RESEARCH PAPERS OF WROCLAW UNIVERSITY OF ECONOMICS No. 104

Business Informatics 16 2010

Helena Dudycz

Wroctaw University of Economics, Wroctaw, Poland
helena.dudycz@ue.wroc.pl

VISUALIZATION METHODS
IN BUSINESS INTELLIGENCE SYSTEMS
— AN OVERVIEW

Abstract: Recently the quick obtainment of critical business information is very significant
problem for managers, because executives of many enterprises decide to implement business
intelligence (BI) applications. The usefulness of these systems is not decided by the amount
of information to receive, but the amount and type of information which is required at the right
moment. Visualization of the information or data should be considered as a one of the most
important aspects of implementation of BI systems. Decision-makers also pay attention to
easy-to-use and to understand visual techniques of data interpretation. In this paper, a solution
of visualization information of business intelligence systems is presented. Solutions of
visualization used in analytical applications of business intelligence systems are characterized.
Basic directions of conducted researches concerning the use of visualization methods in BI
systems are indicated.

Keywords: business intelligence, visualization, information visualization, visual data explo-
ration.

1. Introduction

Making the right decision often requires the dynamic monitoring of the company’s
activity, executing multidimensional data analysis (also coming from many years
before) and generating reports on demand. The response to these needs is business
intelligence systems. BI applications are used for the analysis of all basic areas of an
enterprise’s activity, such as, e.g.. finance, production, logistic, marketing, sales, cus-
tomers. These applications provide many reports containing much information in
each statement. Retrieving information needed at the moment from these reports is
eased by the use of appropriate forms of its presentation, and of friendly and easy
user interface. Nowadays decision-makers want not only to look at static reports or
even ad hoc reports, but also to define goals and key performance indicators in an
interactive way and to drill through information to identify chances of advancement
and threats of breakdown connected with the leading activity. These factors have an
impact on quicker adoption of applications by managers. These are basic reasons of
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development of applying graphic methods in BI systems. Within the last few years
the role of data visualization has increased and become one of the main components
of a BI solution (see among others [Wise 2008]). Properly adopted visualization
improves the reception of necessary information, which consequently enables to
pick up the right decision in shorter time. Implementation of BI systems with right
visualization solutions in an enterprise gives many benefits for this company. Deci-
sion-makers can easily find needed information and readily understand it.

In this article solutions of using visualization in BI systems are discussed. The
elaboration is structured as follows. In the next section concepts of BI are briefly
described. Section 3 describes characteristics of visualization of business informa-
tion. Section 4 contains analysis of using graphical methods in business intelligence
systems. A number of examples of visual interpretation are presented and discussed.
In section 5 basic areas of research on using visualization in BI systems are briefly
described. Finally in the last section a summary of this work is given.

2. Concepts of business intelligence

In both literature and economic practice a variety of interpretations of the term
“business intelligence” can be found. Selected BI definitions have been presented in
Table 1.

Whilst analyzing the BI definitions, four basic approaches to the concept can be
noticed, where it is interpreted as (see also [Dudycz 2008a, pp. 41-42]):

1) a management concept which goal is to assure that the managers obtain infor-
mation of appropriate quality and in due time,

2) an information technology solution which means dedicated applications al-
lowing an advanced analysis of data (queries, reports, analysis),

3) a system architecture comprising, first of all, data warehouses, query and re-
port tools, online analytical processing, statistical analysis and data mining,

4) a system solution resulting from the close co-operation of information tech-
nology and business where Bl is not only a tool for data analysis, but also the prepa-
ration and conduction of this analysis.

Business intelligence differs from decision support system and executive infor-
mation system in their wider thematic range, multivariate analysis, semi-structured
data originating from different sources and multidimensional data presentation (see
[Olszak, Ziemba 2007, p. 137]). The main purpose of Bl is to enable decision-mak-
ers on all management levels to make better and timelier decisions. It is assumed that
BI may support decision-making on all levels of management regardless of the level
of their structuralization [Olszak, Ziemba 2007, pp. 137-138].

1. On the strategic level, BI systems make it possible to set objectives precisely
and to follow realization of such established objectives. BI allows performing differ-
ent comparative reports, e.g. historical results, profitability of particular offers, ef-
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fectiveness of distribution channels along with carrying out simulations of develop-
ment or forecasting future results on the basis of some assumptions.

