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LEARNING OBJECTIVES
After studying this chapter, you will be able to:

© Recognize the importance of data, their
managerial issues, and their life cycle.

@ Describe the sources of data, their collection,
and quality issues.

© Describe document management systems.

@ Explain the operation of data warehousing and
its role in decision support.

@ Describe information and knowledge discovery
and business intelligence.

@O Understand the power and benefits of data
mining.

@ Describe data presentation methods and explain
geographical information systems, visual simula-
tions, and virtual reality as decision support
tools.

@ Discuss the role of marketing databases and pro-
vide examples.

© Recognize the role of the Web in data manage-
ment.



FINDING DIAMONDS BY DATA MINING
AT HARRAH’S

) THE PROBLEM

Harrah’s Entertainment (harrahs.com) is a very profitable casino chain. With 26
casinos in 13 states, it had $4 billion sales in 2002 and net income of $235 mil-
lion. One of Harrah’s casinos, located on the Las Vegas strip, typifies the
marketing issues that casino owners face. The problem is very simple: how to at-
tract visitors to come and spend money in your casino, and to do it again and
/,,"R4A again. There is no other place like the Las Vegas strip, where dozens of mega
"-t 2 casinos and hundreds of small ones lure visitors by operating attractions ranging
“m?  from fiery volcanoes to pirate ships.

Most casino operators use intuition to plan inducements for customers. Almost
all have loyalty cards, provide free rooms to customers who visit frequently, give
you free shows, and more. The problem is that there is only little differentiation
among the casinos. Casinos believe they must give those incentives to survive,
but do they help casinos to excel? Harrah'’s is doing better than most competing
casinos by using management and marketing theories facilitated by information
technology, under the leadership of Gary Loveman, a former Harvard Business
School professor.

W) THE SOLUTION

Harrah'’s strategy is based on technology-based CRM and the use of customer data-
base marketing to test promotions. This combination enables the company to fine-
tune marketing efforts and service-delivery strategies that keep customers coming
back. Noting that 82.7 percent of its revenue comes from slot machines, Harrah’s
started by giving each player a loyalty smart card. A smart-card reader on each slot
machine in all 26 of its casinos records each customer’s activities. (Readers are also
available in Harrah’s restaurants, gift shops, etc., to record any spending.)

Logging your activities, you earn credit, as in other loyalty programs, for
which you get free hotel rooms, dinners, etc. Such programs are run by most
competitors, but Harrah'’s goes a step further: It uses a 300-gigabyte transactional
database, known as a data warehouse, to analyze the data recorded by the card
readers. By tracking millions of individual transactions, the IT systems assemble
a vast amount of data on customer habits and preferences. These data are fed
into the enterprise data warehouse, which contains not only millions of trans-
actional data points about customers (such as names, addresses, ages, genders)
but also details about their gambling, spending, and preferences. This database
has become a very rich repository of customer information, and it is mined for
decision support.

The information found in Harrah’s database indicated that a loyalty strategy
based on same-store (same casino, in this case) sales growth could be very ben-
eficial. The goal is to get a customer to visit your establishment regularly. For ex-
ample, analysis discovered that the company’s best customers were middle-aged
and senior adults with discretionary time and income, who enjoyed playing slot
machines. These customers did not typically stay in a hotel, but visited a casino
on the way home from work or on a weekend night out. These customers re-
sponded better to an offer of $60 of casino chips than to a free room, two steak
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meals, and $30 worth of chips, because they enjoyed the anticipation and ex-
citement of gambling itself (rather than seeing the trip as a vacation get-away).

This strategy offered a way to differentiate Harrah’s brand. Understanding the
lifetime value of the customers became critical to the company’s marketing strat-
egy. Instead of focusing on how much people spend in the casinos during a single
visit, the company began to focus on their total spending over a long time. And, by
gathering more and more specific information about customer preferences, running
experiments and analyses on the newly collected data, and determining ways of
appealing to players’ interests, the company was able to increase the amount of
money customers spent there by appealing to their individual preferences.

