conversion of knowledgeeiby (1997) understands those activities of
() gathering information (explicit knowledge) aloa potential problem, (i) applying and
transforming it into tacit knowledge, through pieet and finally presenting the problem’s solution
an explicit form. It must be kept in mind that thgplicit knowledge will be impregnated, in the
subtlest ways, by the individuals’ attitudes.

INFORMATION SYSTEMS [IS]

According to Moraes, Silva and Cunha (2004), ormaions should make efforts to implement
friendly manageable learning environments and tonote learning by doing because these initiatives
improve performance without increasing educatiod &aining costs. There is a rising recognition
that more extensive use of information technologiesld do more to improve the performance of
health care systems, within the bounds of apprtgrigeasures to protect the confidentiality of peva
health information. Indeed, the remarkable restmirag) of cancer care institutions, from independent
local units into regional and national integratezhlth care delivery organizations, has required a
change in the role performed by information syste@rs the other hand, it is important to emphasize
that, like other complex applications, the designan IS-based oncology network represents a
challenge to health care managers and public atiésor

The Benefits and Limitations

Fleury and Fleury (2006) argue that knowledge imagad by means of organizational learning
processes which can be seen in three dimensiomplisgémn and development of knowledge,
dissemination of knowledge and organizational megmuuilding. An important point, raised by
Fleury and Fleury (2001), is the issue of knowlettgasfer from individuals to teams, and from these
to the entire organization. According to the aushavhile the individual learning process requires
from management the comprehension of positive amghtive feelings of employees, the team
learning process requires the mixing, interpretatamd integration of individual knowledge and
beliefs into shared collective systems. Regarding organizational level, individual and team
knowledge may be institutionalized in several wagBucture, procedures, rules and symbolic
elements. Organizational memory is developed teesiad retrieve information, e. g., data related to
past experiences, both successful and non-suctessiflbe easily available to employees. It is not
difficult to perceive that both knowledge dissenti|m and memory building are substantially
enhanced by information systems. The centralizédbdaes where knowledge is codified and stored
and made available to employees are very effeatisggecially in the case of explicit knowledge.

The question of information distribution is notrevial one. Although information technology [IT]
tools, such as databases, intranet and e-mailepéuh Davenport, Harris and Kohli (2001, p. 71)
warn that:

...distribution involves more than just how to sembwledge. There is also the question of what
kind and how much to send. Several firms try tdtlithe information and knowledge to those who
interact with clients. One firm uses software teshgies that filter the knowledge according to a
user’s predefined categories of importance. Ther§l select relevant content and distribute the
appropriate parts to the appropriate people. Amofinen defines what types of information and
gueries are appropriate for a particular commuitnaimethod (e-mail, voice-mail). Once it
establishes a norm for each communication typéoltls formal training sessions to educate
employees on communication protocols and norms.

Terra (2004) shows that advancements in commuanitatichnologies and information systems are
affecting in a significant way the processes ofegation, diffusion and storing of organizational
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knowledge. Based on the results of his researdn 438 Brazilian companies, the author argues that
in the 166 companies named by him as ‘learning @omgs’, one can find (i) information systems that

allow efficient communication throughout the wholganization, (ii) employees with wide access to

database and organizational knowledge and (iiilentiges for a systematic documentation of

organizational knowledge. According to Terra (200dyestments in the infrastructure technology

help knowledge management in three aspects:

. Storing of reference materials: codified managemeart be easily accessed, avoiding efforts
duplication;

. Elaboration of expertise maps: database contaidesgriptions of individual competences inside
and outside the organizational space, making therahof tacit knowledge easier;

. Just in time knowledge: tools that reduce time aspmhce barriers to knowledge access
(videoconference, distance learning etc).

In terms of massive routine and explicit knowledgsfer, Anand, Glick and Manz (2002) point
out that IT based systems are the best way of rdgalith it. This kind of data transfer is usually
necessary to support relatively structured decssighere cause and effect relations are well known.
Using the same line of reasoning, Gupta and Gaddpn (2000, p. 72) affirm “IT is the only viable
mechanism to connect efficiently large numbers @bggaphically dispersed people”. According to
these authors, intellectual capital is the indigidand organizational knowledge stock multiplied by
the speed at which it is circulated inside the pizgtion (or network), which highlights the role 6t
systems as the speed accelerator.

