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Abstract

At the University of Pisa, a graduate program was started®22o pre-
pare professionals with an interdisciplinary skills bathinformatics and in
business to satisfy the increasing demand by companiesipete using ana-
lytics methods. The graduate program focused on Businéskigence tech-
nigues to support decision making. This paper presentstthetsre of the
graduate program, the results achieved in the first six yead how it has
been redesigned to satisfy the requirements of the new tairaklaw regard-
ing the curricula of the Italian universities.

1 Introduction

In 2002, for the first time in Italy, the University of Pisa sgta graduate program of
the Informatics class 2310 prepare professionals with an interdisciplinary skills
both in informatics and in business to satisfy the growingaed for experts in both
areas by companies and the civil service. The graduategrogfas offered jointly
by the Faculty of Science and the Faculty of Economics, arglnaaed nformat-
ica per I'economia e per |’azienda (for the sake of simplicityBusiness Informatics
2002).

It was widely recognised that the evolution of the relatfopsetween organi-
sations and information technologies would entail a camtirs alignment and inte-
gration of both worlds where professionals are able to daaguages, methods and
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strategic objectives in order to enable organisations tmbee flexible, responsive
and competitive in increasingly aggressive and global etark

The graduate program was organized by a joint committeeadépsors from the
Departments of Informatics, Economics, and Business Hoa®oat the University
of Pisa, taking into account the following considerations:

¢ Inline with international trends, in Italy there was a deelin the total number
of new students who enrolled in traditional undergraduatgraduate infor-
matics programs, in both the Faculty of Science and the BaotIEngineer-
ing. An idea widely shared to tackle this trend was to pronprtegrams in
informatics with more emphasis on an interdisciplinaryteon

e Surveys of national and international organizations redka demand for
graduates with skills both in information technology andibess economics
in order to develop applications to support decision makifpis need has
been also confirmed by recent studies and surveys (T. H. [pavea G. C.
Harris, Competing on Analytics: The New Science of Winning, Harvad Busi-
ness School Press, Boston 2007; T. Burelli, A. Marzona, MhiR From
Intuition to Knowledge (in Italian), Aracne, Roma, 20070bservatory on
Business Intelligence (in Italian), Report 2007-2008 SDA Bocconi).

e To enable the graduates of the course of study to take thart8tate Ex-
amination that gives admittance to the regulated profassidéT Professional
Engineer, or to progress to senior management positioastérdisciplinary
graduate program had to award a degree in the Informatiss,aialike simi-
lar interdisciplinary study programs offered by otheri&taluniversities. There
were, in fact, programs covering both information techggland business,
offered by economics faculties or by science faculties, thay were only
undergraduate programs, and were not part of the Informalass.

e Graduates needed to acquire a broad skill in informaticsetatide to do a
PhD in informatics.

e The advanced subjects of the graduate program had to berseghy close
connections with the research activities of the memberseobepartments of
Informatics, Economics, and Business Economics. In amditt was a minis-
terial requirement that each teaching program had to bedigg a minimum
number of professors or researchers, catjachnti (guarantors), who com-
mitted themselves to teaching courses on the program.

The study program was thus designed to prepare graduatesdotaster the in-
formation technologies and to understand the needs of agans with a specific
training in Business Intelligence for decision support.isivision was supported
by close connections with the research topics carried otihdypepartments of In-
formatics, Economics, and Business Economics in areasasiatatawarehousing,
data mining, marketing, business information systems.
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In the following sections, we present the structure of trelgate program, fol-
lowed by the results achieved in the first six years, and firvad will describe how
the program has been redesigned to satisfy the requireroktite new ministerial
law concerning the curricula of the Italian universities.

2 Graduate Program Structure

The graduate prograBusiness |nformatics 2002 was organised with two curricula,
for a total of 120 crediEs which require a thesis of 18 credits: a curriculum for
students with a bachelor’s degree in Informatics and amaiingiculum for students
with a bachelor’'s degree in Economics, or Business Ecormmicin Statistics for
Business Economics.

The curriculum for students with a bachelor's degree indmfatics was orga-
nized as follows:

e Compulsory subjects with 46 credits

Microeconomics, 10 credits,

Business Economics, 10 credits,

Statistics, 5 credits,

Business Intelligence, subjects with 21 credits.

