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University Student Information System
Development Using Data Warehouse

Abstract
The university environment is a Data-Driven institution and part of

it is the student information system that had been collecting data
regarding student absence, performance, and overall success. Data
are also often collected concerning courses sections and courses
categories, this data were collected using transactional databases,
the huge amount of historically collected data were used for
transactional purposes

but it never been a concern to analyze students data. This thesis
developed a university student information system using a data
warehouse for the purpose of analysis and forecasting. The
developed system extracted the students data from two Jordanian
private universities databases. In the extraction process the
implemented system imported the data from its sources and
transformed the data into unified representations, checked integrity
constraints, sorted the data, and loaded the transformed data into a
staging database which contains tables related to student academic

achievement. After loading

XV
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the staging database the dimensional model is applied which uses
the star schema design , the star schema of the university data
warehouse consists of a single fact table and five dimensions that
are Students dimension ,courses dimension, majors dimension,
semesters dimension, and university dimension. Then the data
warehouse dimensions and the fact table are loaded with students
data, and then the results of the data warehouse were used for data
cubing process in which the data can be viewed from
multidimensional perspectives; finally the aggregated results from
the cube are used for forecasting the students’ academic

achievement for the next semester.

XV

www.manaraa.com



Arabic summary
Gl cled giam aladiuly daalad) 4l cila glaa sl gL
uadlall
i s Al e glas aUai Lgie e Ja 5 cllall 33 o el duaie & dadall
pend LSl il agluant 5 agiledle 5 Ol i Bl Cilaglaae gan ikl gy
Claalall 3 5 4l ol Gl g1 50 5 laalael 5 4l jall cliluall el g il sl
ae gill oda JS 5 bl ac) 8 & o 5al) el Laily aand e slheall 028 cilS 4 Y|
51 Ky Sl A Ul il (e Alila 3aS e 5 st il 20| 8 Gl il 55 e aa

L lan ) sl 5 Qs L

) i) i 5 Al 8 ddhll Gl glea kil clily £ sie bl 4l 1) o2
i )Y Claalall (e (pimala 3 Aall) il sles aUail ULl ae ) 8 e gl 53 ot Al
Gl bl ) clilal) Jia as 6 dlee (8 Leh gt 28 Slilall 21 A% a5, Aalil)
Sle hlade] Clilall &3 e aala 2 A8 50 GULy Bacld 3 Lebaad o (e 5 (380 5ia Jiiad
g elal) 3 4 A L) £ 3 glse asenal b deaill 73 gl aadi) A gaadll LU
&3 sine Mool (e a2d JSI Jgan L] a3 5 48 all i) 308 J gl (G 33 92 gl B
Jsaaill axh 54 all Cllasall a5 aldall 2 o8 Slaa¥) o8 5 Audlall e sles aldas iy
Dxas 2ay Al Amaladl aad 5 A Hall Gleaiaddl) b 5 el aad Sl A Al )

ais ¢ Arala sl e iyl

XVI

www.manaraa.com



S iilid) (e de gana o ARiall Jgan (g sing Cun A pe dasi p Alids Jgan oL
o 5 Ll 2 el al e Aggall Json (ssing 5 A e ad G ) likes Jagi yy Uik

Jomd S 3 Alaaaal) Gaead il 3 ge 230 5 llall Fuud ol Condl) 5 Uall ST Janal

L) & &3 dgEal) Jgas dhd 3 lild) £ 3 s qbgifu.p:u“_ade’jw}_ Qldall ) )
JJ"J;S?S:\_\.QLLAJ\‘“_@J b;\_uezggﬂ\th\@L&LJJ@JMAJ\&_I\JQJUAJAJ:UJL’.A
leblad Can€all 8 L ol pall ) a5 dgd A bl cansle 6 i ) SleaY)

e o il CunSa oL aay 5. anadi US A Cpinalad) 8 Aallall ) jla) G )

(8 33 5 sall bl G e 1) g CaaSlall alady Aala dpae n casS) 3 aladiily 408 bl
il il CnSl) A ATl 5 (s s e ST e g 2ed IS DA e efl

a1 a8ty Ll 5 ) il 2l

XVII

www.manaraa.com



Chapter 1

Introduction
1.1. Background

Data Warehousing is one of the techniques that are used in
Business Intelligence approach for business development .The data
warehouse is related strongly with Business Intelligence because of
its role in data storage and analysis. Its first definition was developed
by Bill Inmon in 1980 he defined it as "a subject-oriented, integrated
time variant and non volatile collection of data used in strategic

decision making "[1].

Another definition for data warehouse is " a relational database that
is designed for query and analysis rather than for transaction

processing "[2].

Because of the importance of business intelligence as an approach
based on data warehousing the business intelligence is introduced

in this section.

The Business Intelligence (Bl) term came into sight in 1989 and it
gained an increased interest in the last 20 years because of its

positive effect on organizational performance [3].

In 2003 (Moss and Atre) indicated that Bl is not a product or a
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system it is an architecture and a group of incorporated prepared
applications of decision support processes, and it includes the
databases and data warehouses that provide direct access to

business data [4].

In 2004 ( Marshal et al) defined Bl as the gaining, evaluation and

utilization of information associated to a business [5].

In 2009 (Chasalow ) defined Bl as "business information and
business analyses within the context of key business processes that
lead to decisions and actions and that result in improved business

performance” [6].

1.2. University Student Information System

The University Student Information System (SIS) stores all the data
that is related to the students' information which include: personal
information, students' academic activities in the university, the
courses of the students, and the students' grades. The student
information system data are stored using transactional databases
these databases are not used for analysis and forecasting, for this
reason this thesis developed a data warehouse system to store the
student data for analysis and forecasting. The developed system

used two data sources that are two Jordanian private universities;
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the thesis refers to these universities as university1 and university 2
because the universities administration requested not to state their

true names for purpose of privacy.

1.3. Statement of the Problem

This thesis developed a data warehouse system used to store the
historical records of students data, by extracting the required data
from two student information systems from two private Jordanian
universities, The extracted data were then transformed through data
integration to be loaded into a staging database and then the
denormalization process for this staging database was performed,
The dimensional model of the data warehouse was designed and
the data warehouse were loaded. The resulted data from the data
warehouse were used for data cubing and finally the resulted data
from the data cubing are used in forecasting the values of three
factors that are student cumulative GPA, sections frequency and

major courses count that the students register in each semester.

1.4. Thesis Goals

The thesis goals are the following:
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+ Develop a data warehouse system using extract, transform
and load processes from the student information systems
databases of two private Jordanian universities.

% Study a group of factors that measure the universities
performance including frequency of courses sections, the
students Grade Point Average (GPA), and number of major
courses that the students register in each semester.