According to Sveiby (2001), the implementation wfrdnet, management information systems and
data bases are important initiatives to transfdividual knowledge to the internal structure. Om th
other hand, specialist systems, such as the caliagnosis system of the INCA, improved man-
machine interface, simulation environment and atttve learning via Internet help translate
organizational learning to the employees.

The process of knowledge conversion, the so calbdcl of knowledge in the words of Nonaka
and Takeuchi (1995), is comprised of four stepiatization, externalization, combination and
internalization. The combination step is the onalidg with the creation of systemic knowledge by
means of new combinations of accumulated knowledgeording these authors, databases and
Internet not only help to systematize conceptsalad make the flow of new ideas easy.

On the other hand, knowledge management is notlynarequestion of sophistication of IT
infrastructure. Concerning the obstacles to thesfex of best practices (tacit knowledge) among
organization co-workers, Szulanski (1996) enumer#te main ones: (i) an inadequate absorption
capacity by the knowledge receiver, (ii) lack oblredge about the production factors involved in
the practices, as well as the interaction proces®ng these factors, and (iii) the lack of
comprehension, by the receiver, of the organizaticontext where the practice will be applied, and
finally (iv) the lack of empathy between the praaichnd receiver of knowledge. Indeed, Szulanski
(1996) lists several reasons that may make pealetant to accept a system that encourages
knowledge transfer: loss of the power warrantedhbjvidual property of specialized knowledge; not
being awarded by the transference of knowledgendipg time and energy in transference and the
‘non-invented here’ (NIH) syndrome that makes peoiphpermeable to knowledge coming from
outside their organization. Compounding these bl there is the fact that people will have to
acquire new competences to move around the parsgilzeof new IT-based procedures and tools. It
is easy to see that those obstacles are beyorapbdity.

Recent research conducted by Mei¢2803 as cited in Bertucci, 2005) in 8 private hitadp located
in Belo Horizonte, a Brazilian city, shows a lowéé of research and development [R&D] activities,
intellectual production and training and developtmEi&D] activities in the majority of private
hospitals. Again, the implementation of IT-basedwledge system may help alleviate some of those
problems but will not be a substitute for persistew funding of research and training.
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It is also important that the manager focuses tegon on knowledge management processes and
structures that directly support the strategiddtiites of organizations, such as cancer reseasin
the case of the INCA. As Zack (2003, p. 70) argues:

Knowledge management has gotten a bad rap latefynbch of it can be attributed to the fact that
most KM initiatives are not focused on strategiowtedge. An organization that defines its strategy
in terms of knowledge and identifies the stratdgiowledge leverage points will know where to

focus its KM efforts, will get a long-term returm @s investment, and will best the KM efforts of

competitors.

Similarly, Hammer, Leonard and Davenport (20041 7). mention that “technology has immensely
improved access to, and transmission of, informatlout it cannot create shortcuts to the most
valuable kinds of knowledge. That dilemma explamgh about why organizations still have trouble
managing knowledge”. The authors are clearly spepéf individual and collective tacit knowledge.

A final point to be mentioned concerns the obstauigposed by organizational culture to strategic
changes such as the implementation of IT-based leuim® management in the INCA. Mintzberg,
Ahlstrand and Lampel (2005) define organizationgdture as the body of shared beliefs which are
reflected in traditions, habits, stories, symbgispducts etc. Acting as a perceptive filter or Jens
culture interferes with thinking styles (decisioking, analysis procedures etc) of dezulturated
people. According to Mintzbergt al. (2005, p. 268), “culture and especially ideology dot
encourage strategic change so much as the pelipetut existing strategy; at best, they tend to
promote shifts in position within the organizatisnoverall strategic perspective”. Lorsch (1986)
argues that introducing and nurturing the valuemdvation and flexibility in the organization as
effective way of promoting acceptance of changes. atso mentions that managers should be
submitted to a cultural auditing in order to idgntheir shared beliefs. The author suggests tiege
shared beliefs must be made visible around thentargiion as a way to make people aware of their
possibleprejudices. Naturally, special attention should be paid ® phejudices against IT knowledge
management. However, Hernandez and Caldas (2004 that some managers sometimes use
culture resistance as an excuse for problems grfsom ill designed change processes. Contrary to
the classical prejudice that human beings are aléturesistant to changes, these authors argue that
human beings resist loss but desire change. Foatligors, it is important to treat resistance to
changes from both collective and individual persipes. Resistance, depending on several situational
and perceptual factors, varies from person to perso

