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This paper presents a novel European Master programme on Software Engineering (SE), being
put forward by four leading institutions from Sweden, UK, Netherlands and Italy. The Global SE
European Master (GSEEM ) programme aims to provide students with an excellence in SE based
on sound theoretical foundations and practical experience, as well as preparing them to participate
in the global development of complex and large software systems. GSEEM has been designed with
two aspects of note: 1) the three specialization profiles in which the consortium excels: Software
Architecting, Real-time Embedded Systems Engineering, and Web Systems and Services Engin-
eering; 2) an innovative concept of ‘shared modules’, delivered all together by multiple institutions.
Four types of shared modules are foreseen: ‘parallel’ twin modules, which run remotely between
universities, ‘shifted’ modules, which teach SE concepts incrementally with shifts in study locations
and timeline, ‘complementary’ modules in which complementary SE concepts are taught in parallel
through shared projects, and ‘common’ modules, which share the presentations and the project. The
profiles realize ‘integrated knowledge’ by complementing partial knowledge available at partner
institutions. The paper presents some of the important issues faced during the design of the program
and explains how GSEEM achieves the objectives of educating global software engineers. The
lessons learned from the GSEEM design are of a technical, pedagogical and organisational or
administrative nature.

Keywords: European Master Program; teaching Global Software Engineering; shared modules

INTRODUCTION

SOFTWARE ENGINEERING ADDRESSES
the development of complex software systems by
using a systematic engineering approach, provid-
ing theories, methods and tools for solving
complex and often interdisciplinary problems.
Since software permeates every aspect of our
society, its engineering is of crucial importance
for successful and efficient development of a
large variety of products and services. The
increased globalization of software development is
creating software engineering challenges due to the
impact of time zones, diversity of culture and
communication, or distance, and requires novel
techniques, tools, and practices to overcome
numerous difficulties and to take advantage of
the opportunities such environments entail. A
new term has been recently been established to
identify such globalization—Global Software En-
gineering—and new approaches have been intro-
duced focused on this topic [19].
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Based on current challenges and needs in the
software engineering field, a growing demand for
software engineers with different skills can be
clearly seen. The development of large software-
intensive systems is essential in many diverse busi-
ness domains (including telecommunications,
industrial automation, avionics and automotive
industries, consumer electronics, in-house intelli-
gent devices), different types of information
systems, and web-based and service-oriented
systems (such as e-government, e-health, traffic
control, etc.). This is for example, expressed by
the EU initiatives ARTEMIS [2] (Advanced
Research and Development of Embedded Intelli-
gent Systems) and NESSI [24] (Networked
European Software and Services Initiative), the
strategic research platforms for the EU Research
Framework FP7. Further, appropriate and coor-
dinated education in these areas is perceived as a
major requirement [13].

The main objective of the GSEEM programme
is to educate students to become excellent devel-
opment engineers, service engineers, system archi-
tects, project managers, team leaders, information
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analysts and policy advisors equally in Europe and
in other continents. While such positions are very
attractive, they are also challenging. They require
not only excellet technical expertise but also social
competence [21]. Typically, software engineers lead
or are involved in team projects, which are often
distributed, mobile, and have members with
diverse skills, different backgrounds who may
speak different languages. Software Engineering
must address these challenges not only through
the development of new techniques, practices and
tools but also by educating a new type of a global
software engineer with a wider critical view of
learning, knowledge and experience.

The GSEEM programme came from teacher—
student mobility agreements between partner
universities under the Erasmus Socrates
programme. Additional impetus came from the
Erasmus Mundus programme [12], which supports
selected European master courses and aims to
prepare European citizens for life in a global,
intercultural and knowledge-based society.

The academic programme is offered by a
consortium comprising Mailardalen University
(MDH), Sweden; University of L’Aquila (UDA),
Italy, University of Westminster (WU), UK; and
VU University Amsterdam (VU), The Nether-
lands. By building the consortium, the universities
significantly added value to their existing indivi-
dual curricula in a common curriculum, which
covers different but highly related areas that are
important for an integrated approach to global
software development. The focus of the pro-
gramme is on Software Architecting, Software
Engineering of Real-time Embedded Systems,
and Web Systems and Services Engineering. In
the development of the common programme, and
synchronization and management of differences
between the sites, we have encountered many
problems and met many challenges of different
natures: academic, administrative, organisational
and economical. In this paper we discuss the
challenges and our solutions, as well as our inno-
vative approach in education of global software
engineering.

The outline of the paper is as follows: in the next
section we briefly present related work. Then we
introduce the GSEEM programme and outline
some of the issues. The issues related to creating
a joint curriculum and programme (academic,
administrative, organisational, and economical)
are given as well as a description of GSEEM
solutions to such issues. The experience of the
partner institutions in conducting shared modules
is discussed. Finally, we give our conclusions.

RELATED WORK

Both industry and academia have recognized the
need for adjustments in SE education, to effec-
tively train the future generations of global soft-
ware engineers. We are aware of only a few

comprehensive approaches in this direction with
isolated efforts and experiences worldwide. The
ACM job migration task force stresses in [3] the
difficulties in translating an educational response
to offshoring into practical curricula, and points
out that the US educational system is still in the
process of identifying the curriculum changes that
are essential to address application domain know-
ledge and a global workplace in order to keep its
innovative edge.

