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Abstract

The computerization of government transactionslt®sn dramatic increase in growth of data
across government agencies. This data is presergederated, maintained and used
independently in each government department andcagge which leads to poor decisions and
isolated planning. This environment hinders efiextaccess to data, reuse and aggregation, so
that decision makers can get useful informatiothatright time and in the right format, which
can guide them in decision making process. Given tthhbulent environment and complex
decision situations that the government decisiocheracterized, there is need to extract useful
knowledge from these data to enable decision makesscess useful and sufficient knowledge.
Therefore, there is need for effective techniques ®ols to integrate the data from different
sources into a consistent format, which permit dleeision maker to access a cleansed and
consistent data, and also derives useful knowleldgewledge discovery in databases (KDD) is
such techniques that extracts and identifies ud@fiolwledge from huge data sets; hence assist
decision makers in the process of effective decisiaking. This study explore the perceived
usefulness of the knowledge discovered throughktiosviedge discovery in database (KDD) in
the decision making process of government agendies. empirical findings collected from
Sweden Government Agencies have attempted to exgilerperceived usefulness of knowledge
on the decision making process therefore add tatitkerstanding of knowledge discovery and
use of such knowledge by decision makers in thegowuent.

Keywords:
KDD, Data Mining, Data Warehouse, Decision Maki@gvernment, eGovernment, Perceived
Usefulness
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1. Introduction

1.1 Background

The decision-making process in governmental orgdioias reveals the complexity of many of
the decisions being made (Winterman et al 1998 fipes of decision made in government
agencies include those associated to managemeetroh, funding, and policy making and
advisory.

The government decision making as it relates tadrapanging and turbulent environment is
often characterized by uncertainty. Moreover, trexiglon situations are complex and ill

structured (uncertainty) which cannot be treatechbgmal procedures (Bots et al 2000). The
insufficient information available to address thegeision situations inhibit decision makers to
formulate an appropriate understanding deem negegsacomplex situations (Radford et al

1993).

The views put forth by Simon (1977 according to tdberg 1977) on the decision making
process in complex organization includes governnaemt business organization suggested a
model which is based on concepts of bounded rdiignand satisfaction. The model was
convenient to study the decisions which are madieupressure and turbulent environment.
Simon’s model emphasized the need to use intuiéixperience and systematic procedures when
dealing with non programmed and ill defined decisi¢Daft 2004; Vasu et al 1998). Simon
(1977 according to Mintzberg 1977) stated that deeision making process consists of four
stages: intelligence, design, choice and implentimtavhich is considered the most general and
yet complete model for rational decision making.eTHflow between these stages is
interchangeable, depending on the decision makisfeszation (Turban et.al 2007). This four step
model is highly influenced by the data and inforioratused in each phase. The overall process
of decision making depends much on the qualitywaiilable data or information. However, in
government there are still problems in identifyitige correct data which assist the decision
making process and as result of this many deciaomb¥ased on poor data.

Hoss (2001) argued that the Government today iscied by rapidly increasing volumes of
data. The sources of this data explosion lie tartbeeasingly data sources largely caused by the
adoption of government initiatives towards eGovesnm(Norris et al 2001). The electronic
government refers to the effective use of the mfmron and communication technology by
government agencies in order to increase their wgréffectiveness and efficiency in aspects of
service provision to the citizens, business and/éen the government agencies (Chen 2008).

It has further been pointed out that every largg@nization, in business or government, has large
quantities of data that have been collected oveeraod of years. There have been initiatives
from organization to make the historical data ulsefis includes starting off projects to develop
and implement data warehouse to facilitate the ivas$orage of data (historical and new data)
and above all provide access to the data at a tigig and right format thereby improving
decision making process (Bieber 1998).

Harper (2004) considers data warehousing as acthite which organize data from different
sources into a single repository of informationeTdata warehouse integration characteristic
ensure the consistency and quality of informatitns environment provides better means to
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access the information which can be in form of repand queries. Government can discover
useful insight and trends which can help to imprpukcies decisions and service delivery. Also,
the Data warehouse ability to handle historicabhgabvides opportunities to access the variation
of data which helps to detect trends and guidecésiing and planning activities. Harper (2004)
emphasized that the data warehouse architectutls teapotential information which improves
the quality of government services thus compler@iite vision of eGovernment.

Furthermore, the Data warehouse represents arpasgewide data collection, which is central
and defines a common basis for several enterpyseras accessing it. From the stored data new
knowledge can be derived or discovered using tdolgies such as Knowledge Discovery in
Databases (KDD). This technology consists of sehateps starting from data set selection from
the data sources to the new knowledge creationomlargly, Fayyad et al (1996a) describes
Knowledge Discovery in Databases (KDD) as “the noiatl Process of identifying valid, novel,
potentially useful, and ultimately understandapédterns in data”. The non-trivial process
mentioned in the definition implies that, all preses involved in discovering knowledge are not
directly computed therefore search or inferencecqulares should be used. The knowledge
discovered should be novel and valid which leacddme benefits to the user (Fayyad et al
1996a). This knowledge discovered derived from goweent data sources is crucial for the
decision makers as it assists them in better utatetimg various decision situation thereby
achieving improved decisions.

Therefore, this thesis is interested to gain undeding of the knowledge discovery process
through KDD and how such knowledge is used to a$ises decision making process in the
government agencies.

1.2 Problem Area

There have been dramatic increases in growth ef aabss various areas including business and
government (Fayyad et al 1996a; Singh 1998). Ingbeernment, the source of this data is
mainly associated with human resources, projedemsp decisions, reports. Moreover, the
computerization of government transactions alsotrimrtes to the vast amount of data in
government agencies, these data exists in difféoemtats and in various systems, spread across
a number of agencies (Hovy 2008). Furthermore, diais is presented, generated, maintained
and used independently in each government depatrtar@h agencies. This leads to poor
decisions and isolated planning (Prabhu 2006). €hbronment hinder effective access to
data, reuse and aggregation, so that decision s\aker get useful information at the right time
and in the right format, which can guide them igisi®n making process (Turban et al 2007).

From these data sets, the organization can extrsetul information, which facilitates the
making of appropriate decisions (Ogut et al 200B)erefore, there is a need for effective
techniques and tools to integrate the data frofierdit sources into a consistent format, which
permit the decision maker to access a cleansedcansistent data, and also derives useful
knowledge. Knowledge Discovery in Databases (KD®)such techniques that extracts and
identifies useful Knowledge from huge data setsickeassist decision makers in the process of
effective decision making (Fayyad et al 1996a).
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The Knowledge Discovery in Database (KDD) can ligehtly and automatically transform the

data and information into useful knowledge. Thisowtedge and information created is

considered the foundation and basis for the proaedecision making (Sharma 2004), therefore
KDD empowers the decision makers, with informatishich assists them in increasing the
effectiveness of the decisions made.

Moreover, the government decision making in rapidignging and turbulent environment is
often characterized by uncertainty, due to the aakseful and sufficient information, this leads
to poor decision making. Thus, this research aimexplore the usefulness of the knowledge
discovery through the KDD process in assisting dleeision making in the governmental
agencies.

1.3 Research Questions
In this research study, we will answer the follogvijuestion;

% What is the perceived usefulness of KDD in the Gowrent decision making process?
1.4 Research Purpose

The purpose of the study is to describe the peedeivsefulness of the knowledge discovered
through the knowledge discovery in database (KDD)the decision making process of
government agencies. This study explore the effekhowledge on the decision making process
therefore add to the understanding of knowledgeostisry and use of such knowledge by
decision makers.

1.5 Delimitation

Knowledge can be extracted through different typedools and techniques such as Online
Analytical Processing tools (OLAP), Executive Infation Systems (EIS), Reporting and
Querying tools and KDD. Also, decision making fel® different models which include pure
rationality model, incremental model, bounded radidy model (Simon model). This research
tends to explore the use of KDD as a knowledgeodisgy tool to support government decision
making process which follows Simon models. Thigaesh does not explore the technical aspect
of the KDD knowledge extraction processes suchada-set selection methods or data mining
algorithms but it focuses on the use of the knogéediscovered through the KDD process to aid
in the Government decision making process.
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2. Government Decision Making
2.1 Overview of Decision

There are number of definitions of the term decigrom various scholars. Simon (1960 cited in

Holsapple2008) defines decision as being a choice whereogcetpresents a course of action to
be taken for a given situation. (Fishburn 1964dciteHolsapple2008) consider decision as the

choice of a strategy for action. Decision can dlsodefined as a choice leading to a certain
objective (Churchman 1968 citedHiolsapple2008).

The above definitions suggest a relationship batwiexision and course of action in a process
to achieve a certain objective. This observed imahip can be referred to as decision making.
Knowledge is fundamental to decision making as [geoge knowledge available to them to
make decisions about actions that shape themsealkgemizations in which they participate, and
the world in which they liveHolsapple 2008). Knowledge enables people to choose the bes
course of actions among available alternativescocomplishing various decision tasks thereby
facilitating decisions.

2.2 Definition of Decision Making

A basic part of the organization survival is plargiSimon (1977 according to Mintzberg 1977)

stated that the decision making and planning amglasi to the process of management to some
extent. Planning consists of a series of decistbat addresses “What should be done, When,
Where, Why, How, by Whom”. Turban et.al (2007) defi decision making as the process of
choosing between different courses of actions dleioto attain a specific goal.

We can notice that both scholars are describingléwésion making as a process that includes
different steps to reach a final decision. Thesasitens are governed by different characteristics,
frequent changes that appends in the decision-makinironment leading to uncertain state of
the decision made which affect the decision quaitg impose pressure on the decision maker.
Moreover the information used in the decision mgkiould vary from insufficient information

to too much information (information overload) whimakes it difficult to know when to stop
collecting information (Turban et.al, 2007).

2.3 Government Decisions

The decision-making in government organizationsea¢éw the complexity of many of the
decisions being made (Winterman et al 1998). Wihiiedecision making process framework is
applied to all agencies, the way the decisionsimpemented can vary significantly based on
the primary function of the agency and the decisiature.

2.3.1 Decision Type

Decision Types made in government agencies indluolee associated to management, research,
funding, and implementation of policy and advisory.
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The managementecisions are the decisions undertaken by managersitive in an attempt to
accomplish the organization objectives. This ineslhdecisions which are based on organization
strategic responsibilities, controlling and allacat of organization resources (Turban et al,
2007). Management decisions in government may decloroject scheduling, budget analysis
and preparation, investment decisions, negotiagogiitment issues and make or buy decisions.

The government also involves with thesearch and developmefR&D) decisions, mostly this
kind of decisions deal with what to research orevaht areas in the organizations so as to
improve productivity and efficiency. The aim of easch in government is to improve current
operations hence improve future performance. R&Eisien may include the study on a specific
organization process or segment; revise the cumegénization process, commissioning of
research, acquisition to get technology and maakeess. Winterman et al (1998) claimed that
research decisions in the government are oftenceded with policy of funding. The study
carried out by Matheson (1998) reveals that deessishich involve Research and Development
are difficult as they are usually made in the fasemany uncertainties. He further justified his
argument by stating that the R&D process is inh@reancertain meaning that without
uncertainty there would be no R&D, this impliesttha one knows when R&D will succeed and
the level of that success.

Fundingis one of the decision types being made in theegowment, funding decisions presents
choice of actions of injecting funds (money) irpraject, investment and /or research initiatives.
Those funds can be allocated for either short termlong term purposes. In government
agencies, to make financial decisions over a cextaiue may differ according to the nature of
the investment, the overall project environmentpaolitical sensitivity. Winterman et al (1998)
stated that, the grade of the decision maker isnegessarily the main indicator of financial
decision-making authority, and financial value &orannot be taken as an indication of the
significance of the decision (ibid.). Thereforeygmment agencies need to make good funding
decisions about whom and what to fund in orderctueve the best value of it.

Policy making and implementatiasamong the roles of government agencies (Veeseh2009;
Winterman 1999). To develop and implement policid® agencies has to follow a policy
making process. Nabukenya et al (2009) regard yakca proposed course of action of a person,
group, or government within a given environmentvimg obstacles and opportunities which
the policy was proposed to utilize and overcomeaineffort to reach a goal or realize an
objective or a purpose. Thus the definition of ppiis oriented toward accomplishment of some
purpose or goal. Also, Sabatier (1999) describespiiocess of policy making to include the
manner in which problems get conceptualized andbareght to a governing body in order to be
resolved.

Government agencies are also charged with the megplity of advisoryto government on the
specific areas on which its functions are derivemté/man (1999). The government agencies
may advise the governments (ministers) on any madfating to its functions, powers, and
duties. This might involves the formulation of neagulations, laws or procedures. Usually,
series of decisions are involved in order to fulfiie advisory function that underpins the
decision making process in all the activities mamed.
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2.3.2 Decision Situations

Simon (1977 according to Mintzberg 1977) argued thecision making process involves

evaluating and comparing alternatives along with phediction of the future outcome of every

proposed alternative. Also, Radford et al (1993cdbed that the most essential part of decision
making is in the formulation of alternative coursaefs action to meet the situation under

consideration and making the choices among seldmet alternatives after an evaluation of
their effectiveness in achieving the decision mslkahjectives.

Moreover, every decision situation exists in animment. This environment consists of a set
of circumstances and conditions that affect the mearin which the decision making problem
can be resolved (Hipel at al 1993). Radford et18198) classified decision situations into
programmed (well-structured) and ill-structurednigex decision situations).

Programmed or well-structured decision situatiar@ be approached effectively by following
rules and patterns of behavior that have been ledtatl as a result of previous experience.
Decision makers under this category assume thapledenknowledge is available for them to
identify the outcome of each course of action (‘Aarkt al 2007).

lll-structured or complex decision situatioase new and unique to decision makers in one oemor
of their aspects. These situations cannot be ttelayea well-established procedure. Decision
makers involved in complex decision situation cadertake lists of objectives at the same time
and those objectives may be directly or indirecthated to a particular situation.

Some or all of the objectives of one participantyrba in conflict with those of one or more of
the others. It is often that the information avaléato the decision makers is insufficient to allow
formulating a complete and exhaustive descriptioa complex situation. Thus decision making
under complex decision situation is more diffidudtcause there is insufficient information which
may guide decision makers to base their appreaiatidhe circumstances (Turban et al 2007).
As a result of this each decision maker have awdifft outcome for the same course of action.
Resolving the complex decision situations requegstematic discussion between the decision
makers. This process involves negotiation and liairga where each decision makers giving
his/her decision on the given decision problenglfolecision outcome is achieved on consensus
basis (Radford et al 1993). In addition, decisioakars attempt to obtain adequate information
so that the problem can be treated as decisiornr wediinty (Turban et al 2007).

The ill structured problem needs more effort thi@ structured ones. Different models have
been introduced by scholars to address this kirsitodtion.

2.3.3 Characteristics of Government Decision Making

The major role of government is decision making sevice delivery (Misra 2007). Nutt (2006)

differentiate the decision making of private andlpuorganization based on the role that both
play in the society. In private organizations decisactivities aim to get profit and satisfy

stakeholders, while in public organizations decisaativities aim to deliver the best service to
the public (Nutt 2006; Vasu et al 1998). As a empgence of these differences, the following
characteristics of government decisions are degiicte
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» Decision involves many people with diverse intesgsiecision makers can collaborate
with other organization in attempt to accomplistagk which aims to provide service to
public. There is transparency of how they execweision as they are not working on
competition environment (Nutt, 2006; Bots et al @00

* Many decisions are made through consensus dueesttath that decision makers have
limited mandate thus cannot take individual decisi(Nutt 2006).

* The need of relevant data and profound analysisuisial for a good decision (Turban et
al, 2007), since most of the decision situationa turbulent and changing environment
are ill-structured which needs special treatment.

» Complex decision situation needs computerized systéhat have the ability to access
the data and perform the analysis to assist thisidaanaker (Turban et al 2007). These
decisions usually include many different interekth® society, and since it is hard to
include all the society in the decision therefooaftict are likely to appear. Also setting
criterions for evaluating the decisions is harasiit has a large variety of qualitative and
quantitative criterions which exhibit difficult uas to specify such as quality of life and
safety (Bots et al 2000).

* Previous experiences and problem results cannaayalvpredict future results. As a
matter of fact a considerable number of decisiarscancerned with future planning for
several decades, such decisions includes the tnfcaigres decisions (road and transport)
(Bots et al 2000).

» Thinking about the problem leads to request dathimiormation to help in modeling the
problem, which is considered a part of the decisnaking process.

2.4 Decisions Making Process

As previously mentioned several decision makingcesses had been introduced to assist the
decision maker in understanding the road-map ofirsgpla complex decision situations. Pure
rationality model, incremental model, bounded raidy model had been introduced by
scholars to address the steps employed to readtisiah for a certain situation. In the next
section we will enlighten the bounded rationalitpdel which had been introduced by Simon
(1977 according to Mintzberg 1977) and had beereed by different scholars Vasu et al
(1998).

2.4.1 Simon’s Decision Making Process/Model

The decision making process consists of severagshaach phase contains internal processes
(Simon 1977 according to Mintzberg 1977). Thesesphaare intelligence, design, choice and
implementation. The phases start with the intetigeeand end with the implementation, with the
possibility to return to any previous step. It mpiortant to consider the complexity of the
decisions situation which is governed by the vadeslthat affect the decision situation therefore
the modeling of the processes is an important asdrgial part. The decisions are influenced by
different variables such as the decision, uncolaiotd, intermediate and result variables.

The Decision Variablesare controlled by the decision makers which ardu® describe the
different course of action, for instance, the numbk people employed in a project or the
amount of money invested in a project. Moreoveg,Uhcontrollable Variablesre the variables
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that affect the decision making and the final ootedout they are not controlled by the decision
maker, for instance the economical status of thenty or even the unexpected new regulation
from the tax authority. Thetermediate Variableare important in the final outcome because of
the indirect impact they have which can be corgtbkomehow, for instance the salary of the
employees define their satisfaction hence affestpitoductivity. Finally the&OutcomeVariables
are the variables that measure the effectivenedheobutput by comparing it to the defined
goals. (Turban et al 2007).

These variables combined together shape the de@gimtion which lead in having a simple or
complex decision situation hence affect the denisitaking phases which will be described
next.

Intelligence Phase

Crganizational ohjectives
] Examination Search and Scanning procedures
Reality | Data collection -
Froblem identification
Problern classification

F Y Problem statement

Design Phase

Formulate a model
Set criteria for choice g g
Search for alternatwes

Predict and measure outcomes

v

Choice Phase

“alidation of the model

SUCCESS

“enfication, testing of Salution to the model

proposed solution Sensitivity analysis
Selection of best (good) alternativels)
Flan for implementation (action)
Design of a control system

I plementation
of soluation

| » FAILURE

Figure 2.1:The decision making/modeling process (adopted frorban et al. 2007)

% The intelligence phase

This phase is concerned with identifying the proideor opportunities available and scanning
the environment for relevant knowledge from intérmrad external sources (Turban et al. 2007;
Holsapple 2008). The decision maker uses informatistems to aid him in this phase. KDD is
been used to discover relationship between diffevanables and factors (Turban et al 2007)
hence assist in the problem/opportunity identifarat

The decision maker begins with checking whetherdtganizational goals are met or not and
what is the actual situation. The dissatisfactibthe actual state compared to the desired goals
is the problem identification and also marks thegileng of the intelligence phase.
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Furthermore, the decision maker explores the pmlteidentify its magnitude, complexity and
symptoms. After identifying the problem, the demmsimaker collects relevant data for further
analysis to assist him/her in exploring the detaflshe problem such as the location, severity
and significance (Turban et al 2007) which periné tecision maker to allocate resources for
further exploration of the problem/opportunity (999 cited in Ogut et al 2008).