The Foundations of the Proposed Knowledge Management System

Healthcare organizations generate a massive anafudidta, such as electronic medical records,
clinical trial data, hospital records and admimittre reports, gathered from internal and external
sources, such as clinical practices, hospital médgion systems, and cancer registries. Usuallg, thi
huge collection effort is incomplete because datararely transformed into a strategic decision-
support resource. For this purpose, the emergehémawledge management tools, such as Data
Mining [DM], represents an opportunity to conveatvwrdata into knowledge (Cheah & Abidi, 1999).
Knowledge management in healthcare can be regasitdte confluence of concepts and techniques to
facilitate the creation, identification, acquisitiodevelopment, dissemination and utilization of a
healthcare enterprise’s knowledge assets (O’'Ld£98).

The proposed knowledge management system incogsoffaur stepscreating, structuring,
sharing andapplying. Figure 1 presents a short list of procedurestaots included in each step.
This knowledge process is based on Bose (2003),dekoribes knowledge as a process that extracts,
transforms and disseminates information to be shaed reused by the entire organization.
Additionally, the process includes the contributmnDavenportet al. (2001) when he describes the
four major goals of the knowledge management systemcreate knowledge replacement, to increase
the access of knowledge, to improve the knowledgérenment and to manage knowledge as an
intangible asset.
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Figure 1: The Knowledge Process
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The creating step includes knowledge acquisition and knowledghibition. As seen before,
knowledge comes from different sources, such ascali learning outcomes, best practices and
innovative procedures. The process for acquiringatedge, from both internal and external sources,
is highly dependent on the hospital staff involvedhe cancer treatment. Knowledge exhibition is
understood to be the formal process representat@ihods developed by the organization.

Source: adapted from Bose (2003, p. 63).

Thestructuring step involves defining, storing, indexing and limkdocuments and digital images.
Mapping existing knowledge, in terms of context amgortance, helps classify the knowledge into
taxonomies. Storing the knowledge in appropriaposéories such as thellow pagesof expertise,
clinical guidelines, protocols and best practiceay then be done.

The sharing step concerns the diffusion of knowledge and boltation among co-workers,
resulting from transfer and dissemination of basicpces. Knowledge sharing is accomplished by
different means such as training, intranet, groupwaextranets, communities of practice,
benchmarking and cross-functional teams.

The last stepapplying, involves activities related to decision-makingpgaort, problem-solving,
developing competency and teamwork, improving petiglity, establishing communities of interest,
using process workflow, customer support and ingind encourage people to speed up the process.
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METHOD

Research Design

This study was developed through a qualitativearesedesign to present a descriptive analysis of
the conceptual framework of the knowledge managémsgstem implemented into the National
Cancer Institute IQstituto Nacional de CanceiNCA]). This system is expected to support both
hospitals and the national oncology network, thelémentation of which has been placed in the
hands of the INCA. The INCA was chosen as a uniamdlysis in order to take advantage of the
professional experience of two of the authors whiteking at its Information Technology Division.
The first author is the INCA’s Chief Information i@k [CIO] and associate professor at the graduate
program in Business Administration that has beardaoting this study. The second and third authors
are full professors at the same program while thath is the systems manager of the INCA's
Information Technology Division.

This holistic single-case study intends to contebio the knowledge of organizational phenomena,
presenting a contemporary description of the sysmapiemented, through an empirical inquiry,
answering the questiomghat, who, where andhow (Cooper & Schindler, 2003; Yin, 2003).