Berglund [5] postulates fundamental questions
on the what, why, how and where of the learning
experience of computer science students. The case
study was based on student interviews carried out in
a distributed project course given jointly by
Uppsala University, Sweden, and Grand Valley
State University, USA, under the ‘Runestone initia-
tive’. Here, the focus is on the way that the students
perceive their learning environment, to unearth the
complex relationships between material taught in
the course, and the many ways of experiencing an
advanced learning environment like one including
global issues. Navarro and van der Hoek [23]
experimented with a project involving students
with different specializations, hence adding the
factor of interdisciplinary backgrounds. The work
of Verkamo et al. [28] focused on distributed cross-
cultural SE. They carried out a case study in two
universities, one in Finland and one in Russia,
where they observed that initial cultural differences
are resolved by experience during the project.

Favela and Pena-Mora [15] with their distribu-
ted SE laboratory share with us similar experiences
and observations. They established a similar kind
of shared module in which a Mexican and a North
American institute allowed students to carry out
common projects. Like us, they encountered
problems in communication, team building, use
of technology and cultural differences. In their
report they suggest five critical principles to help
the students in dealing with distributed develop-
ment. From these we learn that the students need
to start the project with some kind of warm-up
phase where they get to know each other, set their
own collaboration rules and play with the com-
munication tools available. This helps them to get
prepared for the inter-cultural differences that they
will encounter during the project, as emphasized
by Kruchten [22]. Damian et al. [§] reported on a
SE project involving students from Canada,
Australia and Italy, and focusing on global custo-
mer—developer interaction. While their experience
and findings are very similar to ours, they put more
emphasis on tool support and the ability to carry
out technical tasks in a distributed manner and in
delivering high-quality results.

Although global SE has received recognition as
a discipline both in practice and academia (e.g.
[19]), the education of global software engineers
has not yet reached the SE curricula. The valuable
initiatives to update SE curricula on a global level
(SWEBOK [6], ACM/IEEE [1]) do not yet address
the emerging aspects of global SE. ACM Comput-
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ing Curricula 2005 [1] mentions outsourcing,
offshoring, and job migration merely in the context
of the pace of change in the workplace and fails to
acknowledge the fact that students need to be
prepared for global software development. Simi-
larly, the Software Engineering Body of Know-
ledge (SWEBOK [6]) conspicuously does not
include any reference to global software develop-
ment. Inputs from related initiatives should also be
taken into account. For instance, human aspects in
SE (as in [17]) should be brought into and extended
for educating global software engineers. Herbsleb
[18] describes a number of challenges in the tech-
nical coordination of globally distributed projects.
Hawthorne and Perry [16] provide an interesting
discussion of the education aspects that should be
broadened to cover issues relevant to global SE:
examples include ethical issues (not directly modi-
fied but exacerbated by distance and diversity),
and use of SE techniques in a global context (such
as requirements elicitation techniques, architec-
tural design techniques, and project management).

DESIGNING THE GSEEM

The main objective of the GSEEM programme
is to educate and train Masters students to become
global software engineers, with excellent technical
expertise and social competence.

For this purpose, the four partners in GSEEM
have defined a joint European Masters programme
in Software Engineering (beginning in the
academic year 2007-2008), which will allow
GSEEM students to:

e live and study in different EU countries in order
to get accustomed to different working and
living environments;

e cxperience technical challenges and social and
cultural diversity;

e master the English language for effective com-
munication;

® Jlearn how to communicate in a global network,
in a global team (especially using modern com-
munication tools and media);

® interpret and sensitively exploit diversity in their
professional (and personal) lives; and

® learn the challenges and regulations regarding
not only a specific country, but throughout the
EU (e.g., EU patents, EU privacy and security
regulations, EU location-specific SE challenges
and ongoing research).

In brief, our goal is to educate global software
engineers to succeed in the global workplace. In
order to reach such objectives and meet such
requirements, the GSEEM programme is being
designed to provide an integrated and harmonized
list of modules from the four sites, covering the
most relevant technical and social aspects of
current software engineering. An appropriate
framework and rules facilitating students’ mobility
was defined and validated.

To achieve this, many issues have to be properly
addressed. These are of both an academic and non-
academic (administrative, organisational, econom-
ical) nature. We discuss these issues and the solu-
tions provided by GSEEM in the next two
sections.

ACADEMIC ISSUES AND GSEEM
SOLUTIONS

Teaching issues

Since its inception in 1999, the Bologna Process
has put into action a series of reforms that are
needed to make European education more compa-
tible and comparable, more competitive and more
attractive to Europeans as well as for students and
scholars from other continents. The main goal of
the Bologna Process is, by 2010, to create a
European Higher Education where students can
choose from a wide and transparent range of high
quality courses and benefit from smooth recognition
procedures [26].

GSEEM has been designed to accomplish the
Bologna Process objectives towards the implemen-
tation of a double degree programme for the four
partner universities. The issues we faced during the
GSEEM design process can be summarized in the
following.

® Building a unified, harmonized and compatible
view of different courses in different universities.
The four universities in GSEEM already ran
recognized degree courses in Computer Science
or Software Engineering. When building a joint
programme, the main issues were: how to select
the subset of modules to be taught in GSEEM,
how to avoid modules repetition and how to
maximize the professional skills acquired by
GSEEM students; how to make this a unique
program on the EU-level Masters and not just
the sum of existing modules; and how to balance
theoretical lectures with lab work and practical
group projects.

® Breaking the barrier of distance. Communication
is one of the most important issues when build-
ing a distributed Masters programme between
four EU universities spread over four countries.
We enable communication in two complemen-
tary ways: (1) by encouraging communication
between the sites using modern internet-based
communication technologies, and (2) by
enabling the exchange of students and teachers.
So far, the most relevant issues here have been:
how to handle student mobility between the four
universities; and how to adjust study periods,
schedules and thesis preparation while limiting
students’ travel expenses.