During the data collection, the decision maker ddialce several problems such as the cost of
collecting the needed data, too much data or elieretis no data to address the problem
situation.

Simon (1977 according to Mintzberg 1977) reiteratieat three types of problems situations
exist; structured, semi-structured and unstructufidee structured problems are the problems
that repeat themselves and have a standard sqltibovever the unstructured problems have a
fuzzy nature and complex structure, hence have efmetl solution which requires Simon’s
Decision making model to address the problem. S#ructured problem are a mixture of
structured and unstructured problems (Simon 19¢@rding to Mintzberg 1977).

+ The design phase

The design phase is concerned with the developmemtthe analysis of possible courses of
actions to solve the problem (Turban et al. 2003lsbpple 2008), to do so the decision maker
has to design a model which is based on the decisidables that affect the decision situation
then create a criterion which is also called ppfeiof choice, to evaluate and describe the
acceptability of the solution approach in respedhe decision situation. The KDD enables the
decision maker to understand hidden relationshiwdxn variables which is used to develop the
models (Turban et al 2007) hence lead in developityforecasting different courses of actions.

Different principle of choices had been introdubgdscholars however the most commonly used
areNormativeandDescriptiveModels. The normative models aims to identify Itlest course of
action possible by examining all available coursesction and illustrating the reason of choice;
on the other hand the descriptive models are useédcribe the situation as they believe to be,
this model is used to explore a set of alternatives not all of them therefore the result is
somehow satisfactory and not optimal (Turban €08i7).

« The choice phase

The decision on a course of action is made inghése; it involves the search for the appropriate
course of action, followed by the evaluation antbremendation of the defined course of action
which is considered the solution of the probleme Tecision maker exercises his authority and
decides to choose a solution based on the acckm@aledge (Holsapple 2008).

In some cases the choice is complicated and needsurn to a previous phase, for instance if

none of the alternatives are palatable, the dectisiaker return to the design phase, or even the
decision maker needs to return to the intelligeplcase due to the fast changing environment
and the need to acquire extra knowledge (Holsa2p08).
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s The implementation phase

As a final stage of solving a problem, the coursaation recommended by the decision maker is
put in action. The implementation of a solutionaiscomplicated phase because it contains
different issues that affect its success such asdégree of support of top management, the
resistance to change and many other factors thvattiosbe considered (Turban et al 2007).

2.4.2 Decisions Making Process in Government

The decision making process in government can lpaiered through the Simon’s general
decision making model. This model describes theptemsituations faced in an organization
through the decision making framework (Vasu et @8). The government decision making
complexity resides in rapid changing and turbulemvironment often characterized by
uncertainty (Winterman et al 1999; Khorshid 2004rbgn et al 2007). Therefore, Simon’s
model is appropriate to reflect the complex deadisi@aking process in the government agencies.

As previously discussed, the decision making po&egins with the problem identification and

understanding by scanning the environment for eelewnformation. The government agencies
have a potential source of data and informatiorstitarted of the integration, interconnection of

the agencies and the eGovernment services protadex® citizen and business partners through
the internet platform. In figure 2.2 Misra (200Htroduced a common sense model that
illustrates the entities of government decision imglprocess and their relationship.

INPUT OUTPUT
Decision-Making
Process i
) ) Policies, Programmes,
KNOWLEDGE Implementation
| Supported by E-government |

Figure 2.2: The decision-making process in government suppbgteeisovernment (adopted from Misra, 2007)

The decision maker start by exploring the availatlermation and knowledge to understand the
problem situation, this task is mainly performedhwthe help of the data provided through the

-10-
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eGovernment infrastructure and the available arsly®ls. The eGovernment infrastructure
provides an important support to the decision ngkirocess in the government.

Literatures reveal that the major function of goweent is decision making which guide them to
provide better and improved services to citizens(&2007). However, for the government to
achieve an effective decision making, it requirleat tthe decision makers get access to the
appropriate and useful knowledge to guide thenvéduate and implement appropriate decisions
(Ogut et al 2008). In this regards, eGovernmentasifucture provides the best available
technologies and tools which enable government étteb create, manage and leverage
knowledge which is crucial for efficient decisioraking (Misra 2007). These technologies help
the government agencies to cope with the problesocated with data explosion and integration
thereby offer the mechanism to provide knowledga &ght time and right format to facilitate
timely and better decisions.

Policy making, management, research and developifiuerating have been identified as decision
situations which provides a base for decision mgkin government (Nabukenya et al 2009;
Winterman 1999). In order to achieve the best d@tisnaking, the mentioned decision
situations has to be examined and evaluated acgbydio see if they meet organization
objectives and goals (Turban et al 2007).

Most of these situations are complex and ill suted (uncertainty) which cannot be treated by
normal procedures (Bots et al 2000).

2.4.3 Example of Decision Making Process in the Gov  ernment

This section illustrate how a policy making is keiformulated based on Simon’s model for
decision making process; Dunn (1994) presented leypdecision making process which
contains five stages:

In the stage olintelligence Agenda settingstablishes priorities among the issues of public
concern that require policy action or the changa pfevious policy (ibid).

In the agenda setting, the decision maker firgntdates a procedure to identify the information
sources (which could be from other agencies) wiidhbe used for scanning and search the
data to identify the issues of public concern. Bing these procedures, the data collection will
be performed and an adequate knowledge will belablaito classify, decompose and identify
the problem owners.

The classification is important to organize thauéssidentified based on their structurdness, in
this step the decision maker categorize the isstipablic concern in structured, semi-structured
and unstructured problems. The structured issue® laa systematic solution therefore the
solution will not be complex and will be solved,wever the semi-structured and unstructured
problems are more complicated and need extra atapefforts.

Having ill structured situations often require dg@n makers to decompose the problems. The
decomposition is useful in semi-structured issuesesit involves structured and unstructured
problem; therefore decomposing the problem canymedstructured problems which will be
easily solved and unstructured which needs fuphecess therefore the decomposition can ease
the understanding and identification of solutiofigrpan et al 2007) .
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Also, it is important to identify the problem ownierorder to assign the responsibilities to the
right department to deal with the problem, in otthwrds assigning authority for the problem
solver (Turban et al 2007).

Finally after performing all the steps of the ifig#nce phase, a considerable amount of
knowledge will be gathered, the issue of the pubtincern will be well understood, hence lead
to formulate the problem statement.

The second decision phaskesign,involves policy analysis which aims at better ustinding

of the public issue (problem statement) on the dgethe problem is formulated and alternative
policies are created to solve it (ibid). To do thise facts are clarified and the interests and
objectives of citizens and stakeholders are constdd he process for formulating alternatives is
guided by selected choice which acts as benchndkiteria for desired policy

This phase deliberately studies the problems ampdrynities that the desired policy brings to
the organization. The evaluation of the problemd apportunities must ensure that good
policies alternatives are produced to support argdion planned objectives. Yager (2008)
affirmed that a fundamental difficulty that arissken making decisions involving alternatives
with uncertain outcomes; is the comparison of thermatives. This is due to the fact that the
diversity and complexity of these alternatives nsakteeir direct comparison almost impossible
thus making it difficult to predict and measure caumes for the alternatives. Yager (2008)
suggested a risk modeling solution to policy decismaking which models the uncertainty
associated with a course of action.

Turban et al (2007) advocated for the need to mieabe outcomes for each alternative against
the goals. This measures the degree of succeshdoproposed solutions, in other words it
measures the degree of resemblance between tleeepdbrmulated and the required ones.

We can learn that the need for modeling the deatisituations comes as result of the inadequate
knowledge of decision makers which could help thermanage the complexity of unstructured
challenges. Nabukenya et al (2009) emphasized thoses in policy making need to have
adequate knowledge to understand the dynamicgaftecular problem and develop options for
action.

The choice phase is concerned with tiRolicy decisionwhich rely on the previous analysis,
hence a final decision is made and the chosenypgliwlly specified (Dunn, 1994).

After the analysis of the policy formulation fromepious phase the decision maker exercise his
authority and chose to implement the new policyedasn the his satisfaction of the decision

variables . It is possible that the previous pldidenot provide enough and convincible choices

or unexpected changes appeared which lead to ret@my previous phases (Holsapple 2008).

At the implementationstage, the policy chosen from the previous phaseeady to be
implemented and put in practice, therefore it iseesial to use necessary public resources and
regulations or even create them to make the polgrative (Dunn 1994).
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Monitoring is the final stageRolicy assessmenwhich the responsible people track and check if
the policy developed is being adopted by the tadjagencies (parliament, governmental
agencies or even the court) (Dunn, 1994).

2.5 Quality of Decision Making (efficiency, effecti  veness and legitimacy)

To analyze the measures which access the decia@imgiprocess in the public, the quality of
decision made has been identified as important anegdlabukenya et al 2009; Bots et al 2000).
Accordingly, various criteria have been derivedniréterature which measures the quality of
public decision making; this includes effectivenesfficiency, and legitimacy (Dror 1997; Bots

et al 2000).

2.5.1 Efficiency

Bots et al (2000) defined efficiency as the rafi@eatcome over effort. In the process of decision
making measuring efficiency, effort is consideredtiane spent on decision making. Time in
question can be time period utilized to reach asitat or the total number of hours spent of the
decision process thus this dimension (time) ofgiec making quality can be measured ( Bots
et al 2000).

2.5.2 Effectiveness

Effectiveness is the measure of goal attainmergld\M 987 cited in Nabukenya 2009) defines
effectiveness as the real result compared to ttended result, specified in the design. This
definition as it relates to the decision makinglmeanplies the ability of resulting decisions to
address the defined decision situation or problefiss also indicates that to achieve the
effective decision making, the result decisionsusthdoe able to meet the stated decision goals
(Nabukenya et al 2009). In addition, Huber (198@)exl that the timeliness of organization
decisions should also be accounted for effectivieraszn to maximize the quality of decision
making process. Timeliness in this context referthé ability of the organization to provide the
decision responses at a given time based on tighadsdecision task or situation. The quality of
goals achieved is however a subjective concepttwimdicates that decision actors might have
varying meaning to the effectiveness of the goalseved, attributed to their varying interest
and perception on intended goals which necesdiwatthe need to define clearly the goals for
decision making process in order to able to measieeeffectiveness of decision making
(Nabukenya et al 2009; Bots et al 2000).

2.5.3 Legitimacy

Legitimacy is also considered the measure for traity of decision making in public. Bots et al
(2000) relates legitimacy to the effectiveness efiitiency which also forms the basis for his
definition. He further clarified legitimacy intoglicial and administrative interpretations. Judicial
interpretation involves examination of the decisjmocess against the provisioned laws and
regulations, while administrative interpretationoives examining the public consideration and
support for decision outcome (Bots et al 2000)the view of complexity, legitimacy has seen
not only determinant for quality but also for tHéeetiveness.
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The quality of decisions is attributed to the efifee understanding and use of the information
available. Because of the actual explosion of digiata caused by the intense use of the ICT
which affect the decisions made in the governmenaies, it is important to explore the
problem dimensions and identify possible solution.

2.6 Data Explosion in Government

There has been increasing growth of data and irghom in the government. The advancement
and development of ICT allows the collection ofedftom different sources leading to enormous
accumulation of data across government agenciesh@li et al, 2003; Hovy 2008; Fayyad et al
1996a). As consequences of this, the governmergratoyed ICT to automate their transaction
in order to provide efficient service and suppb# tlecision making process (Hovy, 2008).

The whole process in which government employ ICTatdomate their transaction is much
connected to the eGovernment initiatives. Litereduconfirm that adoption of government
initiatives towards eGovernment leads to the expiosof data (Norris et al 2001). In
eGovernment, the governments have deployed welbdpowiki and online information systems
which allow them to provide better service to @tiz and also enable them to interact with other
stakeholders, all of these ICT technologies hawwsulted to the increasingly electronic
transactions (Layne & Lee 2001).

Fachausschuss (2000, p.3 cited Godagnone et al2007) defined eGovernment as ‘“the
implementation of processes of public participatidacision-making, and service provision in
politics, government and administration with aremge usage of ICT”. This definition contains
several numbers of areas that the eGovernment ssdfrén order to improve the quality of
services provided and the management of the agenCiee of the important aspects of the
eGovernment is the decision making, by interconngcthe agencies together the decision
maker has the ability of using information fromfdient agencies to support the decision
situation encountered.

Also McClure (2000) defined eGovernment as the esEgechnology in government activities
and specially the web-based internet applicatian®ftectively deliver services to citizens,
business partners and other governmental agenelesecreate a better interaction with the
citizen, increase the performance of services awedse cost of activities. Both definitions
agree on the importance of ICT in governmentalviids to efficiently utilize the capabilities of
service provision of the government. Moreover Mc€I(2000) stressed the need to utilize the
web-based application to fulfill the goals, as ithternet is actually the communication media of
different agencies, citizen and private organizatio addition both scholars pointed out that the
ICT supports different activities of the governmevttich includes social, political and public
administration which constitutes a focus of seveca&nce disciplines.

Therefore Wimmer (2002) stated that eGovernmeanigterdisciplinary concept that integrate

several disciplines such as Social and human seserRolitical, strategic, democracy and legal
sciences, Information and knowledge research segr@rganizational and economic sciences,
Computer sciences. The integration of all the nosetil science disciplines which are supported
by the ICT infrastructure caused an explosion ¢t& dgneration.
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Figure 2.3:Multidisciplinary and integrative role of eGovernntas a research discipline (adopted from Wimmeog)

Due to the large amount of information that is ectéd from the public agencies activities
(Hovy 2008), the need to research an effective wwaypanage this information is important. The
field of artificial intelligence and computer scoendeveloped some efficient techniques to
address the problem of information over-load whatflect significantly the governmental agency
activities including the decision making. Some bkde techniques address the need of
intelligently and efficiently retrieving informatiofrom data storage such as intelligent search
engine, other techniques uses special data miKiB®] technologies to extract knowledge from
large data repository such as data warehouse (Wirg@@¥). These techniques assist humans to
overcome their cognitive limits by extracting udefuformation from a large amount of raw
data. The knowledge which is created through KD@vijgles useful information to the decision
makers which guide them through evaluation and ctele of appropriate actions and
alternatives thus improving decision making procésshe next chapter we explain the KDD
process and how such technology assists the decgisader in his decisions.
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3. Knowledge Discovery in Database (KDD)
3.1 Knowledge Discovery

The advancement of the technology and the fastlolewent of the information age have a
significant effect on the amount of data collegtatshawi et al 2003).

The fierce competition in the market demand thetdtrategies employed to be agile and meet
the external changes effectively, to do so theyasmabf the data gathered is crucial (Turban et al
2007). Monthly, Quarterly and annual reports areegated to be used in shaping the
organizational strategies however with the largeam of data available this process of data
analysis and report generation is a burden andeciea information overload (Turban et al.,
2007). It is important to use Information systenuipged with tools that reduce the amount of
information presented to assist the decision makérs decisions, and even reveal and discover
information that the normal data analysts could fiol due to the cognitive limitation
capabilities of humans (Fayyad et al 1996a).

3.2 Knowledge Discovery in Database (KDD)

The KDD is the outcome of the union between diffiéreesearch fields such as pattern
recognition, statistics, expert system, etc., heheegeneral idea about KDD is the processing of
information in order to produce high level knowledgfom low level of data. Knowledge
Discovery in Databases can be defined as “the naitProcess of identifying valid, novel,
potentially useful, and ultimately understandgidéerns in data” (Fayyad et al 1996a).

The non-trivial process mentioned in the definitionplies that, all process involved in
discovering knowledge are not directly computedraéfege search or inference procedures
should be used. The knowledge discovered shoultidvel and valid which lead to some
benefits to the user (Fayyad et al 1996a). Moreo¥ayyad’s definition point to four
characteristics of the KDD output which are illaséd below:

1. Valid, refers to the usefulness or relation ofkhewledge discover for the task in hand.

2. Novel, refers to the non-obvious and hidden knogéethat the human cannot discover
manually.

3. Understandable, refers to the clarity of the knolgke discovered that a human can
understand.

4. Potentially useful, refers to that the knowledgecdiered is useful somehow to the user.

3.3 KDD process

The process of extracting knowledge from low ledata source includes several iterative steps
together with the user interaction (Fayyad et &6L5).

Before starting the KDD process it is important develop an understanding about the
application of the targeted domain and the knowdealpilable to have a clear view of the KDD
process goals, and this is considered step
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The secondstep is concerned with the data-set selection fitwrsources where the data mining
algorithm will be employed. This data-set could dimsen from a normal database or a data
warehouse. Scholars agreed that the use of datehwse increase the chance of having
efficient outcome since the data mining will be liggbon cleansed and integrated data (Fayyad
et al 1996b).

Third, is to pre-process and clean the data-set frosesar even identifying a strategy to fill
empty fields.

Fourth is the Data reduction and projection which is @ned with defining useful features in
the dataset that represent the goal of the KDD gm®icusually for the data reduction;
dimensionality reduction and transformation methoel used to reduce the number of variables
(Fayyad et al 1996Db).

The fifth step which is the mining part of the KDD procesdudes three sub-steps which had
been identified by Fayyad as fifth, sixth and selesteps. First sub-step is deciding on a data
mining method based on the understanding of thdicapipn domain and business needs.
Several data mining methods are used in the KD2ga® such as summarization, regression,
classification and clustering (Fayyad et al 1996hjch will be illustrated in the next section of
this chapter. Theecondsub-step is concerned with the choice of the datengn algorithm and
method of selection to identify the patterns whintiudes two parts a) identifying the model and
the parameters used in the pattern identificatiymnatching the method of data mining to the
general criteria of the KDD process. In the ladt-step, the data mining algorithm search for
pattern of interest in the processed dataset usome well known algorithms such as
classification rule, artificial neural network anhlistering. This sub-step is considered the heart
and the core process of the KDD since the discorsgpgrformed in this step.

Sixth after identifying patterns from the previous step result will be interpreted with the
possibility of going back to any previous phasapal could include a visual interpretation of
the extracted patterns (Fayyad et al 1996b). Therpretation and evaluation process of the
knowledge extracted by data mining involves doneiperts; they are responsible to evaluate
and determine whether the knowledge extractedaiilier not (Mitra et al, 2003)

Finally, the patterns discovered are considered krewwledge and are ready to be used whether
in a report or to be integrated in another systemven to be stored in knowledge management
system (Fayyad et al 1996b).
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Figure 3.1 An overview of the steps that compose the KDD gs(adopted from Fayyad et al., 1996b).

All these steps are important and highly iteratdepending on the need of the application
domain however the most important part and whicboissidered the heart of the KDD is the
seventh step which include applying the data mimiggrithms (Fayyad et al 1996Db).