Data Collection

Triangulation of multiple sources of data collentiwas used by means afchival records,
documents and participant observation, as two authors were serving as INCA staff members
thereby gaining access to the event and its doctati@m and being able to perceive reality from an
insider point of view, characterizing a compreheasesearch strategy, in the words of Yin (2003).

The following table summarizes the sourcing procesiu

Table 1: Data Collection Methods

Source of data Description

Archival Records| e Clinical data

e Cancer registries

e Patient admission data (demography, rate etc)

Documents e Hospital Information System manuals and user guides
e Hospital organizational routines (administratiorgdital care, operations etc)

e Medical research literature

Interviews e 20 interviews with hospital and administrative Etéfiurses, doctors, technicians,

coordinators, managers)

Participant As stated above, two of the researchers (firstfantth) have strong connections with the
observation problem under investigation, which required careftténtion in order to avoid biases. On
the other hand, this fact enabled access to tawitvledgethrough the observation of

people directly involved in the problem (physiciatechnicians, system analysts etc).
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Data Analysis

The information was organized in a sequential seheamder a descriptive approach, crossing
information from records and documents with evideriom observation. Following this, the
proposed knowledge management system used at & ias analyzed through the lens of Bose
(2003) and Davenport (2006), Davenport and Prus@Rg), Davenporeét al. (2001) and Hammest
al. (2004), seeking converging evidence of their tatcal outlines with the proposed system.

THE PROPOSED ARCHITECTURE

In most cancer hospitals, multidisciplinary comeets discuss their patients’ clinical approach. The
medical experts go to different sources of infoioratn order to make their decisions. First, they
check whether their patients comply with existingdglines. On the other hand, they can also select
their therapeutic decisions based on the caseatigngs that have undergone similar treatmenten th
past.

To support the physicians’ activities, several $paduch as tracking mechanisms for keeping the
longitudinal patient history, on-line tools for bating clinical information and the traditional nead
record, are used. Most of these patient-centric and make the hospital environment amenable to the
kind of knowledge management system framework, ssdhe one presented in Figure 2. It can be seen
that Figure 2, being based mainly on the recomntendaof Bose (2003) and Davenpettal. (2001)
incorporates components and associated activitiated to all four steps presented in Figure 1.

Figure 2: Proposed Framework for Cancer Knowledge Mnagement
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: Clinical Cancer

0
2. Structuring

V2] QA
Groupware, Intranet, Extranet

7 \

4. Applying Knowledge Management Engine

[\

Clinical Capacity
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Source: adapted from Bose (2003, p. 68).
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The Main Features of the Proposed Architecture

Creating
Clinical Data

The clinical data, to be incorporated into the Kiemge Data Warehouse [KDW], come from HIS
(patients demographynd fromphysicians, nurses and other health care providefall into three
general categories: (i) the historical informatibat the patient provides; (ii) the information abed
from physical examination; and (itipe results of the tests or procedures performetti@patient

Hospital Information System [HIS]

The goal of a hospital information system is to aeeputers and communications equipment to
collect, store, process, retrieve, and communicateg., only administrative information for all
hospital activities, and, at the same time, tosfathe functional requirements of all authorizesns.
The system is comprised of patient-oriented mod(geknission, discharge, order entry, radiology
modules and laboratory modules) and administratn@ules (finance and billing, management
information and decision-support module). In theecaf the INCA, Clinical Data is not included in
the HIS since this specific module was customineiit INCA requirements.

Cancer Registries

The oncology care network aims to develop a natioeéwvork of cancer registries, which will
collect information about patients with cancer frpoblic and private hospitals. Data will be stored
and updated to produce a history of all cancereptdj which includes primary treatments, stage of
diagnosis, length of survival and subsequent candén matter the patient’s status - inpatient, day
case or outpatient - cancer registries will colkeetitment details. Therefore, it is expected thase
registries will play an important role in audititlge quality of cancer services, reducing waitirsgsli
and improving the patient’s experience.