¢ Elective subjects with 25 credits from one of the followirmgas: Economics,
Business Economics, Business Law.

o Elective subjects with 10 credits from any of the followingas: Economics,
Business Economics, Business Law.

e Elective subjects with 5 credits from the Management Infation Systems
area.

e Elective subjects with 10 credits from the informatics area

e Elective subjects with 6 credits from any area.

The structure of the curriculum for students with a bacheldegree that was not in
informatics depended on the number of credits that the stusd in Informatics,

Mathematics, and Economics. In general, the were admittéebtgraduate program
even if they had an insufficient number of credft (native debits), and they had to
attend courses from the undergraduate program.

20ne credit corresponds to 8 hours of teaching in frontalolessr 12 hours of teaching in a
laboratory, plus individual study by students to reach altot 25 hours.



The two curricula had the following compulsory Busines®lligence subjects in
common for a total of 21 credits:

e Databases for decision support (5 credits). The coursedesl data-driven
decision support systems, a data warehouse design metlggddn-Line
Analytical Processing (OLAP) technigues and systems talasewarehouses
for business decisions, and the technology of Data WarglsoManagement
Systems (storage structures, star query optimizatiomtgahbs, query rewrit-
ing to use materialized views).

e Enterprise Information Systems (5 credits). The coursersothe principles,
methods and techniques to make rational decisions usiq@pie informa-
tion assets. It introduces the theory of decisions, acogrth the classical
approach of the criterion of maximization of expected valldethods of
forecasting and optimization are then introduced, suchaa®&an methods
and dynamic programming. Lastly, typical examples of thaseciples and
methods in the economic-business area are presented.

e Data Mining (5 credits). The course introduces the basiossté knowledge
discovery in databases, the main techniques of data minidgtteeir algo-
rithmic aspects. Methodological issues are discussedpthdsy presenting
case studies in market basket analysis, customer segimanfedud detection
and web mining. In addition, privacy concerns in data anslgee presented,
given that they pose ethical and legal obstacles to theipahetpplication of
data mining.

e Laboratory of Business Intelligence (6 credits). The ceymesents technolo-
gies and systems for data access, datawarehousing impkdioan Online
Analytical Processing (OLAP) analysis, and knowledge aliscy from data.
The focus is on the tools and on applications for real-worltbfems, such
as marketing and customer relationship management. Stulsmn how to
critically analyse commercial software applications, &o@v to separate the
purely technological aspects from the functional requaeta of a Business
Intelligence project.

Although doing a thesis with an internship was not compuyisiirwas typically

associated with an internship of three to four months inipudyl private companies.
Agreements were set up with more than 30 companies, mos#ydd in Milan and
Rome, so not just in the Pisa area. The companies were nosofilyare houses,
but also companies in the area of consulting, auditing,ié@shmobile telephony,
manufacturing, retail, and supermarket chains.
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Figure 1: New enrolments by year

3 Notable Accomplishments

The graduate program has achieved the following main eults first six years:

e Accreditation. A Quality Assurance (QA) system was designed in accordance
with the CRUI (Conference of Italian University Rectors)dglines, which in
turn, were based on the ISO 9001 norms. The QA system desc¢hbeoles,
responsibilities, resources, structures and registratio didactic, technical
and administrative processes. An annual self-evaluatiolit &vas conducted
in the period 2003-2007. External audits were also perfdrimg a CRUI
committee made up of one academic member and one industraber.

e Awards. The graduate program was funded by the regional admirigstrat
Tuscany (European Social Fund, ESF) for the academic y&@3/@4 and
2004/05 for Experts in Business Intelligence. Nineteewmlestits completed
all the required activities within the scheduled time, uttihg extra curricular
activities. In addition, the graduate program was one of pirograms at the
University of Pisa funded in 2007 by the regional admint&rain Tuscany
to support students whose thesis involved an internshiprganisations in
regions different from Tuscany.

e Attractiveness of the graduate program. The graduate program was well re-
ceived by students; there were 180 new enrolments in thesfisgears, a
figure which is constantly increasing, as shown in Fidlire 1.

e Type of enrolments. 31% of the 180 total enrolments in the first six years were
from 16 other Italian universities (i.e. not Pisa) (Figlile There were 11
new enrolments with an Economics degree, 9 with a degreedndfuics and
Informatics, and 1 with a degree in Statistics (Fiddre 3).