® [mpact of cultural differences on the way courses
are taught. Students from different universities
in different countries have different prior educa-
tion, cultural backgrounds, and attitudes. Stu-
dents in different universities have different



750 P. Lago et al.

degrees of objectives, study independence, com-
petitiveness, and project management abilities.
Such diversities have to be understood, critically
analysed and strategically used so as to make
cultural differences an added value.

® Breaking the barrier of communication: student—
teacher (and student—student) relationships in an
international study programme. The student—
teacher relationships vary from one country/
university to another. They can be very formal
and hierarchical or informal and egalitarian,
student-centric or teacher-centric. Even the rela-
tionships between students can vary, when stu-
dents from different countries are expected to
work together. These issues have to be analysed
in order to break down any barriers in commun-
ication.

GSEEM solutions

The four main issues listed above have been
carefully analyzed and the following subsections
describe how GSEEM handles them.

BUILDING A UNIFIED, HARMONIZED AND COMPATIBLE
VIEW OF DIFFERENT COURSES IN DIFFERENT
UNIVERSITIES

This has been one of the most important issues
and our solutions are based on the three key
concepts of (1) integration, (2) profile orientation
and (3) shared teaching.

1. Integration. Software Engineering is a very broad
area and very often SE programmes focus on
particular aspects or domains. The idea of the
integration approach is to effectively use the
expertise accumulated at the four universities and
build a common programme that can cover large
areas but at the same time retain the depth and
detail. From a technical perspective the pro-
gramme offers an overall and integrated knowledge
in Software Engineering. The integrated approach
is achieved by two measures: (1) the partner institu-
tions must provide a common basic knowledge that
is implemented by a set of similar modules and
similar teaching styles and procedures, and (2) by
combining the specialties of the partner institutions
in the Web Services and Embedded Systems with
Software Architecture as the integrating factor the
integration of these areas is a clearly visible trend in
industry and research.

2. Profiles. The GSEEM programme provides
Master education in Software Engineering with a
focus on the domains that are strategically impor-

tant for IT and IT-intensive products and services
that are characteristic of today’s society of and for
the future. GSEEM provides insights into these
domains both separately and in an integrated way
by offering modules that cut across these areas.
GSEEM has three separate Profiles:

® The Software Architecting (SA) Profile com-
prises the general principles for the analysis,
design and management of large and complex
software systems. These principles can be
applied to various types of software systems
and include different development approaches
and techniques. GSEEM focuses on the modern
trends that will dominate the future of software
development including dynamic architectures,
component-based software engineering, service-
oriented architectures, interoperability and
global system development.

® The Real-time Embedded Systems Engineering
(ES) Profile is related to the domains of
embedded and real-time systems. Such systems
are increasingly present in all aspects of human
life, as practically all of today’s products include
embedded software (from mobile phones, sen-
sors and communication devices, to large pro-
ducts such as vehicles or aeroplanes). Such
systems require knowledge of Software Engin-
eering to provide solutions related to reliability,
safety, resource usage, timeliness, predictability
and similar properties. The Profile is focused on
modelling and analysis of these properties and
real-time embedded systems life-cycle.

® The Web Systems and Services Engineering
(WS) Profile focuses on Web and Internet
distributed applications and services. Like
embedded systems, this class of applications is
rapidly growing and plays an increasingly
important role in industry and in everyday life.
Web applications require specific solutions
related to concerns such as security, integrity,
timeliness, performance and usability. The focus
of this Profile is on architectural engineering,
interoperability, implementation, testing and
deployment using component-based and
model-based technologies.

Table 1 shows how the four universities contribute
to the three Profiles.

3. Shared teaching and training. From a global
perspective, the GSEEM students will experience
the technical challenges and the social and cultural
diversity of global development. The modules with
accompanying projects are carried out in an inte-

Table 1. GSEEM Profiles

Profile MDH UDA A%0) wu
SA—Software Architecting X X X X
ES—Real-time Embedded Systems Engineering X X
WS—Web Systems and Services Engineering X X
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grated way across a number of universities, either
by running them in parallel and letting the students
interact on a distributed network, or through
mobility, by allowing the students to bring the
technical and cultural experience that they gained
at one university to another one.

The consortium is realizing the innovative
concept of shared modules, each delivered jointly
by two or three institutions, and resulting in common
teams built from both students and teachers from
different universities. Some modules intensively use
distributed teaching and teachers’ mobility.

Communication, collaboration, and coordina-
tion are the three main challenges in global SE.
Co-located teams can collaborate using traditional
data-sharing devices (e.g., whiteboard, projector,
flip-board) and computer supported cooperative
tools (e.g., shared knowledge database, project
management tools, groupware). However, in a
global and distributed context, collaboration
becomes more difficult and novel means are
needed [19]. In the GSEEM context, teachers and
students will use innovative tools to participate in
the shared modules (this method has been success-
fully tested in the ongoing collaborative teaching
at MDH and is starting at both VU and UDA).

Four types of shared modules have been
designed (see Fig. 1):

® parallel twin modules run remotely between uni-
versities;

® shifted modules, teaching SE concepts incremen-
tally with shifts in study locations and timelines;

® complementary modules in which complemen-

Site A

Module A

Diliverable A

tary SE concepts are taught in parallel through
shared projects, and

® common modules, which share the presentations
and the projects. The presentations are per-
formed on site and sent online to other sites.

Different types of shared modules emphasise
different aspects of global SE. Common modules
correspond to virtual local organisations but they
are physically dispersed with an intensive com-
munication over the sites. The complementary
modules correspond to typical solutions in global
organisations in which different sites develop
different parts of a product. Similarly, in shifted
modules results from one site are acquired by
another site. The parallel modules are not directly
related to the global SE, but they indicate the
diversity of the possible solutions.