2. On the tactical level, BI systems may provide some basis for decision-making
within marketing, sales, finance, capital management, etc. The systems allow opti-
mizing future actions and modifying organizational, financial or technological as-
pects of company performance appropriately in order to help enterprises realize their
strategic objectives more effectively.

3. On the operational level, BI systems are used to perform ad hoc analyses and
answer questions related to departments’ ongoing operations, up-to-date financial
standing, sales and co-operation with suppliers, customers, etc. Operational Intelli-
gence provides near-real-time (or right-time) metric information about business
processes, activities and outcomes to support operational decision making.

From a technical point of view, the architecture of BI allows: analytical process-
ing and distributing information. Analytical processing includes solutions for the
multidimensional analysis of actual economic facts, the discovery of the dependence
between them and also the prediction of events. As a part of this layer the basic ana-
lytical tools (traditional query and report tools, On-Line Analytical Processing tools,
data visualization tools), advanced analytical tools (statistical tools, data mining) and
business applications (tools that provide analysis around a specific business function
or a specific vertical that support making various decisions on production, sales,
competition monitoring, finance, etc.) can be set apart. Also the essential element in
the architecture of BI systems are solutions allowing the distribution of information.
Two basic categories of solutions are set apart: the pul// method (where we have a
distribution of results of analysis in corporate portals considered in the context of
intranet and extranet) and the push method (where we have an automatic distribution
of the results of questions by reports in the forms such as: e-mail, text message, fax,
automatic prints).

The main goal of any business intelligence system is to access the right data at
the right time to allow proactive decision-making (see among others [Wise 2008]).
The users of BI systems expect access to more information, easy to understand and
use' interface and the information presentation, which should be intuitive, interactive
and provide context and embedded knowledge [Morris 2009]. Specific attention in
BI systems is given to the user interface which should let the user among others:
filter, sort and analyze data, formulate ad hoc or predefined reports, generate alterna-
tive scenarios, produce drillable charts and graphs. The use of graphic interfaces is
a primary characteristic of the new generation of BI applications.

Many BI analytical application use data visualization tools to bring essential
business information to organizations. For end users, the presentation layer is the
most critical aspect of a BI system, since it broadly shapes their core understanding

! In the research carried out by Aberdeen Group it has appeared that the most important factor of
rating the system by the users is ease of use (93%) [Hatch 2007].
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of the data displayed on their screen [Wise 2008]. The research particularly shows
that the information systems, which management stuff valued as bad, presented
information only in the form of text and table.”? The role of data visualization is
becoming more important within business intelligence.

3. Visualization of business information

Visualization is the process of representing data as a visual image (see [Gray 2003,
p. 24]), and is defined as “the use of computer-supported, interactive, visual
representations of abstract data to amplify cognition” [Burkhard, Meier 2005,
p. 477]. In other words, visualization allows decision-makers to use their natural
spatial/visual abilities to determine where further exploration should be done. This
implies that visualization, when used appropriately, can allow the decision-maker to
find the information in the data (see [Tegarden 1999, p. 6]). Visualization techniques
may help to solve the problem, because “visualization offers a link between the
human eye and the computer, helping to identify patterns and to extract insights from
large amounts of information” [Zhu, Chen 2005, p. 139]. Information visualization
allows first of all to (see [Dudycz 1998, pp. 26-27; Tegarden 1999, p. 6]):

— exploit the human visual system to extract information from data,

— provide an overview of complex data set,

— assist in identifying exceptions in data and prompt users into action,

— identify structure, patterns, trends, anomalies, and relationships in data,

— assist in identifying the areas of “interest”.

Visualization technologies have been used in many areas of business because
graphical representation of the data makes analysis easy and aids the user to make
informed and quick decisions. Visualization enables to easily identify oddities in
detail data, isolate them, and investigate their source much faster than with traditional
analytical methods. Business information has been visualized in the form of tables,
outlines, pie charts, line graphs, and bar charts for a very long time (see [Dudycz
2008b, p. 61]). Mentioned graphic methods do not meet all expectations of users of
BI systems. Firstly, today business information is typically abstract, discrete, multi-
dimensional and can be either historical or generated in real-time. Secondly, today’s
enterprise data is a mix of structured, unstructured, and semi-structured content,
whereas users need access to it all. Thirdly, users need semantic information depicting
relations between facts.

