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ABSTRACT

We present in the paper a pilot project of a data warehouse system for monitoring the accom-
plishment of course requirements in the lecturing process at the Faculty of Technical Sciences of the
University of Novi Sad. Currently, the teaching staff keeps their own records of those data and
therefore, a great amount of them is stored separately, in different systems. Accordingly, a need arises
to unify the data in an integrated database of the faculty information system. Since the faculty consists
of 13 departments, each comprising a number of chairs, it will become an emergent requirement. By
this, the faculty management staff may obtain a basis to perform various data analysis, generate
reports, and make estimations. We present a part of the project that has been already implemented. It
covers the accomplishment of all course requirements during a whole semester of the lecturing proc-
ess. The database schema of our data warechouse system is presented here in detail.
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1. Introduction

In the education process, there is a law
obligation for faculties to keep records about
final students' grades and ECTS points, for all
exams. At the Faculty of Technical Sciences of
the University of Novi Sad, these data are
stored in an OLTP database (db) of the faculty
information system (IS). However, apart from
storing values of final students' grades, there is
a need to keep records about all accomplished
requirements, during the whole semester in the
lecturing process, i.e. in-term requirements.
These values are used not only to calculate
final students' grades, but also to perform va-
rious data analyses by the faculty management
staff. Therefore, such data are not only a me-
asure of success of a sole student, but may be
very useful in performing various business

analyses at the faculty level. For example, it is
possible to generate information about trends
by notifying changes of various parameters by
various student generations, courses, curricula,
and lecturers. In our circumstances, analyses of
regularity of lesson attendance and duty ac-
complishment during the semester are particu-
larly important.

In the paper, we present a db schema of a
data warehouse (DW) pilot project imple-
mented at the Faculty of Technical Sciences in
Novi Sad (FTS). Currently FTS comprises 13
departments and enrolls over 9500 students,
with a continuous trend of increasing this num-
ber. Accordingly, there is a continuous grow of
the number of records about accomplished
requirements. We estimate that a table for
storing this data may reach a couple of million
of tuples, only for active students, and even



tens of millions, if archived data for past stu-
dents are also included. Regardless the evident
and continuous progress in IT development,
computing the estimations and performing
analyses form such an amount of data is still
cumbersome. Sometimes, response times for
such computations and queries may overcome
hours, which is rarely acceptable for the end-
users. They usually fill such software systems
as completely inefficient and uncomfortable.

Information System of FTS (FTS IS)
provides an OLTP database that stores only
final students' grades of all exams. Data about
in-term requirements (such as mid-term tests,
lab projects, assignments, etc.) are still stored
in a nonsystematic way. Each lecturer keeps
his or her own records. There is no official
software application of FTS IS that provides
lecturers in that, and even more, there is no
standard of structuring these data.

We propose development of an integrated
IS for monitoring all accomplished in-term
requirements during semesters, at the opera-
tional level. By this, such an IS should provide
an OLTP database for storing not only final
students' grades and ECTS points, but also all
the operational data in the lecturing process.

Besides, we also propose that such an IS
should comprise a software system that utilizes
the OLTP database as its data source to moni-
tor the accomplishment of course requirements
during semesters. Such software should pro-
vide a considerable shortened response times
in searching data and performing data analy-
ses. It also should provide importing data from
various data sources. Those data sources may
be different as it concerns both the applied
technology and the data structuring rules. For
the purpose of various data analyses, it is ne-
cessary to provide archive data, spanning
historical period of a number of years. There-
fore, we utilize in this project a data warehouse
approach [1] to satisfy all the aforementioned
requirements and the faculty management staff
needs. The system should be designed in such
a way to support various organizational
changes at the level of faculty or university.

2. Related Work

There are a lot of references considering
design and implementation of DW systems, for
example [2] and [3], that we have consulted in
our project. In this section, we present selected
characteristics of some DW systems designed
for various universities or faculties.