The shared modules approach enables one to
learn the technical and cultural aspects of SE by
working in internationally distributed develop-
ment teams. The GSEEM students learn both
‘technical’ Software Engineering and Software En-
gineering in a global setting. In other words, the
programme combines the technical profiles
demanded by the European IT market with the
global knowledge demanded worldwide. We aim at
educating software engineers who are global citi-
zens aware of cultural, geographical, economical
and environmental differences, who can sensitively
exploit this diversity in their profession. The
teachers are also able to experience diversity in
education by participating in the teaching of
different modules at different locations.

Parallel modules

"/ Comparision
Site B Module A Diliverable A time

Shifted modules

sieA | ModuleA | Diiverable A )\
Site B \ Module B |—>( Diliverable A
) time

Site A Module A ' Complementary modules

i Diliverable A
Site B Module B [ .

L | time
Site A Common modules

................. Module A Diliverable A

Site B time

Fig. 1. Types of shared modules.
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BREAKING THE BARRIER OF DISTANCE

The GSEEM enables a great flexibility in mobi-
lity. In the application, the students indicate their
preferences regarding Profile and mobility. The
GSEEM Selection Committee chooses the enrol-
ling university and the mobility path of each
student, giving consideration to their stated prefer-
ences and merits, and the principle of equal distri-
bution of students in each university.

During their studies the students study at two
universities and obtain 50% ECTS at each univer-
sity. After the first year at the enrolled university,
the students move to another university, depend-
ing on which profile the students have selected.
This is shown in Fig. 2.

The students do their thesis work in the second
university, and they are advised by teachers from
both their enrolled and their second university. In
some cases, the teachers from all four universities
are part of the advising team to achieve maximum
use of the expertise available within the consortium
with respect to the topic of the projects.

IMPACT OF CULTURAL DIFFERENCES ON THE WAY
COURSES ARE TAUGHT

We have studied the students’ previous educa-
tion and background, and the attitudes in the four
universities to avoid the risks of misunderstanding
due to cultural differences, and to achieve a
harmony in the work of the individuals and the
teams.

Students’ prior education and background. While all
students wishing to be enrolled in the GSEEM

Year 1

need to have a Bachelor degree in Computer
Science or similar, with (at least) 180 ECTS, we
noticed that there are some differences between the
courses in the types of modules and duration of
project work at Bachelor level. The main differ-
ences that we identified consist in the degree of
mathematics modules provided by the four uni-
versities (especially in WU compared with the
other three universities). This could be a poten-
tially relevant issue for WU students who are
interested in moving to Italy during their second
year of study. In fact, while WU provides 7.5
ECTS in Maths, UDA requires 56 ECTS in
Maths (taking into consideration both Bachelor
and Master courses) to gain a Master Degree in
Computer Science. This disparity could limit the
mobility of WU students to Italy, though those
affected would only be those who also earned their
Bachelor degrees from WU. GSEEM plans to
provide sufficient opportunities for such students
with these identified deficiencies to compensate by
taking additional relevant courses, as feasible on a
case-by-case basis.

Further, the VU students already include in their
Bachelor’s degree courses a considerable number
of modules including (or consisting of) practical
projects, where they learn project management and
experience teamwork. These skills can be trans-
ferred to the international colleagues.

Student attitudes. There are some cultural facets
that influence the way SE related projects are
addressed and carried out by the students. A
study has been conducted jointly by the VU and

Year 2

MdH-SA

Software architecting

MdH-ES

WU-ES

>< WU-ES

Real-time Embedded systems engineering

MdH-ES

WU-WS

VU-WS

><: VU-WS

Web systems & services engineering

WU-WS

Fig. 2. GSEEM mobility.
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UDA universities in order to understand how
students are used to working in the two universi-
ties. A similar study has been performed at MDH,
on the differences in attitude and way of working
of Swedish students (students enrolled at MDH)
and international students [7] (the ‘Experience’
section reports on both studies).

One aspect influencing teamwork is that the VU
students like being independent. They highly value
a certain degree of freedom in the way they
manage work, deadlines, assignment of roles and
tasks. The same holds for the way that project
assignments are formulated: the possibility to
autonomously deciding on the specific character-
istics of the software application under develop-
ment, or the technologies wused, is highly
appreciated. Freedom in the project increases
motivation. UDA students are more academic,
and more concerned with specific technical issues
such as solving a design exercise.

A cultural aspect that sometimes influences the
quality of the results in less positive ways is that
the VU students perceive requesting help from the
teacher negatively, and when they have coopera-
tion problems they insist on hiding them until it is
too late. The UDA students, instead, consider it
normal (as part of the education) to ask support
from the teacher. Lastly, the Dutch do not gener-
ally reward high grades. This results in a low level
of competition: VU students often expect that
completing a large amount of work ensures a
sufficient grade, even if the resulting deliverables
are of a very poor quality. The Italians, instead,
look at the results: during job interviews, it is
common for companies to ask for the grades
obtained in specialized courses, and the Master
degree grade.

Similar to Dutch students, Swedish students do
not assume grades to be the most important aspect,
but rather the attractiveness of the topic (either as a
topic that is of interest for employment, or attrac-
tive in itself). They can be engaged during the
teaching and even more during the project work
if they find it motivating. They expect help from
teachers when they ask, and they have no problem
in asking for advice or for a help. Since Swedish
society insists on equal rights, the students do not
feel that they need to hide anything, but also that
they have the right to decide for themselves what is
best for them. This means that their own private
concerns can be a good enough reason to do or not
to do something required from the class. On the
other hand, the international students are focused
on the final results—the grades. So they perform
for the best grade, i.e. what they think would be the
most important factor in the teacher’s opinion. For
example, they are less interested in team work if
this does not bring the direct results to their grade.
As the examination period approaches the interna-
tional students become more active, especially in
their communication with the teachers.