As in other casinos with loyalty programs, players are segregated into three
tiers, and the biggest spenders get priorities in waiting lines and in awards. There
is a visible differentiation in customer service based on the three-tier hierarchy,
and every experience in Harrah’s casinos was redesigned to drive customers to
want to earn a higher-level card. Customers have responded by doing what they
can to earn the higher-tiered cards.

However, Harrah'’s transactional database is doing much more than just cal-
culating gambling spending. For example, the casino knows which specific cus-
tomers were playing at particular slot machines and at what time. Using data
mining techniques, Harrah’s can discover what specific machines appealed to
specific customers. This knowledge enabled Harrah'’s to configure the casino floor
with a mix of slot machines that benefited both the customers and the company.

In addition, by measuring all employee performance on the matrices of
speed and friendliness and analyzing these results with data mining, the com-
pany is able to provide its customers with better experiences as well as earn more
money for the employees. Harrah’s implemented a bonus plan to reward hourly
workers with extra cash for achieving improved customer satisfaction scores.
(Bonuses totaling $43 million were paid over three years.) The bonus program
worked because the reward depends on everyone’s performance. The general
manager of a lower-scoring property might visit a colleague at a higher-scoring
casino to find out what he could do to improve his casino’s scores.

W) THE RESULTS

Harrah'’s experience has shown that the better the experience a guest has and the
more attentive you are to him or her, the more money will be made. For Harrah's,
good customer service is not a matter of an isolated incident or two but of daily
routine. So, while somewhere along the Las Vegas strip a “Vesuvian” volcano
erupts loudly every 15 minutes, a fake British frigate battles a pirate ship at regu-
lar intervals, and sparkling fountains dance in a lake, Harrah’s continues to en-
hance benefits to its Total Rewards program, improves customer loyalty through
customer service supported by the data mining, and of course makes lots of money.

Sources: Compiled from Loveman (2003) and from Levinson (2001).

b LESSONS LEARNED FROM THIS CASE

The opening case about Harrah's illustrates the importance of data analysis to a
large entertainment company. It shows that it is necessary to collect vast amount
of data, organize and store them properly in one place, and then analyze the data
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and use the results to make better marketing and other corporate decisions. The
case shows us that new data go through a process and stages: Data are collected,
processed, and stored in a data warehouse. Then, data are processed by analyti-
cal tools such as data mining and decision modeling. The findings of the data
analysis direct promotional and other decisions. Finally, continuous collection and
analysis of fresh data provide management with feedback regarding the success
of management strategies.

In this chapter we explain how this process is executed with the help of IT.
We will also deal with some additional topics that typically supplement the data
management process.

10.1 DATA MANAGEMENT: A CRITICAL SuccESss FACTOR

The Difficulties

of Managing Data,
and Some Potential
Solutions

As illustrated throughout this textbook, IT applications cannot be done without
using some kind of data. In other words, without data you cannot have most
IT applications, nor can you make good decisions. Data, as we have seen in the
opening case, are at the core of management and marketing operations. How-
ever, there are increasing difficulties in acquiring, keeping, and managing data.

Since data are processed in several stages and possibly places, they may be sub-
ject to some problems and difficulties.

DATA PROBLEMS AND DIFFICULTIES. Managing data in organizations is diffi-
cult for various reasons:

® The amount of data increases exponentially with time. Much past data must
be kept for a long time, and new data are added rapidly. However, only small
portions of an organization’s data are relevant for any specific application,
and that relevant data must be identified and found in order to be useful.

@ Data are scattered throughout organizations and are collected by many indi-
viduals using several methods and devices. Data are frequently stored in
several servers and locations, and in different computing systems, databases,
formats, and human and computer languages. This may create problems,
as demonstrated in the case of data needed for homeland security (see
Minicase 1, which also discusses a solution).

® An ever-increasing amount of external data needs to be considered in mak-
ing organizational decisions.

@ Data security, quality, and integrity are critical, yet are easily jeopardized. In
addition, legal requirements relating to data differ among countries and
change frequently.

® Sclecting data management tools can be a major problem because of the
huge number of products available.

These difficulties, and the critical need for timely and accurate information, have
prompted organizations to search for effective and efficient data management
solutions.