Since the effective KDD process depends much omtladity of data it extracts, in the next
section we explain the concept of data warehouseiasapplies to the process of KDD. Data
warehouse provides the staging area for effectid® rocess and offer environment for KDD
to extract useful information as it ensures thdityuaf data in the repository. Moreover, the data
warehouse ensures the proper integration of hugeuaimof information or data, organize,
cleanse and present them in a unified manner tiareases the efficiency and effectiveness of
KDD output which enables decision makers to mefkeient and effective decisions (Ogut et
al 2008; Chandury et al 1997; Hovy 2008).

3.4 Definition of data warehouse

There are various definitions of data warehousesugsi many scholars have defined the data
warehouses differently but all yield the same megnChen (2008) define data warehouse as a
theme-oriented, integrated, persistent dynamic datacture to collect data and to support
decisions by retrieving, converting, cleaning, aetuilding external data in the conventional
OLTP and other types of databases.

Inmon (1993) define a data warehouse as subjeetted, integrated, time-variant and non-
volatile collection of data in support of managetisedecision making process". In context of
this definition, data warehouse enable the decisiakers to access the right data in a right
format which facilitates analysis thereby achievimgroved decisions.
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Ang et al (2000) also define data warehouse ap@sitory of summarized data (current as well
as historical data) assembled in a simplified fdrtadored for easy end-user access. These data
are collected from existing operational systemsanedstructured to be available in a form ready
for analysis and decision making.

The above definitions of data warehouse understigeprimary goal of integrating various
sources of data into single format. The users madee of this data for analytical processing
activities include KDD methods, querying, reportiagd other decision support activities.
During this process of user operations, the end agplications only need to search the data
warehouse instead of the source databases.

3.4.1 Data warehouse and KDD

The relationship between the activity of KDD ane thata warehouse leads to an architectural
foundation of decision support systems. Inmon (}@9§ues that data warehouse is used to set
the stage for effective KDD. Data warehouse is ueeskt the stage for KDD through two major
roles which are data cleaning and data access §Hagtyal 1996b). The process of data cleaning
is associated with the role that DW enables thestcamation of data into single unified format
which presents single version of truth, in thisqass noise, errors and missing data are identified
and eliminated. Also, data warehouse provides adoedata which was difficult to obtain, such
as archive and offline data (Fayyad et al 1996lthcgh KDD can be employed on relational
database, however the data warehouse greatly ireprine chances of success in KDD (Inmon
1996). The characteristics of data warehouse eehHB® process and prospects for success.
Inmon (1996) described the use of the data warehatsracteristics in the KDD activities
which are illustrated below.

The integration of the datgermits the data miner to easily explore a vastuanof data. The
miner usually spends his time in cleansing and gmieg the data to be ready for the mining
process in an effective manner. The data preparatidudes reconstruction of keys, modifying
integration rules, standardizing the data structune the translation of encoded values. The data
warehousing process includes the mention taskriEparing the data, therefore Data Warehouse
includes a ready data for exploration hence the dainer can perform the mining directly
without wasting time

The data in a data warehouseléailedandsummarizedthe degree of details permits the miner
to examine and explore the data in a granular fanch perform a drill-down analysis, and also
the low level of details provided can contain sameortant patterns that need to be carefully
scrutinized. Furthermore, the summarized data atlesvuser to rely and build their work on
others work, therefore there is no need to regeatwork someone else did which save huge
amount of time.

Mining historical datais important, it reveal pieces of information tlmip to understand the
seasonality of the organization activities and hesses. Mining a recent or current information
could never lead to discover trends and a behaattern in a long term period.

The miner needs to understand the data beforerperfg the mining, since it is very difficult
for the data miner to work with vague and unexm@dimlata. In data warehousing concept the
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metadataaims to explain both the content and context whigate a perfect platform to perform
mining and extract patterns.

3.4.2 Data Warehouse Architecture and KDD

The data warehouse architecture presents the tpawiand tools involves in collecting data
from various governmental sources, processing t£ dad role that these techniques and tools
play in extracting knowledge from Data warehousbawihuri & Dayal (1997) presents the
architecture (see figure 5) which is divided inbmtparts, back end and front end application.
Back-end application concerns with application thallects data from various sources and
processing of data, front end application involvesls which extract knowledge from data
warehouse which are OLAP, Reporting and QueryimgstidEIS and Data mining. In this study,
attention is given to Knowledge Discovery of Datsba(Data Mining). The following
subsections briefly describe the components otittia warehouse architecture.

Thesources of datare various; it could be the World Wide Web orrettee personal notes. The
government data sources consist of internal anereit sources. The internal sources includes
internal memaos, reports, databases (OLTP, legastess), colleagues, etc (Winterman et al
1998), generally speaking the internal sourcestlaeeinternal activities and interaction that
happened inside governmental agency. The extematas represent the data acquired from
outside the agency such as internet (eServicels@¢r governmental agencies and information
service centers (Winterman et al 1998).

The ETL (Extraction, transformation and Load) the process of extracting the data from the
data sources to cleanse and integrate it theniloadiata storage (Enterprise data warehouse or
Data marts), the importance of the ETL is in thke iib plays in loading the data storage with
integrated and cleansed data for further applinatiturban et.al (2007).

The data after has been extracted, transformectl@adsed, arstoredin data warehouse. The
organization may choose to employ integrated eriserpdata warehouse which collect the
information on all the subjects across all depantme the organization or data marts which
collect the information for specific subject or fpeuwlar department (Chaudhuri & Dayal 1997;
Turban et al 2007).

Literatures indicate that due to the limitation wspd by high cost of data warehouse
implementation, many organization favor the uselath marts which is easy to build and also
enable to achieve the data quality efficiency asniploy consistent data model which ensures
that same version of data for particular departnerite accessed and viewed by all end users
across organization (Chaudhuri & Dayal 1997; Turkmnal. 2007). Since data marts are
designed for specific interest for particular dépent, it captures and provides only the relevant
data which is required.

However, there are problems associated with datdsnm@aplementation which includes the
limitation of number of users it can support, tinéegration problem may also present if the
business model is not well defined (Chaudhuri & &ay097; Watson et al. 2001; Turban et al
2007).
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Figure 3.2:Example of an architecture of a data warehouse el from Chaudhuri & Dayal 1997)

There are number of front-ergbplicationsthat enable user access to the data stored idatiae
warehouse (Turban et al 2007; Chaudhuri & Dayalr)9%hese tools can be categorized into the
following as follows.

1. Reporting and Querying tools: These tools are tsepnerate operational reporting and
also allow querying (use SQL query) data warehdoseany answers (Turban et al
2007).

2. Application development tools: These tools fadiéitthe creation of in house-application
and services, developed application can also leegraéded with other application such as
OLAP (Conolly 2004).

3. Executive Information system tools (EIS): These #yels designed to support the
decision making at all levels in an organizatiohey allows users to develop customized
graphical decision applications tailored to addreesne decision situations thereby
improving decision making problems (Conolly 200h) addition, they offer capabilities
such as drill .down analysis and exceptional répgrvhich saves to monitor and guide
the organization performance (Turban et al 2007).

4. Online Analytical Processing (OLAP) tools: Theselsoenable users to analyze data
using complex and multidimensional views. Implenentthese tools assumes that the
multidimensional conceptual mode is implementedata warehouse which means that
data stored in data warehouse should be orgamzeuaiitidimensional view (Chaudhuri
& Dayal 1997; Connolly 2004; Turban et al 2007).AR_tools allow examining of huge
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data items in complex relationships which leads$h® identification of patterns, trends
and exceptions.

5. Data Mining: These techniques are used to idemianingful hidden trends of data and
unexpected relationships in huge sets of datatm warehouse which queries and report
cannot effectively disclose (Chaudhuri & Dayal 19€06nnolly, 2004). Connolly (2004,
pg. 1161) argued that data mining capabilitiesparential than OLAP tools due to its
ability to build predictive models rather than ospective models. This argument is also
supported from other school of thought who regamigid mining as appropriate tools to
support decision making due to its abilities tolgrma complex relationships of data in
broader and concise way (Singh 1998; Connolly 2004)

3.5 Data Mining as a Step of KDD Process

Data Mining is the important and key step of KDDg#ss as it is the step in which discovery of
knowledge occurs. The data mining involves the iappbn of algorithms and methods to the
data sets to identify the relationships betweea-dats data and reveal trends or pattern of data
which offer understandable and useful informatmuecision makers (Ogut et al, 2008).

3.5.1 Definition of Data Mining

Data mining is the core process employed in thevedge Discovery in Database. Fayyad et al
(1996b) defined data mining as “a step in the KDiDcpss that consists of applying data
analysis and discovery algorithms that producertigoéar enumeration of patterns (or models)
over the data”.

Also, Hand et.al, 2001 defines data mining as amslgf large observational data sets to find
unsuspected relationships and to summarize theiai@vel ways that are both understandable
and useful to the data owner (organizations). défeitions given also complement by Turban
et al 2007 who consider data mining as a processuses statistical, mathematical, artificial
intelligence techniques to extract and identify fusénformation and subsequent knowledge
from large database

From these definitions, we can draw the positiodats mining as a sub- process within overall
process of discovering knowledge from large dats. $tarticularly, data mining algorithms are
employed to extract pattern from large data setslwban also serve to give a difference with
the KDD process which is overall process of disciovdpuseful knowledge from data.

Having understood the definition of data mining gmainted its distinction with the KDD
process, the explanation is now given to deschbeaise of Data Mining in the KDD process.

3.5.2 Data Mining in the KDD Process

The data mining in the KDD process involves theatige application of data mining method
and algorithms to extract and enumerate pattemn fitata sets (Fayyad et al 1996b; Sardieh et al
2008). To better understand the Data Mining proae$&D, the goals of knowledge discovery
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need to be explored, the methods and algorithmghwhse these methods also need to be
described.

Fayyad et al (1996b) distinguished data miningl gat® two types of goal; verification and
discovery, later concerned with verifying users dtjyesis while former concerned with system
autonomously way of find new patterns. These géatther subdivided into prediction and
descriptions. The prediction goals is aimed to én#ie system to extract patterns for predicting
the future behaviors of some entities while witlsa®tion, the goal is to make the system
discover patterns and present them to a user annaat that human can understand. These two
goals are considered in practice to be the majalsgaf data mining Fayyad et al (1996Db).

The usefulness of data mining depends mainly omapipdication area, for instance the prediction
and forecasting is widely used in marketing aneésalctivities. The mostly used data mining
method for this kind of activities is called cldgsition. Classificationis a learning function that
maps (classifies) a data item into one of severadigfined classes; Examples of classification
methods in knowledge discovery applications incltide classification of trends in financial
markets (Fayyad et al. 1996b). Al&tusteringmethod is common in this application area since
it seeks to identify a finite set of categories austers to describe the data. Examples of
clustering applications in a knowledge discovergalre include discovering homogeneous
subpopulations for consumers in marketing datab@seg/ad et al 1996b)

Moreover, the data mining is employed to discoedaition between different variable hidden in
a huge database which could assist the decisioemiakis activities. For instancBgpendency
modelingmethod deals with finding a model that explain significant dependencies between
variables, andBummarizatiormethod involves methods for finding a compact dpson for a
subset of data. Summarization application can bel®rad to interactive exploratory data
analysis and automated report generation.

Having described and illustrated the use of datangias core process in KDD, the next section
examines the use of KDD techniques in support uaridovernment organization activities. The
Government major activities include decision makang service provision. To accomplish these
tasks Government requires considerable amounteftiimformation to enable decision makers
to identify and understand decision situations timagke timely and improved decisions (Ogut et
al 2008). Literatures confirm that Government hesoaplished the above mentioned activities
by employing KDD applications which offer usefulfoanmation to aid in decision making
process.

3.6 KDD in Government

The KDD applications are being used in the variatesas in public sectors (Government), this
includes finance and economy, market, healthcammjr@l justice and defense, transport (Bach
2003; Fayyad et al 1996). The KDD helps to supfiostorganization activities as it identify and
extract valuable information which enable decisiwakers in the government to take appropriate
and better decision hence improve efficiency tosgt® services.

The motivation of using KDD in government coulddi&ributed to the fact that decision makers
in government are confronted by turbulent decigarmironment which consist of ill-structured
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decision problems and poor information quality whimhibits them to make appropriate

decisions (Ogut et al 2008). Given this situatitre KDD plays important role in the decision

making process at it provides useful and qualifgrimation assists decision makers in achieving
better decisions. There are number of applicati@asa pointed above which KDD helps, we
briefly elaborate the use of KDD in decision makiogntext with the focus on the decision

surface those areas.

The US government tax agencies have employed KDplicapion Clementine to foster
collection of tax and audit and reduce fraud (Ba6B3). In this context KDD is responsible to
identify the problems and/or opportunities sucly@asd or bad tax players and also pin point the
tax evaders. The identified problem/opportunitiesealed by KDD thus enable the decision
makers to understand the problem or opportunityaiodvs them to make appropriate decisions
to address the problem or opportunities.

Fayyad et al (1996b) also mentioned that US trgaBoancial crimes enforcement network
which have employed KDD to the identify suspicidinancial transactions which might indicate
that there is money laundering activities.

Furthermore, Vector et al (2000) illustrates the w$ KDD in support the decision making
process for South African Department of Arts, CwdfuScience and Technology (DACST).
KDD project was initiated by DACST with objectives construct a knowledge base to support
the government decision makers when they formula¢eKnowledge and Technology Policy
Framework. Vector et al (2000) further clarifieatthkDD was used to assure that the data in the
data warehouse support the findings in the Knovdesigthesis report, and also KDD was used
to generate new insights which can helps to tesstiitability of the policies included in the final
Knowledge and Technology Policy Framework. The \atiusefulness of KDD in this case
includes its ability to allows the decision makeracquire knowledge directly from domain data
thus facilitates timely decisions.

Literatures also indicate that KDD has been usingupport decision making process at criminal
justice departments in Government. In this contidgye, KDD is used to evaluate and generate the
crime patterns and provides insights for crimeatians thus enable the decision makers to plan
for the resources allocation in order to preveimes from occurring (Bach 2003).
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3.7 Summary of Literature Review

The established theoretical frameworks describedthie previous chapter, underline the

increasing data explosion in the government. Tlesdtirther indicates that, the reasons for such
enormous increasing of data in the governmenttigated to the use of ICT by the government

in an effort to provide best service delivery ttizens and support their decision making

process. The use of government agencies of ICTitlmnzate their transaction contributes much

to this problem.

This dramatic increasing of data leads to the emadtand non-unified data as different systems
are used to capture and process data. Moreoveddtfseare presented, generated, maintained
and used independently in each government depatrtamhagencies. This environment leads
poor decisions and also inhibits the smooth prosgss data into useful knowledge which can
aid decision makers in the Government in suppodeaision activities. Given the turbulent and
complex environment that the Government is expeima)) there is a need of effective tools to
extract more useful information to assist the denisnakers to better understand and identify
the decision situation and be able to respond tmws challenges facing them and hence make
efficient and effective decisions.

There are number of available techniques and tidelstified that can address the problem of
data explosion and derives useful knowledge tostgbie decision making process. The
Knowledge discovery in database (KDD) is amonga¥&ilable techniques that the Government
agencies and departments have employed. KDD censfskight process starts from data
selection to the evaluation process of identifiedwledge. Data warehouse has been employed
in data selection and it is used to set the stag&DD by offering data cleaning and data access
thus enhance the efficiency of KDD process. Imptlyaalso is the Data Mining which is the
steps are important as well as they involves tlauation of discovered knowledge to determine
the relevance of such knowledge before is putiisea
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4. Research Methodology
4.1 Research Approach

This study adopts qualitative research as a relsegmoroach. The qualitative research permits us
to explore the research topic and subjects in ailddtview so as to get the deeper understanding
of phenomenon, in this context the usefulness ofWadge discovered in database (KDD) in the
decision making process in the government ager(€esswell 2007). Also, it is important to
explore the decision makers’ activities in theitunal settings and their use of knowledge
provided by KDD in treating decision in complex anaghid changing environment to get better
understanding of the usefulness of KDD in the pssad decision making.

4.2 Research Design

The selection of an appropriate research stratégghws useful for carrying out the research is a
critical decision and requires considerable attemtiYin (2003) discussed three different

conditions that help social researchers to determihat and when to use a particular research
strategy, he mentioned the conditions as: the tyesesearch questions, the ability of the

researcher to control events and access availa@seurces and the degree of focus on
contemporary as opposed to historical events.

Our research question is based on “what” questi®hg. central question isWhat are the
perceived usefulness of the KDD in the governmeststbn making process?Yin (2003)
discussed the two types of the ‘what’ questionstFexploratory ‘what’ question which justifies
the rationale for conducting an exploratory stutlye second type of ‘what’ question is actually
in a form of ‘how many and ‘how much’ line of ingqy. The use of what question as
exploratory permit any of the strategies to be y¥&ad 2003). Thus our research study adopts an
exploratory approach.

Also, this study investigates the perceived us&nmiwledge discovery in databases (KDD) to
support decision making process in the governmgeneies which is an emerging field and can
be related to contemporary phenomenon. Thus thrtugistudy, we will be able to get detailed
description of the phenomenon which will help tsdée how the knowledge discovery in
databases support the decision making process vargment agencies. Our study involves
government agencies in Sweden that employ KDD &saavledge discovery technique and
make use of the knowledge in the decision makinge $election of Swedish government
agencies as our research study is attributed tadli@ancement of ICT infrastructures in Sweden
Government (UN eGovernment Survey, 2008). This adement of ICT leads to the automation
of the Government transactions which results t@gplosion of data in government agencies
thus provide a case to explore how the KDD canaektuseful knowledge to be used in the
decision making process.
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4.3 Data Collection

The data collection process involves the gatheohgesearch evidences. Yin (2003) and
Creswell (2007) states that data collection phasmniextensive process of collecting evidence
from different sources of data. Yin (2003) furtleategorizes six sources of evidence used to
collect the data in case studies which includesudmmts, archival records, interviews, direct
observations, participant observation and physactdfacts. Given the limitation of time for
conducting this research project, it will not besgible to make available all the sources for
analysis. Thus our research study will involve iiviemws as a source of evidence.

4.3.1 Interview

In this research, the interview is employed to exilluseful information which enables us to
understand the research topic from the subjectiatpif view, Yin (2003). Furthermore, the
interview gives the opportunities to share the gowvent agencies’ understanding, experiences
and perspectives in the process of knowledge omaid the use of such knowledge in assisting
the government decision making process. This udefalvledge received from the interview
results is valuable for the analysis which helpsousddress the research questions.

Since our research is focused on the use of KDBomernment decision making process, we
initiated the selection process of appropriateruésvs by searching through the internet for
Swedish Government agencies or organisation whachémployed KDD techniques. After we

found the agencies or organisation which implen@®it@D, we further looked for the personnel

who are involved with the technical process of KBBd those who are responsible to take
decision based on the knowledge provided by KDD.

Our research interviews was conducted with thetalg persons from government agencies in
order to collect the empirical data that address risearch question, they aRspf. Lennart
Waldenlindthe head of signal group in Swedish Medical ProdAgéncy, Dr. Niklas Noren
Acting Manager of Research & Development at the daggp Monitoring Centre, X is a Business
Intelligence consultant at Y company abd. Anette Hultha researcher in KDD field in the
Swedish Institute for Infectious Disease ContrdieTnterviewees have a significant educational
degree which proofs their academic knowledge anckdraunds as well as they occupy
important and critical position in their respectiagencies. They demonstrated that they use
KDD methods in their activities and daily work tapport their decision making or even to
provide knowledge that the decision maker use. Heweall interviewees demonstrate strong
knowledge and experience within KDD use in decisi@aking context

Additionally, semi-structured and open ended quoestiare adopted so as to allow us to ask the
interviewee about their opinions about the eveYiis, (2003). Furthermore, it allows to adapt to
the situation and ask further questions if necgssdrich also attract rich discussion on the
matter.

