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Introduction 
The care of patients requires the evaluation of a significant amount of data at the right time and place 
and in the correct context. Moreover, there is a significant amount of data hidden from the patient-care 
environment that helps to define and control specific events in healthcare. These clinical, administrative 
and operational sources of data are typically kept in separate and disparate operational repositories; a 
master set of data can be kept in a single data repository from which queries can be made that cross 
these specific disciplines. 
 
Alternatively, virtual agents can search these separate data sets simultaneously, and combine at another 
level to provide a response to a query. Combining all the disparate data into a single repository—a data 
warehouse—will result in the creation of a store of data that can be used to make intelligent clinical and 
management decisions about healthcare and its delivery. This combination of data sets will lead to im-
proved patient care through the harnessing and evaluation of this rich data content for a variety of 
healthcare-related improvement purposes, ranging from improving overall outcomes of care for patients 
and support for clinical research to economic issues, such as product-line cost and clinical productivity 
costs. 
 
Given the advancement of the information tools and techniques of today’s knowledge-based economy, it 
is imperative that they be appropriately utilized to enable and facilitate the identification and evaluation 
of pertinent information and relevant data about the efficiency and effectiveness of delivering health-
care. With the advent of the electronic health record, data warehouses will provide information at the 
point of care, and provide for a continuous learning environment in which lessons learned can provide 
updates to clinical, administrative and financial processes. 
 
Knowledge Management 
Knowledge management is an emerging management approach aimed at solving business challenges to 
increase efficiency and efficacy of core business processes while incorporating continuous innovation. 
Specifically, knowledge management through the use of various tools, processes and techniques com-
bines germane organizational data, information and knowledge to create business value and enable an 
organization to capitalize on its intangible and human assets so that it can effectively achieve its primary 
business goals as well as maximize its core business competencies 1. 
 
The need for knowledge management is based on a paradigm shift in the business environment, where 
knowledge is central to organizational performance 2. Broadly speaking, knowledge management in-
volves four key steps: creating/generating knowledge; representing/storing knowledge; access-
ing/using/re-using knowledge; and disseminating/transferring knowledge1 
 
Knowledge management is particularly important to ensure that relevant data, pertinent information and 
germane knowledge permeate systems at all times, and the extant knowledge base continues to grow in a 
meaningful and useful fashion.  
 
The Intelligence Continuum 
Data permeate all areas of healthcare and permit the appropriate delivery of the correct services at the 
right time for each patient at the point of care. The application of Internet-based information communi-
cation technologies (ICT) to healthcare is a necessary but not sufficient solution to address today’s 
healthcare challenges. To improve access and quality, and thereby realize the value proposition for 
healthcare, healthcare organizations must maximize the data and information that are generated by and 
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flow through these ICTs. These goals can be reached by embracing the techniques of data mining and 
the strategies of knowledge management. When coupled with evidence-based medicine, and the intro-
duction of various Internet-based ICTs such as electronic medical record systems and e-health initia-
tives, knowledge management and data mining create strategic imperatives for healthcare organizations 
to maximize both the clinical and administrative benefits from their application of Internet-based infor-
mation and communication technologies to healthcare. As knowledge is created from the experiences of 
today, the techniques of data mining and strategies of knowledge management can be effectively and 
efficiently applied in healthcare to develop and apply new rules for the events of tomorrow, leading to a 
continuum of intelligence that is perpetual 3.  
 
An understanding of the role of the intelligence continuum begins with an examination of a generic 
healthcare information system. The important aspects of this generic system include the socio-technical 
perspective; i.e. the people, processes and technology inputs required in conjunction with data as a key 
input. The combination of these elements comprises an information system, and in any organization 
multiple such systems could exist. To this generic system we add the healthcare challenges; i.e. the chal-
lenges of demographics, technology and finance.  
 