The reasons mentioned above have impact on methods’ development and
verification of usage of multidimensional graphics to represent business-related data
or information. These are solutions such as: dashboards for performance monitoring,
reports, graphs, dials and cubes for operational and performance reporting data, alerts,

2 The assumptions of this study are more closely presented in [Dudycz 2005, pp. 41-44].
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triggers and indicators (that can be delivered by numerous channels like desktops,
mails, wireless, etc.), impact diagrams, strategy maps, tree maps, hyperbolic 3D and
topic maps. The fundamental properties required for good information visualization
applications are [Korczak, Dudycz 2009, p. 87]:

1) interactivity (i.e., they use direct manipulation of a user interface techniques
to apply operations such as filtering),

2) efficiency (i.e., the visualization is rendered in real-time),

3) focalization (i.e. visualizations use focus and context techniques such as
distortion or dynamic zooming).

The important direction of researches concerning business information is a
verification of graphic methods enabling visual data exploration. The basic idea of
the visual data exploration is “to present the data in some visual form, allowing the
human to get insight into the data, draw conclusions, and directly interact with the
data” [Keim 2002, p. 100]. In this interactive process, the user is able to subsequently
concentrate on the interesting data elements by filtering uninteresting data, and
focusing (zooming in) on the interesting elements, until final details are available for
an interesting subset of the analyzed elements (see also [Atzmueller, Puppe 2005,
p- 1756]). Important stage in this process is the use of appropriate solutions which
allow filtering and zooming in (zooming out).

In conclusion visualization tools allow decision-makers to interact with the
information they need in the way that best suits them.

4. Analysis uses graphical methods in business intelligence systems

4.1. Graphical methods on analytical applications
of business intelligence systems

The technologies and tools used on the level of analytical processing should meet the
needs of different user groups, including people who independently design reports
and analysis (e.g. analysts), and people who utilize pre-prepared reports (e.g. board
directors, finance directors). In the range of such a group the following solutions can
be set apart: basic analytical tools, advanced analytical tools, and analytical applica-
tions constituting dedicated solutions.

In analytical applications graphic methods enabling to visualize information
essential for decision-makers are used in the form of charts, diagrams, graphs or
more advanced visualizations. This type of visual benefit saves people the time and
effort of searching through information, accessing drill through or parameter-based
reports, and gives people direct access to an overview of all of the information they
require [Wise 2008]. The ability to use these visualizations as an output for analytical
applications enables decision-makers among others to identify discrepancies and
areas that require improvement quickly.
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Visualization technology draws an immediate picture of trends and relationships
by allowing decision-makers to run visual queries. On Figure 1 there is shown an
example of using visualization methods in analytical application. With interactive
graphs, users can examine information from multiple perspectives and in various
forms while incorporating as many variables as they want. Additionally more and
more visualization tools of BI analytical applications enable to (see among others
[SAS® Enterprise Bl Server 2007]):
summarize and present data using a variety of highly customizable charts, in-
cluding: vertical and horizontal bar, pie, donut, subgrouped pie, star and block
charts; allow users to generate scatter, line, area bubble and overlay plots;
generate static or dynamic interactive charts and graphs;
provide highly interactive business graphics, including animated bubble plots,
3D scatter plots, trellis plots, summary charts and needle charts;
visually query and filter data for interactive tabulation and ability to rearrange
data at will;
provide visual analytics, including interactive simulations and optimization and
state-of-the-art time series modeling.
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Figure 1. Example of using visualization methods in analytical application

Source: www.statsoft.pl.

[P [NUM [Z2R



16 Helena Dudycz

In conclusion: most analytical applications BI provide some capabilities of infor-
mation visualization that allow a user to manipulate the data to obtain the answers to
the specific questions.

4.2. Use of dashboard and corporate portals in business intelligence system

Information visualization in the distribution of information is realized by using
dashboard and corporate portal, which has become standard business practice over
the last decade.

A dashboard is a visual display of the most important information needed to
achieve one or more objectives, consolidated and arranged on a single screen so the
information can be monitored at a glance (see [Few 2006]). This tool integrates in-
formation from multiple components and tailors the information to individual prefer-
ences (see [Baltzan, Phillips 2009, p. 52]). The dashboard is a new genre of popular
Business Intelligence data visualization and the interesting concoction of the most
basic data visualization features with a mix of animation and interactivity, blended
with a simulation of speedometers and thermometers (see [Malik 2007a]). The dash-
board is a type of display, a form of presentation, not a specific type of information
or technology. It involves multiple technologies, processes and methodologies work-
ing together to present a complete picture of strategic change in an organization and
to provide a consolidated view of the enterprise.