We have tried to ask questions that are not biasedwhich also serve our line of inquiry. This
is achieved through posing open ended questionsvariding threatening questions (Yin 2003).
In this regards we did not put “why” questions asuld creates defensiveness in the informant
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party. The interview put forth the environment ti@eract with subjects as informants rather
than respondents by asking open ended questiongaolde them in a dynamic discussion to
exchange ideas and opinions (Yin 2003; Kvale 1996).

Interview guideindicates the purposes and topics to be coverdadtémview with a detailed
sequence of questions (Kvale 1996). These queastiower thematic (knowledge production)
and dynamic dimensions. Moreover, thematic is eelab the relevance of the research topic,
theoretical conceptions and subsequent analysismatic are structured to obtain categorized
data. The dynamic dimension contains questions gh@note a positive interaction, keep the
flow of the conversion going and motivate subjéottalk about their experiences and feelings.

Our interviews used two guides; each guide contaivestheme. The first theme addresses the
technological part such as Knowledge Discovery @abase (KDD), Data Warehouse and
discovered knowledge; this theme is used to ind@nthe subjects from the ICT division of the
government (public) agencies. The technical themms &0 capture the technical process of the
data collection and the knowledge creation usin@g d&arehouse and KDD. For instance, we
have asked “What are the sources of data in the wlatehouse?”, “Does the KDD techniques
identify or discover knowledge” and “How accuratelaelevant the discovered knowledge is”.
These three questions try to capture the varietiethe sources that feed the data warehouse
which provides appropriate platform for KDD, assthextract useful knowledge which was
addressed in the second question. Hence, evaltheesuality and relevance of the knowledge
discovered which also reflects the goal of the daststion.

The second theme address the usefulness of knosvlddgovered in the decision making
process of the government agencies; this themged to interview subjects who are involved in
taking decisions in the government agencies. Is theme, we posed the following questions,
thus follows: “How do you use the KDD knowledgeidentify problem or opportunities in your
department or organisation?” and “How the knowledgeovered assist you in developing and
exploring different course of actions for your dgon problems”™? As a consequence, these two
questions aim to capture the use of KDD knowledggaé decision making phases (see appendix
A).

4.4 Data analysis

This stage involves examining, categorizing antingghe empirical evidence in the study (Yin
2003). For this purpose, this research analysevietgs which is our sources of empirical data.
The analysis is presented as follows:

4.4.1 Interviews

The process of analyzing the interviews follows titaascription phase. This research employs
interview notes taking and tape recording as a okt facilitate the transformation of oral

interviews into written texts for analysis. The oragtrength of tape recorder is to capture all the
empirical data accurately and offer a reliable modtto cross check and reuse them (Yin 2003;
Kvale 1996). However, the use of tape recorder n@peon the interviewee approval and
consent. Moreover, the use of recorder allows uktas on the interview subject and gives
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control of the interview process. To attain theatality of transcribed interview, two authors are
involved in transforming the taped interview intawot written transcripts which had been
compared to ensure that both have higher consigtenc

Furthermore, the interview notes assists in codimg answers and key points given by

respondent during interview. The note taking shidb capture the reactions of respondents as
they are reacting towards the interview questi®teactions can be behaviours, body language
and gestures which along can give insight and desgerstanding of some phenomenon

regarding the topic. This method requires actiggehing and awareness during the interview
(Kvale 1996).

% Method of Analysis

Interviews were analysed through ad hoc meaningrgdéion techniqgue which use multiple
methods to organise the interview texts and corel#mes meanings into the form that can help to
draw conclusion to the study (Kvale 1996). With tise of the meaning condensation methods,
the interview data were condensed into relevard ddtich address the purpose of the study to
answer our research question.

Also, meaning categorization is employed in order dode interviews into categories.
Categorization allows long statements to be reduatedpredefined categories, and thus reduce
and structure a large text into a few tables agdrés (Kvale 1996). The analysis contains seven
categories (decision making, data, knowledge, ligwice, design, choice and
implementation).The method strongly provides anraeg over the meanings experienced by
the respondent (Kvale 1996).

N *How do you use knowledge from KDD to identity a problem or
Que5t|0n opportunitiesin your department or organization?

+"weuse the data mining when we look at new side effects, we have this
Answer database with the side’s effects and then we have the data mining
looking for new signals *

Category sIntelligence phase;in which problem/opportunity is identified

Mea ning *The KDD (data mining) assist the decision makers in identifying possible

problem by revealing hidden patterns and relastion between the data

Condensation (signals) .

Research QueStion sWhatis the perceived usefulness of KDD in the Government decision

making process?

Figure 4.1: lllustration of the process of analyzing the interws meaning
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Moreover, our research employed cross-interviewhsgis as analytical technique to analysis
our interviews (Yin 2003). This technique permits to aggregate our result across each
interview. Moreover, word tables are employed tespnt the result for usefulness of KDD in

each decision making phases namely intelligencggdechoice and implementation.

The result of each table helped to pinpoint thalanties and difference of the usefulness of the
KDD for each category as compared to the usefuloeE®D identified in literatures. This also
helped us to draw our conclusion and generalizdindings hence show the contribution of this
study.

Moreover, the evaluation of the perceived usefldneEKDD are based on a criterion which has
been derived from Fayyad et al. (1996a) definitmhKDD as “the nontrivial process of
identifying valid, novel, potentially useful, andtimately understandable patterns in data” (see
section 3.2). This criteria consists of four aasif meaningfulness, goal relevance, operational
validity and innovativeness (Menon et al 1992).

The meaningfulness is how much the knowledge msvegit and makes sense for the decision
maker. Goal relevance indicates whether the knaydetiscovered is potential usefulness to the
current task in hand or not. The operational vafigioints to the actual use of the discovered
knowledge. The last entity is innovativeness wheh characteristic of the KDD output which
provides non-obvious knowledge to solve practicabfem.

Perceived
Usefulness
|
| | | |
. . Operational
Meaningfulness Innovativeness Goal Relevance Iifalidit\;

Figure 4.2: Criteria for the perceived usefulness (adopted fMamon et al 1992)

4.5 Research Quality

In this chapter, we are addressing the measuresdore good quality of research. Lincoln &
Guba (1985 cited in Seale 1999) mentioned validityg reliability as the criteria that can

measure the trustworthiness of the research. Tatismof trustworthy consists of four elements
credibility, transferability, dependability and dormability which are analogous to the concepts
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of internal validity, external validity, reliabifitand objectivity (Seale 1999). The below is an
illustration on the measures that we adopted teesetthe quality in our research.

Table 4.1:Lincoln and Guba'’s translation of terms (adopteohfr Seale, 1999)

Conventional Inquiry Naturalistic Inquiry How to ac hieve

Truth value (internal validity) Credibility peerview of reports, member checks

Applicability (external validity) Transferability &ailed and rich descriptions of the settings

Consistency (reliability) Dependability Cross chiegkthe different interpretations qf
data collected (auditing)

1. Internal Validity. This ensures that the research process guarardgeeesult and final
conclusions really correspond to the purpose aaddkearch questions. This relates to
the truth and confidence of the research findinggdln & Guba (1985 cited in Seale
1999). In our research this has been achieved ghrpeer review of reports and member
validation.

2. External Validity In this process, the major aim is that purposesaeh questions, result
and conclusions should correspond to issues artkests of general importance (in both
practice and theory). Achieving external validifjoas us to generalize or transfer the
results of qualitative research from other contextsetting as the data will be collected
from different settings (government agencies) Lin& Guba (1985 cited in Seale 1999)
These have been achieved through detail studyingaoh agency and generalize the
results from one to another.

3. Reliability: the degree of consistency of results over timgedks to ensure that different
observer make the same explanation of a particldgct to answer the need of having a
single version of research therefore differentrpptetation are unacceptable Seale (1999).
In our research this is achieved through cross ksthgahe different interpretations of
data collected and assuring that they are similar

The member validatioris concerned in presenting a convincing accouirtigughe opinion of
people on whom the research has been done, to theicthe account has correctly incorporated
different perspective Seale (1999). Bloor (1997nitified three different types of member
validation; the validation of the member taxonotig validation of the researchers’ analysis by
the demonstrated ability of the researcher to m@ssa member and the validation of the
researcher’s analysis by asking collectivity memalterjudge the adequacy of the researcher’s
analysis.

However, we validated the analysis by asking thenbess of the study to evaluate and validate
the accuracy of the interview transcript, the digsion of the participants in their settings and
the full final report of the study with monitorirtgeir response. The members of this research
agreed on the interpretation of the interviews cmteld and in the context it was used, hence
improve the credibility of the research.
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4.6 Research Ethics

Ethical conduct has increasingly become cruciaaddal sciences research method. Researchers
found themselves in the dilemma between clear adises to ethic conduct procedures while
complying with regulatory regimes requirements frathic committees. Beauchamp and
Childress (1994 cited in Seale 1999) defined ettsca generic term for various ways of
understanding and examining the moral life’. Itcisncerned with perspectives on right and
proper conduct. The increasingly research acts/ti@ve great impact on the society thus there is
a potential need to monitor and ensure that etiestaken seriously and embraced within the
research process. The need to incorporate ethiceshance quality and produce what is right,
good and virtuous as by product of research watks important that research integrity be
incorporated in order to assist in the validatibthe research and enforces researchers to behave
ethically. There is a great need to avoid and elatad scientific misconduct, corruption so as to
produce more good to the people and hence miniimézen to them. Israel and Hay (2006)
argued that research need to develop better uadeisgs of the politics and contexts within
which ethics are regulated. In our research, wee la@nsidered and complied with important
ethical issues such as informed consent, confidiytin order to avoid harm and doing good.

4.6.1 Informed Consent

It is important that the research participants usid@d exactly their involvement in a research
and what they have authorized (Seale 1999).

In order to assure an ethical conduct, we explatoetthe subjects the purpose of this research,
the part of the research that this interview wdlused for and the potential risks that they could
face .Also, we informed the subjects that the inésy will be recorded for further analysis and
interpretation. All the mentioned information releshto the participant is considered a part of
the informed consent which aims to minimize thesgde harm and risk, and increase the trust
between the participants and us, hence protecicipamnts and the agencies from unpleasant
consequences.

Furthermore the participation in our research waspetely voluntary and lacks from any kind
of pressure or influence performed from superiopleyees or managers.

The anonymity of the participants is guaranteedase they asked for that. This is due to the
lack of direct identification information. We hatka enforced the anonymity by ensuring that
the data collected would not be cross-checked ity other source of information that could

reveal the identities of the participants.

4.6.2 Confidentiality

In this research, we consider the duty of confiddity as crucial and we take necessary
procedures to ensure that it is complied in outystu

The study protected the confidentiality of resegvahticipants so that their private data will not
be reported however to reveal their personal iflabte information, there shall be a formal
agreement which gives the approval (Israel et 8628inger et al 2002).
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Protection of data collected in a research is ggomant step in achieving confidentiality. As we
are anticipating the data gathering from intervievsch will concern the interviewees and their
corresponding government agencies, there wouldfbaral written agreement with the subjects
in order to enforce the efforts to maintain the faentiality of all information collected.
Furthermore, the data collected is being storeth@écomputer protected passwords so as to
restrict the access to this sensitive informatisragél et al 2006).

In an effort not to disclose the information of cswbjects, the names and details of one
government agency involved in this research witllm® made available to anybody except to the
authors of the thesis. As a result of this, therinew transcript will not appear in the appendix
of our thesis.

4.6.3 Avoiding Harm and Doing Good

Harm could be as physical or social and its dedeggends mostly on the risk and consequences
encountered in revealing the information for thedson debriefing the interview is an essential
part in our ethical consideration which will create awareness of the data exposed. Therefore
the balance between harm and the benefit of thgitseninformation is a key issue (Israel et a
2006).

Our research strives to balance between doing hadrmmaximize the benefits to the society .We
look forward that the research outputs will hawgngicant contribution to the understanding of
the use of new knowledge discovered in assistiegitftision makers to acquire the appropriate
information that aid them to make better and impobdecisions hence contribute to the society
well being. Also, the result contributes to the Wihexige base in this area of study.
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5. Empirical Findings

In this chapter, we present findings and analysth®interviews performed. The analysis of the
interviews involves illustrating interviewee’s nedlimeaning along with their interpretations.
The following categories describes and analyze ititerviews held with the respective
organizations, these are; decision making, datacesuknowledge, intelligence phase, design
phase, choice phase and implementation phase.stiisture eases the understanding of the
interviews content and address the research quesfficiently.

The four interviews were conducted; two of themoirred personnel (UMC and public owned
company X) who are involved with the technical s of the knowledge creation through
KDD which had ability to answers some decision mgkjuestions. The other two interviews
involved the decision makers (MPA and SMI) who tieeKDD’s knowledge to aid them in the
decision making process who could also answers $ew&chnical questions related to KDD.
The Following table present a thick descriptiontioé agencies interviewed as well as the
interviewee background, expertise and educatiogl.lev
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Table 5.1: Interviewee and agency descriptions

Interview Type of Agency Agency Description Interviewee Interviewee Expertise
Interview Name
Interview A Telephone Uppsala Uppsala Monitoring Centre (UMC) is a Collaborati@gntre for Internationa| Dr. Niklas He is a senior Statistician and acting as reseaestager in UMC.
Monitoring Centre | Drug Monitoring founded based on an agreement ft8i#8 between the World Norén He is responsible of research and developmentwfmethods for
See Appendix (UMC) Health Organization and the Swedish Government lwiscalso updated 2001. knowledge discovery in adverse drug reaction slianeie. He
C1l The centre is responsible for the collection ofdattout adverse drug reactiopns also provides professional support on data anafysthodology.
from around the world and particularly from couesrithat are members of the
WHO in order to explore and extract useful knowkedelated to drug reactions
using knowledge discovery tools such as KDD. Thevkadge found is used tp
identify potential risks which could affect humafe Ihence take action in this
respect
Interview B Face-to-face Swedish Medical| MPA is a government agency responsible for reguiaéind surveillance of the Prof. Lennart| He is the Head of Signals Group within Swedish Mabjproduct
Product agency development, manufacturing and sale of drugs ahdramedicinal products, Waldenlind agency (MPA). Lennart is in charge of the signalgrwhich is
See Appendix (MPA) The agency is located in Uppsala. The MPA is enippiKnowledge discovery division of the drug safety department. He is resjae for
c2 in Database (KDD) to extract knowledge presentedsigrals that helps in detecting and evaluating signals extracted frora datrehouse
discovering trends about the side effects of thegslrapproved in Sweden, through KDD.
Europe and other countries markets. These signelgs hMPA in taking
appropriate decisions regarding the approval fer dnug quality, safety and
efficacy
Interview C Face-to-face Agency X The company X is a Swedistmenl limited liability Company. The comparyPerson Y Person Y is a Business Intelligence ctarstih company X.
has employed data analysis technique which inclii2B, OLAP, Balanced Persons Y is responsible for consulting on datdyaisatechnique
See Appendix Scorecards and dashboards. Company X has been th&isg techniques tp and Business intelligence solutions. Y worked witmpany X
C3 monitor and measures performances in financiahewy, statistics and market since 2002, prior to that Y worked with other comiga on the
departments. same area of Business intelligence
Interview D Telephone Swedish Institute| SMI is government expert agency responsible foritndng and surveillance| Dr. Anette She is involved in the system of computer suppastegtireak
for Infectious of the epidemiological situation for infectious efises in humans andHulth detection in SMI, responsible for detecting anduating alarms
See Appendix Disease Control promoting protection against such diseases. Astaopaurveillance activities, generated from KDD. She has been working at SMifore than
C4 (SMI) SMI has developed computer supported outbreak fimtesystem which 2 years; she has background in computer and systEaTsce.
employs Knowledge discovery in Data base (KDD)rtmdpice automatic alarms Annette has conducted numerous researches anglpedblarticles
when the level of any of notifiable disease in Sevetias reached the level that on Automatic keyword extraction using Natural Laage

might indicate that there is outbreak of disease.

Processing and Machine Learning for Informatiorrieeal.
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5.1 Decision Making

5.1.1 Interview A

The UMC decision making structure is organized ulgio the joint administration of Sweden
Government appointed officials and WHO appointeticials. The centre is involved with
decisions concerns the evaluation and recommemdatrer the adverse drugs reactions. The
centre is therefore, strives to make sure thatkié teffectively and timely decision to maintain
that they discover potential hazards coming fromgdrand recommend to countries that are
members of the WHO Program on International Drugnibring the appropriate measure in
order to prevent side effects of medicines to msnaAs a consequence of this decision
environment, it is clear that UMC operates in aidigpchanging environment which requires
them to be agile in order to respond to the chghenbrought by adverse drug reaction. In an
effort to make and recommend appropriate decisitims, UMC has employed Knowledge
Discovery techniques to identify signal (adverseigdr reactions). Based on the identified
adverse drug a reaction, the UMC is mandated thuateaand communicating their findings in
order to prevent from side effect from such druactens.

5.1.2 Interview B

The interviewee B provided us with the understagdihdecision making process in MPA. The
interviewee mentioned that MPA is involved withgémrmajor decisions, which include decisions
regarding the approval for the quality of drugdidaicy and the safety of the product, it was also
mentioned these decisions differ considerably amwhpiex. The complexity of decisions is
attributed to the fact the decisions made relaigbe health of human beings. Interviewee said
that“so, we have three major decisions, and they argeqdifferent”. Moreover, the diversity
of decision indicates that there is a need of gmuate and useful information to enable decision
makers to understand their decision situation tisusble to make efficient and effective
decision. Interviewee confirmed that some of theigiens are difficult thus requires more useful
information

“Approval on the safety of product is the mostidifit, safety begins with studies on animals ...
then you continue with patients, then small grofipatients where you study the drugs
intensively, the study is supported by reportingaferse drugs reactionSee Appendix C2).

The interviewee has also indicated that there armraber of factors which influence the

decision making process in MPA. This includes &l pressure which forces the quick

approval of drugs, the introduction of new drugs $erious (pandemic) disease and social
consideration to lower the cost for drugs whichnsgeeunaffordable to some countries. He
mentioned that.". so political pressure contributes in the earlpeagval of the drug ...(See Appendix

C2).

To support the decision activities, MPA needs imfation to facilitate the decision making
process. In light of this, KDD has been used imiiiging and extracting the signals for side
effects of drugs. The information obtained fromcdigered drugs side effects enable the SMI to
take appropriate measures to address the problesredVer, Interviewee also indicated that
after identified the side effect of drugs, they laaged such results using risk benefits criteria
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which leads to the following decisions; modifyirtgetdrug prescription, using the drug just for
severely ill patients and redraw the drug fromrtiegket.