The Polytechnic University of Brooklyn
used a central student IS [4]. Departments also
used their own databases, files and other exter-
nal data sources. The goal of a new DW
system was to unify all the data from various
data sources and put them into a common IS.
A commercial enterprise system Peoplesoft
was used for that purposes. DW was seen as a
suitable approach due to a possibility to integ-
rate data from various systems. A similar situa-
tion is at FTS, where there are a number of
smaller and independent data sources, apart
from the existence of a central FTS IS.

The development of the system was perfor-
med trough a number of steps. The first one
was identifying all the data sources at the uni-
versity and then an analysis of their validity.
The next step was an integration of collected
data into a unified db, with checking the data
consistency. The last step was the development
of an assessment process which feed data dir-
ectly into the DW, based on a web technology.
After completion of a test, the system genera-
tes student's grade and store it into the db. At
the very beginning, MS Access was used as a
database management system (DBMS). Later,
it was replaced by MySQL, due to low perfor-
mance problems.

At the beginning, the management staff,
i.e. the end-users of the system did not recog-
nize its advantages. However, after a certain
time, they started with its usage by performing
a number of analyses, estimations and reports,
and became aware of its usefulness. Great in-
vestments for implementation of the system
were related not only to software costs, but
also to the cost of hardware components of the
system architecture. More information about
the project may be found in [4].

In [5], the authors considered a usage of
DW approach coupled with a decision support
system in a university environment. They pre-
sented a DW system that was developed and
implemented at their university. It comprises
five subsystems that store:

e for each student: personnel data, assigned
curricula and semester info;

e data about lecturing process performance,
at the level of a sole student;

e history data about curricula modifications;

e data about students' points and grades, for
all duties during semesters; and

e data about all students' prices issued by the
university authorities.

The system was implemented under Oracle
DBMS and reporting tools. A considerable
attention was paid to the system security and



safety. Access rights to the system services
have been given only to the management staff,
and to the people granted by the management
staff. Not all the end-users have the same
access rights. Management and student service
staff members usually have all the system
rights, while there are users not having rights
to access students' personnel data.

Software Brio is used as a reporting tool. It
supports the SQL syntax. Using Brio, the end-
users can create their own reports. Besides,
there are pre-created reports that provide an
efficient response to frequently performed
analyses and estimations. The database is
refreshed two or three times per semester.
There are special procedures applied for data
validation to preserve data consistency. The
end-users are granted the access to the system
meta data. Accordingly, they may create their
own queries and reports without any assistance
of a system administrator. Therefore, each user
is supposed to pass a proper training before the
system usage. Besides, there are various forms
of the user support in the system operation. For
example, once a month there are meetings with
a purpose to inform end-users about new
functionalities and system changes.

3. User Requirements

A goal of our DW system is to provide
complex analyses of accomplished course
requirements at FTS. Therefore, a db schema
of the system has to provide storing data about
all accomplished requirements at the level of a
sole student. Data stored in the DW database
are aggregated by the requirement types. Ac-
cording to the FTS regulations, a course requi-
rement may be classified as: pre-exam (in-
term), exam, and final. Regardless this clas-
sification, our DW system allows the end users
to create a deeper classification of require-
ments and consequently determine a level of
data granularity of their own.

According to the user requirements, the
DW system is supposed to extract data from an
OLTP database that contains not only person-
nel data about students and data about final
students' grades, but also data about each ac-
complished requirement, for each student, for
each course, and for each semester. Require-
ments may be, for example, tests, colloquiums,
assignments, projects, as well as the other
requirements proposed by the FTS regulations.

Apart from having the OLTP database as a
source, there is a need to collect data from va-
rious external sources organized as files. Since

we developed a pilot project only, we decided
to provide the access to only one external sour-
ce. It is a file that is created during the process
of student recruitment. It holds data about ave-
rage grades and types of secondary schools
graduated, for all student candidates. In the
specification of Extraction, Transformation
and Loading (ETL) process, we provided data
validation procedures for all extracted data.