Dashboards are used to generate and deliver the right information, to the right
person, at the right time — enabling better decision-making. Effective ones display
meaningful analyses and actionable information in an easy-to-read format. Dash-
board catalog of analytic templates includes several types of data visualization:
speedometer, barometer, thermometer, traffic lights, interactive metric trend, Pareto
chart, map, statistical analytics and other forms of graphics (see [Dudycz 2008b,
p. 62]). Demonstration dashboard screen is shown on Figure 2. It features several dif-
ferent component types for display and management of key performance indicators.
Visualization tools provide a graphical interpretation of a company’s data so that it
can be analyzed from different perspectives and allow creating advanced dashboard
in which large amounts of information are presented on a single screen. Data visu-
alization dashboards can provide a unique and valuable perspective of business.

The dashboard software must provide a user-friendly and intuitive interface for
all levels of users (strategic, tactical, and operational), therefore strategic dashboard
contents tending to be enterprise-wide, tactical dashboard contents tending to be
localized and self-contained within a department or group and operational dashboard
contents tracking operational processes and typically display more real-time data can
be set apart [Blahunka 2007; Malik 2007b].

Visualization tools such as dashboards provide a useful way to view data and
information. Dashboard supports organization-wide analysis and integrated decision-
-making as well as provides decision-makers with a graphical view of performance
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Figure 2. Example of using visualization methods in dashboard

Source: www.strategycompanion.com.

to help to identify opportunity and challenges quickly, because it enables to [Dudycz
2008b; Swoyer 2007; Wheeler 20091]:

a) support at least three simultaneous activities (monitoring, reporting/analysis
and management) — dashboards can consist of sets of related functionalities built on
top of information infrastructure and graphical data make it easy for users to monitor
key performance metrics quickly, summarized dimensional data help users to analyze
the root causes of problems, and detailed operational data help identify the areas on
which decision-makers should concentrate at the moment,

b) monitor strategies in business units — dashboards enable to monitor activity in
the whole company,

¢) communicate strategy effectively — dashboards support business strategy by
expressing important information, key drivers, performance expectations, and the
results — to make strategy relevant to everyone,

d) monitor performance against targets — dashboards inform quickly on critical
performance measures in real time,

e) analyze trends and variances — dashboards enable to revise a forecast almost
immediately, and then see it updated back in the dashboard in near real time,
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f) communicate complex information quickly — dashboards translate corporate
data into a rich, graphical presentation using gauges, maps, charts, and other graphics
to show multiple results together,

g) personalize screen’s look — dashboards can be personalized for individual
users or groups of users.

Modern dashboards are often a part of an enterprise portal which is also known
as an enterprise information portal (EIP) or corporate portal. The enterprise portal is
a solution integrating and distributing fragmented information sources and
applications existing in enterprise considering needs of individual decision makers.
It is characterized by uniformed graphic interface of web browser. Corporate in a
way act as a filter letting in only information essential for a given user and allows and
eases faster distribution of information intended especially for decision-makers.

The use of visual information in corporate portals is a solution supporting
analyzing and presenting essential information for decision-makers. Graphic methods
are widely used especially in realization alert solution concerning early warning
about possible threats connected with activity conducted by an enterprise (Figure 3).
Visualization tools used in corporate portal will bring expected profits on condition
that both appropriate graphic methods are clear for decision-makers and suitable
information technology tools with friendly user interface.

SAS™ Portal

Project:  Woridportal Date: 1271472008
: Workdwide Scorecard Zoom: =
World Wide Performance

[y
e o TS

S =

Number of Countises instalies werstary Shopper
- T R
» . Total Woitdwide Customer Sites. ] .