Furthermore, interviewee stated that after havirsgavered side effects for the drugs, MPA
discuss the result in groups to evaluate its diganiice because they are so many factors that can
influence the interpretation of the findings. Hedghat
“...first we identify the signals which usually isttistical signal, and then we take that for a
group decision every week and then we discuss dicgpto the signal table what could be the
reason for this...[See Appendix C2).
According to the interviewee, the decision makimgcess in MPA involves number of decision
makers within the agency. Also, for the matter whigvolves common objectives with other
European Counties, there is also group decisiakimg across the European Medical Agencies.

5.1.3 Interview C

The decision making structure in the public ownethpany X is organized through Financial,
economy, marketing and statistics department mahbgeCEO. According to the interviewee,
the major types of decision include budget, polegking and forecasting. The interviewee
confirmed that, business pressure and changingamaent is driving the company to make
quickly and timely decisions.
“Well, for instance we have budget, policy makifagecasting. | mean different kind of decision;
it depends on how you control your daily businEss.examples if we see some businesses are
unprofitable then we have to make the decisioasecsuch business noyee Appendix C3).

Most of the decision made under such business ymesssare new and not structured such
decisions creates a need for adequate knowledgmadble decision makers to make better
decisions. In an effort to respond to these typkeslexision situations, organisation X has
implemented KDD process to guide them with marlegtislon activities. In this case, the KDD

has been used to identify and generate marketgremith provide information on customers,

purchasing behaviour, and position of markets seggn& his information guides the decision

makers in achieving efficient and effective marttetisions.

5.1.4 Interview D

The decision making structure in SMI is organizedtigh seven departments and three sections
headed by the Director General. The departmenttudac Administration, Bacteriology,
Epidemiology, Immunology and Vaccinology, Parasitpl, Mycology and Environmental
Microbiology, Virology and Microbiological Prepaneess (KCB). The interviewee mentioned
that SMI main decisions task is the ones involveth wthe control of disease, other decision
includes those support main decision such as budgetstment and priorities in the work
environment. Interviewee further clarified that SMimore an expert agency as they charged
with providing expert advice to the Government, Saiel that:

“...our main task is to surveillance, to keep tratkhe status for the infections disease
in the country and also suggest what could be dgnthe decision makers, so SMl is an
expert agent...(See Appendix C4).
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The decision making process at SMI involves acéigitvhich aim at identifying the outbreak of
diseases and recommend appropriate clinical meastie decision making process includes
the analysis of the reports of suspected notifialideases from medical doctors and also from
laboratories, this is important as the medical oiacheed to confirm if there is a real a outbreak
of disease. The decision situations involved wiitis process are complex and requires more
useful knowledge to assist them to better undedstiagir decision situations in order to provide
effective and effective decisions.

The interviewee illustrated that, SMI has employd@D methods to the data sets (reports) in
order to extracts alerts which might indicate érinis an outbreak of disease. Moreover, experts
(epidemiologists) engage in group decision makmegualuate the result which in this case the
outbreak of disease discovered in order to formeudgipropriate actions.

5.2 Data sources
5.2.1 Interview A

The data warehouse of UMC is being fed by differexternal sources, the data is a form of
individual case safety reports that contains suspleadverse drug reaction of real patients which
have been treated with a specific drug and expegiedome side effects caused by the drug.
These reports are being collected from nationatresrof pharmacovigilance across the world
such as food and drug administration in USA and ica&droduct agency in Swedémhe
sources of data in our database (VigiBase) includividual case safety reports(See Appendix C1).

The sources of data are from different governmegpneies and independent centers across the
world which exhibit different data formats theredahe integration of these data is crucial in
order to provide consistent and single versionasador further analysis and decision activities
which raise the need to implement a data wareh@&isee the relevance of the new discovered
knowledge (patterns) has a direct relation to thality of data used in the KDD process, this
justifies the importance of the data warehousemnprove the KDD output...it's also related to

the data quality issues ..."Also the data warehouse is used to store histiaia which permit the
KDD to discover trends in the data. the oldest report on database comes from 196&e.most
recent report would be from 200%8ee Appendix C1).

5.2.2 Interview B

The scattered data across different databasesemproblematic for decision making for MPA
since a single version of data is important to haveue insight on the actual situation. Before
1995, the Swedish Medical Agency did not have digceve data communication with other
European countries because of the lack of a cezddhtiatabase which lead to act independently
without any external contribution. After 1995 thér@ve been important initiatives to collect and
integrate data from different European countriesoider to enhance the collaboration and
increase the knowledge dimension which lead teebetiug control and quality in aspect of risks
and benefits‘...it's been developed since 1995, but before the tountry was reacting more
separately, ...we have this common database (DWilIftive European countries .. (See Appendix C2).

e
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The European Medicines Agency (EMEA) eudravigiladaga warehouse (DW) is a centralized
data repository that stores integrated and cleads¢al Moreover this data store is used in
decision making and knowledge extraction usinglligent tools such as data mining. The data
warehouse is being feed with data from differentrses such as the European countries and the
other countries where the drugs are being sold¢hvbieate an important data platform to apply
the KDD to discover useful and meaningful pattetng is from all Europe ... and sold in other
countries then all serious reports are coming im data warehouse then we apply data mining on the
data to discover signals(See Appendix C2).

5.2.3 Interview C

The problem with data explosion has also been délse of company X. The company collects a
lot of information from internal and external soesc Internally, they collect sales figures,
products and financial data from internal legacstesns and also collect the same data externally
as electronic transactions coming from the busibessches. The data explosion in company X
is a result of automation of their business tratisas. However, there is a need to properly
process and integrated the data in a consistematowhich can facilitate access and easy
analysis. In line with this concept, they employdata warehouse as single repository which
collects and integrates all the internal and exledata from different sourcégve have a lot of
data...all the sales figures, the products andrfirial data fed into our data warehous¢ee Appendix

C3).

The data warehouse enables company X to havedessato the quality data thereby facilitates
quick and timely decisions. In addition, the compdras realized the need to have proper
tools/techniques that can assist them to accesdatiaein the data warehouse and extract useful
information. Among other applications, company > lh@en using data mining and OLAP tools
“... and data mining that is used mostly in marketitegpartment’(See Appendix C3).

5.2.4 Interview D

In contrast to the other interviewed agencies, 8bHs not have a centralized data warehouse to
store the incoming data. They use Relational Dawlbdanagement System (RDBMS) to store
the data originated from different sources. As a ofsthe ICT infrastructure, SMI collect data
from clinical reports which are coming from mediciictors and contain information on the
patient with suspected infectious disease symptimore any of notifiable disease. They also
receive the medical reports from laboratories wtaohtain the test results from cases reported
of having been infected with a notifiable disease & some cases they require information
from other agencies such as Swedish Statistics Smeden National boards of health and
welfare*“...the reports that we get from medical doctorsand reports from laboratories ... data from
Swedish statistics from time to time ... other agendor example National boards of health and
welfare...”. As the other interviews, SMI affirmed that the Dmtse contains historic data which
permit to discover trends that help the decisiokingg"...| believe we have data from the sixties. It
also depends on the disease (S8e Appendix C4).
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5.3 Knowledge
5.3.1 Interview A

Knowledge is the final output of the KDD proces®Xinvolves applying data mining methods
and algorithm that screens the data-set in ordexti@act knowledge. Interviewee A mentioned
that they employ KDD techniques to access and extpatterns (knowledge) from data
warehouse contains data regarding the individuaé csafety reports. He said tHatethods
developed specifically for the purpose of analyzthig type of data...looking for patterns in the
database”(See Appendix C1).

So the Knowledge Discovery in Database (Data Minimgs been employed to extract useful
hidden information (pattern) to reveal relationvietn groups of drugs and syndrome of various
medical events, in other words KDD (Data Mining @als the unseen relationship between
variables of situations which a normal human carmaentify due to the limited cognition hence
used this information in effective way. The KDD pelthe domain expert in identifying patterns
that they could not identify in manual review oéttlatabases (data warehouse).

The knowledge discovered which presents pattemmaebed from data sets, need to be verified
by experts in the application domain to determinéhis knowledge is relevant, in this case
clinical experts are being involved with this preseof evaluation. He confirms th&ifter
discovering this kind of data (new knowledge, pattewe need our domain experts. In this case, dloma
experts (clinical expert) go through the findinggsée Appendix C1) .

The evaluation process carried out by clinical etgpestablishes the usefulness of discovered
knowledge and also establish if the discovered kedge correspond to new knowledge. The
resulted evaluated knowledge is put into use tstagse UMC with decision making activities.

5.3.2 Interview B

Interviewee B also provided the opinions on the aiS&DD to discovery knowledge. Also in
this case, it was iterated that as due to the largeunt of data collected, it is important to
employ KDD to overcome the human cognitive limitsdacapabilities and make the data
collected useful in a way that improve the agenciyviies and decisions. Interviewee B said
that they use KDD to extract signals (side effeftsin which contribute significantly in the
decision making. He said thatwe have this database which we apply data mifondpoking to, new
signals..."...its help us with 30%-50% in the decisitaking...’(See Appendix C2).

Since data mining is a tool that employs algorithianscreen the data for significant patterns, the
user interaction is very important. The interactionthe Swedish Medical Product Agency is
summarized in two key points. First the sensitivafythe KDD process (data mining) which
controls the number of signal discovered and tlo®rs® one is specificity which is concerned
with the data to be mined. The first point is allgmage for the user of data mining since setting a
high sensitivity will produce a large amount oftpats which many of them are irrelevant and
setting it low, it will produce fewer patterns whiccould lead to lose some important
information.
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“...the problem is also or what we call sensitivitydaspecificity, if the data mining is very
sensitive you will get a lot of sighals and mantheim are not real and that is a problem and if it
has less sensitivity you don’t get so many sigaatsmaybe lose some of them so itis a
balance...[See Appendix C2).

This challenge in setting the data mining varialdegls to produce knowledge which has to be
evaluated by domain experts (pharmacologists) &ntity the relevance of the discovered
patterns, hence taking the right decision.

5.3.3 Interview C

In this case, it has been observed that the ag€ramjlects large amount of data which are fed
into data warehouse. The data consist of salesegproducts and financial accounts. The
agency realised that could make benefits out of ttdta and had decided to employ KDD
process to extract useful relationship or trends tan help them in decision making activities .
Interviewee C mentioned that, the KDD has beeniegb the data sets to extract and identify
market trends which help the company to prepare gexign market and sales campaigns.
Furthermore, Interviewee clarified that, the prece$ data mining is outsourced to another
company.“So we extract the data set from our data warehoard send it to another company to

perform the data mining, then the marketing departhuse it in their activities”See Appendix C3).

As from KDD process, the interviewee described that knowledge discovered needs to be
evaluated by market specialists to determine itsvamce based on the available market
information. The evaluation process identifies tbentribution and usefulness of such
knowledge thus enables them to take appropriateseswaction to design market campaigns.

5.3.4 Interview D

Interviewee D provides her opinions on the knowtedg it apply to the KDD in the SMI. As
explained at previous data theme section, the Sfekives reports from medical doctors and a
laboratory, reports contains information on pasenmtith suspected infectious disease of
notifiable disease. These reports feature sommpbitant patterns of information which cannot
be retrieved through manual procedures. Intervieageeed that KDD methods have been
employed to identify relationship between data gederate alarms when the level of any of
notifiable disease in Sweden has reached the tbaelmight indicate that there is outbreak is
going on.“we are applying data mining methods to try to fivatiation to find something is not
normal .” (See Appendix C4).

This interview also show that the KDD process heentfully implemented, as it is observed that
the generated alarms were going through evalugtiocess by domain experts (epidemiologists)
. Epidemiologists has been involved in assessl#ima generated in order to confirm if there is
really an outbreak thus recommends appropriate umesi$o treat and prevent the disease.

“... manual work is mainly used to validate and evalulagknowledge discovered by the data
mining...” (See Appendix C4).
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5.4 Intelligence phase
5.4.1 Interview A

As the intelligence phase is concerned with idgmg problems or opportunities, the KDD play
an important role in mining the data in an effitigray to extract hidden information that the
normal human cannot reveal and considered probdgapsftunities’...to identify patterns which
may be missed in manual review..As KDD points out to a certain patterns discodefrem the
data warehouse, it limit the number of issues tiegtds to be investigated for more information
gathering, hence save time and decrease the infiormaverload that the domain experts
usually face when evaluating a certain problerthrough limiting the number issues that. (3ee
Appendix C1).

As a consequence of discovering knowledge about siespected drug negative effect, other
information is attributed to it, the population postion (problem owner) with the drug side
effect could be specified by KDD..in the data, and it says they are all report feyung children...”
(See Appendix C1).

Furthermore, the KDD plays important role in usimgtoric data, it scan the data warehouse and
retrieve patterns and relationship between the ahdl new data which could discover
information that affect directly the decisions te made“...in long term it could of course ...
discover a new suspected side effect,... it coukectathat drug stays on the market or .hatSee
Appendix C1).

5.4.2 Interview B

The interview gave us an insight on the intelligembase activities involved in the decision
making. He described some of these activities wkhehMPA engages in identifying problems
and opportunities.

The interview showed us that, they employ KDD tarsk for the information in the process of
identifying problem. He said th&tve use the data mining when we look at new sigr{aide
effects)"The KDD extract signals from the MPA data wareleours a timely manner, these
signals corresponds to side effects of the drulge.discovered signals (side effects) enable them
to determine the magnitude and significant of tihgaion. Based on the significance level, the
situation can be a problem or opportunity. For MiPA always an opportunity hence it could
lead to improve the health of people however @drsidered as a problem for the manufacturer
since the drug could be redrawn from the matket is always positive for people but it is negati

for the manufacturer... [See Appendix C2).

Also, KDD has been used in problem/opportunity tdeation where there is a need to
investigate a huge population with unknown effedtsreover, the interviewee realizes the
importance of using the KDD in this phase, and dw&ficmed relying on it...it is very useful, its
help us with 30%-50% in the decision . (See Appendix C2).

5.4.3 Interview C

The public owned company X faces a number of decision problems in executiag to day
activities at operation, administration and strategsks which involves market and sales
activities. In order to identify the problem, KDB used to search for information and provide

e
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knowledge which gives insight on market trends. Terket trends information includes the
information about the customers, their purchasklgalyiour and position of markets segments. It
also gives the factors that affect market campaft@asa mining gives a lot of information that
market department use to identify the market treadd also identify the factors that affect the
campaign”(See Appendix C3).

Therefore, the knowledge extracted by KDD form Hizsis of the problem or opportunity that
the public owned company X might have. The positive market trends could ssgghat there is
good market opportunities and therefore alertddusion makers to increase the production. The
negative market trends could suggest the drop ers#ifes of the products, therefore alert the
companies to launch effective market campaignsriest the needs of the buyers hence boost
the sales. According to interview C, the KDD prasdhis crucial knowledge (trends) in a fast
and good format which helps the decision makenhafie timely and better decisions thereby
reducing the time and effort could be wasted in uadly searching for problems or
opportunities.

5.4.4 Interview D

The main objective of SMI is to detect outbreaksliseases by scanning the database with data
mining algorithms. The output of this KDD procassknowledge and hidden information or
patterns that has to be evaluated by the epidegigilm order to consider it to be an outbreak or
not “...KDD (data mining) helps in outbreak detection awtlich is the mission of SMIUsing the
mining algorithms, SMI have the ability to analyige data available from different sources and
identify possible outbreaks in a certain populatirich is considered an opportunity to improve
people health. As a consequence of the KDD processtbreak identification, the time needed
to reach a useful knowledge or information has begluced since the human capabilities are
limited when dealing with a huge amount of dataKDD (data mining) helps us in directing the
resources in a timely manner.” (See. Appendix C4).

Since the SMI has a large quantity of data, itipassible that the epidemiologists scan the data
available in an efficient way to extract informatithat could lead to an outbreak. Therefore the
KDD plays an important role in identifying the neednformation hence provides a focus point
that the epidemiologists for further investigatishich is considered a kind of starting point that
is impossible to identify normally, hence decretieeinformation overload..making them focus
more on what is probably relevant...it gives us atistg point that the normal scan could not identify
(See. Appendix C4).

5.4.5 Summary of Intelligence Phase

The following table cross-check the usefulnessveerirom all the interviews in the Intelligence
phase. Based on the below table we notice lthantify pattern/trends, Time reductiand
Identify opportunity/problenmad been agreed on by all the interviews howedweOwvercoming
the human cognitivdimits is agreed on by three of the interviewdoreover, two of the
interviews agreed that the KDDecrease information overloaand Identify problem owner
Finally, one interview stated that the KDD provide®rmation about theroblem attributes.
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Table 5.2: Usefulness of KDD in intelligence phase from faoueiviews

Usefulness

Identify Overcome Decrease Identify  Identify Time

pattern/trends/relations cognitive information problem opportunity reduction

hip between data limits overload owner or problem
Interview A Yes Yes Yes Yes Yes Yes
Interview B Yes Yes Yes Yes
Interview C Yes Yes Yes
Interview D Yes Yes Yes Yes Yes Yes
Agreed on 4 3 2 2 4 4

5.5 Design phase
5.5.1 Interview A

The interviewee A has provided the usefulness oDKD the design phase of decision making
as it apply to the identification of signal for ase drugs reactions. In this context, the KDD has
enabled them to direct resources as it providesgperts (signal) pattern which indicates where
there is a problem (adverse drug reactions). SiheeKDD reports highlight the problem, it
helps the decision makers to better understandotbblem and focus on such problem thus
enable them to allocate necessary resources sudiniasl reviewers to undertake and evaluate
best measures to address the problem. It shouldtee that in this case, KDD does not develop
courses of actions but it gives the required infatron to assist decision makers in developing
course of actions.

The findings show that, if the KDD would not haveen employed, clinical experts would not
have appropriate knowledge to develop approprisasures or course of actions. This is also
attributed to the fact that clinical experts wolldve supposed to screen manually a lot of
information in order to come out with problem amgpeopriate course of actiorifirstly is to
screen the database for the interesting reportgratto help direct the resources of the clinicaliesvers

so that we can use our domain expert as effectaglyossible, so that they can focus on the rigguas”
(see. Appendix C1).

5.5.2 Interview B

These courses of action are designed based omfitrenation available on the specific side
effect, therefore the knowledge is crucial to treamplex situation which contains different
variables. Moreover, the data mining is effectimeaicomplex situation more than it helps in a
turbulent environment which needs a timely decisiorMPA decision situation§The more
severe the problem is the more rapid In"a complex decision situation which is not coesatl a
serious case the data mining could be applied er#ta after six months since the information
on the specific side effect is limited and the agertime to gather adequate size of data is half a
year. Hence the KDD discover signals that assestdiécision maker in designing the solutions
“...we need to wait in order to have more knowledgeeports on the problem which is extracted by the
data mining...” (See. Appendix C2).
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Furthermore, KDD has been extensively used to ftloeis attention to specific areas during the
problem identificatiort...this is how data mining could lead to some actiamresources direction and
decisions...”. KDD is also effective in forecasting the unforesestuation; it could provide
knowledge regarding expected problems based onhigteric data available concerning a
specific case. The patterns discovered from previbug used to treat some diseases, can create
a picture about the expected side effects for adrerng, however it does not always helpful since
the problems appears suddenly we try to foresee things drawn from the earlidgata mining
problems...”The KDD it is used to identify possible solutiorr fo certain problems however in
MPA case it is used together with other technigsiesh as trial test and animal experiments
because of the sensitivity of the situation whiaald with the human lifé...it is one of the
methods... liver problems in animal studies...”(seqéekglix C2).