For the sake of the pilot project, we pro-
vided generation of the following reports:

e percentage of minimal positive grades (6s),
for a given combination of various dimen-
sions;

e percentage of maximal positive grades
(10s), for a given combination of various
dimensions;

e average grades by courses, students, and
lecturers;

e standard deviation of grades by courses,
students, and lecturers; and

e percentage of lessons attendance by stu-
dents, courses, and lecturers.

In a full system implementation, the end-users

should be provided by a considerable larger

number of pre-created reports.

By the completion of the whole DW sys-
tem, the end-users will have the possibility to
use algorithms that provide complex quantita-
tive analyses based on data about the execution
of the lecturing process. Potential users of such
DW system are from management staff at the
level of university, faculties, departments and
chairs. Performing such analyses may signifi-
cantly improve the management strategic and
tactical decisions, as well as the overall quality
of the education process.

It is important to notice that our DW sys-
tem is not aimed to store all the data belonging
to student service, from OLTP database of FTS
IS. Instead, it holds only that part of those data
that is necessary to monitor the execution of
course requirements.

4. Database Schema of the DW
System

Database schema of our DW system, or
DW schema for short, comprises nine relation
schemes implemented as tables. Two of them
are fact relation schemes, whereas the rest
seven are dimensions. Besides, there are two
additional relation schemes implemented as
materialized views for aggregate data. Despite
the fact that the structure of such DW schema
is not very complex, it is a constellation sche-



ma, because it has more than one fact relation
scheme sharing three common dimensions. We
need these two fact relation schemes for the
purpose of monitoring not only the execution
of student requirements, but also for monitor-

ing a segment of student recruitment process.
The DW schema diagram is presented in Fig-
ure 1. In the following text, each of the presen-
ted relation schemes will be described in short.
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Figure 1. A diagram of the DW schema




The dimensions of the DW schema are:
DepartmentsDIM,

StudentsDIM,

LecturersDIM,

CoursesDIM with CurriculaLevel,
AssignmentTypeDIM, and

TimeDIM.

The fact relation schemes are:
AssignmentsFACT and

e (CandidatesFACT.

For all dimensions, except Department-
sDIM, data updates are performed without sto-
ring history of changes.

DepartmentsDIM stores dimensional data
about departments, i.e. faculty organizational
units. Data for this dimension, as well as for all
the other dimensions, are extracted from the
source OLTP db. Apart from attributes that re-
present id and name of a department, the di-
mension comprises two additional attributes:
DepStartDate and DepEndDate. They are used
to record data change history, because the
faculty organization structure is subjected to
changes over time. Inserting a new tuple into
the dimension results in setting DepStartDate
to current date, and DepEndDate to null value.
While "closing" the current department data,
DepEndDate is set to the closing (i.e. current)
date. By this, the tuple is declared to be out-of-
date. The primary key of the dimension is a
surrogate key comprising an attribute with
generated auto increment values. It is transfer-
red as a foreign key into the relation scheme
AssignmentsFACT.

StudentsDIM  stores dimensional data
about students of the faculty. It is related to
DepartmentsDIM by a foreign key, because
each student is assigned formally to only one
department. In this way, DepartmentsDIM is
referenced from AssignmentsFACT twice. The
first, directly, and the second, by means of
StudentsDIM relation scheme. It leads to the
violation of the third normal form (3NF) con-
dition, and consequently raises the level of da-
ta redundancy, since the same department id
data are stored twice. The existence of the tran-
sitive relationships is generally acceptable in
DW systems. The relationship between As-
signmentsFACT and DepartmentsDIM is in-
troduced for the sake of improving query per-
formances, by avoiding compulsory joining of
these two tables via STudentsDIM. Each tuple
from StudentsDIM comprises data about stud-
ent's first and last name, id, and starting year of
studying. Student id is a natural key, inherited
from the source OLTP db. Data updates are
performed without storing history of changes.