1.5. Literature Review

Universities as many organizations adopted data warehousing in
their systems because of its advantage of holding historical data that
is used for analysis and data trending. A brief history about the use

of Data warehousing in higher education is listed here:

In 2011 ( Manjunath et al) designed a university data warehouse
using open source tools in order to reduce the cost of building a data

warehouse system for the university environment[7].

In 2011 (Singh et a)l studied building a university data warehouse
using a qualitative multi-site case study method in which the
warehouse was designed based on enterprise-wide information

needs [8].
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In 2010 (Piedade et al) developed a student data warehouse
system to monitor the students academic activities in the university
system[9].

In 2010 Rebbapragada et al build a data warehouse that hold
student performances records and used data mining techniques to
predict the trends of university applicants in order to indicate
admission offers for the applicants [10].

In 2008 Mathews et al implemented a data warehousing and
business intelligence solution at McMaster University, the goal of
the implementation
was to connect research funding and research financial databases.
[11]

In 2008 (Staskevicidt, et al) stated that for many years universities
were considered as institutions that only provide services for the
community. But the globalization processes force universities to
move from services profile to market profile. So universities have to
make extreme changes in their educational and administrative
systems and overcome old traditional and centralized management
techniqgues by adoption of Business Intelligence systems. The
authors suggested that the intelligent university should be open to

the society to construct new knowledge society [12].
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In 2007 (Raton) discussed the benefits of the data warehouse
solution that Florida Atlantic University applied for budgeting and
human resources systems, the data warehouse enabled the
university administration to turn the data into valuable knowledge
that can be used for strategic planning and decision making

processes [13].

In 2006 Ballard stated that Saint Louis University developed a data
warehouse used for reporting, decision support,
forecasting/trending, and data mining, the data warehouse loaded

from different data sources in the university [14].

In 2004 ( Nelson) stated that at De Montfort university a static data
warehouse were build for university students achievement reports
,the reports are downloaded into the data warehouse at the same
time each year, enabling a comparison across sessions from these

points onwards[15].

In 2001 (Bielec) researched the management techniques for data
warehousing in higher education that were used in Drexel University
while (Blitzblau and Hanson ) discussed the project of building a

data warehouse in Georgetown University in the same year [16,17].
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This thesis developed a data warehouse for student information
system using ETL processes by extracting the data from two private
Jordanian universities this thesis is the first thesis in Jordan that
focuses on the analysis of important factors that measure the

university student information system performance.

The importance of data warehousing as a main component of
business intelligence makes it important to list a brief literature of
business intelligence in this section. Business intelligence stands for
the decision support systems used in any business enterprise; these
systems use the collected data from external and internal resources
of the enterprise to make decisions and future plans for the
enterprise to get more profits ,There are many published works

related to Bl some of them are listed in this section:

In 2010 (Ivancenco, et al) studied the relation between Information
management with the performance management, and presented
the main BI solutions that exist in Romania. They concluded that
implementing Bl systems in organizations facilitates management of
data from external and internal resources by the use of BI
instruments such as dashboards and different tools supported by Bl

software providers [18].
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In 2010( /stk) examined the effect of Bl capabilities on Bl success

in the

Case of different decision environments. The research results

suggested that

All technological capabilities and the organizational capabilities had

arole

In Bl success, The results also indicated that the decision

environment had a

Significant effect on quantitative data quality [19].

In 2010 (Brannon) discussed how Bl tools can be used in
E_discovery which refers to discovery of information stored
electronically. The research explained the Bl systems functionality
and the importance of Bl technologies in the process of e-discovery

[20].

In 2009 (Chasalow) tested the characteristics of Bl users and their

organizations and presented models for those competences by
presenting different cases for the study. He found that the skills of
users of Bl systems can be categorized into three types that are
cognitive ability, non-cognitive ability, and knowledge. These skills
can impact the ability of an organization in adoption of Bl systems,

8
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This study stated that the management approach and resources
representation can affect the success of organizational adoption of

Bl systems|0].

In 2009 (Janke) identified the factors that determine the user
acceptance of Bl in commercial real estate by studying the
Technology Acceptance Model (TAM) and modified versions of TAM
that is Motivation and Acceptance Model (MAM) .The researcher
reported that commercial real estate companies should invite Bl
systems user to interact with each other to share ideas about good
practices for Bl technologies in order to achieve high performance

of Bl systems [21].

In 2008 (Peng) concentrated on " the development of different data
mining techniques to extract actionable patterns from various types
of log data in computing and Bl systems ". This research studied
comprehensive cases on real applications. Peng improved new data
mining techniques to extract actionable patterns that are used by
domain experts to deploy these patterns in management of historical

data and Bl systems [22].

(Konstantin, 2008) investigated information technology intelligence

which is a sub division of business intelligence and competitive
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intelligence. He discovered that the information technology
intelligence process includes assessment of data from external and
internal resources of an enterprise. He proved by evidence that the
final product of information technology intelligence helps consumers

to take better decisions in any industrial organization [23].

In 2007 (Celina et al) described the process of development of Bl
systems considering the specifications of a Bl system, they
proposed a methodology of how Bl can be constructed and
implemented in an organization. The study stated that Bl creation
and Bl consumption are two major stages in building and

implementing Bl in organizations [24].

In 2005 (Robert K) Presented the implementation of strategies
commonly used in decision support systems to promote success to
enable supply chain management. The implementation of these
strategies is considered a demand for companies to compete in the
globalized economy. The aim of this study was to indicate which
strategies achieve success in decision support systems that is
designed for supply chain management, the study reported that the
users of decision support systems should have powerful analytical
skills, they should have the ability to analyze, explain and deal with

complex data [25].

10
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In 2004 B. Marshal et al proposed a Bl tool that is Electronic
Business Intelligence portal (EBIZ port) which can be used for
gathering information from different resources and analyzing them.
This Bl tool was made to deal with the huge amounts of data on the
internet. This tool extracts , analyzes and uses data to extract
intelligent information that benefits users. The EBIZ port helps users
mainly in analyzing data by dynamic visualization of news of

information technology industry [5].

In 2003 Jermol, et al discussed managing and implementing Bl in
a virtual enterprise; The authors chosen the European Virtual
Enterprise (soleunet) as a case study. They found that Managing
and implementing Bl depend on appropriate business, work
procedures, cognitive authority in collaborative work management,
and network intelligence in the virtual enterprise. The authors
mentioned that such a virtual enterprise can succeed in the market
if it is supported by knowledge management. This knowledge
management requires a systematic approach in collecting,
analyzing and deploying and this can be achieved by the use of the
suitable methods of knowledge management. The most important
method is to build the' knowledge map of partnership's expertise

'126].