Aoy smnwat pront
@ Customers or thes AMiates Represent: Pt cugtomes
2007 FORTUNE - =
53 Rafresh Data (3 £t Portiet....
Performance Mightights RIX & Assocltions x n
Al Preject  Wertdpertat Date: 1241472008
Scorecard: _Waridwide Scorecard & Collapse Al
Per.0b) Maa Actual Target States Trond
= Customer value = o ES -
|| ® <3 incresse Customer Confidence = » o -
® 3+ increase Customer Satisfacticn 2 2 o -
- @ Loaming and Growth ¥ s o -~
B R Susieess 2 © [ -
¥ «je Provide rapid el - o -
® ofe Understand Customer Segments ws s o° -
% > ® <f Cevelop New Products P “ o -
® e Minimize problems s " o ~
Actsal 56525200 = o Shift to appropriste channel 3 &3 o -
= - ofe Cross Sell Products = 2 e -
- -
Dashboard: [Sates Update Himi e B 3 . ol
DashB0Irds 5y metresh Data [ Edit Portier....

My Aterts %A
T Lmits Soid - Actsat 19002007 11:49:07 >
(3 £t Portet...

Figure 3. Example of using visualization methods in corporate portal
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In conclusion, dashboards and corporate portals are essential solutions in BI
systems, which deliver the right information to the right person at the right time.
However, their potential visualization possibilities are determined by integrated with
them visualization tools and analytical applications.

5. Conducted researches concerning visualization
in business intelligence systems

Nowadays decision-makers want to be able to access and manipulate the way they
analyze data using the intuitive interface, because users of BI systems need to have
the freedom and flexibility in exploring. Managers want to understand what the
alternatives of making decision are, because they need new ways to drill down and
explore deeper. Executives want widespread access to information including semantic
information depicting relations between facts. They need to explore different ways
of looking at the data and of presenting them. Decision-makers want to have
possibility to analyze information about organization anywhere. Mentioned needs of
decision-makers induce to carry out further researches connected with the use of
visualization methods in BI systems. In this paper we will concentrate on three areas,
i.e. visual data exploration, dashboards and visualization in mobile BI application.
One of the areas of researches is the verification of graphic methods which allow
visual data exploration. The use of graphic methods in the data mining process makes
possible to include manager expertise or feedback in data mining, leading to more

effective data exploration (see [Zhu, Chen 2005, p. 146; Keim, Schneidewind 2005,

p. 1767]). It is important in BI systems, because visual mining methods enable to

overcome major problems of automatic data mining methods, e.g., lack of acceptance

of the discovered findings or limited confidence in these (see [Atzmueller, Puppe

2005, p. 1752]). Visual analysis and visualization techniques have been proven — as

said Keim and Schneidewind — “to be of great value in analyzing and exploring such

large data sets, since presenting data in an interactive, graphical form often fosters
new insights, encouraging the formation and validation of new hypotheses to the end
of better problem solving and gaming deeper domain knowledge” (see [Keim,

Schneidewind 2005, p. 1767]). The aim of these researches is:

— to identify solutions which allow better, faster and more intuitive exploration of
very large data resources (including database management and data warehouse
systems),

— to identify solutions which allow to visualize the semantic relationships between
economical indicators, in order to make interpretation of indicators easier and
more correct.?

3 Business data contain a lot of hidden relationships and dependencies that make their usage dif-
ficult.
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One of these visualization methods enabling visual data exploration is the topic
map application. It allows displaying the whole semantic network (topics and asso-
ciations) efficiently, as it is essential to select the relevant information (Figure 4).
Fundamental factors for good visualization interface of application of topic map are:
the overview of the structure for the global understanding of the structure and of the
relationships within the hierarchy; the ability to zoom and to select some nodes; and
dynamic requests in order to filter data in real time (see [Grand, Soto 2000]). The
topic maps can be easily used to represent financial knowledge about financial meas-
ures, where graphical expressions can assure semantic information search and inter-
pretation for non-technically-minded users.* Topic map is a relatively new visualiza-
tion form of the presentation of knowledge, which puts emphasis on data semantics
and ease of finding desired information.
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Figure 4. Example of visualization of topic map

Source: own presentation based on TM4L Editor.

The next area of researches is the verification of graphic methods allowing visual
intelligence in dashboard of BI systems. Visual intelligence is defined “as the
capability of software to provide better insight through intelligently highlighting

4 Analysis of potential possibilities of use of standard topic map for representation of financial
knowledge was described in: [Korczak, Dudycz 2009].
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relevant areas and values on the dashboard in response to a user’s cursor movement”
(see [Malik 2007b]). Such a visualization is to streamline the user’s ability to extract
information from data and to help the user to avoid the sensation of information
overload. In this area the researches will concentrate on showing the best solutions
of visualization of alerts, that is, indicators displayed when a measure exceeds the
certain threshold.