e Withdrawals. The graduate program has had a total of 23 withdrawals so far
(13%).
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Figure 2: New enrolments by year from Italian universitiégedent from that of
Pisa

e Leve of satisfaction of students. The graduate program has encouraged feed-
back from students through the distribution of the subjeatuation question-
naires at the end of each semester, which were then usedfantiual report
that the program coordinator submitted to the Faculty Deaita the Evalu-
ation Unit of the University. The evaluations were expréssg a numerical
value from 1 (very negative) to 4 (very positive). For eachirse that students
attended in a semester, they were asked to assess:

— adequacy of prior knowledge of the prerequisites of the smur

— match between official program and actual contents of thesegu
— usefulness of the didactic material (books, slides, lechates);

— clarity and effectiveness of the teacher;

— capacity of the teacher to stimulate active participatiod iaterest;
— workload in relation to the number of course credits;

— clarity of information on the on-going and final marks;

— presence and timekeeping of the teacher;

— interest value of course contents;

— overall evaluation of the course.

Summaries of the statistics were published on the graduatgam web site
at the end of each semester. The overall average scores wenes ayreater
than 3.

e Years of study to graduate. In the first six years the graduate program had 47
graduates: 25 completed the course within the official atied time, 19 had
fallen behind schedule and required one extra year, andreeigtwo extra
years (Figur€ld).
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e Levd of satisfaction of graduates. The graduate program led to the signing of
internship agreements between the Department of Infocsatd public or
private companies, during which students carry out thesgsajects of their
interest, providing they fit in with the educational objees. This opportunity
was much appreciated by graduates because it gave thempbguopty to
see how they got on in the world of work and apply the knowledaimed.

In addition it provided access to stable employment in tfield of interest,
often in the same organizations that hosted the particsp#d reported in the
Salf Evaluation Report 2006, according to a survey of graduates on the match
between the job and the training received during the coursestale of three
(total-partial-none), 65% of graduates reported a totaicma22% a partial
match and 13% no match. In the latter case, these graduatesewgployed

in commercial or software development activities. Noteyéeer, students
were always positive about the quality of the training reediin terms of
introducing them into the world of work.

e Employment trends of graduates. 33 out of 47 graduates carried out their
thesis in external organizations. The views of the tutovalw@ating the grad-
uating have expressed keen interest in the original trgiaid full satisfaction
with the activities carried out by them, who have always beffered to stay
in the organization. On average, students found a job withia month of
graduating. All positions were in line with the Businesslhgence training
provided by the graduate program. The low average time todijab con-
firmed that the graduate program prepared graduates wihdistiplinary
expertise who are highly sought after by the job market.

Clearly, the organization of the program had to be done omtan-faculty basis.
In fact, thedidactic coordinator turned out to be an invaluable resource for the suc-
cess of the various initiatives. The didactic coordinatems part of the technical-
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Figure 4: Number of years to complete the graduate program

administrative staff of the graduate program, and had thewong tasks: support
for students; dissemination of information on various aspef logistics and bu-
reaucracy; career advice and monitoring; coordinatiomtrnships; contact point
for public and private companies; and many others.

4 A New Version of the Graduate Program

In the 2008 the graduate progrdusiness | nformatics 2002 was revised to meet the
new requirements established by the Italian Ministry of &dion, University and
Research with the Ministerial Decree DM 270/Q4nee guida per la progettazione
dei nuovi ordinamenti didattici dei corsi di laurea e di laurea magistrale.

In the redesign of the graduate program, it was decided to@léfnot only as
inter-faculties but also as inter-classes, both becausmult satisfy the constraints
of the two classes (LM-18 Informatics) and (LM-91 Technigjaad Methods for the
Information Society), and to deal with the growing demandlfie admission of stu-
dents with a bachelor’s degree other than Informatics. Wighprevious regulation
this was not possible or could only be done with a curriculbiat tncluded a num-
ber credits greater than the standard value of 120. Adnnissith an insufficient
number of credits is now forbidden under the new ministetiéds.

The new graduate program has been renamietdmatica per I’ Economia e per
I’ AZienda (Business Informatics) (for simplicity Business Informatics 2009), and it
has been organised with two curricula, for a total of 120 itsedased on the inter-
ests and needs of stakeholders, i.e. students, employperacademic institutions:

e Business Informatics for students with a bachelor degree in Informatics or
Engineering Informatics;

e Business and Informatics for students with a bachelor's degree that does not
provide enough background in informatics.
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The curricula is organized as follows:

e Subjects with 48 credits from the Informatics area.

e Subjects with 48 credits from the following areas: Busiriessnomics, Busi-
ness Law, Economics, Operation research, and Statistics.

e Elective subjects with 9 credits, from a list defined evergntey the Graduate
Program Council.

e A thesis with 15 credits.