SOLUTIONS TO MANAGING DATA. Historically, data management has been
geared to supporting transaction processing by organizing the data in a hierarchical
format in one location. This format supports secured and efficient high-volume
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Data Life Cycle
Process

FIGURE 10.1 Data life
cycle.

processing; however, it may be inefficient for queries and other ad-hoc applica-
tions. Therefore, relational databases, based on organization of data in rows and
columns, were added to facilitate end-user computing and decision support. (Data
organization is described further in Technology Guide 3.)

With the introduction of client/server environments and Web technologies,
databases became distributed throughout organizations, creating problems in
finding data quickly and easily. This was the major reason that Harrah’s sought
the creation of a data warehouse. As we will see later, the intranet, extranets, and
Web technologies can also be used to improve data management.

It is now well recognized that data are an asset, although they can be a bur-
den to maintain. The purpose of appropriate data management is to ease the
burden of maintaining data and to enhance the power from their use. To see
how this is done, let’s begin by examining how data are processed during their
life cycle.

Businesses do not run on raw data. They run on data that have been processed
to information and knowledge, which managers apply to business problems and
opportunities. As seen in the Harrah’s case, knowledge fuels solutions. Everything
from innovative product designs to brilliant competitive moves relies on knowl-
edge (see Markus et al., 2002). However, because of the difficulties of manag-
ing data, cited earlier, deriving knowledge from accumulated data may not be
simple or easy.

Transformation of data into knowledge and solutions is accomplished in sev-
eral ways. In general, it resembles the process shown in Figure 10.1. It starts with
new data collection from various sources. These data are stored in a database(s).
Then the data are preprocessed to fit the format of a data warehouse or data
marts, where they are stored. Users then access the warehouse or data mart and
take a copy of the needed data for analysis. The analysis is done with data analysis
and mining tools (see Chopoorian et al., 2001) which look for patterns, and with
intelligent systems, which support data interpretation.

Note that not all data processing follows this process. Small and medium
companies do not need data warehouses, and even many large companies do
not need them. (We will see later who needs them.) In such cases data go
directly from data sources or databases to an analysis (broken line in Figure
10.1). An example of direct processing is an application that uses real-time
data. These can be processed as they are collected and immediately analyzed.
Many Web data are of this type. In such a case, as we will see later, we use
Web mining instead of data mining.
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The result of these activities is the generating of decision support and
knowledge. Both the data (at various times during the process) and the knowl-
edge (derived at the end of the process) may need to be presented to users. The
presentation can be accomplished by using different visualization tools. The cre-
ated knowledge may be stored in an organizational knowledge base (as shown
in Chapter 9) and used, together with decision support tools, to provide solu-
tions to organizational problems. The elements and the process shown in Figure
10.1 are discussed in the remaining sections of this chapter and in Chapter 11.

The data life cycle begins with the acquisition of data from data sources. Data
sources can be classified as internal, personal, and external.

INTERNAL DATA SOURCES. An organization’s internal data are about people,
products, services, and processes. Such data may be found in one or more places.
For example, data about employees and their pay are usually stored in the cor-
porate database. Data about equipment and machinery may be stored in the
maintenance department database. Sales data can be stored in several places—
aggregate sales data in the corporate database, and details at each regional data-
base. Internal data are usually accessible via an organization’s intranet.

PERSONAL DATA. IS users or other corporate employees may document their
own expertise by creating personal data. These data are not necessarily just facts,
but may include concepts, thoughts, and opinions. They include, for example,
subjective estimates of sales, opinions about what competitors are likely to do,
and certain rules and formulas developed by the users. These data can reside
on the user’s PC or be placed on departmental or business units’ databases or
on the corporate knowledge bases.

EXTERNAL DATA SOURCES. There are many sources for external data, ranging
from commercial databases to sensors and satellites. Government reports con-
stitute a major source for external data. Data are available on CD-ROMs and
memory chips, on Internet servers, as films, and as sound or voices. Pictures,
diagrams, atlases, and television are other sources of external data. Hundreds of
thousands of organizations worldwide place publicly accessible data on their
Web servers, flooding us with data. Most external data are irrelevant to any sin-
gle application. Yet, much external data must be monitored and captured to
ensure that important data are not overlooked. Large amounts of external data
are available on the Internet.