11
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1.6. Thesis Contribution

The thesis developed a data warehouse for university students
information system extracted the data from the databases of two
Jordanian private universities. This thesis is the first study in Jordan
that developed a data warehouse for university students' historical
data by which new perspectives of the students' information system
were studied by analyzing three factors that measure students
performance using data cubing and forecasting techniques that
resulted in new information which can help decision makers in the

universities administration.

1.7 Thesis Organization

Chapter 2 will study data warehousing with explanation of its

architecture and characteristics.

= Chapter 3 is concerned with the developed system; it includes
the system data warehouse design and the data cube design.

= Chapter 4 includes the results of the data cubing and forecasting

of the results.

= Chapter 5 includes the conclusion and future work.

12
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Chapter 2
Data Warehousing

2.1.Introduction

The data warehousing is a major component of business
intelligence systems which are a combination of technologies and
tools that are used to collect and analyze different information
sources in an organization to achieve better business performance

[27].

In 2001 Lokken identified business intelligence tools as a collection
of basic tools that is responsible for obtaining data, cleaning it up,
transforming it , restructuring it, and analyzing it using data
warehousing and a group of business intelligence technologies to

make better business decisions[28].

2.2 Business Intelligence Technologies

Business Intelligence technologies include data warehouses, data
marts, On Line Analytical Processing (OLAP) servers, decision
support systems, and extract transform load (ETL) tools query
reporting and analysis tools , on-line analysis and exploration,
visualization, data modeling and planning data mining tools,

Portals, dashboards, and scorecards [28].

13
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The main Bl technologies that are included in this thesis are: data

warehousing, OLAP, and data visualization.

2.3 Data Warehouse

Data warehouse forms a major component in Bl systems . Its
architecture and characteristics provide Bl systems users with data
views and accessibility techniques that are not available in classical
database systems.

The first data warehouse definition was developed by Bill Inmon in
1980 he define it as "a subject-oriented, integrated time variant and

non volatile collection of data used in strategic decision making "[1].

Other definition for data warehouse is "a relational database that is
designed for query and analysis rather than for transaction

processing "[2].

2.3.1 Data Warehouse Architecture

Data warehouse architecture is an approach that demonstrates the
data structure in an organization.This approach includes the data
transformation, analysis and data views for the users in the
organization system [29]. The simple data warehouse architecture

is viewed in figure 2.1.

14
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Data Sources Warehouse Users

Internal Operational
System

External Operational
System

Flat Files Mining

Figure 2.1 Simple Data Warehouse Architecture [30].

The data warehouse architecture consists of a group of layers

that are:

e Operational Database / External Database Layer :
Operational systems handle data to provide a significant operational
need by using structured methods for a relatively small number of

distinct business transactions [31, 32].

e Information Access Layer :
The information access layer signifies the tools that the system uses

on daily bases to view reports and other output forms.

15
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Data Access Layer: the data access layer permits the
information access layer to deal with the operational layer.
The structured query language (SQL) is the standard
language used for data exchange.

Data Directory (Metadata) Layer: the metadata layer includes
data that describes the data in the data warehouse [33, 34].
Process Management Layer: the process management layer
allocates different jobs and processes according to a pre-
defined schedule.

Application Messaging Layer: the application messaging
layer transfers, gathers, and supplies data to locations that
require the data on the network.

Data Warehouse Layer: the basic data in the data
warehouse is located in the data warehouse layer which is
used to create the logical views of the data staging layer.

Data Staging Layer: data staging includes all of the
processes required to manipulate data warehouse data and
information access data from the whole system data bases

(internal and external) [35,36].

16
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2.3.2 Data Warehouse Characteristics

Bill Inmon, considered as the "father of the data warehouse",

defined the data warehouse characteristics as follows [2,30] :

A) Subject-oriented

The goal of data warehouse design is analyzing data and creating
useful information from this data, for this goal the databases of the
data warehouse are planned to be build in such a manner that all
data elements that are related to the same objects are put related
together. For example to know more about students GPA data, a
data warehouse can be built that concentrates on students. Using
this warehouse, questions like "which student has the highest GPA
can be answered [29].
B) Integrated

The data from different sources must be put in the same format by
the data warehouse. The data warehouse must not have any data
formatting problems such as naming conflicts [29,30] .

C) Time-variant

In the data warehouse all data related to an event in the past or at
the mean time is required to achieve the data warehouse goal of

business analysis and decision making [31].

17
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D) Non-volatile
The data that was entered to the data warehouse must not modified
because the
main goal of a data warehouse is analyzing previous events in the
running
system of an organization [30].

2.3.3 Data Warehousing Methodologies

The methodologies of data warehousing include the following steps:
Business requirements analysis, data design, architecture design,
implementation, and deployment [37,38].
e The business requirements analysis step includes specific
strategies for choosing the business requirements such as
interviews with the intended users of the data warehouse, and brain

storming sessions.

e The data design step combines of data modeling and normalization,
the most important methods for data modeling in data warehousing
are Entity-Relational(ER) and Dimensional modeling. The ER
method consists of the steps that are used to design online
transactional processing databases which include designing ER
conceptual diagram, converting ER diagram into a relational schema,

then the normalization process is done for the relational schema.

18
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e A dimensional model consists of a group of dimension tables and the

fact table which is the most important table in the model [38].

The dimensions express the main objects in the data for example
student, teacher, department and faculty. Members represent single
data values for example the faculty of science, attributes are

"properties of a member"[32].

The fact table consists of a group of attributes that in most cases have
numeric

Values.The key of the fact table is multi-attribute, while the primary key

of dimension tables is single attribute (that can be replaced) in each

dimension table, the primary key matches one attribute in the fact
table. The dimensional model can be represented in a special type of

schema that is called star join schema [31].

e The data warehouse architecture contains a group of planned
activities such as communication, maintenance and reuse. The data
warehouse architecture design can be divided into two categories
that are enterprise wide data warehouse design and data mart
design [37].

T. Ariyachandra et al( 2008) studied five data warehouse
architectures that are independent data marts, bus, hub and spoke,

centralized, and federated:

19
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Independent data marts are the first place in which the data
necessary for the process of decision support is stored. These marts
are designed to store data separately from other data stores in the

system.

The bus architecture has distinct data marts that are required for
business processes in which all the data marts are designed using

the same dimensions.

The hub and spoke architecture starts with the step of indicating
requirements and analyzing these requirements at the organization

level.

The centralized architecture is the same as the hub and spoke but

it has no dependent data marts [39].

The federated data ware house architecture supports the
environments in which the data that is used for the process of
decision making is in different parts of the system. In this
architecture, the data is integrated using specific techniques such

as shared keys.