Structuring

Knowledge Data Warehouse

Data Warehouses act as a repository for currenthastdrical operational data. The health care
industry has a poor record in terms of standardimaso data are widely used (and misused) in an ad
hoc manner. The knowledge data warehouse [KDWhallthe information to be presented in several
formats and to be distributed more widely in comities of practice. At the same time, Online
Analytic Processing [OLAP] functionality can be dst® gain a deeper understanding of specific
health care issues. For Bose (2003), the Knowl&xiga Warehouse [KDW] provides the means for
business intelligence through ad hoc and managedygenvironment, OLAP support, statistical
analysis tools, knowledge mining and access todimtiSupport Systems [DSS] applications.

Intranet, Extranet, Groupware

By using Intranet/Extranet as a secure access|ptreaenvironment allows for secure, selective
sharing of key information, such as test resultdipdv-up care and support groups. This strategy
bridges the gap between what the doctor and thegearknows. The key benefits of e-health strategy
adoption and groupware employment are enhancedbaofition between physician and manager,
optimization of physicians’ work and empowered ngera, all of them using sophisticated, cost-
effective web applications and architecture. Acogdo Bose (2003), executives in leading health
care organizations are increasingly recognizingt iha order to maintain or gain competitive
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advantages, organizational knowledge not only neetle managed for, but also integrated with, their
corporate systems.

Sharing
Knowledge Management Engine (DSS and DM)

The Data Mining [DM] and Decision Support SystenSft) are among the tools used by physicians
to gain access to KDW. These tools provide the mdanbusiness intelligence througld hocand
managed query environment, statistical analysitstdmowledge mining (answers that lead to new
questions), and access to decision support softataal hierarchical levels. Goebel and Gruenwald
(1999) argue that knowledge-mining tools are usemtognize patterns and relationships that may be
valuable for building models that support cliniealalysis and capacity analysis. These tools improve
the decision-making process by providing new infation that otherwise users would not have been
able to access on a timely basis. The newly exddalkhowledge needs to be inserted into one or more
bases to keep them continuously up-to-date ane tof lyood use for the practice of evidence-based
medicine. The data visualization techniques theitifate the interpretation process of new knowkedg
can be used in conjunction with the knowledge dateehouse.

Concerning DSS, its most powerful feature is thié-down capability, which allows users to have
access to detailed information, allowing users #tsdrill up and across. Therefore, the users have
unprecedented capabilities to capture, analyzepaegknt data. Physicians, through the experience of
using such tools and techniques, gain new knowlegtsted to their health care area. Specific
decision support systems are built using data ebeidafrom various data sources and models.

The data and knowledge necessary for decision-rga&ie spread around the organization. The
DSS is programmed to compare the patient’s caieetcorresponding guideline, then to other cases,
and retrieve similar cases. In other words, théesyss also designed to be a data warehouse. Thus,
the decision-making process itself results in eobdnunderstanding of the problem process,
generating new knowledge, indicating the interdelpece between the decision-making and
knowledge creation processes.

The Knowledge Management Engine consolidates krayeldrom multiple source systems and is
capable of presenting different visions of datander to match the specific requirements of diffiére
user segments (e.g. disease, clinical areas, gaograThose visions (data marts) must remain
consistent to each other to ensure final reporsistency. Furthermore, they must be designed to
match the type of analysis required by target usermsnline analytical processing [OLAP], querying
etc. Overall, the access tools provide the meankusiness intelligence througld hocand managed
query environment, OLAP support, statistical analyeols, knowledge mining and access to DSS
applications at all levels.

Applying
Clinical Analysis

Important beneficiaries of the proposed knowledgaagement are the activities related to clinical
analysis, such as epidemiological and disease sisand their correspondent management. The
frequently mined knowledge required by these aatwicomes under the form of associations, classes
(groups with particular profiles), clusters (group$ instances with the same characteristics),
sequences (events linked over a period of timegegtons (unusual knowledge), forecasts
(estimations of future values of attributes), tf@xmails, news) and Web documents.
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Capacity Analysis

Another beneficiary is the area of capacity analylsat involves comprehensive analysis of patient
treatment flow and the availability of capacity gpée, machines, etc.) to deal with demand, which
often fluctuates. In the course of this kind of lgsis, mining of knowledge has frequently been used
to help identify patient populations, lab utilizati operating room utilization and patient flow.
Davenport (2006) mentions that the knowledge management rayste a highly supportive
environment for business process analyses.