The Internet and Commercial Database Services. Many thousands of
databases all over the world are accessible through the Internet. Much of the
database access is free. A user can access Web pages of vendors, clients, and
even competitors. He or she can view and download information while con-
ducting research. Some external data flow to an organization on a regular basis
through EDI or through other company-to-company channels. Much external
data are free; other data are available from commercial database services.

A commercial online database publisher sells access to specialized databases,
newspapers, magazines, bibliographies, and reports. Such a service can provide
external data to users in a timely manner and at a reasonable cost. Many com-
mercial database publishers will customize the data for each user. Several
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Methods
for Collecting
Raw Data

Data Quality
and Integrity

thousand services are currently available, most of which are accessible via the
Internet. Many consulting companies (e.g., aberdeen.com) sell reports online.

The diversity of data and the multiplicity of sources make the task of data col-
lection fairly complex. Sometimes it is necessary to collect raw data in the field.
In other cases it is necessary to elicit data from people.

Raw data can be collected manually or by instruments and sensors. Some
examples of manual data collection methods are time studies, surveys, observa-
tions, and contributions from experts. Data can also be scanned or transferred
electronically. Although a wide variety of hardware and software exists for data
storage, communication, and presentation, much less effort has gone into devel-
oping software tools for data capture in environments where complex and unsta-
ble data exist. Insufficient methods for dealing with such situations may limit the
effectiveness of IT development and use. One exception is the Web. Clickstream
data are those that can be collected automatically, using special software, from
a company’s Web site or from what visitors are doing on the site (see Chapter
4, and Turban et al., 2006). In addition, the use of online polls and question-
naires is becoming very popular (see Baumer, 2003, and Ray and Tabor, 2003).

The collection of data from multiple external sources may be an even more
complicated task. One way to improve it is to use a data flow manager (DFM),
which takes information from external sources and puts it where it is needed,
when it is needed, in a usable form (e.g., see smartdraw.com). A DEM consists of
(1) a decision support system, (2) a central data request processor, (3) a data in-
tegrity component, (4) links to external data suppliers, and (5) the processes used
by the external data suppliers.

The complexity of data collection can create data-quality problems. There-
fore, regardless of how they are collected, data need to be validated. A classic
expression that sums up the situation is “garbage in, garbage out” (GIGO). Safe-
guards for data quality are designed to prevent data problems.

Data quality (DQ) is an extremely important issue since quality determines the
data’s usefulness as well as the quality of the decisions based on the data (Creese
and Veytsel, 2003). It has the following dimensions: accuracy, accessibility, relevance,
timeliness, and completeness (Olson, 2003; Wang and Strong, 1996). Data are fre-
quently found to be inaccurate, incomplete, or ambiguous, particularly in large,
centralized databases. The economical and social damage from poor-quality data
has actually been calculated to have cost organizations billions of dollars (see
Redman, 1998, and Chapter 16). According to Brauer (2001), data quality is the
cornerstone of effective business intelligence.

Interest in data quality has been known for generations. For example, accord-
ing to Hasan (2002), treatment of numerical data for quality can be traced to the
year 1881. An example of typical data problems, their causes, and possible solu-
tions is provided in Table 10.1. For a discussion of data auditing and controls, see
Chapter 15.

Strong et al. (1997) conducted extensive research on data quality problems.
Some of the problems identified are technical ones such as capacity, while oth-
ers relate to potential computer crimes. The researchers divided these problems
into the following four categories and dimensions.

1. Intrinsic DQ: accuracy, objectivity, believability, and reputation
2. Accessibility DQ: accessibility and access security
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TABLE 10.1 Data Problems and Possible Solutions

Problem

Typical Cause

Possible Solutions (in Some Cases)

Data are not correct.

Data are not timely.

Data are not measured
or indexed properly.

Needed data simply do
not exist.

Raw data were entered inaccurately.

Data derived by an individual
were generated carelessly.

Data were changed deliberately
or accidentally.

The method for generating the data
was not rapid enough to meet the
need for the data.

Raw data were gathered according
to a logic or periodicity that was
not consistent with the purposes

Develop a systematic way to ensure the
accuracy of raw data. Automate (use
scanners or Sensors).

Carefully monitor both the data values and
the manner in which the data have been
generated. Check for compliance with
collection rules.