The two curricula have at least 48 credits on Informaticsomon, with 36 in the
following compulsory subjects in the field of the fundamésntaf Business Intelli-
gence:

e Decision Support Information Systems

— Module 1: Decision Support Data Bases (6 credits)
— Module 2: Data-driven Decision Methods (6 credits)

e Data Mining

— Module 1: Data Mining: Foundations (6 credits)
— Module 2: Data Mining: Advanced topics and applications r@dis)

e Business Performance Analysis

— Module 1: Business Process Modelling (6 credits)
— Module 2: Business Intelligence Laboratory (6 credits)

The Changes inBusiness | nformatics 2009

Based on the experiences wiBusiness Informatics 2002, faculty resources and
skills, and the evolution of technology and business nebdsmain changes in the
design of the new graduate progr&usiness Informatics 2009 were:

¢ Revision of course contents and credits so that graduatestha following
interdisciplinary expertise to master the informatiorhiemlogy and to under-
stand the needs of organizations in order to exploit new dppities offered
by information technology:

— Information and communication technology supporting hess and op-
erational goals (operational information systems), decimaking (de-
cision support information systems), and business seringhe Web.

— The fundamentals of economics and management science.



— Enterprise organizational models, typical functionspany and support
activities.

— The role of management planning and controlling systems.

— The Business Intelligence methods and tools to design, ptgrlement
and manage applications to provide managers with infoonaynthe-
sis in order to achieve more effective tactics and strasetgigncrease
their competitive edge.

— Methods and tools for analyzing business processes anédisign of
such processes, where necessary using the technology cfatlgbes.

In addition, Business Informatics 2009 graduates will have the cultural, sci-
entific and methodological skills necessary to access tarashd levels of
university education, particularly the PhD in Informatatsthe University of
Pisa.

¢ Design of two alternative curricula to enable students ditierent bachelor’'s
degrees to continue their studies in order to acquire egpeirt informatics
and business.

e Reduction in the number of exams, by providing at most twouesiper sub-
ject, with at least 3 credits and coherent contents, andriuhdaesponsibility
of one professor.

e Review and increase in the content and number of creditseofdmpulsory
subjects in the area of the Business Intelligence.

e Addition of two new core Informatics courses (Business Bssdviodelling,
Data Mining: Advanced topics and applications) to take iat@wount the
changes in the IT area, the new business needs, and the pleesibof re-
search in innovative applications in the departments ireehith the gradu-
ate program.

e Altogether the tenured professors from the departmentshied with the
graduate program have to teach subjects for at least 60 redimarily in
compulsory subjects. This is a ministerial requiremergrgjthening the obli-
gations of thegaranti of Business I nformatics 2002.

5 Conclusions

We have presented the rationale and objectives of an istéptinary graduate pro-
gram in Business Informatics at the University of Pisa, thecture of the program,
the results achieved in the first six years, and how it has bedesigned to sat-
isfy the requirements of the new ministerial law regardihg turricula of Italian

universities.
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On the basis of our experience we believe that the idea of tendisciplinary
graduate program to prepare professionals with both treretieal foundation and
practical knowledge in informatics with a business perspecand specific skills
in Business Intelligence technigues to develop decisi@pae systems, is highly
recommended for the following reasons:

e The graduate program attracts new students that make updatdcline of
enrolments in Informatics.

e The graduate program attracts highly motivated students ark looking
for an opportunity to achieve further experience afterrthachelor’s degree
which gave them a basic knowledge in a specific cultural area.

e Graduates are highly sought after in the job market and tlae lthe op-
portunity to choose from among several job offers withina feeeks after
graduating.

There is a need for an appropriate (and resource-consurnoaylination of the
management of the graduate program. In addition to the @ma@mal or adminis-
trative issues, special attention was paid to:

e The design of the syllabuses. Due to both resource constraid lack of
skills, the ideal situation where the contents of all theidisciplinary courses
are specifically designed to satisfy the objectives of thexlgate program
proved to be a little unrealistic, given that lack of fundingsources and time
meant that ad hoc courses could not always be prepared.

e The workload of supervising the thesis. Due to the high nunobenrolled
students compared to the number of researchers workingdmmiatics and
business topics, students may have problems in startitiiesis work with
an academic supervisor. Internships have been very effeirtimitigating
this problem as students have been able to do their thegigwaittompany.
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