5.5.3 Interview C

Having identified the problem or opportunity, thectgion makers in marketing department
engaged in a discussion to find a way to addresgitbblem situation. The discussion involves
identifying the possible courses of action for eagmblem or opportunity identified. The
interviewee demonstrated that KDD assist them #wipt and forecast a number of possible
solutions for the problems or opportunities. Thesperformed by identifying the customer
behaviour using the trends discovered in the igtstice phase to predict the possible purchasing
behaviour which are possible solution for the peabl The generated courses of action are
evaluated through criteria set by marketing depantrt,.. then they collect all the information
(market trends) ... then they take decision basetth@knowledge available to launch new campaigns in
the future.” (See. Appendix C3).

5.5.4 Interview D

The KDD has the ability to discover the unseenSMI case the KDD knowledge is used to
evaluate the situation hence support one of thalusaurses of actions employed. However
when a new situation raise the KDD help the denisimker in directing the resources available
for more exploratiori... it is a tool that we need ... the KDD (data minin@lps us in the
directing the resourcés. Furthermore, the interview attests that the KD assist the decision
maker in developing the courses of actions in adiréct way by providing the needed
knowledge“... evaluate the outbreak discovered in order to foateilappropriate actions...”
(See. Appendix C4).

5.5.5 Summary of Design Phase

The cross table (see table 4) presents the sumoh&rgefulness of KDD in Design Phase from
all interviewees. All interviewees agreed and atiies usefulness of KDD in assisting to develop
the appropriate course of actions, and that ivides knowledge which helps them to better
understand the problem situation and hence lecteldpment of course of actions. However,
only three (3) interviewees agreed on the use dDKiDassist them to direct the resources.
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Table 5.3: Usefulness of KDD in design phase from four intamg

Usefulness

Assist in developing the Direct the

appropriate courses of action resources
Interview A Yes Yes
Interview B Yes Yes
Interview C Yes
Interview D Yes Yes
Agreed on 4 3

5.6 Choice phase
5.6.1 Interview A

The interviewee A described the use of KDD in theice phase of the decision making process.
He provided his opinions based on the roles thaDKilays in developing different courses of
action in the previous phase (intelligence andgigsithe decision maker need now to choose
one and considers it as a solution for the problenthis case, KDD has been used to extract
knowledge and present it to the decision makersgisa him in choosing the best course of
action available. He mentioned that KDD discovernwledge about negative effect of drug on a
long term which alert decision makers to take appate decision regarding the production of
this drugs'...if we discover a new suspected drug negativeceffet directly but in long term, it could
affect that the drug stays on the market or not(Sée. Appendix C1).

The discovered knowledge which in this case theltred adverse drug reaction which brings
negative effect (harm) to human, helps the decisiakers to decide as to whether to withdraw
such identified drug from the market or not depagdin impact (harm) which such drug brings
to the human being.

5.6.2 Interview B

The interviewee B also indicated that the KDD ds#ige decision maker in evaluating the
possible courses of actions by extracting sigratsqg side effects) from the data warehouse that
will enforce one of the solutions available whiatdamore understanding to the decision maker
about the problem situation therefore help the sieci maker in using the risk benefit for the
appropriate course of action. In this interviewtBeg central concern is the risk benefit which
they use to decide on course of action to be adtpt&ver problems for example and they are not
serious, we apply data mining to identify signadtated to this side effect, if the signals havedhme
results (not serious) then it is maybe enough tthé to the prescribing information...” (See. Apgien
C2).

-46 -



Knowledge Discovery in Government Decision Making Process

As the findings indicate, the KDD provides the wseahformation that guides the decision
makers to the make appropriate decision therebigwacly efficiently and effectively decisions.

The findings from interviewee C and D have indidatieat the KDD has not been exploited to
guide decision makers to choose among selectedeafilactions. The interview shown that, the
data mining was not used to guide the decision nsakechoosing the best course of action
among the possible identified solution.

5.6.3 Summary of Choice Phase

The cross-table below presents the summary of rfigalifrom all interviewees in context of
choice phase. The first two interviews agreed atebi@d that KDD assists decision makers in
choosing the best course of action and evaluatiegossible courses of actions.

Table 5.4: Usefulness of KDD in choice phase from four in@ms
Usefulness

Assist decision makers in choosing the evaluating the possible

best course of action courses of actions
Interview A Yes Yes
Interview B Yes Yes
Interview C
Interview D
Agreed on 2 2

5.7 Implementation phase
Based on the empirical findings and the data ctdtbahe KDD did not provide use or
assistance in putting the solutions into actions.
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6. Discussion

In this chapter, we present answer to our resequestion. The main themes used in our
empirical findings that target the decision makprgcess are discussed and will permit us to
address the research question.

6.1 Usefulness of KDD in the Intelligence phase

Literatures have indicated that, the intelligendege of decision making is attributed with
different activities starting with problem or opparity identification (Turban et al 2007,
Holsapple 2008). In this phase, the problem isstfi@sl and problem owner is identified which
lead to create a problem statement. The complexwabhdlent environment that the government
is facing requires appropriate techniques that mmeof the huge amount of data available to
extract useful knowledge which helps the decisi@kens in addressing the attributes mentioned
(Ogut et al, 2008).

Different scholars agreed that KDD is been useful identifying the problems and/or
opportunities and discovering relationship betwdgferent data (Turban et al.2005; Fayyad et
al 1996; Bach 2003). This view has been supporyealllihe interviews in the empirical findings
(see Table 5.2). The usefulness of the KDD in tositext is due to the innovativeness,
meaningfulness and goal relevance of the knowletigeovered since it assist in discovering
adverse drug reaction, drug side effects, marlketds and outbreak of disease as evidenced in
all interviews respectively.

In spite of supporting the usefulness of KDD fratarktures, our empirical findings pointed out
to other usefulness which has been agreed on by ehtise interviews. Our empirical findings
indicate that KDD has a potential use in this phessé provides the decision makers with useful
knowledge to make decisions. As per all the intamg, KDD reduce the time of collecting
useful information and knowledge which is usedha intelligence phase (see Table 5.2). The
agreement of all interviews on the usefulness ofDKiD time reduction is mapped from the
meaningfulness and goal relevance of the knowlelilggovered. The meaningfulness and goal
relevance of KDD knowledge enables the decision ersakko gain a clear and precise
understanding of the problem and/or opportuniti@sedl in a timely manner since the four
interviews agreed that it would be very time consigrand approximately impossible to scan
the data manually in an efficient and effective wagxtract the required knowledge.

Moreover, three of the interviews (A,B and D) affed that the KDD helps in overcoming the
human cognitive limits as it permit to scan andraott meaningful knowledge and relationship
from a large amount of data which is used in thenag operations (see Table 5.2).

As KDD extract summarized meaningful and innovatmwewledge from large amount of data
which is agreed on by the interview A and D, iugeful in decreasing the information overload
faced in the actual complex decision making envirent. Also, interview A and D found that

KDD identify the problem owner in some cases simddentify the population with drug side

effect cases or the area of the disease outbreakdtance, drug side effects in children and
outbreak in specific area of Sweden respectivelys Tisefulness reflect the operational validity
and meaningfulness of the information since thewkadge extracted is used in the agency
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activities, and also goal relevance since intervigwaffirmed that KDD assist in attaining the
agency goals (see Table 5.2).

6.2 Usefulness of KDD in the Design phase

As mentioned in the literature section (see 2,4the design phase of decision making aims at
finding and analyzing possible courses of actiarafproblem or opportunity (Turban et al. 2007
& Holsapple 2008). However, in order to achieve @beve aims, useful knowledge is required
to enable decision makers to better understangriftdem and hence develop appropriate course
of actions. Literatures indicate that KDD has beesed to assist the decision makers to
understand hidden relationship between data thaisleno develop the courses of actions, also it
assist in plan for the resources allocation (Ba@b32 Fayyad et al 1996) see also Table 6.1. In
addition of generating the alternative coursesctibas, decision makers are required to develop
the criteria which can access the acceptabilitgesferated actions or outcomes. Our empirical
findings revealed that, government agencies haakzeel the use of KDD and has used it to
assist in development of the courses of actionsgamdke to analyze the potential of such actions.
The four interviews (see Table 5.3) revealed atestad that KDD assist them to understand and
identify hidden relationship between data thus gultem to develop course of actions. Findings
also showed in three interviews (A, B, D) see dlable 5.3, KDD assist them in direction of
resources during the process of developing theseoofraction.

The interview A illustrated that KDD helps to idéptsignal (drug side effects) and highlight
problem. This enables the direction of resourceghvlieads the clinical experts get focused
during the analysis and development of the coufsections. The perceived useful of KDD in
this case is related to meaningfulness, goal ralevand operational validity as it helps the
decision makers to have precise knowledge whictsesl to carry out decisions in this phase.
Also in interview B, KDD is perceived to be useinlforecasting and prediction of possible side
effects of drugs based on available historical adtapecific cases. The expected drug effect
provides information that enable to establish asd the possible course of action or solutions.
As due to the KDD knowledge, the direction of rases is facilitated leading the
pharmacologist to focus on identified problem dgrthe process of design the solutions. The
perceived usefulness of KDD in this context is mfmreused in the ability that the discovered
knowledge provides to the decision makers to enddels to understand the problem identified,
develop and analyses the possible course of afdrosuch problem. Additionally, the KDD is
perceived useful as it provides appropriate knoggetbr timely decision to prevent harms to
humans that can be caused by drugs side effect.

The interview C identified that KDD is useful ingalicting customer purchasing behaviors for a
certain set of product. In this case, KDD is peredito be useful as it helps to generate the
customer purchasing behaviors which guide the aecimakers to focus on what to produce and
what customer to target, this enable the orgamizat adjust the production of products in order
to meet customer demands. This perceived usefuloe4sDD in prediction of customer
behaviors can be reflected in terms of goal relegamnovativeness and meaningfulness. This is
because it enable the decision makers to acquetilusnd meaningful knowledge which help
them in generating, testing and validate the geedreourse of actions. Generally, it results to
efficient and effective decisions into this phase.
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In the last interview D, KDD is useful as it proegluseful information regarding the drugs side
effects which enabling epidemiologists to evaluael development of the course of actions.
Moreover, the discovered KDD knowledge enables dhection of resources to formulate
appropriate course of actions. As a result of KDIe decision makers assured better and
accurate knowledge guiding them to develop appatprcourses of action .This is in consistent
with meaningfulness, goal relevance, operationkdliya and innovativeness.

6.3 Usefulness of KDD in the Choice phase

Literature had described the choice phase as wherelecisions are being made to solve the
given problem; it includes the choice of the besirse of action based on organization criteria,
concept, goal or even a special model developedhisr purpose (Turban et al 2007). The
literatures could not reveal the usefulness of KED in assisting the decision makers in
choosing the best course of action among the dlaikdternatives (see Table 6.1). However, our
empirical findings reveal that KDD assist the deeignakers in helps in evaluating the possible
course of actions and choosing the best coursetiming (see Table 5.4).The usefulness of KDD
in this context had been confirmed by two intengg& and B) see also Table 5.4 . In interview
A , the KDD reveals the information about the ldegn drug side effect which gives them an
insight on the actual status of the drug side éfifienice leading to take decision as whether to
redraw the drug or not. The KDD knowledge in th&se, provides a meaningful and valid
knowledge which affect the choice of best decision.

Also, interview B, the knowledge extracted by KD process assist the decision maker in
evaluating the possible courses of action whicimitethe use of the risk benefits criteria hence
choose the best course of action such as redrawrtigefrom the market or not based on the
adverse reaction of the drug. Also, the perceivesfuiness of KDD knowledge in this case is
valid and useful from interview B point of view.

6.4 Usefulness of KDD in the Implementation phase

According to Turban et al. (2007), the implemewtatphase is where the solution is put into
action. Literatures could not indicate the use @CKin assisting the decision makers to
implement the final solution to the problem (seebl€a6.1). Also, the empirical findings

collected could not reveal the usefulness for KDidwledge in supporting this phase.
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Table 6.1: Usefulness of KDD identified in literature and agdeon by interviews

General Usefulness from Literature

Interview A
Interview B
Interview C
Interview D

Agreed on

Intelligence

identify the
problems and/or
opportunities

Yes

Yes

Yes

Yes

4

discover relationship
between different
variables and factors
Yes
Yes

Yes

Yes

Design
understand hidden relationship
between variables to develop
the courses of actions

Yes
Yes
Yes

Yes

4

plan for the
resources
allocation

Yes

Yes

Yes

Choice

Nothing has
been
mentioned

Implementation

Nothing has been
mentioned
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7. Conclusion and Future Research

In this chapter, we present the conclusion fromresearch and answer our research question.
We also provide the recommendation to the futusearch of this project.

7.1 Conclusion

In this study, the purpose is to explore the peesktiusefulness of the knowledge discovered
through the knowledge discovery in database (KDD)the decision making process of
government agencies. The following question wag@os

* What is the perceived usefulness of KDD in the Goneent decision making process?

To answer this question, we have developed criteriassess the usefulness that the KDD
knowledge provides to the decision makers to enthiale to make decisions in rapidly changing
environment which government agencies experienbesé criteria are: meaningfulness, goal
relevance, operational validity and innovativeneBse perceived usefulness of KDD in the
decision making process in the government have tdeewed from four decision making phase
namely intelligent, design, choice and implementatiThese four phase constitutes the decision
making process.

The empirical findings confirm that, the perceiuezkfulness of KDD in intelligent phase is to

identify pattern or relationship between data whectable the decision makers to gain a clear
and precise understanding thus leading to the enoland/or opportunities identification. The

KDD is also perceived useful as it helps the deaishaker to overcome his cognitive limits as it

permit to scan and extract meaningful knowledge ratationship from a large amount of data.

Moreover, KDD is also useful in decreasing the infation overload by presenting to the

decision makers an appropriate amount of knowlemlgeacted from the huge amount of data
thus facilitates the timely and efficient decisioRtndings also revealed that KDD is perceived
useful as it enable the identification of the pewblowner during the data collection and analysis
(see Table 5.2).

In comparison, the literature pointed out the tyemeral use of KDD in intelligent phase such
as identify pattern or relationship between data,ekample as in identify crime situations and
identify suspicions financial transactions (see€) 3.6econdly KDD helps decision makers to
identify the problem and/or opportunities (see €ahll). These two uses have been also agreed
by all interviews as indicated in Table 5.2. Howeg\igeratures could not provide the detailed
usefulness of KDD in this phase. In contrast, thpieical findings explore more usefulness of
KDD in intelligent phase (see Table 5.2). Findigfempts to explore in details the use of KDD
in assisting the decision makers in the activitiesdentifying problem or opportunities which is
main activities in intelligence phase. Furthermdiralings from all interview affirmed to the use
of KDD in time reduction while its use in identifgroblem owner, decrease information
overload, overcome cognitive limits has been disted among the interviews as indicated in
Table 5.2. Therefore the empirical finding conttémsiand provides deeper understanding on the
usefulness of KDD in intelligence phase.

In the design phase, empirical findings showed K@D is perceived useful as it enables the
decision makers to acquire useful and meaningfuwkedge which help to understand the
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problem thus guide them to develop, test and atdidhe generated courses of actions. In
addition, empirical findings shows that KDD is udein the direction of resources which a

course of action or an aid for developing them ($abéle 5.3). The empirical findings are

consistent with the literatures which also shovet DD has been using to assist the decision
makers to understand hidden relationship betweéa ttias enable to develop the courses of
actions, also it assist in plan for the resourdexation (see Table 6.1). Furthermore, findings
have attempted to depict the usefulness of KDDhoiae phase of decision making process,
KDD provides meaningful knowledge that enables slenimakers to evaluate complex decision
situations thus contributing to the ability of examdifferent alternative courses of action and
choose the best solution (see Table 5.4). Thisrfigh@derves as important contribution to the
understanding of the use of KDD in choice phasee Titeratures could not indicate the

usefulness of KDD in choice phase.

This research finding also identified that the KDBs not been used in the implementation
phase, which is also supported by the same rasult the literature. The reasons for why KDD
has not been exploited in this phase can be thecudf further research.

The following table summarizes the usefulness oDKkdzrived from the empirical investigation.

Table 7.1: Usefulness of KDD in the decision making process

Decision Making Process

Usefulness from the research

between data

Identify opportunity or
problem

Overcome cognitive limits
Decrease information overload
Identify problem owner

Time reduction

courses of action
Direct the resources

choosing the
best course of
action
evaluating the
possible
courses of
actions

Intelligence Design Choice Implementation

Literature ¢ |dentify Assist in developing - -

pattern/trends/relationship the appropriate

between data courses of action

¢ |dentify opportunity or Direct the resources

problem
Empirical  |dentify Assist in developing |+ Assist decision -
Findings pattern/trends/relationship the appropriate makers in

As a conclusion, the cross-case analysis permiitteédentify the similarities between interviews
and compare it with the usefulness derived from litegatures, therefore we generalize the
following usefulness of KDD only in the contexttbifs research and the sittings investigated.

Identify pattern/trends/relationship between data
Identify opportunity or problem

Time reduction

Assist in developing the appropriate courses abact

PN
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7.2 Future research

The explosion of data created a need to develop teetwologies to address this important
phenomenon. The data generated every day contapartant information which needs to be
extracted in an efficient and cost effective wapd a@hen transform this information into
knowledge by evaluating it. This knowledge could Umed in different ways for different
subjects; business, health, non-profit servicesraady other areas. KDD is currently used to
create knowledge out of raw data to support diffeespect of the organization. It is important
to know that the main engine and heart of the KD&cess is the data mining algorithms which
identify patterns hence lead to knowledge. In tieisearch we tried to explore the perceived
usefulness of KDD in the decision making processhef governmental agencies. During the
research process we encountered many possibleefudsearches that we couldn’t address
because of our limitation. We briefly describe pussible future research as follow:

» The data mining is the central process of KDD wtaghs to scan the data repository for
related and significant patterns. Despite of th&8DKis an intelligent tool to extract
knowledge but it needs the human interaction téodoland support the process for
effective output. One of the important areas o$ thieraction is setting the Sensitivity
and specificity of the KDD process in extractingolutedge. The sensitivity control the
amount of patterns detected; low sensitivity lemdgrge number of patterns discovered
which could contain insignificant output howevegthisensitivity will lead to small
number of discovered patterns hence increase thecehfor missing some important
patterns. This requires a special balance sergitihich is based on the application area
on the KDD. This could be more clarified and exptbby investigating the way that the
different organization (private and public) set tBensitivity and specificity of data
mining.

» As per this research, it is clear that the KDD natl been used in the implementation
phase of the decision making process. This rathatavhy it is not used and how can we
benefit from the KDD capabilities to support thisage.
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APPENDIX A

Interview Guide:

INTEIVIEWEE NAIME. oottt e e e e et e e e ae e eaenns Interviewer 1. o
AGENCY: Interviewer 2: .o
Department: Date:
POSItION: TIME:
Procedure:

Step 1:Introduce ourselves to the interviewee in aspeedoication background.

Step 2:Explain the purpose of the interview. What is thiepose of the interview and why we
are conducting.

Step 3:Explain the rights of the interviewee in contexhad/her confidentiality, anonymity of
the interview and request for inform consent.