The last distinguished area of researches is the verification of graphic methods
used in mobile applications of BI system. Current applications are fully interactive
in order to perform BI functions. Mobile BI applications enable to analyze data
anywhere, creating reports and charts as needed. Because of the limited user interface
and area of displaying graphs, researches concentrate on verification of graphic
methods, which on relatively small screen will present information most clearly. One
of the graphic methods useful for the visualization of information in mobile BI
applications is sparkline. It is a type of graphic method characterized by small size
and large data density. This method very well fits with present trends and variations
associated with some measurement in a simple and condensed way such as stock
market activity. On Figure 5 there are shown examples of using sparkline in executive
dashboard on the mobile application BI.

Executive Dashboard  The dwa s as of

Key Figores
[L—

3 ooy =

160
8,000
1.130
170
7.500
1.130
170
7.500
1,130
170
7.500

e __ 19,337 19,900
= 4ETT 40

)OQE0¢0 040040096

Figure 5. Examples of using sparkline on the mobile application business intelligence

Source: own presentation based on [www.enterprise-dashboard.com/img/sparkline-dashboard-on-iphone.
jpg; www.edwardtufte.com/bboard/images/0003MT-8810.jpg].
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In conclusion: in practice the areas of researches shown above complement each
other. Verified graphic methods, allowing visual data exploration, can be used in
dashboards. They will enable to effectively extract information from data. Results of
these researches, concerning using in dashboards graphic methods, which are based
on minimum number of graphic elements allowing to present only essential and
needed information, will find appliance in mobile BI applications.

6. Conclusions

The issues shown in the article are related to the use of visualization methods in
business intelligence systems. Possibilities of supporting decision-making on all
levels of management by BI applications are presented. Properties of visualization
methods used to present business information are elaborated. It is shown that good
visualization can be the difference between information overload and information
insight. Usage of graphical methods in analytical applications, dashboards and
corporate portals of Bl systems is presented. At the end the author indicated basic
directions of researches connected with the use of visualization in BI systems.

The use of appropriate graphic methods in analytical applications which are suit-
ably selected for conducted analyses of data and considering in this range needs of
managers allows minimizing time needed to retrieve needed information at the mo-
ment. The use of inappropriate visualization solutions may also cause information
overload. That is why there is still need to conduct researches on the effective use of
graphic methods in analytical applications considering also predispositions of deci-
sion-makers, that is perceptual abilities of human, experience and knowledge in in-
terpreting graphic images. Predispositions of decision-makers should also be taken
into account during creating dashboards and corporate portals. Though dashboards
appear to be deceptively simple, they are not easy to build. Whilst projecting dash-
board, it is important to identify the proper metrics and key performance indicators
to control activity of the enterprise, and select the right visualizations methods and
tools. Dashboards can provide an unique and powerful tool to present information,
however, it is good solution only as much as it really effectively supports managers
in making decisions.

The future research will be focused on studying methods of visual data exploration,
especially using topic maps for complex structures of economical measure, as
efficient visualization method of concepts and associations existing in business
information systems.
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METODY WIZUALIZACJI
W SYSTEMACH BUSINESS INTELLIGENCE
— PRZEGLAD ROZWIAZAN

Streszczenie: konieczno$¢ pozyskiwania przez kadrg kierownicza istotnych informacji, po-
chodzacych z wielu zrodet, stata sig jedna z przyczyn wdrazania systemow business intelli-
gence (BI). O ich przydatnosci decyduje nie ilo$¢ informacji dostarczanej w r6znorodnych
raportach, ale jej adekwatno$¢ do zaistniatego problemu i odpowiednia szczegdtowos¢ oraz
sposob jej prezentacji. Istotnym elementem aplikacji BI jest wizualizacja, nie tylko stanowia-
ca graficzng forme przekazu, ale bgdaca réwniez narzedziem wyszukiwania potrzebnych in-
formacji. W niniejszym artykule skoncentrowano si¢ na przegladzie wykorzystania wizuali-
zacji informacji w systemach BI. Przeprowadzono analizg zastosowania metod graficznych w
aplikacjach analitycznych BI oraz wskazano i krotko omowiono trzy podstawowe obszary
badan, prowadzonych nad wykorzystaniem wizualizacji w systemach BI.
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