Take appropriate security measures
(see Chapter 15).

Modity the system for generating the
data. Move to a client/server system.
Automate.

Develop a system for rescaling or
recombining the improperly indexed
data. Use intelligent search agents.

of the analysis.

No one ever stored the data
needed now.

Whether or not it is useful now, store data
for future use. Use the Internet to search
for similar data. Use experts.

Make an effort to generate the data or to
estimate them (use experts). Use neural
computing for pattern recognition.

Required data never
existed.

Source: Compiled and modified

from Alter (1980).

3. Contextual DQ: relevancy, value added, timeliness, completeness, amount of
data

4. Representation DQ: interpretability, ease of understanding, concise represen-
tation, consistent representation

Although business executives recognize the importance of having high-
quality data, they discover that numerous organizational and technical issues
make it difficult to reach this objective. For example, data ownership issues arise
from the lack of policies defining responsibility and accountability in managing
data. Inconsistent data-quality requirements of various standalone applications
create an additional set of problems as organizations try to combine individual
applications into integrated enterprise systems. Interorganizational information
systems add a new level of complexity to managing data quality. Companies must
resolve the issues of administrative authority to ensure that each partner com-
plies with the data-quality standards. The tendency to delegate data-quality
responsibilities to the technical teams, as opposed to business users, is another
common pitfall that stands in the way of high-quality data (Loshin, 2004).

Different categories of data quality are proposed by Brauer (2001). They are:
standardization (for consistency), matching (of data if stored in different places),
verification (against the source), and enhancement (adding of data to increase its
usefulness). Whichever system is used, once the major variables and relation-
ships in each category are identified, an attempt can be made to find out how
to better manage the data.

An area of increasing importance is the quality of data that are processed very
fast in real time. Many decisions are being made today in such an environment.
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For how to handle data in such a case, see Creese and Veytsel (2003) and
Bates (2003).

Another major data quality issue is data integrity. Many definitions of
integrity in the context of data management have been proposed in the litera-
ture. For example, Motro (1989) suggested using both validity and complete-
ness constraints to guarantee that all false data are excluded. Moerkotte and
Lockemann (1991) used the term consistency as an equivalent for integrity. In
general, the concept of integrity means that data must be accurate, correct, and
valid (Date, 1995). Usually, poor legacy integration or older filing systems may
lack integrity. In such cases, a change made in the file in one place may not be
made in a related file in another place. This results in conflicting data.

The relationship of data quality to information quality is described by Lee
and Strong (2003-2004) and by Ballou et al. (2003-2004). Also see Chapter 16.

DATA QUALITY IN WEB-BASED SYSTEMS. Data are collected from the Internet
on a routine basis or for a special application. In either case, it is necessary to
organize and store the data before they can be used. This may be a difficult task
especially when media-rich Web sites are involved. For a comprehensive
approach on how to ensure quality of Internet-generated data, see Creese and
Veytsel (2003). For discussion of multimedia databases, widely used for Web
applications, see Online File W10.1.

Collecting data about employees, customers, or any other people raises the con-
cern about privacy protection. Data need to be accessible only to authorized
people. Keeping data secure costs money, during collection, storage, and use.
Furthermore, providing information required by the government means even
more cost to organizations. An example is the situation of homeland security
described in A Closer Look 10.1.

There are several major problems with paper documents. For example, in main-
taining paper documents, we can pose the following questions: (1) Does everyone
have the current version? (2) How often does it need to be updated? (3) How
secure are the documents? (4) How can the distribution of documents to the
appropriate individuals be managed in a timely manner? and (5) How can a
company reduce the paper usage from the viewpoints of protecting the envi-
ronment and saving natural resources? The answers to these and similar ques-
tions may be difficult.

Electronic data processing overcomes some of these problems. One of the
earliest IT-enabled tools of data management is called document management.
When documents are provided in electronic form from a single repository (typ-
ically a Web server), only the current version is provided. For example, many
firms maintain their telephone directories in electronic form on an intranet to
eliminate the need to copy and distribute hard copies of a directory that requires
constant corrections. Also, with data stored in electronic form, access to various
documents can be restricted as required (see Becker, 2003).