Data warehouse implementation consists of data sourcing, data

staging, and build up applications that are decision support oriented.

20
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The data warehouse implementation steps rely on the following two
main considerations: data quality management and metadata

management [40].

The data warehouse deployment step concentrates on the
integration of the designed data warehouse in the required system.
Data warehouse modification and maintenance are to satisfy user

needs.

2.4 On Line Analytical Processing

Online Analytical Processing (OLAP) is a database model that
provides manipulation and processing for multidimensional data.
The OLAP executes different functions on stored data of the data
warehouse to view the data in multi-representations to simplify the
process of decision making. An example of multidimensional
representations of databases is the star schema which is used in
the implemented system. The OLAP derives its data from different
On Line Transactional Processing (OLTP ) data sources using the
Extract, Transform and Load (ETL) tools .The OLTP performs a
specific operations on the data base system that supports the
current state of the system. The OLTP stores and modifies the day-

to-day transactions [ 41,42].
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2.5 Data Cubes

The data cube is a multidimensional matrix that is used by OLAP
queries for data storage .It can be considered as extensions of 2-D
tables of the DW tables. The cube is so valuable because the data

can be indexed in different ways using the cube dimensions.

The OLAP queries limit the data by arrangements of dimensions
and then perform statistical functions on particular attributes of the
data. These statistical functions called data aggregation .The OLAP
systems store the aggregated data in multidimensional databases

called cubes. [43, 44, 45]

The OLAP cubes can be visualized as expansion of a two —
dimensional array . The OLAP queries manipulate the data stored
in the data cube and visualize it into different hierarchies. The main
types of OLAP queries are:

eRoll_up: The Roll_up query produces an aggregation operation
through the cube dimensions.

e Drill-down: The Drill_down query enables the system users to

mine down through a specific dimension.

e Slice and Dice: The slice and dice produce selection and projection
through the dimensions of the data cube. The slice query produces

a sub cube by selection over one cube dimension.
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e The dice query produces a sub cube over the three dimensions of
the data cube [48].
e Pivot: The pivot query produces a hierarchy of the data cube that

include transition or swapping of the cube dimensions.

2.6 Data Visualization

Data visualization is the process of viewing data and presenting it in
different visual computerized forms. The data visualization process
include three major steps that are data acquisition, data selection
and data presentation. The data acquisition includes exchange
process between the system and decision makers to explore the
system after this step.The needed data are selected then it is
converted to a visual form. The data visualization could be static or
interactive. In interactive visualization system users can choose the
representation method of data while the static data visualization has

a restricted method for presenting data [51,52].
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Chapter 3

Development
3.1 Introduction

This chapter provides a description of the development of a data
warehouse solution for student academic achievement data; the
developed system is a solution for applying data warehousing tools
in the university organization.

The built system studied the frequency of the courses sections,
students GPA, and studied the of number of major courses that the
students register in each semester to measure the university
performance .Previous works had studied the effect of student
absence on their academic achievements as a main factor but the
factors in this thesis are studied for the first time.

The university environment is a Data-Driven (DD) institution that had
for some time been collecting mountains of data regarding student
absence, performance, and overall success. Data are also often
collected concerning courses sections and courses categories. The
collected data were used in transactional databases only but it has
never been a concern to analyze student behavior in choosing their
sections and their courses categories. The implemented system

used the data stored in the data warehouse for data cubing process
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in which the data can be viewed from multidimensional
perspectives; finally the aggregated results from the cube are used
for forecasting the students’ academic achievement for the next
semester.

The system architecture is shown in figure 3.1.
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Figure 3.1 The Implemented System Architecture.
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3.2 Extraction of Data

The developed system collected the required data from two
Jordanian universities. Each university database contains a large
set of tables and a group of systems that include financial system,
library system, human resources system and student information
system (SIS). The developed system is concerned with the data
stored in the SIS. The number of records from each university is

listed in table 3.1.

Table 3.1 Number of Records from Data Sources.

Data Source Number of Records
University 1 41801
University 2 20498

Total Number of Records 62399

3.3 The Data Warehouse Design

The developed system presented the processes of converting
university transactional database into data warehouse for the
purpose of Data cubing, analyzing and forecasting. The constructed

data warehouse (DW) is built by extracting data from source data
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bases, verifying and transforming them, and then loading a new data
base which becomes the developed system DW. The processes of
extraction, transformation and loading, are done periodically after
the academic semester is finished, provides historical layers of data,
which are snapshots of the academic achievement of the students

from different sources.

3.4 Transforming the Data.

In the extraction process the implemented system imported the data
from its sources. In the transformation process the data into unified
representations, checked integrity constraints, sorted the data, and
loaded the transformed data into a staging database which contains
tables related to student academic achievement .The tables are

listed in table 3.2.

Table 3.2 The Temporary Database Tables Description.

Table name Description
Holds students information

SIS Academic Records about semester GPA and

cumulative GPA.
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Holds the records that indicate
SIS Courses Categories
the course type.

Indicate if any course is in the
SIS_Course_Status
semester schedule.

Holds all information about all
SIS Courses
courses.

University departments’

SIS Depts.

records.
SIS_Faculties University faculties records.
SIS_Majors University majors’ records.

Indicate the courses sections
SIS_Section Times
time in each semester.

Indicate the academic
SIS_Semesters
semester’s information.

Holds the records for student
SIS _Student Activities registered courses in each

semester.
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SIS _Student cCourses

Holds the grades for each

student in passed courses.

SIS _Student Status

Indicate if any student is
registered in a certain

semester.

SIS _Students

Holds personal information for

students.

SIS_Study Semester

Indicate the semester codes

for the academic year.

SIS Times

Records for time sections.

SIS Time Table

Give codes for section times.

3.5 Loading the Data Warehouse

After loading the staging database, the dimensional model is

applied. This model used the star schema design as in figure 3. The

star schema of the university DW consists of a single fact table and

four dimensions. The Dimensions of the DW are:

e Students dimension.
e Courses dimension.

e Majors dimension.
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e Semesters dimension.

And another dimension will be added in the data source view which

is the University dimension.

