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Abstract

The popularity of Data Warehouses (DW)sfor data analysis has grown tremendously,
asconventional transaction processing systems have matured, becoming faster and more
stable. Conventionalsystems in universitiesworking in the same area, storedaily activities
and display or report these events on a regular basis. Therefore, the establishment of the
DWs will help the top management in the development of strategies and take appropriate
decisions inthese universities.This paper addresses issues related to designing a DW for
private university in Jakarta. The purpose of the project isto provide a process model that
will enhance decision making capabilities ina private university in order to facilitate and
improve academic activities.
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Introduction

The strategic use of information technology has become a fundamental issue for
every business as information technology can enable the achievement of competitive and
strategic advantage for the enterprise. Data warehousing technology has made a huge impact in
the world of business, where with its help data turned to information that early adopters could
leverage for enormous competitive advantages. A Data Warehouse (DW) is a collection of data
from heterogeneous sources, integrated into a common repository and extended by summary
information for the purpose of analysis to support decision making [29]

Higher education institutions, for the most part, are collecting more data than ever before.
Most of these data are used to satisfy credentialing or reporting requirements rather than to address
strategic questions, and much of the data collected are not used at all. In parallel with the business
world, the pace of change is rapidly increasing. More than ever before, organizations need timely,
accurate, and relevant information on which to base decisions, not only for the long term and for
next year’s planning, but on a daily basis. That needs a DW technology which is more appropriate
and providing many tools for this purpose.

Higher educations are one of the important parts of our society and playing a vital role for
growth and development of any nation. However, there is very little research on how data
warehousing is used in higher education, especially as it relates to providing improved support for
decision making. This isprobably due to the fact that this area is not as commercially attractive as
accounting, bankingor other money related businesses. Asa result, analysis needs for decision
making is often ad hoc, and tends to bemore resource and attention intensive thanaccounting
systems. DW may be taken as good choice for maintaining the records of past history for the
purpose of analysis.

One of the major barriers to develop DW in higher education is cost. Many institutions view
DW as an expensive endeavor rather than as an investment. DWs has become a hot topic in higher
education as more institutions show how DWs can be used to maximize strategic outcome. The
deployment of a DW is, for most colleges and universities, a potentially significant cost-saving
move to make. Depending on the kind of data an institution wishes to more readily manipulate than
current conditions and reporting systems allow, a DW can better guide administrative decision-
making, steer financial and academic planning, and more completely inform business units in a way
that can fundamentally streamline institutional operations. It needs a lot of historical data to
generate which the current OLTP system cannot support.
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This study is relevant because it fills a gap in the knowledge about fact-based decision
making in the environment of higher education. It is timely and of current interest, as demonstrated
byincreasing trend in information discovery in academic environment [5]. This paper shows the
application of DW under the background of higher educational organization.

Data Warehouse and Higher Education

The DW provides effective business decision support [9] and business analyses [8]
byintegrating data from multiple, incompatible systems into a consolidated database. DW
technology is inherently complex [10], it requires huge capital spending [2] and consumes a lot
ofdevelopment time. The adoption of DW technology is not a simple activity of purchasing
therequired hardware and software, but rather a complex process to establish a sophisticated and
integratedinformation system [2, 11]. Building a DW consists of a complex process involving
datasourcing, data extraction and conversion [12-14].

Research into how DW and the impact of high-quality data within higher educationsystems
has been relatively sparse. The literature that examines higher education DWs islimited to the
professional papers that appear on vendor web-sites and the publications of organizations. An
overview of OLAP within higher education environment is explained in [2]. The modeling
ofstudents record data of the Georgetown University DW is addressed in [19, 20], whileDW design
and modeling experience of the University ofFlorida is presented by [21]. In addition, author of [6]
has examinedthe challenges that universities confront in the management of information necessary
for decision making. Issues related to modeling and implementing a DW for the higher education in
Croatiaaddressed by [22]. Palmer [23] in his study focused on the development of a method to
improve thequality of the data contained in the academic students’ records component of a DW.
Heise [24]has examined the use of Data warehousing in higher education and its role in decision
making.

In an information-intensive climate, success is often determined by what and how data are
used. Given this, the academic DW is one of a few tools available that can support the importance
and increasing volume of data that decision makers require today and in the future. The primary
beneficiaries of the academic DW are the key decision makers of the institution. Administrators will
benefit from improved access to and analytical capabiities of historical and environmental data.
Strategic planning teams, along with operational decision makers, will be more informed and abe to
guide the institution more effectively into the future. The majority of the faculty, staff, and students
will benefit from the result of improved administrative decision making and planning [1]

Conceptual Design of the Academic Data Warehouse

We adoptedintegratedrequirement analysis for designing data warehouse (IRADAH, for
short) [3,4], for designing the academic DW. DW is a system composed of several sub systems and
processes between them. A framework provides assistance to DW designers by linking the main
components of DW architecture to a model of DQ that will be integrated. At the requirements
analysis, the information needed to be maintained in the DW is discovered. The next phase, that is
the conceptual design, can be said as abstraction of the users’ request to some information
structures, which act as the bridge connecting the real world and the machine world.
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Figure 1
IRADAH Method [4,5]
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Requirements Analysis

The requirements analysis for DWs is different than those which apply to other types of
information systems. Requirements analysis for DW identifies which information is relevant to the
decisional process by either considering the user needs or the actual availability of data in the
operational sources.