Based on this experience, the GSEEM has been
designed to take into account such diversities, and

maximize students’ learning outcomes from the
programme. For example, the students have intro-
ductory lectures in which these differences are
explained and discussed. We have also noticed
that good results can be achieved with this diversity
of students’ opinions if the students and teachers are
aware of them; in most cases the students adjust
their styles and their goals according to the estab-
lished rules (both official and unofficial).

BREAKING THE BARRIER OF COMMUNICATION:
STUDENT-TEACHER (AND STUDENT—STUDENT)
RELATIONSHIP IN AN INTERNATIONAL STUDY
PROGRAMME

Over the last two years, the GSEEM organisers
have regularly visited the other universities, for
dissemination, teaching and research collabora-
tions. During such visits, we learned how
student—teacher relationships vary from one
university to another. In Sweden, for example,
the student—teacher relationship is very informal:
students and teachers call each other by their first
names, and without any formality. In Italy, the
student—teacher relationship is more formal, and
students approach teachers with the appellative
‘professor’, even if not explicitly required and
even address Ph.D. students and young researchers
as such. At the VU University, students may
influence departmental decisions by providing
quarterly evaluations of their teachers.

Such differences have been carefully taken into
consideration when designing GSEEM. Two
tutors were assigned to each student, each one
lecturing in one of the two universities visited
during the GSEEM. Our intention is to keep the
student—teacher relationships informal, following
the Swedish model, but maximal flexibility will be
allowed. Our current experience shows that in
most cases the students and teaching staff adjust
to the new situation quite easily and quickly if they
are aware of the cultural differences. We have
noticed that this adjustment tends go more
smoothly with European students than, for ex-
ample, Asian students. Some other aspects require
more effort in explaining their importance, for
example a sense of time, which varies between
different cultures. From the teacher’s viewpoint,
the adjustments are not such a problem, since in
most cases the teachers are also international
researchers and are aware of the diversity in
cultures. To reduce the risks for cultural
mismatches we also prepared seminars for teachers
given by guests from the partner universities in
which the education systems and cultural differ-
ences are discussed.

NON-ACADEMIC ISSUES AND GSEEM
SOLUTIONS

During the preparation of the common, inte-
grated programme we faced a number of problems
and challenges. Some of them were the result of
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‘objective’ or permanent differences, because of
differences in time, such as the start of the
academic year, or in the differences in the perfor-
mance of the classes, such as the division of the
academic year into two, three or four semesters or
study periods. Some differences were in admission
requirements, some in examination requirements.
The other challenges were related to the recogni-
tion procedures of programmes from other univer-
sities. While the academics were in general
enthusiastic in building the common programme,
the university administrations have approached
the programme with more considerations and
sometimes scepticism. Our goal was to provide
one common programme that is transparent to
the specifics at different universities, and at the
same time compliant with the existing rules at each
university. This required great flexibility in build-
ing the programme and mutual understanding
between the sites. Fortunately, the Bologna
Process was a great help: several of the partner
universities were in the process of acquiring the
Bologna system, and this process certainly has
been going in the direction of decreasing the gap
between the universities. Also, the fact that the
universities were in a process of change has helped
in the acceptance of some changes required from
academics in order to make the programme as
transparent as possible.

Here we discuss some of the issues we encoun-
tered and our solutions.

Administrative issues and solutions

The administrative issues were related to differ-
ent types of recognition criteria: (1) admission
criteria, (2) recognition of the Master’s degree
and (3) recognition of the dual degree. Again our
goal was to achieve the same results from the
students’ point of view independent of which
path and universities they choose.

ADMISSION

The admission criteria are common for all four
universities and are independent of the degree,
selected profile and institution of enrolment. The
criteria are as follows.

® The student must have a Bachelor degree or
equivalent degree in Computer Science, Soft-
ware Engineering or equivalent subjects with a
minimum of 180 ECTS or equivalent points.

® The list of selected modules is controlled to make
sure that any prerequisite modules have been
passed. These modules (at least 60% of all mod-
ules) must belong to the fields of Computer
Science, Software Engineering and Mathematics.

® They must have a proven competence in both
written and spoken English to the university
standard.

In addition to these standard criteria, we have
identified a number of qualitative criteria. Our
aim is to select the best students and this is to be
achieved by judging their skills through their

grades, CVs and the covering letters. Our experi-
ence is that a personal letter describing individual
interests and vision differentiates students with
similar grades. Furthermore, we prioritise those
students with additional record of excellence (such
as thebest students at the local university, possible
involvement in research projects, visits to other
universities and similar).

RECOGNITION OF MODULES AND THE M ASTER DEGREES

Recognizing particular modules was not a prob-
lem since this had been resolved in principle by
signing Erasmus/Socrates agreements.

Recognizing the programmes and the dual
Master degrees is, however, a much more difficult
task. To make the entire process possible we have
divided it in two phases: (1) identification of the
required activities and their formal approval from
all sites; (2) carrying out identified activities. The
only way to achieve this was through peer-to-peer
recognition. While the identification of the activ-
ities went relatively smoothly, carrying out identi-
fied activities required different effort from
different universities—from simple and fast recog-
nition to complicated and long process.

The GSEEM programme is founded on joint
curriculum design, which forms a basis for mutual
recognition of the programme. Faculty Boards on
all the sites have signed bilateral agreements that
include the recognition of the joint programme and
recognition of the modules in the programme and
approval of the double degree. According to these
agreements each party will approve the Master
degree for a student who has obtained at least
50% of ECTS required for the Master degree at the
local university and at least 50% of ECTS required
for the Master degree at the partner university.