STUDENT DIMENSIOMN

STUDENT_ID

STUDENT_PASSWORD

LOGIMN_STATUS

COURSE DIMEINSION

COURSE_MO

COURSE_CODE

COURSE_MAIME

COURSE_MAME_S

STUDY_DURATION

CRD_HRS

I5_PREF

I5_AVG

INSTRUCTOR_ID

CONTACT_HRS

COURSE_TYPE

FINAMCIAL_HRS

r————%= | LEVEL_CODE

UNIVERSITY DIMEMNSION

UMNIVORSITY_ID

UNIVERSITY_MAME

UNIVERSITY_CODE

UMNIVERS] Y _ LU

UMNIVERSITY _CAPACITY

FIRST_NAME
MID_NAME
LAST_MAME
FIRST MAME S
MID_NAME_S
DIATIH_DATC
LAST_MAME &
10IM_SEMESTER " IF:CT ol il
JOIN_UAIE
TREAN_CODE STUCENT 1D
SCHOCL_COUNTRY YEAR
SCHOCL_GOWVERNATE SEMESTER
SCHOOL_BRANCH ;’::ESP}—E';DGFA
EE:SEE_E\E:EH LUW"JLP'-".H_'-."I'._U FA
SCHOCL_SEAT EEZL;R;E-ND
RAARITAL _SETATUE
= FRECLENCY
WIAIORSCOUNT
SEMESTER DIMENSION |2 20 [ UNIVERSITY_NAME
e RELATIONRESULT
= Clo RELATIONRESULTL
ENTRY_USER =
ENTRY_DATE
I5_ACTIVATED
UNIVERSITY_CAPACITY
|5_PREPARED
I5_WEB_REGISTRATION
ACADEVIC_VEAR
K

I15_TRAIMING

ENTRY_DATE

ENTRY_USER

LAST_MIODIFY_USER

LAST_MODIFY_DATE

IAJOR DIMEMNSION

MAIOR_NO

FACULTY_MNO

DEPT_NO

MAJOR_MAME

MAJOR_MAME_S

DEGREE_CODE

SHORTCUT

SIHORTCUT_G

MAJOR_CODE

MAJOR_DESC

WIAIDR_DESL_S

ENTRY_DATE

ENTRY_USER

LAST_MODIFY_DATE

LAST_MODIFY_USER

MAIOR CAPACITY

ALTERMATIVE_MAIOR_MNO

ALTERMATIVE_MAIDR_HRS

IS_QUALIFICATION

Figure 3.2 Star schema of the university DW.
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The student data was designed to hold all the data related to the
student , also the course dimension was designed to hold all the
data related to the courses and the major dimension holds all the
data related to majors while the semesters dimension holds all the
data that are related to academic semesters. The university
dimension holds the data that indicates students' records from each
university. The dimensions attributes that are inserted into the data
warehouse are not all the listed attributes in the star schema design,
only the attributes that are related for the studied factors are
inserted. The student dimension is designed to hold the student’s
personal information and it is related only to the fact table. The
Student dimension data was loaded using the code in figure 3.3.
The student attributes that are needed are extracted from the
staging database and these attributes are selected from the staging
database and then inserted into the data warehouse. The inserted
attributes are: (Student_ID, Student Name, Join Date, School Year,

and School Average).
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use Test
Insert Into [UOP_DW].[dbo].[Students]
(ISTUDENT _ID]
J[ISTUDENT_NAME]
J[JOINDATE]
[SCHOOLYEAR]
[SCHOOL_AVG])
Select
STUDENT_ID,
IsNUll(FIRST_NAME_S,") + ' ' + IsNul(MID_NAME_S,
IsNull(LAST_NAME_S, ") AS 'STD_NAME,
IsNull(JOIN_DATE, '1/1/1900"),
IsNull(SCHOOL_YEAR, '1900"),
IsNull(SCHOOL_AVG, 0)

from SIS_STUDENTS

+

Figure 3.3 Insert the Student Dimension in the Data Warehouse
The courses dimension is designed to hold the course’s information

and it is related only to the fact table. The courses dimension data

was loaded using the code in figure 3.3. The courses attributes that

are needed are extracted from the staging database by selection

then they are inserted into the data warehouse. The courses

attributes are: (Course Number, and Course Name).
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Use Test

Insert Into [UOP_DW].[dbo].[Courses]
(COURSE_NO,

COURSE_NAME)

Select

COURSE_NO,
ISNull(COURSE_NAME_S, ")

From SIS_COURSES

Figure 3.4 Insert the Courses Dimension in the Data Warehouse.
The major dimension is designed to hold all majors information and
it is related only to the fact table. The majors dimension data was
loaded using the code in figure 3.5 the majors' attributes that are
needed are extracted from the staging database by selection, then
they are inserted into the data warehouse. The majors attributes are:

(Major Number, and Major Name, and Major Description).
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Use Test
Insert Into [UOP_DW].[dbo].[Majors]
(MAJOR_NO,
MAJOR_NAME,
MAJOR_DESCRIPTION)

Select
MAJOR_NO,
MAJOR_NAME_S,
MAJOR_DESC_S

From SIS_MAJORS

Figure 3.5 Insert the Majors Dimension into the Data Warehouse.
The university dimension holds records that indicate the data source
and the semesters dimension holds the values of academic years
and semesters. After loading all the dimension tables, the fact table
is loaded using the data from the dimensions. The fact table of the
data warehouse is Fact Information table.

The fact table attributes represent surrogate key for each dimension
table and it contains two aggregated values. The first is section
frequency value for a certain student in a certain academic
semester. The other one is count of major courses for the same
student in the same academic semester. The values of the attributes

in the fact table firs are inserted using the code in figure 3.6.
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The keys from other tables are inserted then the sections frequency
and major courses count are calculated using two separate

functions called in the insertion code of the fact table.

Use Test
Insert Into [UOP_DW].[dbo].[Factinformation]
([STUDENT _ID]
[YEAR]
[SEMESTER]
[MAJOR_NO]
[SEMESTER_GPA]
[CUMULATIVE_GPA]
,[COURSE_NO]
[SECTION]
FREQUENCY]
,[MAJORSCOUNT]
J[UNIVERSITY_NAME])
Select STUDENT_ID,
Left(SEMESTER, 4) As 'Year',
RIGHT(SEMESTER, 1) As 'Semester’,
MAJOR_NO,
Sum(IsNull(SEMESTER_GPA, 0)) As SEMESTER_GPA,
Sum(IsNull(CUM_GPA, 0)) As CUM_GPA,
0 As 'COURSE_NO',

0 As 'SECTION,
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IsNull(dbo.fn_CourseFrequency(SEMESTER, STUDENT _ID), 0) As 'Frequency',
IsNull(dbo.fn_MajorsCount(SEMESTER, STUDENT_ID), 0) As 'MajorsCount’,
" University 1' As 'UNIVERSITY_NAME'
From SIS_ACADEMIC_RECORDS
Where Cast(Left(SEMESTER, 4) as numeric) > 2005
And Cast(LEFT(Student_ID, 4) As Numeric) <= 2010
And STATUS_CODE =1
Group By STUDENT_ID,
SEMESTER,

MAJOR_NO

Figure 3.6 Insert the Fact Table attributes.
The sections frequency was calculated using the function in figure
3.7; the section frequency is calculated from the staging database
by counting the number of records for a certain course for each
student. The section frequency reflects the number of registered

students in different courses sections.