Both of the fact relation schemes are related to
StudentsDIM by foreign keys, because it is
important to analyze a correlation between
students' performance in the faculty education
process, and successfulness and profile of the
secondary education. By the rule, personnel
student data in this dimension are never mo-
dified. Instead, the only operation is adding
new tuples.

LecturersDIM  stores dimensional data
about lecturing staff of the faculty. Each tuple
from LecturersDIM comprises data about na-
mes, position, and id. Lecturer id is a natural
primary key, inherited from the source OLTP
db. It is transferred as a foreign key into the re-
lation scheme AssignmentsFACT. Data upda-
tes are performed without storing history of
changes.

CoursesDIM stores dimensional data about
faculty courses that are assigned to curricula.
Therefore, we identify a two level dimension
hierarchy of courses, represented by Courses-
DIM, and their curricula, represented by Curr-
iculaLevel. Each tuple from CoursesDIM com-
prises data about id, name, running semester,
number of lessons per week, number of oral
and laboratory exercises per week, and be-
longing curriculum. Each curriculum is desc-
ribed by its id, name, the first starting year, and
the last running year. Course id is a surrogate
primary key, comprising an attribute with ge-
nerated auto increment values. The reason to
introduce a surrogate key is that the natural
key in the source OLTP db is too complex, sin-
ce it is composed from a number of attributes.
The primary key of CoursesDIM is transferred
as a foreign key into the relation scheme As-
signmentsFACT. Data updates are performed
without storing history of changes.

AssignmentTypeDIM stores dimensional
data about types of course requirements. Req-
uirements may be: in-term (pre-exam), final
exam, but also final score and grade, percen-
tage of lessons attendance, etc. All course req-
uirements are classified into types defined by
the faculty management staff, according to
their requirements. Each requirement type is
described by its id, name, measurement unit,
minimal allowed value, and maximal allowed
value. Data updates are performed without sto-
ring history of changes. The primary key of
AssignmentTypeDIM is transferred as a fore-
ign key into the relation scheme Assignmen-
tsFACT. For all the aforementioned dimensi-
ons except AssignmentTypeDIM, each dimen-
sion tuple corresponds to exactly one tuple
from the corresponding relation from the sour-



ce OLTP db. However, for AssignmentType-
DIM, a dimension tuple usually aggregates da-
ta about a number of particular in-term require-
ments from the source OLTP db. Therefore,
there is a straightforward influence of the se-
lected granularity of requirement types (i.e. the
deepness of the requirement type classificati-
on) onto the aggregation level of fact data abo-
ut the requirements from the source OLTP db.

TimeDIM is a time dimension aimed to
span a number of years in monitoring the ac-
complishment of course requirements. The ti-
me in our DW system is not organized as a ca-
lendar with days, months, and dates. Accor-
ding to the management requirements, precise
dates of the accomplishment of requirements
are not necessary. However, the end-users are
particularly interested in having a view onto
the accomplished requirements by years, se-
mesters and half-semesters. Therefore, Time-
DIM comprises exactly those three attributes,
by means of a satisfactory level of granularity
is defined. The attribute Timeld is introduced
as a surrogate primary key, instead of a natural
key composed of the attributes TimeSchYear,
TimeSemester, and TimeHalfSemester. Timeld
is transferred as a foreign key into Assign-
mentsFACT. The data from TimeDIM are not
modifiable.

AssignmentsFACT is a fact relation sche-
me that provides storing data about all the ac-
complished course requirements, at the level of
particular requirement types. It is related by
foreign keys to the dimensions: Departments-
DIM, StudentsDIM, LecturersDIM, Courses-
DIM, AssignmentTypeDIM, and TimeDIM. Its
attribute FAValue provides storing measure da-
ta, each describing an accomplished require-
ment of the designated type. Measures are ex-
tracted as aggregate (derived) values from the
source OLTP db. The aggregation is performed
by all the requirements of the same require-
ment type, for a selected combination of all
other dimensions. Such designed fact measure
is semiaditive, because it cannot be summar-
ized by any other combination of dimensions,
if the requirement type is not qualified pro-
perly. By means of this fact measure, the data
can be aggregated further, according to various
criteria. The primary key of Assignments-
FACT is composed as a union of all foreign
keys propagated from the dimensions. The data
from AssignmentsFACT are not modifiable. In
the process of data refreshment, the only al-
lowed operation is the insert of new tuples.