Step 4:Ask the interviewee if he/she has any questiomsifidations or concerns before starting
to record the interview.

Step 5:Ask for the permission to use interview tools sashape recorder, note etc.

Step 6:Start Recording and ask questions according tthié@es below.
Step 7 Questions
General question:
1. What is your experience and background in the @ig@mowledge discovery techniques?
Technical theme:KDD to produce knowledge
a) Data warehouse

2. What are the sources of data in Data warehouse éNiaternal and external sources)?
3. What type of data warehouse is implemented in tharezation? (Data marts or
Centralized data warehouse or Real Time Data wass)o
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4. How old the data is in the data warehouse?
b) Data Analysis Technigues (Knowledge Discovery teciques)

1. What are the analytical techniques employed tessthe data warehouse (OLAP,
KDD, Data Mining, ANN, data visualization tools)

2. Does the technique identify and /or discover knolges?

3. How such analytical tools support and improve denisnaking?

4. |Is the Data mining being used to perform predictimalysis and forecasting?

c) Discovered Knowledge

1. How accurate and relevant the discovered knowléitye

2. How do you manage the knowledge created or dised®er

3. How do you classify the knowledge discovered ireaspf relevance, incompleteness
and irrelevance?

4. How the knowledge is presented to the users?

5. How do you transform the decision maker requiresario rules?

6. What are the major departments that use the dised\@mowledge?

Decision makers theme:

What types of decisions are made in the agency?

What is the general decision making process agenggur department?

What is the degree of structurdness of the dedstmcountered?

Do you use the Knowledge discovery techniques asdkDD and/ or data mining?

How do you use knowledge from KDD to identify a lplem or opportunities in your department or

organization? (extends to usefulness during ineevyi

How knowledge discovered assist you in developimdjexploring the courses of actions for your decisi

problem(s)? (extends to the usefulness)

7. How knowledge discovered assist you to evaluatesatett the best course of action for your decision
problem (s)? (extends to usefulness during intervie

8. How is the knowledge being used in forecasting @ngledicting the unforeseen situations?

9. What is the perceived usefulness of knowledge sieseml through knowledge discovery tools in
decision making process?

10. Do you need external information to assist youednision making?

11. What is the perceived usefulness of knowledge abkilin decision making process?

arwNE

o

Finally, stop recording and ask the interviewdrafshe wants to share any ideas about the
interview and if he/she has any comments or questioat can be answered by the interviewers.
(Debriefing)

THANK YOU FOR YOUR PARTICIPATION.
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APPENDIX B

Introduction Letter

I, Kelvin Kiritta and Imad Bani-Hani, we are conting a research study for the purposes of obtaining
a Masters Degree in Information Systems at the éisity of the Lund. Our research is focused to
investigate the perceived usefulness of the knogdetiscovered through the knowledge discovery in
database (KDD or Data Mining) to assist the denismaking process of eGovernment agencies
(government agencies).

The research will involve interviews which aimed dollect information of how the knowledge is
discovered and use of such knowledge to assishtieduals making decisions.

With your permission the interview/s may be recdrd® order to ensure accuracy. Participation is
voluntary, and no person will be advantaged ordligataged in any way for choosing to participate or
not participate in the study. All of your responsefi be kept confidential, and no information that
could identify you would be included in the reséareport unless you permit us by checking the “I
agree ...” statement at the bottom of this paper. iiterview material (tapes and transcripts) wilt no
be seen or heard by any person at the school @wvkése, and will only be processed by myself. Any
disclosure of personal identifiable informationMa& agreed upon in a formal consent.

The interviews/discussions will only be processgabrselves and will be used for education purpose
only. The final output of this research will be fisbed at the Lund University Thesis Database which
can be public accessed through web address hityidtbket.ehl.lu.se/olle/

You are free to withdraw your participation at apgint without any further explanations or any
personal consequences. We need your written cofagparticipating in this study.

Your participation in this study woudd greatly appreciated.
Kind Regards

Kelvin Kiritta
Imad Bani-Hani

Consent Form

I, have received infeomdtom Kelvin Kiritta, Imad Bani-Hani on
the study “Knowledge Discovery in Government demisimaking process .” | am aware that my
participation in the interviews are voluntary, ahdt | can freely withdraw my participation at amye.

O | agree to disclose my personal informationwaedl as actual position and organization/agency
activities and name.

Signature Date
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APPENDIX C

Cl.Transcriptions of the Interview with Niklas Norén — Uppsala Monitoring Center
(Interviewee A)
R stands for Researchéi:stands for interviewee 1

R: What is your experience and background in theofismowledge discovery techniques?

N: My current position is Acting Manager, R&D at thippsala Monitoring Centre and am involved with
research and development of new methods for kn@eleliscovery in adverse drug reaction surveillance.
R: ok thank you. my first question is What are therses of data in Data warehouse (Name internal and
external sources)?

N: The source of data in our databases includes thaivicase safety reports and they're contributed by
national centers of pharmacovigilance across thddw&o in Sweden it may be the medical product
agency and USA it would be the food and drug adshimiion and other countries it may be independent
centers responsible of the collection of thesentepo the respective countries. The individualecaafety
reports are reports of suspected adverse drugioradhcidents in real world clinical practices whe
actual patients having received treatment for sdimess and then experience adverse events that the
doctors believe was or might be related to the oadidin.

R: So it's just not internal data from Sweden, itikernal and external sources?
N: Well it depends on how you define external sestdts coming from national centers then we store
the data in-house.

R: What type of data warehouse is implemented in ttgarozation? For example: Data marts or
Centralized data warehouse or Real Time Data wassto

N: Well I don't think that's really my area. My aré&aah is the research of method to analyze datm |
not directly involved in the architecture of thetalavarehouse, | am not sure how | could classify
according to those, | would have to pass for thiaistjon.

R: How old the data is in the data warehouse?

N: There various of course, the oldest report oalakge comes from | think | can’t say for surejrikht
is 1968 maybe 1967 or even 1969 but it is latdesixiSo those are oldest report in the database,vile
have of course new report coming in all the tirhe, ihost recent report would be from 2009.

R: What are the analytical techniques employed tessthe data warehouse? For example: OLAP, KDD
(Data Mining), Data Mining, ANN, data visualizatiomols maybe.

N: Well, we have a range of knowledge discovery metllevelop specifically for the purpose of
analyzing this type of data, most of them have k#®mreloped in-house, you may be call them KDD or
Data Mining Method (DMM). It doesn't really say ryemuch, | mean, there the range of pattern
discovery methods basically looking for a pattennthe database, striking the association between
different fields on report or groups of drugs dinéy all tend to report together the syndrome afious
medical event, so is range of different patternd, would say we focus on pattern discovery sirgcrat
really prediction or forecasting, it is more tryitggdiscover a report pattern which are interesiingpme
sense and worthy of further following up.

R: so it mainly about new knowledge discovered faatabase?

N: Basically for this kind of data we need domaimexts in this case. In this case clinical expent, g
through the findings but the purpose of the knogéediscovery is divided in two, firstly is to screthe
database for the interesting report pattern to diekrt the resources of the clinical reviewerstsd we
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can use our domain expert as effectively as passin that they can focus on the right issues and
secondly is to identify patterns which may be misisemanual review of the database and pickup thing
that you may not reacted to due to the human degriapabilities.

R: Does the technique identify and /or discover kieolge?

N: Ah yes, | mean any knowledge discovery applicaioeritical, we have to follow the context message
first step, there are examples of drug safety sdist highlighted with KDD or data mining method
which gone beyond clinical review which need tacbenxmunicated to the community and have later been
supported by some other publications as literaburehanging to the official safety information, $es
,there are range of examples where identify pagtdmcorresponding to new knowledge.

R: So how relevant is data discovery, on a scale 19?

N: Sorry, in what sense, relevant to whom?

R: useful for the decision makers?

N: I think is difficult to say | mean it is certainlery important part, | mean in our case theneaisvay
that our domain experts could go through the widalibase searching for information for the decision
makers, so it is critical, we need to screen thea déherwise we could miss important informationm, s
what we do is quite important. | am not sure | aady to put them on a scale but | think 8 or 9,lbut
think it is very important for the decision makers.

R: How such analytical tools support and improve sieai making?

L: Well | think it is important to support decisiomaking, | think the most, and most important parit i
that helps us to direct the resources. It helpgaufpcus on those decision or those issues thatast
likely to be decision or going to be and then sltloat there is something we should follow up. They
important in supporting the decision making throlligtiting the number issues that the domain experts
have to look at.

And also some KDD (data mining) method will higtiigother aspect of the data which can of course
impact decision making. Quantitative pattern caticate that there is this, and might explain theegal
tendency of this drug for the same substances endita, and it says they are all report for young
children. Yes | mean in that sense could also imgaectly the decision making | suppose...

R: So it depends actually on the meaning of theHitgou discover some new knowledge that hasyreall
an impact on some subject or people, then it redifcts the decision making.

N: Oh it could, in long term it could of course ibyy mean long term, yes, absolutely, if we find or
discover a new suspected side effect, not dyrdett in the long terms, it could affect that dstgys on
the market or not.

R: How accurate and relevant the discovered knovaesig)

R: | suppose that you answered this question before.

N: Yeah | think, as | said, before we spent a lotioe to analyze the data and which produced aflot
findings but with KDD (data mining) it is easiermoAlso we have very problematic data sets; | mean
it's also related to the data quality issues serpfhany of the content patterns can cross fromaiatbty
issues as well.

R: How do you manage the knowledge created or dised®er

N: Well, If we go beyond say something is highlight&ith data mining methods and then clinical
reviews is going through them say that well therprobably something or this is something old ehoug
that we want or something we have to communicate thhat we will do is to publish in a restricted
document that that goes to national centers so Mreammunicate our findings to the national ceater
that provided us with the data.
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R: How the knowledge is presented to the users?

N: we present the findings by statistical measuoe® of the statistic measure that we used which
measure the degree of association between twosweatalso strive to present the underlying dataeso
would not just say there seems to be some asswotiatit we would say there is association indicating
that the observed expected ratio is 2 so theretim@s many reports as we we're expecting and the
observed number of reports is 20 and expected nuaflreports is 10 It depends on the specific peac
of knowledge discovered.

R: do you use any kind of visualization tools toeeti®e way of understanding this data?

N: We do as well, | mean we have visualization alf; we look at trends over time which are displayed
graphically, also of course if you look at the gahdistribution of sex, the age distribution foaeple
that would be presented graphically as well, sodsg a mix of numeric data and graphically inforamat

R: How do you transform the decision maker requinets@to rules?

N: The domain expert are not guided by rules, theyqaite free to do their vector of analysis in ayw
that they see fits so there is no sort of striteégdior how they act | mean we want to use thgiabdities
to see what is best in each case | mean it's golagzed in that sense.

R: So what | understood from you is that there isrelationship between what could be needed from
decision making aspects and what is being produced?

N: What | think is that there is quite good relatibip that's why we produce this information forrhe
to be able to do good analysis but there are nbofastrict standardized operating procedures fow h
they should exactly or what steps they should fakenalysis, there are recommendations or guidglin
for how to do the decision making, but there isstrict rules they have to go by, | think u caréiva that

in real world data analysis, you would use the benef having someone with the domain expertibeyt
need to be able to go outside of the box and dautladysis as appropriate for each given situatitinink
you lose if you trying to regularize too much, ygoing to miss things because you just can't predica
anything, that’s point of knowledge discovery ifuyavant to detect the unexpected and you need ve lea
some flexibility, | think that’s risks over reguiaing it or restricting them in some sense.

R: What are the major departments that use the dised knowledge?
N: So that would be the national centers, the onegiging the data and in-house it would be the grou
that is responsible for doing the drug safety ysia) so | mean you can refer to them as drug ysafet

group.

R: What is the exactly usefulness of the knowledgeaVery in data base (Data Mining)?

N: I think as | said before there are two importaspects first of all it's a necessitate which wa'tca
possibly go through all the incoming data, it'secessity to sort of focus the attention on mogicati
issues and then secondly to detect pattern whighrmogbe directly apparent to domain expert whosgoe
through the data so it last them to look at thimtpich would otherwise may not. So two things really
mean, focusing on the right issues and discovagththat they may not otherwise picked up on. These
are the major benefits to us
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C2.Transcriptions of the Interview with Lennart Waldenlind- Swedish Medical Product
Agency (Interviewee B)
R stands for Researchér:stands for interviewee 2

R: As my colleague introduced our purpose of thieriview, we have 11 questions about the decision
maker, how the decision makers used the knowledge Knowledge Discovery in Database (KDD) to
assist in decision making process, firstly can goue us your background and experience on the fise o
Knowledge Discovery in Database?

L: My responsibility is to manage the signal detactwork within the Drug Safety Department at the
MPA. To manage signal detection includes detectimgl evaluating signals extracted from data
warehouse through Knowledge Discovery techniques.

R: What types of decisions are made in the agency?

L: And then so called approval of new drugs, arahtfollowing up already approved drugs. And so,
then you can say we have three important thingst i§ Quality of products and that is regarding th
manufacturing and what is the quality really oflédd suspension etc, the second is efficacy’'sthad

the third is the safety of the product. So we heree major things you can say, and they are quite
different, | mean for the approval of the qualisyfor the chemistry and physical principles and tha
think you can more easily investigate by differemtthods. Regarding the efficacy then you have to
indicate trials for patient with this diseases #meh you have some standards you're investigatirsgé

if the drugs isn't better that plausible usuallatth sugar pills that's tablets without anythingdayou
compare and you have them blind. Patient and pilaysido not know and then afterwards you make
statistics on the results. And then you can seeuiis was ethically statistically significant arfdcourse
this significant also need to have clinical impattd's not only enough statistical significant@iseed to
have changes or the difference that is clinicafuise

And the third is safety and this is most difficultgfety begins study on animals to see somethitig w
them in forms of kinetics and effect of drugs onnaais, and then you start with patients, then &mal
group of patients where you study the drugs intehs If everything is alright then you expand
investigation to more and more people and usuallyhave many thousands (1000k) involved which you
evaluate before approval. For the safety is nadvaécause there so many things that they popped up
you're not aware of, then you follows the drugsthitbughout the market by following the reporting o
adverse drugs reaction from WHO.

R: Are this decision related to Research &Developfhien

L: It is, and of course if you take the quality st éasier because you have some standards you can
measure for example if the substance has cont&nhfrdven you can measure. For Efficacy you rum th
studies and the statistics, if the study is releyan can make conclusion from that. From the gaifet
more difficulty because is not so clear. You caea semmon side effects when study are ready .For
uncommon you cannot see, and you don’t have a#matpopulations so this is more difficulty, ahén

you make synthesis there is a lot of different deden animals, from clinical studies and from u$ehe
products so that is global evaluation for the safeu can say for safety.

R: considered the policy that is used, is it devetbpere in-house or?

L: You can say is the policy that comes time by tim&urope. We have control risk benefits. We have
risk and benefit. Benefits should be greater thisksr And that's very different from different dutgt’'s
say if you take cancer drugs then you can accégitat side effects because disease is so sefuisf
you use drugs that should lowers the cholestexal lhen just when you treat healthy person thay th
will have less disease on the future then you chancept side effect so much at all ,then it'syver
different from the types of drugs you have ,and dbncept is the risk benefits.

R: What if there is a new disease, is there spa@atment/procedures?
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L: It could be, if you do have disease where havéreatment earlier then you can accept little more
risks, than if you have already treatment, thecait be harder on the new one. But let say if yotie ha
HIV for example and you had no treatment for thidten there was a lot pressure from United Statas th
the approval should go quickly and we did thathiase times because we had no treatment .Today we
have treatment, so today it would be probably randen we evaluate because patients have some sort
of treatments. So for examples for swine its diffig to say of course is very dependent on serifuke
disease, if swine would be seriously let's sayirgll 10 of diseased people. Then you need to take
something very quickly and accept higher risks.

R: Ok. Does the decision depend on environment dgvaridisease?

L: yes, and is always risks benefits. Let's sayflih@ould be very serious killing 10 % ,then ifyybiave
treatment the benefits is huge because you sees kiy treatment ,but let say if the flue onlyiskil
person or 1000 then of course that would also lpoitant,, but as not important as 10 % ,then yau ¢
be more carefully when you develop, you must louke to the risks, the risk will be more impottan
than relative than if the flue would be killin@ percent for examples..And that was example before
your treatment you could take may be some yousriBkit today you're not willing to take the sampeay

of risks. And you're not willing to take any riskat is higher than the current treatment. So ingiples

we want the risks to be lower than the currenttineat. Then Since the risks is not 100 obviousarcle
there always hesitate when we are approving laatdate need to following up them because therédcou
be serious things coming up and we must absorb thermange the efficiency. We want to be so sure we
can when we approve the drugs

R: What is the general decision making process agengour department?

L. We are involved with, we have different typeginigs, national approval drugs and we decide dir se
here. But many drugs now are centrally approved! that's means they are approved at all Europleeat t
same times so then we work on European environriéwn the decision making process is European.
We have Committee for Medicinal Products for Huriese ( CHMP) a board where all experts from all
the countries meet and they decide, the we areoptre team.

R: is there a decision making framework?

L: Yes, of course in fact even if they are naticaggroved, drugs are usually existed in other Ewaope
countries. The process will also be European. Seihave problem here, we analyses the problem here
and discuss internally and usually is taken tocoRean boards for discussion, since if we thinkdh't

be in market it shall also not be on the markeatdtiver countries as well. But we have the forngthts to
decide our self. Let say, if we don’t want to agwdth UK we can decide our self. For central apptov
there is common decision.

R: Is there a specifically details criterion to ol up on taking decisions?

L: You cannot say specifically criteria. Is justigkrbenefits always and that varies so much between
different drugs so .You cannot have specified datbecause it so different for different drugsydiu
treat serious diseases for example you may acidpteffect .If you treat not severe disease youtcan
accept so much and this also depends on what in@@ment around the markets, other treatmentiteat
better that you can't accept anything that is wofd®at is whole situation, is risk benefit. You koat
disease type and other current treatment

R: Do you have some criteria or benchmarking forapal of drugs?

L: Approval of drugs is the preclinical findingsingtal findings and clinical trials that we haveand in
the new drugs because that we do not have marketiexce that here we involve with all the drugs. S
when are in market we follow them and the critésialways risk benefit. So it is so difficult toespfy
criteria. We can also say that criteria may vaoiesime

R: Is there a factors interfering the approval afgs?
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L: Yes, also the media maybe very important. Homaakgroup in US press very hardly on earlier
approval and that may also make the politiciarlJ$ to work more quickly for approval for theud
.S0 political pressures But politician can not osdyy on political grounds but general principias be
important.

R: so, can say you call this turbulent environment??

L: And that's the picture at the moment and that icizgnge with time..it may change for example let’s
say you have drug with risks,, let say you haveydan HIV ,they have risk today. But let say newugl
was coming without any the risks we have seemnrifk benefits of the new drugs will be lower sinc
we have new now that are better. Also, there aoblem like in developing countries that sometimes
cannot pay for drugs. So this brings discussioméav to handle this situation.

R: Speaking on the decision that you normally takekat is the degree of structuredness of such
decisions?