USE [Test] GO

SET ANSI_NULLS ON GO

SET QUOTED_IDENTIFIER ON GO

ALTER FUNCTION [dbo].[fn_CourseFrequency]

( @SEMESTER As Numeric,
@STUDENT_ID As Numeric
--@COURSE_NO As Numeric,

--@SECTION As Numeric )
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RETURNS Numeric
AS
BEGIN
DECLARE @Frequency Numeric
* Select @Frequency = COUNT(*)
From SIS _SECTION_TIMES
Group By SEMESTER--, COURSE_NO, SECTION, ACTIVITY_CODE,
TIME_CODE HAVING SEMESTER = @SEMESTER And Stud */
Select @Frequency = COUNT(*)
From SIS_STUDENT_COURSES
Where STUDENT_ID = @STUDENT_ID
And SEMESTER = @SEMESTER
--And COURSE_NO = @COURSE_NO
--And SECTION = @SECTION
RETURN @Frequency

END

Figure 3.7 Calculating the Sections Frequency.
The count of major courses for each student in the same academic
semester was calculated using the function code in figure 3.8. The
major courses count is calculated by counting number of records for

the courses that have the value of major as its category.
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USE [Test] GO

SET ANSI_NULLS ON GO

SET QUOTED_IDENTIFIER ON GO

ALTER FUNCTION [dbo].[fn_MajorsCount]

( @SEMESTER As Numeric,
@STUDENT _ID As Numeric

-- @COURSE_NO As Numeric)

RETURNS Numeric

BEGIN DECLARE @MajorsCount Numeric
Select @MajorsCount = COUNT(*)

From SIS_STUDENT_COURSES

Where CATEGORY_CODE = 3 -- Specialization Requirement
And SEMESTER = @SEMESTER
And STUDENT_ID = @STUDENT_ID
--And COURSE_NO = @COURSE_NO

Group By STUDENT_ID, SEMESTER, COURSE_NO
RETURN @MajorsCount

END

Figure 3.8 Calculating the Major Courses Count.
3.6 Creating Data Source View

A Data Source View (DSV) holds all the metadata from the available
data sources. It is useful for filtering the tables, views, and queries
needed for the data cubing. When tables are brought into a DSV,

the relationships that have been established on the DW will be
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carried over and will be visible in the DSV. The DSV was created
first by indicating the university DW as its data source then the tables
of the DSV were selected as in figure 3.9.By moving the tables to

the DSV, the relations of the DW are moved to the DSV.

Select Tables and Views
Select objects from the relational database to be induded in the data source
View,
Available objects: Induded obhjects:
MName | Type | MName | Type |
1 Courses (dba) Table
[ FactInformation (d... Table =
= Majors {dbo) Table —_—
] students (dbo) Table
B sysdiagrams (dbo) Table

B

Filter: Tl Add Related Tables

[T show system objects

Figure 3.9 Selecting Tables of the DSV.

3.7 Building the Data Cube

After creating the DSV the Data cube is created. It is a
multidimensional matrix that allows the implemented system users
to explore and analyze the collected data from three different
dimensions. These dimensions are:
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e University Dimension.
e Student Dimension.
e Semesters Dimension which represents the time dimension,

e Majors Dimension.

Creating the cube started by choosing the DSV that the cube will
explore the data from. Next the cube dimensions are selected as in

figure 3.10.

Select Measure Group Tables
Select a data source view or diagram and then select the tables that will be
used for measure groups.

Data source view:

Measure group tables: Suggest

|:| j University
05 Factinformation

O =1 majors
5 students
O [E] Semesters

Figure 3.10 Selections of Cube Dimensions.

After the cube dimensions are selected, the measures to be used in
data analysis and exploration are selected from the Factinformation

table of the university DW as shown in figure 3.11.
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Select Measures

Select measures that you want to indude in the cube,

V¥ Measure

B [aa]

..... anl YEAR

----- [#] il SEMESTER

----- ull SEMESTER GPA

..... all CUMULATIVE GPA
----- 7] .l SECTION

----- [#] wll FREQUENCY

..... [ wll MAJORSCOUNT
----- aol RELATIOMEESULT
..... [ il RELATIONRESULT1
----- aoll Fact Information Count

Figure 3.11 Selecting Measures of the Cube.

The measures to be used in the university cube are section
frequency, registered major courses count and cumulative GPA.
The final step is generating the university cube from the created

DSV as shown in figure 3.12.
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[}] (. Data Sources
-> University DW.ds

fj L_J Data Source Views
: v 4-; >4 University DW.dsv
r_j L__; Cubes
| University DW.cube
| majorsCUBE.cube
D L__/ Dimensions
: |~ Fact Information.dim
|~ Courses.dim
L~ Majors.dim
L~ students.dim
|~ Semesters.dim
L~ University.dim

Figure 3.12 the generated cube.

The implemented Data cube is a multidimensional extension of 2-D
tables of the DW tables, and it can be viewed as in figure 3.13. The
data in the cube can be accessed using The Multidimensional
Expressions (MDX) language; the MDX provides a rich and powerful
syntax for the retrieval and manipulation of multidimensional data
stored in the cube. The cube diagram illustrates that the intersection
of multidimensional members which are the values of dimensions
attributes creates cells from which the data is obtained to identify

and extract such data, whether it is a single cell or a block of cells,
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MDX uses a reference system called tuples. Tuples list dimensions
and members to identify individual cells as well as larger sections of

cells in the cube.

University University 2

University 1

— Semestert /
Semesters | /

— Semester2
Major x Major y
L - ]
Majors
Measures { { L
Section MajorCourses Cummulative
Frequency Count GPA

Figure 3.13 The University Cube.

Because each cell is an intersection of all the dimensions of the
cube, tuples can uniquely identify every cell in the cube. For the
purposes of reference, measures in a cube are treated as a private
dimension, named Measures, in the cube itself. For example, in
diagram 3.13, the following tuple identifies a cell in which the value

is 9060:
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(Majors.[MajorName].Pharmacy,Semesters.[Year].2006,University1,
Measures.SectionFrequency)

The previous value states the sections frequency for the registered
students in Pharmacy College in university 1 in the year 2006.

An example of MDX query is the following query:
SELECT

{ [University].[UNIVERSITY NAME].Members } ON COLUMNS,
{ [Semesters].[YEAR].Members } ON ROWS

FROM University-CUBE

The result of this query is shown in table 3.3; the query result gives

the aggregated values of cumulative GPA for the two universities.
Table 3.3 Result of MDX Query.