WHAT IS DOCUMENT MANAGEMENT? Document management is the auto-
mated control of electronic documents, page images, spreadsheets, voice word
processing documents, and other complex documents through their entire life
cycle within an organization, from initial creation to final archiving. Document
management offers various benefits: It allows organizations to exert greater
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A CLOSER LOOK
10.1 HOMELAND SECURITY PRIVACY

41S

he U.S. government plans to apply analytical tech-

nologies on a global scale in the war on terrorism, but
will these technologies prove an effective weapon? In the
first year and a half after September 11, 2001, supermar-
ket chains, home improvement stores, and other retailers
voluntarily handed over massive amounts of customer
records to federal law enforcement agencies, almost always
in violation of their stated privacy policies. Many others
responded to court orders for information, as required by
law. The government has a right to gather corporate data
under legislation passed after September 11, 2001.

The FBI now mines enormous amounts of data look-
ing for activity that could indicate a terrorist plot or crime.
Law-enforcement agencies expect to find results in trans-
action data, and American businesses are stuck in the
middle. Some have to create special systems to generate
the data required by law-enforcement agencies. An
average-size company may spend an average of $5 mil-

lion for a system. On the other hand, not complying
can cost more. Western Union was fined $8 million in
December 2002 for not properly complying with law-
enforcement requests for corporate data.

Privacy issues abound. Since the government is acquir-
ing personal data to detect suspicious patterns of activity,
there is the prospect of improper or illegal use of the data.
Many see such gathering of data as a violation of citizens’
freedoms and rights. They see the need for an oversight
organization to “watch the watchers,” to ensure that the
Department of Homeland Security (DHS) does not mind-
lessly acquire data. Instead, it should acquire only perti-
nent data and information that can be mined to identify
patterns that potentially could lead to stopping terrorists’
activities.

Sources: Compiled from Foley (2003), Grimes (2003), and Worthen
(2003).

control over production, storage, and distribution of documents, yielding greater
efficiency in the reuse of information, the control of a document through a
workflow process, and the reduction of product cycle times.

Electronic delivery of documents has been around since 1999, with UPS and
the U.S. Post Office playing a pioneering role in such service. They deliver doc-
uments electronically over a secured system (e-mail is not secured), and they are
able to deliver complex “documents” such as large files and multimedia videos
(which can be difficult to send via e-mail). The need for greater efficiency in han-
dling business documents to gain an edge on the competition has fueled the
increased availability of document management systems, also known as electronic
document management. Essentially, document management systems (DMSs)
provide information in an electronic format to decision makers. The full range of
functions that a document management system may perform includes document
identification, storage, and retrieval; intelligent search; tracking; version control;
workflow management; and presentation. The Thomas Cook Company, for exam-
ple, uses a document management system to handle travel-refund applications.
The system works on the PC desktop and has automated the workflow process,
helping the firm double its volume of business while adding only about 33 per-
cent more employees (see Cole, 1996). Another example is the Massachusetts
Department of Revenue, which uses imaging systems to increase productivity of
tax return processing by about 80 percent (see civic.com/pubs, 2001). Recently,
DMSs are equipped with XML capabilities (see Yao et al., 2003).

Document management deals with knowledge in addition to data and infor-
mation. See Asprev and Middleton (2003) for an overview and for the rela-
tionship of document management with knowledge management.
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A CLOSER LOOK

MANAGEMENT SYSTEMS

10.2 HOW COMPANIES USE DOCUMENT

Here are some examples of how companies use doc-
ument management systems to manage data and
documents:

The Surgery Center of Baltimore stores all of its med-
ical records electronically, providing instant patient infor-
mation to doctors and nurses anywhere and any time.
The system also routes charts to the billing department,
whose employees can scan and e-mail any related infor-
mation to insurance providers and patients. The DMS also
helps maintain an audit trail, including providing records
for legal purposes or action. Business processes have been
expedited by more than 50 percent, the cost of such
processes is significantly lower, and morale of office
employees in the center is up (see laserfiche.com/newsroom/
baltimore.html).