As seen above, this framework is instrumental ® bhilding of an environment for managing
cancer information that incorporates the patietnéatment flow, epidemiological aspects and anslysi
of installed capacity. These features allow an veer of the national oncology practice which in
several ways is much more accurate than viewing baspital separately.

Current Status of the System Implementation

In recent years, the INCA has been investing hgasilinformation technology in order to create
favorable conditions for the implementation of #iwove proposal. A communication infrastructure
was established and an information architecturayhich the Hospital Information System [HIS] is
one of the most important bases, was implementathé&rmore, a significant amount of resources has
been assigned to the training of managers and tiashstaff to work in a web environment.

The operational systems, which are data sourcétdata warehouse (KDW), have already been
implemented. The electronic medical record [EMRIiuly operational in all of the INCA'’s hospital
units and the physicians have been accessing thenpanformation in real time in the web
environment. The Hospital Information System [HI8je Cancer Registries and Clinical Data are
fully implemented. Concerning the Cancer Registriesy have been implemented in more than 100
hospitals around the country and have been gengratata to feed the INCA’s data warehouse
(KDW). Currently in implementation are the Data Mig tools to be used to treat the collected data
supporting the epidemiological analysis (clinicatlacapacity).

FINAL CONSIDERATIONS

This study presented the capabilities, the techniofastructure and the decision support
architecture to be incorporated into the proposedwkedge management enabled health care
management system. The four steps of the framemwaosed, i.e.¢reating, structuring, sharing
and applying, represent the pillars of a knowledge structuredctvhcould promote a security
environment for individuals to express their attés through coherent behaviors, facilitating the
dissemination of tacit knowledge, issues which hbgen studied in detail by Davenport (2006),
Davenport and Prusak (1998), Davenmral. (2001) and Hammest al. (2004).

The benefits derived from the present status ofitmg@ementation are reflected mainly on the
easiness of knowledge access and on the increageiational efficiency, not forgetting patient disc
and satisfaction, as well as enhanced knowledgesfea and diffusion processes. Specifically, the
main results, so far, are:

. Speediness of cancer diagnosis and enhanced qudlitpoth diagnosis and data used in
epidemiological studies;

. Reduction in treatment costs;

. Relief of the INCA’S labor shortage;
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. Improved management performance;
. Better use of installed capacity;

. Easiness of massive (explicit) knowledge transfazahwe think of the dozens of medical records
daily exchanged among the members of the netwark; a

. Increase in organizational capacity of knowleddention (institutionalization of procedures).

The implementation has also demonstrated thatea alederstanding of the knowledge management
process by professionals and administrative stafinperative, as mentioned by Lorsch (1986) and
Hernandez and Caldas (2001), who also indicaterakyeactical measures to overcome cultural
barriers to strategic change. Resistance agaiesheélwv system on the part of some physicians has
been overcome by the development of user-frienddp \mterfaces, as mentioned by Mora¢sal
(2004). An additional facilitator has been the esthstic adhesion of young physicians who are used
to navigating the web environment.

Above all, the ongoing implementation havealed that this kind of initiative is most likeb be
successful in health care organizations that valtganizational learning, pursue strategic goals,
nurture a culture of knowledge sharing, accept oballenges, try original approaches and have the
ability to exploit the power of information techogly. It is not less important to stress that
transforming an oncology care network into a knalgkebased community of health services will
require the participation of all players: hospitalinics, physicians and communities.

Therefore, the sources of data collection usedim gtudy could be strengthened by using semi-
structured interviews with some staff members, $oay on issues that cannot be examined through
the other sources used. Staff participation coutnvide important insights into the methodology
implementation, helping to corroborate previousdifiggs from the other sources through verbal
responses.

Finally, Bose (2003) warns that future researctpivacy and confidentiality issues of health care
knowledge, including the lifetime health care recof patients, is fundamental to the widespread
adoption of a health care management system. fignifprivacy and confidentiality issues emerge
when knowledge from widely disparate sources isupind together and made available in electronic
forms.
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