University1 University2

Cumulative  Cumulative

year GPA GPA
2006 18449.99 NULL
2007 19230.63 NULL

2008 19380.84 4480.53

2009 20134.61 10257.68

2010 20440.17 15448.7
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In the listed years in the table these values represent the
summation of all students GPA in a given year and it is clear that
the null values refer to the years in which the data is missing in
university 2. The cumulative GPA results are increasing through the
five years from 2006 until 2010 which is a good pointer for the

improvement of university academic achievement.
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Chapter 4
Results exploration and forecasting

4.1 Cube Results Exploration

The cube can be explored by viewing its results through different
perspectives of its dimensions. The most important values are the
values of its measures. These measures are first the cumulative
GPA which reflects the student’'s academic achievements, the
frequency which reflects the registration of students for courses

sections, and the Major count.

Now the cube is explored by viewing the values of its aggregated
measures which is a roll up operation through the cube dimensions

as in table 4.1.

Table 4.1 Aggregated Measures

|CUMULATIVE GPA  |FREQUENCY |MAJORSCOUNT
|131487.219999998 609814 48394

The values that resulted from the operations are the aggregated
sums of the three factors for the two universities these factors are
cumulative GPA for students and sections frequency for students
registered in the two universities in the time range between 2006
and 2010.these values seem to be of un clear result for the cube
,because in the cube data certain dimensions must be queried with

certain conditions in order to have a meaningful data.
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These values must be viewed from a certain dimension in order to
have a clear explanation, for that the cube is viewed by slicing it

based on university dimension so the results are be clear as in table

4.2.
Table 4.2 Cube Measures with University Dimension.
University 1 University 2
CUMLULATIVE GPA |FREQL.IENC‘|" MAJORSCOUNT | CUMULATIVE GPA |FREQUENC‘|" MAJORSCOUNT
89891.919999339 399102 43752 41795,2999993933 210712 4642

The previous values represent the summation of the studied factors
for each university, and it is shown that these values still have a
none obvious meaning, and by adding the year attribute from the
semesters dimension it will have the following perspective as in

table 4.3.

Table 4.3 The Cube Measures with Semesters Dimension.

University 1 University 2

YEAR CUMULATIVE GPA FREQUENC | MAJORSCOUN CUMULATIVE FREQUENC A MAJORSCOUN

Y T GPA Y T
12006  18449.99 101094 6608 NULL NULL NULL
12007  19230.63 96818 10194 NULL NULL NULL
12008  19380.84 102442 13534 4480.53 30424 NULL
12009  20134.61 109284 14772 10257.68 62354 NULL
2010  20440.17 106410 16050 15448.7 82988 NULL

In the previous table the cell values represent the summation of

each factor in a certain year; the aggregated cumulative GPA was
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increasing from the years 2006 until 2010 which is a good indicator
that the students' numbers are increased in the two universities, and
for clearer projection of the cube data the time dimension is sliced

again using the semester attribute as in table 4.4.

Table 4.4 Projection of Cube Data over Time Dimension.

UNIVERSITY NAME ~ |
University 1
YEAR ~ |SEMESTER ~ |CUMULATIVE GPA  |FREQUENCY MAJORSCOUNT
02006 |1 9352.04000000001 54214 2972
2 9097.95000000001 46880 3636
3 5426.93 17462 2208
Total 24876.92 118556 8816
§ 2007 |1 9802.03000000002 49172 4708
2 9428.6 47646 5436
3 £913.80000000001 18208 4086
Total 26144.43 115026 14260

By slicing the cube dimensions it is clear that the given results are
explored more accurately, and the movement of the views of the
cube represents different perspectives of the data which enable the
cube viewers to understand the data characteristics. In the previous
table the cell values represent the summation of the studied factors
over academic semesters within a given year which enable the cube
viewer to compare the results of the students in any given year. For
example in the year 2006 the cumulative GPA was decreasing in
the second semester than it was in the first semester and in the third
semester it gives a more decreased value because the number of

registered students was decreased.
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Now the cube data can be viewed from different perspective though

slicing the cube through majors’ dimension as in table 4.5.

Table 4.5 Cube Slice through Majors Dimension.

University 1

YEAR ~ MAJOR » |CUMLULATIVE GPA |FREQUENC"|" MAJORSCOLMT

[ 2006 Accounting 237421 10964 866
Arabic Languaage & Literature 360.81 1470 an
Architecture 672,72 2398 272
Business Administration 1546.83 8658 720
Chemistry 740, 070000000001 3364 132
Child Education 539,41 3070 234
Computer Information Systems  [363. 17 1756 =]
Computer Scence 898,919999999999 5670 296
English language and Literature | 437,38 15588 116
English language ftranslation 1191.4 4690 412
English LanguageTranslation 191.64 256 100
Finandal and Banking Sdences | 1413.71 7730 622
Graphic Design 1252.36 5188 295
Interior Design 535.4 1930 175
Journalism 1548.13 6454 &70
Management Information System| 2352, 45 12145 829
Marketing 161677 a700 796
Mutrition 3563.09 2316 100
Pharmaceutical Sciences 73.65 188 100
Pharmacy 3666,5 19172 1962
Software Engineering 1283.64 5326 338
Teacher Class 1283.66 5162 386

Table 4.5 results enable the cube viewers to explore its data from

major perspective; the cells values present the summation of the

studied factors for each major in university1 in the year 2006, by

these values a comparison between majors' students can be

explored and the majors that have the highest values for cumulative

GPA give indicator that it have the highest number of registered

students or have the highest values of students cumulative GPA
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which in both cases states the major level of performance. And to
indicate this result more each student results for the studied factors

can be shown individually as in table 4.6.

Table 4.6 Slice and Dice through Student Dimension.

UNIVERSITY MAME ~
University 2
YEAR ~ STUDENT ID = CUMULATIVE GPA FREQUEMCY

200810086 2,18 16
200820191 2,18 10
200810302 2.2 26
200810786 2.2 26
200810925 2,22 16
200330050 2,22 12
200810224 2.249 10
2003810494 2,25 13
200810502 2,25 13
200810745 2,25 30
200810769 2,25 24

Table 4.6 is a cube view from the student dimension through a slice
and dice operation, and the results indicate each student academic
performance which enables the cube viewer to make comparison
between the results in the different academic semesters for a certain
student, also comparisons between the same major students can be

made in order to evaluate their performance ,these comparisons
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can be made also between different majors and by this the
university performance can be evaluated through the different
perspectives of the cube.

4.2 Forecasting of the Cube Results
The forecasting is done using exponential smoothing model; the

forecasting is done for university1 records results only, table 4.7
shows the forecasting statistics for cumulative GPA, and chart 4.1
shows the values of cumulative GPA and forecasted values.