American Express is using a DMS to collect and process
over one million customer satisfaction surveys each year.
The data are collected in templates of over 600 different
survey forms, in 12 languages, in 11 countries. The sys-
tem (TELEform from Alchemy and Cardiff Software) is
integrated with AMEX’s legacy system and is capable of
distributing processed results to many managers. Staff
who process these forms have been reduced from 17 to 1,
saving AMEX over $500,000 each year (see case studies
at imrgold.com).

LifeStar, an ambulance service in Tulare, California, is
keeping all historical paper documents on optical disks.
Hundreds of boxes with documents were digitized, and so
are all new documents. Furthermore, all optical disks are
backed up and are kept in different locations for security
purposes (see laserfiche.com/newsroom/tulare.html).

In Toronto, Canada, the Works and Emergency Services
Department uses a Web-based record document-retrieval
solution. With it, employees have immediate access to
drawings and the documents related to roads, buildings,
utility lines, and more. Quick access to these documents

enables emergency crews to solve problems, and even
save lives, much faster. Laptop computers are installed in
each departmental vehicle, loaded with maps, drawings,
and historical repair data (see laserfiche.com/newsroom/
torantoworks.html).

The University of Cincinnati, a state university in Ohio,
is required to provide authorized access to the personnel
files of 12,000 active employees and tens of thousands of
retirees. There are over 75,000 queries about the person-
nel records every year, and answers need to be found
among 2.5 million records. Using an antiquated microfilm
system to find answers took days. The solution was a
DMS that digitized all paper and microfilm documents,
making them available via the Internet and the intranet.
An authorized employee can now use a browser and
access a document in seconds (see imrgold.com/en/case_
studies/edu_Univ_of_Cin.asp).

The European Court of Human Rights (44 countries in
Europe) created a Web-based document and KM system
which was originally stored on an intranet and now is
stored in a separate organizational knowledge base. The
DMS has had over 20 million hits in 2002 (Canada
NewsWire, 2003). Millions of euros are saved each year
just on printing and mailing documents.

McDonnell-Douglas (now part of the Boeing Com-
pany) distributed aircraft service bulletins to its customers
around the world using the Internet. The company used
to distribute a staggering volume of bulletins to over 200
airlines, using over 4 million pages of documentation
every year. Now it is all on the Web, saving money and
time both for the company and for its customers.

Motorola uses a DMS not only for document storage
and retrieval, but also for small-group collaboration and
companywide knowledge sharing. It develops virtual
communities where people can discuss and publish infor-
mation, all with the Web-enabled DMS.

The major tools of document management are workflow software, author-
ing tools, scanners, and databases (known as object-relational database man-
agement systems; see Technology Guide 3). Document management systems
usually include computerized imaging systems that can result in substantial
savings, as shown in Online File W10.2.

One of the major vendors of document management is Lotus Development
Corporation. Its document databases and their replication property provide
many advantages for group work and information sharing (see /lotus.com). For
turther discussion see imrgold.com and docuvantage.com.
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WEB-BASED DMS. In many organizations, documents are now viewed as mul-
timedia objects with hyperlinks. The Web provides easy access to pages of infor-
mation. DMSs excel in this area (see examples in A Closer Look 10.2). Web-enabled
DMSs also make it easy to put information on intranets (see Yao et al., 2003),
since many of them provide instantaneous conversion of documents to HTML.
BellSouth, for example, saves an estimated $17.5 million each year through its
intranet-enabled forms-management system. For another example of Web-
enabled document management systems see Delcambre et al. (2003).

In all of the examples cited in the text and in A Closer Look 10.2, time and
money are saved. Also, documents are not lost or mixed up. An issue related
to document management systems is how to provide the privacy and security
of personal data. We address that issue in Chapters 15 and 16.

10.2 DATA WAREHOUSING

Transactional
versus Analytical
Processing

Many large and even medium-size companies are using data warehousing to
make it easier and faster to process, analyze, and query data.

Data processing in organizations can be viewed either as transactional or analyti-
cal. The data in transactions processing systems (TPSs) are organized mainly in
a hierarchical structure (Technology Guide 3) and are centrally processed. The
databases and the processing systems involved are known as operational systems,
and the results are mainly transaction reports. This is done primarily for fast
and efficient processing of routine, repetitive data.