RECOGNITION OF THE DUAL DEGREE

The principle of the recognition of the dual
Master degree was based on the principle that
the students meet the requirements of the particu-
lar universities in which they study. These require-
ments differ slightly from university and
university, and the differences are identified pair-
wise. Since students attending two universities
must fulfil the requirements of both universities
to obtain the double degree, they have the possi-
bility of tailoring their curriculum by selecting
different optional modules. In some cases, students
can study at two universities but cannot obtain the
double Master’s degree without successfully
completing additional modules. For example,
requirements for a number of obtained ECTS in
mathematical modules differ between universities.
These requirements have been identified and are
available to the students. In order to help the
students to obtain the double degree, their mentors
help them to devise their individual study plans.

Organisational issues and solutions
In addition to providing compliance with the
particular universities and to use local existing
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support as much as possible, the common inte-
grated programme required the organisation of
support for the specific needs of the students and
coordination of collaborative provision. We have
tried to introduce minimal additional administra-
tion. The GSEEM organisation is small and
‘loosely coupled’; the representatives from each
university—the GSEEM Local Chairs—constitute
the Consortium Board chaired by a Coordinator
(each year from a different institution).

Other organisational issues are related to
students’ mobility: their acceptance at the first
and the second universities and their seamless
integration into the new environment. Before the
students move to second university, they are
informed about the new university, the student
life and general social context by a guest teacher
from the new university. Also, through shared
activities in the shared modules, the students
acquaint themselves with the new environment.
Upon arrival at the second university, the students
also attend special introductory seminars organ-
ised by the universities. Several of the four univer-
sities provide such seminars for all exchange
international students with a very positive result.
These seminars usually conclude with a student
party that aims to help with the assimilation of
new students. The GSEEM Local Chairs together
with the local Student-Staff Committee organise
periodic meetings (twice a semester) with the
students to discuss their work and any possible
problems, and prepare and help them with moving
to the other university. Furthermore, each student
is allocated two personal tutors who monitor the
student’s progress throughout the course, offering
advice and encouragement, highlighting problems,
and determining jointly with the student any
necessary remedial action.

Economic issues and solutions

Economic issues have been the most sensitive
part of aligning the principles. Our primary goal
that students are treated in the same way indepen-
dently at whichever university they enrol at was
impossible to fulfil. The tuition fee policy is
different in different universities—from a case
where there is a high tuition fee to a case where
there is no tuition fee at all. For this reason the
selected GSEEM policy is that the students pay the
tuition fee to the university at which they first
enrol. The students are counted as ‘regular’
students enrolled at that university. No money
transfer takes place between universities. However,
partner universities are responsible for ensuring
that the number of visiting GSEEM students at
the university is equal to the number of GSEEM
students moving to other universities (so that the
total number of GSEEM students present at the
university is the same). This may cause some
problems, in the case of an imbalance (more
students either want to go or to come). Since one
university without tuition fees can actually receive
more students than it sends, and other three

universities that have tuition fees can send more
students than they receive, this problem can be
solved.

To help students financially with additional
costs when moving, we will try to utilize other
possibilities of funding, such as Erasmus/Socrates
and some national funding. For example, MDH
has a funding for guest students in cooperation
with local industry.

EXPERIENCE

Although we are in the early phase of imple-
mentation of the programme, each partner institu-
tion has ample experience in global education,
especially in implementing the complementary
and common modules.

Common module

For the last five years the common module
Distributed Software Development [7] has been
successfully used between MDH and the Faculty
of Electrical Engineering and Computing, Univer-
sity of Zagreb, Croatia (FER). Between 15 and 20
students participate each year from each site.
Interestingly enough, the module has been shown
to be especially attractive to international guest
students; usually there are students with five to ten
different nationalities participating in the module,
which provides an additional multicultural dimen-
sion to carrying out the software projects. The
module has been designed as a combination of
lectures, guest presentations and distributed
projects, executed jointly with the help of Inter-
net-based tools. All elements in the module are
preformed together by the two sites; the lectures
are common and equally distributed between the
sides; lecturers from both sites give the lectures and
the lectures are transmitted using the video-confer-
ence system. Students from both sites participate in
them. Finally the projects are undertaken together
by both sites.

The lectures cover three areas: (1) technical,
which includes modelling and design of software
systems, in particular distributed and pervasive
systems, (2) project management, which includes
managing distributed software projects, project
organisational issues and their relation to software
architecture, and (3) cultural differences between
people (in everyday situations, in business, in
education). The guest lecturers are from interna-
tional companies such as ABB, IBM, SAAB, and
Ericsson Space, presenting their experience in
distributed development, the challenges they
meet, the lessons learned and best practices. Typi-
cally 3 to 4 guest lecturers give presentations.

The lectures give their basic insights into distrib-
uted development. The main focus of the module is
project development. Each year the module offers
several middle-size projects that are supposed to be
performed by a group of 6 to § students over eight
weeks. The projects include all phases of the soft-
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ware development (requirements specification,
design, implementation, integration, delivery and
acceptance tests). The structure of a project is
shown in Fig. 4. The students that work on a
project are from the two sites: 3 to 4 students
from each site. One of the students is the project
manager who has the overall responsibility for the
project. For larger groups a local project manager
is often defined and they have the overall respon-
sibility for the local site. One of the teachers acts as
the customer (typically a younger researcher), and
in addition there is the project steering group that
is made up of teachers (typically senior research-
ers) from both sites.