Another fact relation scheme is Candida-
tesFACT. It stores data about average grades

and types of secondary schools graduated, for
all students. Average grade is an aggregated
value for all years of secondary education.
Secondary school type provides a classification
of secondary schools by areas of interest, for
example engineering schools, grammar scho-
ols, etc. It is under the responsibility of users to
define such a classification. It is related by fo-
reign keys to the dimensions: Departments-
DIM, StudentsDIM, and TimeDIM. All neces-
sary data are extracted from a file as an ex-
ternal source. The measure is typically non-
aditive. The primary key of CandidatesFACT
is a union of all foreign keys propagated from
the three dimensions.

The DW schema comprises two materia-
lized views: LecturersCoursesMV and Time-
CoursesMV.

LecturersCoursesMV relates dimensions
LecturersDIM and CoursesDIM. It stores ag-
gregated data needed for analyses of the acco-
mplished requirements grouped by courses and
their lecturers. The data are derived from As-
signmentsFACT. Apart from two foreign keys
transferred from the dimensions, it currently
comprises four aggregate attributes. Each tuple
stores: percentage of maximal grades (10s),
percentage of minimal positive grades (6s),
average grade, and standard deviation of aver-
age grade. All these values are aggregated by
applying group functions onto the Assign-
mentsFACT measure and qualifying the ap-
propriate requirement types.

TimeCoursesMV relates dimensions Cour-
sesDIM and TimeDIM. It stores aggregated
data needed for analyses of the accomplished
requirements grouped by courses and time
units. The data are also derived from Assign-
mentsFACT. Apart from two foreign keys
transferred from the dimensions, it currently
comprises just one attribute that stores data
about average percentage of lesson attendance.
By the assumptions that: (i) percentage of les-
son attendance must be a requirement type
recorded in AssignmentTypeDIM and (ii) there
are corresponding fact data about lesson atten-
dance stored in AssignmentsFACT, it is pos-
sible to generate aggregated data for lesson at-
tendance in TimeCoursesM V.

According to the future end-user needs, it
is possible to extend both the materialized vi-
ews by new attributes.

5. Conclusion

In the paper we presented some of the
results embedded into the pilot project of our



DW system aimed at monitoring the faculty or
university lecturing process. We developed a
software system that provides reports of vari-
ous types and analyses of the accomplished
course requirements. The DW schema, presen-
ted in the paper, is designed to support an
efficient execution of complex user queries. A
considerable amount of time was spent for DW
schema design. The quality of the DW schema
designed has a substantial influence on the
overall usability and durability of the system in
usage. We believe that our database schema
specification provides performing changes in
the system evolution in a relatively easy way,
and consequently extends its life time. The
pilot system was implemented over Oracle
DBMS and developed by the usage of Oracle
Warehouse Builder [6], [7], [8].

Further development of our DW system
may follow several directions. One of the goals
is to extend the software so as to provide a
wider number of OLAP and Data Mining ana-
lyses. For a commercial usage of the system it
is compulsory prerequisite to perform a stra-
tegic feasibility study. The goal of such a study
is to better motivate and actively involve ma-
nagement representatives into the requirements
specification and software development proc-
ess in order to fulfill a majority of require-
ments of strategic and tactical management
staff in a proper way. One of the important cri-
tical success factors is also raising the moti-
vation of potential end-users for an active usa-
ge of the system in their working processes.
We believe that an implementation of the pilot
system, which is partially presented here, is a
possible way to reach that goal.
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