To address these challenges a closer examination of the data generated by the information systems and 
stored in the larger data warehouses and/or smaller data marts is necessary. There are two philosophies 
that address data repository systems, that of Bill Inmon and that of Ralph Kimball. 
 
Bill Inmon is considered the “father of the data warehouse.” His philosophy maintains that enterprise 
data, although stored in disparate reporting systems known as data marts, must be tied to a larger reposi-
tory (the data warehouse) for the sake of greater uniformity. 
 
Conversely, Ralph Kimball (another data warehouse and business intelligence expert) espouses a meth-
odology known as Dimensional Modeling. Under this method, individual data marts are logically con-
nected using conformed dimensions. The warehouse is “virtual.” 
 
The data warehouse (Inmon) approach is costlier, takes longer to bring to fruition and will require or-
ganizations to have great patience in implementation. Large organizations with traditional data modeling 
skills in-house and understood will fare well here. The virtual warehouse, or data mart and Dimensional 
Modeling method (Kimball), is best suited in organizations where the required outcome to implementa-
tion must be fast and less expensive than the full blown warehouse. 
 
In summary, the warehouse method is more top-down driven, while the data mart method is bottom-up 
in its approach. In either case, it is important to make decisions and invoke the intelligence continuum; 
apply the tools, techniques and processes of data mining, business intelligence/analytics and knowledge 
management, respectively. On applying these tools and techniques to the data generated from healthcare 
information systems, it is first possible to diagnose the “as is” or current state processes to make further 
decisions regarding how existing processes should be modified and thereby provide appropriate pre-
scriptions to enable the achievement of a better future state; i.e. improve the respective inputs of the 
people, process, technology and data so that the system as a whole is significantly improved.  
 

Components of the Intelligence Continuum 
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The Intelligence Continuum is a collection of key tools, techniques and processes of today’s knowledge 
economy; i.e. including but not limited to data mining, business intelligence/analytics and knowledge 
management. Taken together they represent a very powerful system for refining the data raw material 
stored in data marts and/or data warehouses and thereby maximizing the value and utility of these data 
assets for any organization. The first component is a generic information system which generates data 
that is then captured in a data repository. In order to maximize the value of the data and use it to improve 
processes, the techniques and tools of data mining, business intelligence and analytics and knowledge 
management must be applied to the data warehouse. Once applied, the results become part of the data 
set that are reintroduced into the system and combined with the other inputs of people, processes, and 
technology to develop an improvement continuum. Thus, the intelligence continuum includes the gen-
eration of data, the analysis of these data to provide a “diagnosis” and the reintroduction into the cycle 
as a “prescriptive” solution (Fig. 1). Each of the components of the intelligence continuum is now ex-
plored in more detail. 
 
Data Mining 
Due to the immense size of the data sets, computerized techniques are essential to help physicians as 
well as administrators understand relationships and associations between data elements. Data mining is 
closely associated with databases and shares some common ground with statistics since both strive to-
ward discovering structure in data. However, while statistical analysis starts with some kind of hypothe-
sis about the data, data mining does not. Furthermore, data mining is much more suited to deal with het-
erogeneous databases, data sets and data fields, which are typical of data in medical databases that con-
tain numerous types of text and graphical data sets. Data mining also draws heavily from many other 
disciplines, most notably machine learning, artificial intelligence, and database technology. 
 
Data mining then, is the non-trivial process of identifying valid, novel, potentially useful, and ultimately 
understandable patterns from data 4,5. Clinicians accomplish these tasks daily in their care of patients 
using their own “personal CPU;” however, the enormous amounts and divergent sources of information 
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coupled with time constraints limit any clinician’s ability to fully examine all issues. Data mining algo-
rithms are used on databases for model building, or for finding patterns in data. When these patterns are 
new, useful, and understandable, we say that this is knowledge discovery 5. How to manage such dis-
covered knowledge and other organizational knowledge is the realm of knowledge management 4.  
 