The projects are performed in the following way:
the project customer outlines the requirements,
which are then negotiated and specified in detail
by the project team. The project team reports the
project state to the project steering group every
week in common meetings sent over the video-
conference system. The project members have the
possibility of communicating using standard tools
such as Skype, chat programs and, to some extent,
the video-conference system. There is a common
project structure based on CVS and the projects
have their own web pages, which include addi-
tional support for sharing documents, discussion
groups and similar means of communicating over
the Internet. In general the main goal in the project
is to remove the problem of the distance factor as
much as possible.

The experience and repeatable analysis of the
module, based on the students’ performance, the
project results, the project reports, data measured
from the project database and the inquiries and
student interviews, have indicated which elements
of the module require to be specially considered,
what are the difficulties, and what is the added
value.

We have found that the following elements are
more difficult to perform or achieve.

Site 1

P. Lago et al.

The coordination of distributed projects, espe-
cially in the early phases is difficult and there is a
risk that the project could start too late. This is
because of the additional time that the project
group needs to establish the relations and com-
munication required for an efficient perfor-
mance of the project. The reason is the
unawareness of a local group of the other side,
and a weaker sense of team spirit. We addressed
this issue by introducing a warm-up phase to all
students projects (as mentioned by Favela and
by Pena-Mora [15]) where the students exchange
contact information and availability, and got to
know each other and assign roles and responsi-
bilities.

An efficient students’ performance is threatened
due to possible misunderstanding and cultural
differences. The students may have different
understanding of priorities, accuracy, the mean-
ing of the verbal expressions and timing perfor-
mance. For this reason we have introduced a
procedure in the warm-up phase in which all
team members explain their personal perception
of the work to be done. For instance, they
explain what they plan to contribute and what
they expect their colleagues to provide in addi-
tion to the given support.

The means of communication are still limited
and cannot fully replace the direct commun-
ication. However, in most of the cases the
problems are outweighed by higher student
motivation for cooperation, and most of the
results (the deliverables and the project perfor-
mance) are of higher quality than one would
expect. From the anonymous enquires made we
have learnt that the students are very enthusias-
tic about the module, not only about the subject
itself but also the fact that they can collaborate
with people they never meet in person. On two
occasions several students visited another site on
their own initiative, which clearly illustrated

Site 2

-

Project customer

% Steering group
1

X

Teachers

\
7% Project manager

% % % 1
Project members
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% % % Students

Fig. 3. DSD project structure.
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their enthusiasm. More information about the
module (and students’ evaluations) can be found
in [9]. Although during the classes we inform the
students about the typical communication risks,
and the ways to resolve them.

Complementary module

A complementary module, composed of modules
‘Modelling of Web Applications’ (MWA) and
‘Advanced Topics in Software Design’ (ATSD),
has been taught since the academic year 2005/2006
at UDA and VU. Its main objective is to teach
complementary SE concepts in parallel through
common projects, and let the two student popula-
tions experience the issues around global develop-
ment. The MWA module, for instance, teaches how
to use UML for Modelling Web Applications. It
covers twelve lectures teaching UML, and twelve
lectures on specific Web modelling methods. Much
attention is given to the quality and thoroughness of
the delivered design, the ample usage of the taught
modelling concepts, and traceability among differ-
ent models. The ATSD module, instead, includes
three lectures providing the basic knowledge about
effective design documentation, design rationale
and the rationale for the selection of UML
diagrams, and five additional lectures on specialised
design topics, amongst which is Web design. A great
deal of attention is given to the quality of the design
document, documentation of the rationale, correct
and motivated use of the selected topic.

In the context of this complementary module,
MWA and ATSD students work in teams in a
common project especially designed to let them
learn complementary SE topics from both MWA
and ATSD modules. Experiments carried out in
the last two years have shown that such combina-
tion of complementary module with shared
projects improve traditional teaching in two ways:

1. Learning by doing: by working in joint UDA-
VU teams, the students can put theory into
practice and learn the contents taught in the
other module. Secondly, they gain experience in
how global design is carried out in a distributed
setting (use of tools for distributed collabora-
tion, effective documentation and commun-
ication). Lastly, they gain insight into the core
issues specific to global software development,
such as working with people of different cul-
tures. In our module, the students from the two
student populations work in shared interna-
tional project teams, where tasks and responsi-
bilities are assigned according to the specific
background of each student population, but at
the same time ensuring knowledge transfer
from one population to the other. For example,
the UDA students’ main responsibility is using
the MWA approach for the detailed system
design, whereas the VU students have to ana-
lyse requirements, make design decisions,
review the UDA design for feedback, and
ensure documentation quality.

2. Learning by osmosis: by collaborating in inter-
national projects, the complementary SE con-
tents are transferred more effectively between
the two student groups, and the learning period
is shortened. In our module, the material about
Web design taught in 8 hours at the UDA is
also summarized as one of the specialization
topics at the VU (2 hours). Vice versa, the
material about design documentation and
rationale, taught in 6 hours at the VU, is also
summarized to the UDA students in one lecture
(2 hours). In this way, the two student popula-
tions have their specific in-depth background
and a general understanding of the background
of their colleagues. Hence, they have the means
to learn by osmosis from their international
colleagues. In addition, by assigning students
from the two institutions to a common project
team, they can come into contact with different
work experiences, skills and cultures.