L: We have such, | mean when we look for new sigmvatien methods look for new signals for example
and they such structured methods, but when we $izcle findings we cannot be sure that at least we ha
decided that it could depend on other factors a& We we have structured methods but we need to
discuss the result in groups to evaluate becausg #ne so many things that can influence the
interpretation of the findings. So they are botlucured principles but then final decision is natque,

is sort of global decisions. And if u take this bfits again you cannot weigh exactly let say ortéepain
1000 gets depression may be serious disease amévtbeage weight loss is 2kg how do u know it , |
meant is not the same thing, sometimes is a matttaste. Is it worth this 2kgs? Is it worth lipat in
1000 .that's question is not so easy. Becausepigr#s on your own interpretation .You need to discu
with different people having different backgrouitd.decision that take consideration many factors

R: Do you use the Knowledge discovery techniques asdiDD (data mining) ?
L: yes, we use the data mining when we look at ride sffects, we have this database with the side’s
effects and then we have the data mining lookimgnéaw signals (patterns)

R: How do you use knowledge from KDD to identify eoplem or opportunities in your department or
organization?

L: first we identify the signals which usually isstatistical signal, and then we take that for augro
decision every week and then we discuss accordinthe table what could be the reason for this,
sometime it is just the background of the disetss#fiso it is not the drug, it is something elad & it is

not so serious we can wait for more reports to beengonvinced but if it is very serious we nee@do
more rapidly , so this signal it taken for morecdission ; there is always the risk benefit thatl leee
decisions .

R: How can data mining help in treating previousdises?
L: if there are serious side effects, then you ghowt use this drug so much maybe you should use in
very severe patients, so it may lead of less uski®product.

R: Did you ever face a situation that the outputhef data mining identified an opportunity in yoleagy

or it identifies just problems?

L: this is a matter of how you look at the probleisean they are all opportunities because if yeri &
problem with a drug and make the right decisiomnthased on that you can improve the health of the
people, it is always positive for people but inegative for the manufacturer, for us it is an ooty
because If the information is correct we can haitéeb health protection.

R: How knowledge discovered assist you in develo@ng exploring the courses of actions for your
decision problem(s)?
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L: yes, let's say that you have some sort of sifects that can be explained by the action of they dor
example, then off course that can improve your tstdading of the drug, but sometime we don't knbw,
mean you have a side effect you can’t explain itibis there, it may take some time before youtsta
understand why do you see this.

R: How do you develop the solutions for a problem?

L: it is the risk benefit again, the solutions arer@fless, if you take the lightest one; if you have
problem you just write it in the prescribing infaation, Let's say you discover you have a head athe
the first day you take the drug , then you writanithe information inside the package insert, jhdent
can see that he can get a head ache in the fiyst theen you can say that you increased the riditdea
since you can also get a head ache, if that ism@evere then it does not matter so much, butyben
may also for example If it is more severe you camreat this type of patients, you can treat oelyesely

ill patients then you have a reduction of risksd @me last thing is that we redraw the drug from th
market, so there are always different levels.

We need to put all the problems to the correctllefaction. One level of action is that we are sote
because it is not black or white it is grey , socaanot know always if it is a side effect becausedon’t
have enough knowledge at this moment we need tobiwairder to have more knowledge and if the
problem is not so severe we can do that (wait),caue wait half a year more to see if we have more
reports on the problem which is extracted by tha daning, to look at the data mining after a fzalfear
again for example. The more severe the probleimeisrtore rapid you need to act even if you don’tvkno
but if it is not a severe problem then you can &ai have more facts before you act.

L: the problem is also or what we call sensitivity apecificity, if the data mining is very sensitiyou
will get a lot of signals and many of them are re#l and that is a problem and if it has less gitgi
you don’t get so many signals and maybe lose sditteem so it is a balance.

R: Whenever you get signals, how do you evaluatsetisggnals?

L: we have a criteria, the first one is if they @uaeath that is the most important and the secoiifd i
they are serious, for instance if they lead to Hakpation or make the patient handicapped or eas
cancer and the third one is none serious whichodlcause serious side effects.

R: How knowledge discovered assist you to evaluatksalect the best course of action for your dexisi
problem (s)?
L: if data mining gives us the more correct couosete problem, it may have and it may not.

R: did you face this kind of situations?

L: yes, let's say you have liver problems for exargohd they are not serious then it is maybe entugh
add this to the prescribing information explanatbor of-course if they cause very serious liverem
then you may have to withdraw the drug from thekaar

R: How is the knowledge being used in forecasting/@npredicting the unforeseen situations?

L: we have the risk management plan for drugs, weatrforesee things drawn from the earlier data
mining problems, let’s say you have seen smalrf Ipreblems that are not so sever then in someniatie
these are maybe very important and then you caxpea some sever cases you will follow if you get
them or not also some problem you cannot foreseause they come as surprises.

R: So when you do the prediction, do you use datang?

L: it is one of the methods. If you take the liveample, if you find liver problem in data miningtbyou
can also find liver problems in animal studies drew you perform clinical trials and that is notadat
mining so we look to different sources.
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R: What is the perceived usefulness of knowledgeadisred through knowledge discovery tools in
decision making process?

L: it is very useful, its help us with 30%-50% iretbecision making because the other ones are global
such as the risk benefit, type of disease and sy rf@tors you need to consider that are very ingor

as well, data mining is one factor for instancgdti have 10 factors for decision data mining is ofie
them.

R: could data mining help you in focusing the aitemto a specific area?

L: yes if data mining discover liver problem, yowltmbask the company to run a study for that. This i
how data mining could lead to some actions in ressmudirection and decisions. But it is not thedgal
standard, | mean it does not solve the problenitlimibne of many factors.

R: you mentioned that data mining assist you in dbeision making by 30%, do you think that this
number is a good contribution?
L: yesitis a good number, everything we can hawmportant

R: how do you compare the data mining with othehmégues used in decision making?
L: we need everything, the decision is global, aedneed all facts on the table we can't say its$s ler
more important, it is very important.

R: what is the contribution of data mining on theidmn making?

L: it can be very large and it can be minor depemdim the content and signals identified, so younoan
say that it is generally very important | mearsitmportant but it varies very much on the casen&one
the problem could be better understood by runnidlinical study in a few patients for example, sal$o
depends on the problem.

R: so data mining is used whenever you want to itny&t® a huge population?

L: yes huge population with unknown effects.

R: Do you need external information to assist yodeugision making?

yes we need, we have the cooperation with diffeEeuropean countries and that is very important
(CHMP) that is very important, it is discussed amenperts, sometimes we need to take external exper
to hear their view on things because it is maylbegicated.

I

R: Is the communication is being performed througphorts, data into database...?

L: yes, reports, data and meeting because you nelisduss the problem.

R: Do you share the data in your databases?

L: yes we share it but they are not 100 % openeédvieryone.

R: Do you have any cooperation with Uppsala monipgenter in aspect of data mining?

L: yes, | mean if they discover signals we lookhati and since they are located here in Uppsalgiso i
easy to cooperate but we could have better coaperand the relation could be developed.

R: Do you have internal data warehouse and datmgspecialists?

L: yes, also we have the European database thatésl eudravigilance.

R: Are the sources of data in the data warehouségcal or global also?

L: it is global, so everyone needs to report théfeets, so it is from all Europe to start with afied all

drugs that are approved in Europe and sold in atbantries then all serious report are coming in ou
data warehouse then we apply data mining on thetdatiscover signals.
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R: what was the motive of employing the data warskgqDW) in the agency?

L: we have this common database for all the Europeantries, the DW is developed by the EMEA in
London so we have cooperation with them, they tedse an expert group working with this DW and |
am a member of that expert group as well, it's bdmreloped since 1995, but before that the cowmiy
reacting more separately, there was a problem édfat in aspect of integration of common data, but
now the data is coming continuously from everywlsrdehe problem disappears. So the data warehouse
solved the problem of having a scattered datavait.o
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C3.Transcriptions of the Interview with Y- Public Owned Company X (Interviewee C)
R stands for Researchéy;stands for interviewee 3

R: What is your experience and background in theofismowledge discovery techniques?

X: as at the moment am not employee of the PublingdMCompany X, but | used to be three years ago,
so | had been working in IT department for foaass from 2002 to 2006, then | had differentgdiat
when | left the Public Owned Company X, | was resgiole for business performance system. Before |
joined the Public Owned Company X, | used to workhwOracle in data warehouse and Business
intelligent (BI) solutions. So, | left the Publiow@ed Company X and continued to work as consultant
with Bizintel responsible in data warehouse andiBass intelligent (BI) solutions. So am now working
in Apoteket as consultant also responsible for dataehouse and Bl solutions.

R: Ok, thank you very much. Lets starts with dataelause section, what are the sources of data in the
data warehouse? (Name Internal and external sQurces

X: yes, we have of course both internal and extemmalhave a lot of data, all the sales figuresdpots

and financial data.

R: What type of data warehouse have you implemeintggur organization? It could be Data marts or
Centralized data warehouse or Real Time Data waseho

X: We have three systems. We have something cal&8 vhich is financial data mostly, and then we
also have something called XPLAIN that's mostlyesaligures. We have also XPLAIN PLUS which is
recently developed, no one has managed it propan, this is used more for assortment and stock
analysis, mostly logistic. If you look at their ddmsions they have a lot in common, they have same
sources from sales figures, the Public Owned Comparstores or e-business sales. So all the sales
records from different channels are fed into outemise data warehouse. Also we have products
dimensions which are loaded from product databasdsalso we have ERP systems which contain some
accounts. We have efficient ETL process, more lsaow we have same data here and here, the data
from all channels are put into the same databdkicB-base before loaded into data warehouse.

R: ok, thank you...The third question is how oldhe database?
X: Some data are being loaded every day, some wegklysome monthly. The main party is loaded
monthly but everyday sales figure for examples lpaud them everyday

R: do you consider the data in DW as historical ?ata
X: Yes, We started feeding this warehouse with @ataeginning of year 2000, so we have historical
data.

R: ok, Thank you, the next section is the Knowle@ggcovery Tools, the first question will be whaear
the analytical techniques employed to access datata warehouse. There is OLAP, KDD/ Data Mining,
data visualization tools

X: yes of course, we have OLAP, reporting servitds ROLAP) used, we have portal, dashboards, also
stuff in add on excel and data mining. Mostly usedOLAP. Data mining is only used in market
department; we have small application in marketdepent that we employ data mining. We have some
part of the system that we extract information frdata, there is an external company they perform
analysis for us which is mainly data mining, thiba marketing department use it in their activibas we
don’t have this tool here. So we extract the datafrom our data warehouse and send it to them to
perform the mining. So we outsource the part ofdda mining to another company.

R: do this data mining techniques extract usefuMiedge that you use in your activities?
X: yes, they are analyzing the marketing campaightake a lot of campaign (sales campaign) decisions
based on that.
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R: Do the techniques that you previously mentiof@dAP, ROLAP and data mining) how do you think
they do help the decision maker in making decistons

X: yes, it give them a lot of information that these to identify trends and perform forecastingicilis
most case on campaign planning, they use previgperience from old campaign results, they also
identify the factors that affect the campaign like weather , purchasing behavior and the distaimoe
Sweden is big country, which is being performediiiig external company that is performing the data
mining and discover patterns, then they collecttladl information and discuss that together with a
marketing company that uses this information togethith the market department people so then they
take decision based on the knowledge availablaundh new campaigns in the future.

R: can you mention some problems that these techgigulved or what are the possible problems that
could appear without these techniques?

X : generally speaking, if you can’t analyze youtadgou will make wrong decisions or make decisions
too slow or you don't get the knowledge in a fornthat could be understood, we need to have
information like now this daily information (salé@formation) that was asked by us from the stores w
need them every day, we need them very fast beseeiseeed to control our sales process, for instance
they use the data to compare the activities okrbfit stores in order to identify the problems.oAils
gives the stores their actual status compared herstwhich create a competition hence boos the
productivities, this technology is useful for eatbre manager to keep an eye on the store addivitie

R: so it enables them to take a responsible andytidexision which is important for the management?
X: yes, they need to be very reactive to what theketasks, and also they would like to be proactive
other words they try to react before the market.

R: Do you think that this information that is extred from OLAP and KDD increases the understanding
of the market problem or the internal activitiestgem?

X: yes... so that is one part. Then we have theaexpglart for the sales statistics, we were oblited
produce statistics about the sales from differentext for the government (different organizatjah)s
data was stored in a data warehouse.

R: How accurate and relevant the discovered knowl&Rye

X: we have a very good data quality, which is du¢hto fact that for instance the data for the siaes
coming from another database before they goesetaldlta warehouse so there is a lot of cleansimg als
the data entered by the people working in the phaynis very precise due to the fact that the data i
related to peoples life so precision is demandedbetause of all these factors we have a very dédgh
quality in our data warehouse hence we have litiktakes in our reports. The users are very hapihy w
the software services and they always ask for more.

: how do you manage the knowledge extracted frarddia warehouse?
. yes the users have the ability to store theipwiuand share it with others.

X170

R: how do you present the knowledge to the users?

X: we use reports, graphs, cubs, dash-board, ane-saais, statistics data

R: is there a relation between the decision maked @ad the provided services?
X: the decision maker provide the business rule kil be stored inside the application in a certai
way.

R: what are the major departments that use the lgdne provided from these Knowledge Discovery
tools?
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X: Do you mean the ones that use the informatiortlgtos

R: yes, the ones that much real need this data
X: operational, tactical and strategic informatiortise knowledge is been used in different departraen
different level, But in general the financial, eoaric and statistical departments.

R: what types of decision being made in the agency?

X: Well, for instance we have budget, policy makifayecasting and then you have of course | mean
different kind of decision, it depends on how yantrol your daily business. For examples if we see
some stores are unprofitable then we have to ntekdécision to close such stores now. If you hawe k

of Bl or DSS you can have chances to look at different ways. We used to have more balance score
cards (BSC). Only one part of business still wahst with BSC

R: How this knowledge discovered from data miningpketlecision makers to identify problem or
opportunities?

X: yes, a lot, they help in analysis of market caigypanarket and plan for future campaigns. Theygan
further down and analyses the data more and tlkeyaetion after what they see. So that's imponent

of their daily work.

C4.Transcriptions of the Interview with Dr. Anette Hulth- Swedish Institute for Infectious

Disease Control (SMI) (Interviewee D)
R stands for Researchéx;stands for interviewee 4

R: What is your background and experience on Knogéediscovery techniques?

A Ok. So the application that | will describe to ydhat its system for computer supported outbreak
detection. If you have any thing you don’t underdtfust ask me straight away. So, | have been wgrki
at SMI as a researcher for bit more than 2 yedrayé background in computer and systems sciertte an
| have been involved in this project of computepmarted outbreak detection since it started. Thags
project | started at institute. We have a systemichvgive an automatic alert alarms when the |e¥el
any of notifiable disease are in Sweden has reattteetével that might indicate that there is oudltres
going on. So there are number of 63 notifiable alies in Sweden at this moment this seeks littla fro
year to year. And everybody, the doctor that skegatient, and if this doctor suspect that thiept
has so infectious disease any of this notifiabéease, he or she is obliged to report both to $idladso

to local county medical officers. So we get thisichl reports from the doctors in the country, avery
reports contains some information on the patiesb ale get info because the doctors want to have
confirmation if it is real this disease or not,nmost case she or he can’t be sure. So she will &=hdo
laboratory and also this result from laboratory teast be reported to SMI. So in our database we ha
got a plenty of records of the notifiable diseashis, report their cases. And then we are appldat

e
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mining methods to try to find variation to find sething is not normal. Data mining models comprike o
statistical methods .They are number of methodshhae been developed by other peoples for, some
have been developed for other purposes and sowetoged more for infectious diseases in mind, there
is a method called SatScan which is a method fogigghical, spatial temporal cluster analysisy@o

will cluster the case and will try to see if yowhamore case in within the spot or outside of {hat.sSo

you have to make circles. These are statistigalrithm that takes geographic into account thenhae
particular point geographical point from which ystart to make this cluster so the point will bee th
centre of each this cluster.

R: What are the sources of data in your databases?

A: Ok, so these are the case reports, the repatsve get from medical doctors across the countae
the notifiable disease and reports from laborasatiat verify if the sample that taken from theqds is
indeed final of particular diseases .

R: Do you require some data from other agencies??

A: We do buy data from Swedish statistics from tbméime when we need for different projects or we
will use the data that are readily available, waodlave number of cooperation with other agendes f
example National boards of health and welfare @kl work closely. But when it comes it comes to
this particular KDD application then we don't haasgy cooperation really. Then the data that is ctéid
from this database is also accessed by local nlasffizes as wells .So that is database you willfgmu
want to know how many people suffered from Chlaraydst year.

R: What kinds of decision are made in the agency?

A: We don't have any policy decision to make at SMit is not our task. Our task is to surveillarioce,
keep track of the status for the infections diséagbe country and also suggest what could be dgne
the decision makers, so SMI is an expert agent

R: ok, Do you use this information from KDD to asdle decision makers in your agency?

A: yes, but this information from this applicatianjust one small part of work being done heret’so i
more aid to epidemiologists since they do differdiseases and because there is a large amountaof da
they need to look at and sort of making them fatwwse on what is probably relevant by getting these
alerts so that they know ok we have a lot of chickex last week and can look into that maybe at
particular account or particular part of the countr

R: How do you use knowledge from KDD to identify eolplem or opportunities in your department or
organization?

A: yes definitely, it helps in outbreak detectiordamhich is the mission of SMI, it is one of the €or
things that we do. As | said previously, there Isteof manual work that needs to be done and th®K
(data mining) is been a great support, and the atamark is mainly used to validate and evaluate the
knowledge discovered by the data mining. We useerspepidemiologists) to evaluate the outbreak
discovered in order to formulate appropriate acti@nd this evaluation is being done manually. &gl
actions would be a kind of communicating these m@matk discovered with other experts or decision
makers.

R: Does these technigues help you in reducing the in looking for outbreaks?
A: yes, itis a tool that we need because we havg/migeases and since the KDD (data mining) hedps u
in the directing the resources in a timely manner.

R: How knowledge discovered assist you in develo@ng exploring the courses of actions for your
decision problem(s)?
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A: yes, it helps us to find the outbreak, and thihhology is good in contacting the doctors. Faneple
the doctors can say that they don’t have probleitis saimonella, so we say that our tools saysttiere

is an important signals regarding this problem avel rely need to investigate this problem. And
sometimes we present this information to the decidren it gets more serious. In other words it give

a starting point that the normal scan could nottifye

R: What is the perceived usefulness of knowledgeadisred through knowledge discovery tools in
decision making process?

A: it is again the outbreak, | mean that it helgaigecide if there is an outbreak or not, it alsfptus in
managing our resources by pointing out what tostigate and finally, it is the time reduction sirtes
hard to go through all the available data to idgrkie outbreaks.

R: What are the limitations of the KDD (data mini@g)

A: in our particular area, it would be very goodhiése techniques could follow up the signals geedra
and if they could help in validating these signgésierated. Also we need to reduce the false alarms
generated by the system, which could be done tingea loop-back to the system which could create
an internal validation before presenting the alarhese issues are common in other institutes &eadie
surveillance.

R: based on this conversation and your activitissigdpose that you have old data (historic datagdtio
your database?

A: | believe we have data from the sixties. It alepends on the disease; if it is chronicle disea#as a
temporary disease.
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