Business Intelligence/Analytics 
Another technology-driven technique, like data mining connected to knowledge creation is the area of 
business intelligence and the now newer term of business analytics. The business intelligence (BI) term 
has become synonymous with an umbrella description for a wide range of decision-support tools, some 
of which target specific user audiences 6,7. At the bottom of the BI hierarchy are extraction and format-
ting tools which are also known as data-extraction tools. These tools collect data from existing databases 
for inclusion in data warehouses and data marts. Thus the next level of the BI hierarchy is known as 
warehouses and marts. Because the data come from so many different, often incompatible systems in 
various file formats, the next step in the BI hierarchy is formatting tools, these tools and techniques are 
used to "cleanse" the data and convert it to formats that can easily be understood in the data warehouse 
or data mart. Next, tools are needed to support the reporting and analytical techniques. These are known 
as enterprise reporting and analytical tools. Online analytic process (OLAP) engines and analytical ap-
plication-development tools are for professionals who analyze data and perform business forecasting, 
modeling and trend analysis. Human intelligence tools form the next level in the hierarchy and involve 
human expertise, opinions and observations to be recorded to create a knowledge repository. These tools 
are at the very top of the BI hierarchy and serve to amalgamate analytical and BI capabilities along with 
human expertise. Business analytics (BA) is a newer term that tends to be viewed as a sub-set of the 
broader business intelligence umbrella and specifically focuses on the analytic aspects within BI 7. 
 
Conclusions 
The main goal of all healthcare organizations is to provide the best patient care possible. Given the 
demographic, financial and technologic challenges facing these healthcare organizations, an environ-
ment must be provided in which the appropriate management of operating costs can be attained while 
maintaining or exceeding an acceptable level of patient treatment. Improved levels of patient treatment 
involve the use of methodologies such as clinical pathways, computerized physician order entry and 
clinical decision support systems. Direct areas of cost management range from personnel, equipment, 
supply and pharmaceutical costs. Since the data for these care and expense categories often reside in dif-
ferent data systems, the integration of data in a data warehouse that is available for complex analysis is 
critical to the successful evaluation of entire patient care processes. Housing the clinical data in elec-
tronic medical record repositories provides further analytical capability that will lead to potential im-
provements. With trends moving toward the capture of all this data in digital form, researchers, clini-
cians and administrators are provided with a more efficient and effective means of accessing data to 
form hypotheses about disease initiation and progression, search for patterns in certain populations, con-
duct surveillance studies of new drugs, identify adverse events, improve prescribing practices and, per-
haps most importantly, identify potential study candidates for clinical research purposes. 
 
The intelligence continuum emphasizes the need for the continuous analysis of the current state of data 
and other socio-technical inputs by applying the tools and techniques of the knowledge economy to de-
velop prescriptions for the attainment of a superior future state and enhanced extant knowledge base. 
While this is a global description, it can be used to explain the development and installation of a report-
ing system and the mechanisms required to harness the data in intelligent format to enable its use for 
clinical and administrative functions. In building an intelligence reporting capability, organizations are 
advised to consider two major alternatives: 
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• The design and implementation of a Data Warehouse; or 
• The design and implementation of a series of data marts (the virtual data warehouse). 

 
These two alternatives are representative of “schools of thought” espoused by individuals considered to 
be leading authorities in this specific IT discipline. There is, obviously, much more that is involved in 
implementing an organizational reporting system and structure. Other considerations beyond the scope 
of this paper include decisions about whether to purchase a system off the shelf or trying to build one 
internally and the selection of an extraction tool (software) that will enable the actual extraction of data 
from one system or another into the Dimensional Model and or the warehouse. Additionally, considera-
tion should be given to the export capabilities of the system as other internal customers will want to ex-
port the data for their own reporting purposes. In all situations, the intelligence continuum will provide 
the capability to effectively extract data for learning from yesterday’s events to provide superior health-
care tomorrow. 
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