In addition, we used traditional classes to teach
‘local’ (i.e. module specific) SE contents defining
the differentiating factors of the populations. A
related issue is the need to define common evalua-
tion criteria to be applied in both modules to assess
the results of the shared projects. To this end, we
defined common grading criteria for (1) the project
deliverables and (2) the project teamwork. The first
are: correctness, originality, internal consistency
and traceability, documentation quality (e.g.
UML correctness, essence, relevant decisions),
and a link to the selected topic. The second are:
teamwork planning (e.g. schedule and allocate
work; arrange meetings; consensus on tool
usage); team functioning; use of coordination and
collaboration tools; role assignment; quality of the
assessment of the peer-team work (local/interna-
tional peers); quality of the support provided to
the peers; and a questionnaire. In this way we can
differentiate the quality of the technical results
from the performance of the team.

Our experience so far led to the following
observations.

® The international teams encounter problems in
the initial phase of their common project. The
main reasons for this were: the physical distance
between the team members causes expected
communication delays. Nonetheless, these
delays were made worse by the fact that the
students were locally busy with other modules,
which were perceived as higher priority, simply
because they were less distant. This was espe-
cially true for the VU students, who in their first
Master’s year have multiple modules embracing
practical projects: they need some time to learn
how best to distribute their efforts across the
different projects. As explained, we introduced a
warm-up phase at the start of the projects. In
addition, the students are given study material
about global software development, and parti-
cipate in a brainstorming session together with
the teachers, to discuss the global issues, both
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expected and typical, together with the plans to
solve them. The students are asked to reflect
upon the global issues in advance, and come to
the session with a list of issues and their solu-
tions. In this way, we raise awareness and under-
standing.

® The international team members heavily relied
on the correct and effective functioning of soft-
ware tools supporting communication between
team members. In some cases, problems with e-
mail servers or with tool versions caused addi-
tional delays, and misunderstandings, resulting
in a decreased quality of results. Solutions to this
issue are: (1) to make the students aware of it,
and (2) to let them fill in an on-line form
including all contact information such as
phone numbers, e-mail and chat addresses.

® We noticed that the students felt some ‘lack of
ownership’ of their project results. Within a
team if, for instance, the UDA students were
responsible for the section describing the tech-
nical Web design, the VU students assumed that
a design problem was not ‘their fault’ and did
not feel responsible for finding a solution. Simi-
larly, if for instance the UDA students com-
pleted their deliverable sections, they assumed
they were finished and did not worry about the
status of the deliverable as a whole. In general,
the international teams have been ‘too’ effective
in splitting tasks, and this decreased shared
ownership. This also decreased, in our opinion,
the learning-by-doing effect. Though this is a
very difficult issue, we tried to solve it by
introducing roles, especially for facilitating
international collaboration and knowledge
transfers. An example is the role of ‘aligner’ to
check that, for example, the contributions of the
distributed team members are consistent. The
aligner must gain the expertise of his cross-
border colleagues and must know who is respon-
sible for what (a typical issue in global software
development) to inform the relevant person
about inconsistencies. By periodically rotating
this role, all team members gain the same know-
ledge and experience.

® Geographical distance and separation of respon-
sibilities further caused ‘lack of team building’.
This in turn decreased the learning-by-osmosis
effect: without a sense of being part of a team,
the students were less keen to broaden the inter-
action with their international partners beyond
the purely academic assignment, and hence
learned less from one another. Integrating roles
like that of the aligner aim at solving this prob-
lem, too. Further, shared grading criteria (and
grades!) increase the feeling of a ‘common fate’.
In addition, we are investigating the possibility
of involving companies working in global set-
tings to sponsor the project, so that the interna-
tional team-mates can meet their colleagues in
person (simulating the industrial pattern com-
monly called ‘the travelling architect’).

® Both the teachers responsible for the MWA and

ATSD modules personally taught both the local
full classes and the summarizing class abroad.
For instance, in 2006 the lecturer from UDA
visited the VU and gave the summarising lec-
ture; the lecturer from VU gave the summarising
lecture in tele-teaching, and the UDA students
studied in advance the suggested material and
prepared specific questions. This created a rela-
tionship between the lecturers and the students’
population: by knowing the person assessing
their work, the students were more motivated
to participate in shared projects. This teaches us
not to underestimate the importance of teaching
staff mobility and the personal involvement of
lecturers. Further, it seems that informal stu-
dent-teacher relationships, which are common
in North European countries and typical of
scientific communities, favours team building.

CONCLUSIONS

Software Engineering is a broad discipline and
in a Master’s programme it is impossible to cover
all its facets. There are two risks: either that of
covering too many facets too superficially, or in
focusing on particular facets and neglecting some
essentials. The GSEEM programme avoids these
risks by offering more modules and keeping them
tightly integrated. From a technical perspective,
the GSEEM provides a broader state-of-the-art
knowledge than it would be possible to offer at
each individual university. From a global perspec-
tive, it offers its students an opportunity to experi-
ence the technical, social, and cultural challenges
of global development. The specialisation in the
selected fields (web and service engineering,
component- and model-based engineering, real-
time embedded systems, industrial controllers,
and mobile applications) makes it possible to
obtain a deep technical knowledge and get insights
into current and pertinent research issues. With
specialised modules in research methodologies and
professional ethics being part of the GSEEM
curricula, we expect to create an impact on the
quality of our graduates and societal relevance of
their education. Our goals are that GSEEM
students become aware of, and are trained to
work with diversity (e.g. cultural, social, and
economic), know how to communicate and colla-
borate in a global networked team, and can inter-
pret diversity and exploit it in their professional
and personal lives. To achieve these goals and to
realise the idea of global, distributed education, a
multi-dimensional perspective that addresses tech-
nical, research, pedagogical, social and organ-
isational challenges is essential. Our experience so
far and our expectations are that a systematic
approach in analysis of these issues and taking
appropriate and adaptive measures to solve these
problems, makes it possible to build up a success-
ful education and training programme in global
SE.
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