Table 4.7 Forecasting Statistics for Cumulative GPA.

University 1
Year Semester Cumulative GPA Forecasted GPA
2006 semester1 9352.04
2006 semester2 9097.95 9352.04
2007 semester 9802.03 9352.04
2007 semester2 9428.6 9174177
2008 semester1 9783.61 9613.6741
2008 semester2 9597.23 9484.12223
2009 semester1 10226.46 9693.763669
2009 semester2 9908.15 9626.190101
2010 semester1 10334.61 10046.37903
2010 semseter2 10105.56 9949.618709
2011 semester1 10219.11261
2011 semester2 10239.62578
2012 semester1 10395.26656
2012 semester2 10456.31801
2013 semester1 10551.27487

The values for the cumulative GPA for university 1 are increasing

through the first and second semester in the years from 2006 until
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2010 for university 1 which is a good indicator of the university
academic achievement of its students, when forecasting by using
exponential smoothing method is calculated for the second five
semesters after semester 2 in year 2010 it is predicted to increase

indicating that the number of registered students in the university

are going to be increased.

Student GPA Students Cumulative GPA Forecasting
in Points
11000

10500

10000

9500

&

—4—Cummulative GPA
2000

—ll—Forecasted GPA

8500

2000

semesterl
semester?
semesterl
semester2
semesterl
semester2
semesterl
semseter2
semesterl
semester2
semesterl
semester2
semesterl

Academic Semesters

2007 | 2007 | 2008 | 2008 | 2009 | 2009 | 2010 | 2010 | 2011 | 2011 | 2012 | 2012 | 2013

Chart 4.1 Forecasting Cumulative GPA.
The chart results present the lines of the cumulative GPA using
small squares for the points and the forecasted cumulative GPA
using the big squares for the points ,the forecasted line indicates

that the value of the cumulative GPA are going to be increased in
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the first semester of the year 2011 which indicates that the
expected number of registered students will be increased. That is a
good indicator for the university performance evaluation. And to
evaluate the university performance more accurately the statistics
for forecasting section frequency are shown in table 4.8

Table 4.8 Forecasting Statistics for Section Frequency

University 1

Year Semester Section Frequency ,F:‘r’éz‘fjﬁsg
2006 semester1 54214

2006 semester2 46880 54214
2007 semester1 49172 54214
2007 semester2 47646 49080.2
2008 semester1 51502 49144 .46
2008 semester2 50940 48095.538
2009 semester1 56272 50480.0614
2009 semester2 53012 50802.01842
2010 semester1 55414 54631.00553
2010 semseter2 50996 53497.70166
2011 semester1 54839.1105
2011 semester2 52148.93315
2012 semester1 54032.05729
2012 semester2 52713.87039
2013 semester1 53636.60122

The results in table 4.8 shows the results of forecasting by using
exponential smoothing method when calculated for the second five
semesters after semester 2 in year 2010 it is predicted to be

increased in the next semester which indicates that the number of
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registered students in the university is going to be increased in this

semester. But the prediction values for later semesters indicates a

decrease in section frequency which is not a good indicator for

university performance, the forecasting results are shown in chart

4.2.
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Chart 4.2 Forecasting Section Frequency.

Chart4.2 presents the line of section frequency using small squares

for points and the line of forecasted section frequency using big

squares for points, the forecasted line for section frequency

indicates that the value of section frequency is predicted to be

increased in the first semester of the year 2011 which is a good
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indicator for the increasing number for registered students in the

university, and for more accurate exploration of the university

performance the statistics of the major course count in university1

are viewed in table 4.9 .

Table 4.9 Forecasting Results for Major Courses Count.

University 1

Year

Semester

Major Courses
Count

Forecasted Major
courses count

2006

semester1

2972

2006

semester2

3636

2972

2007

semester1

4708

2972

2007

semester2

5486

3436.8)

2008

semester1

6600

4326.64|

2008

semester2

6934

5138.192|

2009

semester1

7222

6161 .4576|

2009

semester2

7550

6702.23728|

2010

semester1

7850

7066.071 184|

2010

semseter2

8200

7404.821355

2011

semester1

7716.446407

2011

semester2

8054.933922

2012

semester1

8296.480177

2012

semester2

8127.397783)

2013

semester1

8252.069405)

Table 4.9 results show the improvement of major courses count for

the years range from 2006 until 2010 which are increasing and that

is a good indicator for the university performance as shown in chart

4.3, the chart used the line of small squares for points of the major

courses count and used the line of big squares for the points of

forecasted major courses count, the forecasted results of the major

courses count are predicted to increase.
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Chart 4.3 Forecasting results for Major Courses Count.

The results from table 4.9 of forecasting show improvement of the
university performance from the year 2006 until the year 2010. But
this improved numbers are increased in small rates. For that the
university needs to review its strategies in evaluation the student
performance, and it needs to monitor the student success rates in
their major courses to indicate if they are proceeding in rates that

will increase the university evaluation measures.
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Chapter 5
Conclusion and Future Work
5.1 Discussion

This thesis developed a data warehouse system for university
student information system. The main goal of the data warehouse
development was for analysis. The data warehouse was designed
because it is easier and faster to execute queries in a data
warehouse design rather than in a transactional database system.
Then the data warehouse is used for analysis and data cubing in
which the data was viewed from different dimensions according to
specified measures and finally the resulted data from the cube were

used in forecasting.

5.2 Conclusion

This research studied the student information system in two private
Jordanian universities data in order to show that it can be analyzed
not only stored in its databases the thesis ended with these
conclusions.
e The development of a data warehouse for student information
system

in the university environment depends on historical data of the

students' records and it requires a direct connection between the
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transactional database of university student information system
with a data warehouse that is designed to hold the transactions
of students activities and it must be loaded in regular basis at the
end of each academic semester so comparisons can be done for

students achievements in each semester.

e The integration of data from different universities into one data
warehouse requires the sharing of data between different
universities so students performance can be compared
between different universities.

e A main obstacle in this thesis was in data collection because
there is missing data in students' historical records; the main
cause of missing data is the ignorance of the employees who
were responsible for the records storage.

e The data cubing results indicates that the studied universities
should evaluate the progress of its students through their
registration semesters not only through the cumulative GPA

but using other techniqgues to solve the students' problems.
5.3 Future Work

The developed system could be extended to focus into the

following points:

e Analysis of the developed data cube can be further improved
to find the data trends in students different activities using

data mining algorithms.

58

www.manaraa.com



e The developed system could be extended to study the
students trends in registration in different courses.

e The developed system could study the courses offering for
certain students groups according to their needs.
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