Today, however, the most successful companies are those that can respond
quickly and flexibly to market changes and opportunities, and the key to this
response is the effective and efficient use of data and information, as shown in
the Harrah’s case. This is done not only via transaction processing, but also
through a supplementary activity, called analytical processing, which involves
analysis of accumulated data, frequently by end users. Analytical processing, also
referred to as business intelligence, includes data mining, decision support systems
(DSSs), enterprise information systems (EISs), Web applications, querying, and
other end-user activities. Placing strategic information in the hands of decision
makers aids productivity and empowers users to make better decisions, leading
to greater competitive advantage. A good data delivery system should be able
to support easy data access by the end users themselves, as well as quick, accu-
rate, flexible and effective decision making.

There are basically two options for conducting analytical processing. One is
to work directly with the operational systems (the “let’s use what we have”
approach), using software tools and components known as front-end tools and
middleware (see Technology Guide 3). The other is to use a data warehouse.

The first option can be optimal for companies that do not have a large num-
ber of end users running queries and conducting analyses against the operating
systems. It is also an option for departments that consist mainly of users who
have the necessary technical skills for an extensive use of tools such as spread-
sheets (see BIXL, 2002) and graphics. Although it is possible for those with
fewer technical skills to use query and reporting tools, they may not be effec-
tive, flexible, or easy enough to use in many cases.

Since the mid-1990s, there has been a wave of front-end tools that allow end
users to solve these problems by directly conducting queries and reporting on
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data stored in operational databases. The problem with this approach, however,
is that the tools are only effective with end users who have a medium to high
degree of knowledge about databases. This situation improved drastically with
the use of Web-based tools. Yet, when data are in several sources and in several
formats, it is difficult to bring them together to conduct an analysis.

The second option, a data warehouse, overcomes these limitations and
provides for improved analytical processing. It involves three concepts:

1. A business representation of data for end users

2. A Web-based environment that gives the users query and reporting capa-
bilities

3. A server-based repository (the data warehouse) that allows centralized se-
curity and control over the data

The Harrah'’s case illustrates some major benefits of a data warehouse, which
is a repository of subject-oriented historical data that are organized to be acces-
sible in a form readily acceptable for analytical processing activities (such as data
mining, decision support, querying, and other applications). Representative
examples are revenue management, customer-relationship management, fraud
detection, and crew payroll-management applications (Whiting, 2003). Pizza
Hut, for example, builds its customer relationship management programs on a
data warehouse with 40 million U.S. households, or between 40 and 50 per-
cent of the U.S. market gleaned from point-of-sale transactions at its restaurants
(Brown, 2003).

The major benefits of a data warehouse are (1) the ability to reach data
quickly, since they are located in one place, and (2) the ability to reach data
easily and frequently by end users with Web browsers. To aid the accessibility
of data, detail-level operational data must be transformed into a relational form,
which makes them more amenable to analytical processing. Thus, data ware-
housing is not a concept by itself, but is interrelated with data access, retrieval,
analysis, and visualization. (See Eckerson, 2003, and Inmon, 2002.)

The process of building and using a data warehouse is shown in Figure
10.2. The organization’s data are stored in operational systems (left side of the
figure). Using special software called ETL (extraction, transformation, load),
data are processed and then stored in a data warehouse. Not all data are nec-
essarily transferred to the data warehouse. Frequently only a summary of the
data is transferred. The data that are transferred are organized within the ware-
house in a form that is easy for end users to access and locate. The data are
also standardized. Then, the data are organized by subject, such as by func-
tional area, vendor, or product. In contrast, operational data are organized
according to a business process, such as shipping, purchasing, or inventory con-
trol and/or functional department. (Note that ERP data can be input to a data
warehouse, and ERP and SCM decisions use the output from data warehouse.
See Grant, 2003.)

Data warehouses provide for the storage of metadata, meaning data about
data (see Sen, 2004). Metadata include software programs about data, rules for
organizing data, and data summaries that are easier to index and search, espe-
cially with Web tools. The design and use of metadata may involve ethical issues
such as organizing the metadata so that it will influence users one way or
another (Brody, 2003). Finally, middleware tools enable access to the data ware-
house (see Technology Guide 3, and Rundensteiner et al., 2000).


















































































