Requirements can be classified into functional & non-functional requirements. In context of

a DW, functional requirements specify what data is to be stored in it, while non-functional

requirements specify how this information should be provided to facilitate reporting and analysis in

a correct manner. There are several approaches how to determine the requirements for the

development of DW.

v' The data-driven (also called supply-driven) approach [25; 26] is a bottom-up technique that
based on exploration of the data sources in order to identify all the available data. Specifically,
data-driven approach tries to construct DW based only on operational system database schemas
overlooking business goals and user needs. Organization needs are not identified, or are
identified only partly. Based on existing documentation and database schema that already exist
in database, existing class diagram for academic system can be seen in the following figure.
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v' The process-driven approach identifies the most important business process that requires
measurement and control [27;28] and then aligns them with corporate strategies. A DW is
designed according to a set of relevant business subjects [3] and each of these subjects centers
around a business process.

Gathering the information related to processes from different sources, monitoring these
processes, and aligning them with corporate strategies and high-level goals is a major issue for
decision makers. The greatest potential benefit of the DW occurs when it is used to redesign
business process and to support strategic business objectives [28].

The Semantic Object Model (SOM) is a comprehensive and integrated methodology for
business engineering [27]. It supports sound modeling of business systems and can be used for
analysis and design. The following is task-event schema of the academic business process in a
private university.
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Figure 3
Task-event schema for the academic process in a private university

v" The goal-driven and the user-driven approach

The goal-driven approach is typically top-down. It emphasis on the need to align DW with
corporate strategy and business objectives [7] by interviewing the top-management. Different
visions are then analyzed and merged in order to obtain a consistent picture and finally translated
into quantifiable KPlIs.

The user-driven approach is bottom-up technique that stresses involvement of end users in
DW [18;17] to determine the information requirements of different business users. Their points of
view are then integrated and made consistent in order to obtain a unique set of multidimensionl
schemata.

A scenario based design method is very useful to determine what functionalities are required
for the system [8]. Scenarios can be used to systematically derive all the requirements. Varied
situations can be easily exemplified using scenarios. Also, implementation of the DW becomes
easier due to the clear structure of scenarios.

Based on interviews using Kimball template, and the similar answers result then be grouped
into matrix interest sphere, the scenario of academic can be seen in the following figure.
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Figure 4
Academic Scenario
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v' The external-driven approach is the need for handling the pressure to comply with
governmental regulations (such as bank central regulation for banking industry) and others
external pressure (such as regulation for public listed company) which require a real-time
disclosure about business operations [15]. This approach is typically top-down and the main
reason behind the current growth rate of such DW initiatives.

In case of academic, external-driven mainly focus on identifying the need for external
reporting especially for ministry of higher education. Forlap (reporting format for higher education)
has to be submitted to the ministry of higher education every semester. Inclusion in this report are
students profile, lecturers profile, academic schedule and grading.

From Requirements Analysis to Conceptual Design

Conceptual design is widely recognize to be necessary foundation for building a database
that fully satisfies user requirements. In particular, from the designer point of view the availability
of a conceptual model provides a higher level of abstraction in describing the warehousing process
and its architecture in all its aspects.

Conceptual model of a DW consist of a set of fact schemes. The basic components of fact
schemes are facts, dimensions and hierarchies. A fact is a focus of interest for the enterprise and
usually measures of business processes; a dimension determines the granularity adopted for
representing facts; a hierarchy determines how fact instances may be aggregated and selected
significantly for the decision-making process.

Facts are usually measures of business processes and dimensions represent the context for
analyzing these measures. Dimensions offer the key to understanding fact measures by allowing the
user to view data through different viewpoints. Dimensional Fact Model (DFM) is an appropriate
tool for conceptual design in a DW [16]. Below is DFM for academic system.
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Figure 5
Dimensional Fact Model for Academic Systems

Conclusion

In this paper, conceptual design for academic activities in private university is
presented.This paper addresses issues related to designing a DW for private university in Jakarta.
The purpose of the project isto provide a conceptual model that will enhance decision making
capabilities in a private university in order to facilitate and improve academic activities. Our future
works will be devoted to developing the methodology for integrating quality into the logical design
and physical design.
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