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Teaching Distributed Software Development with real distributed settings is a challenging and rewarding
task. Distributed courses are idiosyncratically more challenging than standard local courses. We have expe-
rienced this during our distributed course, which has been run for 14 consecutive years. In this article, we
present and analyze the emerging diversities specific to distributed project-based courses. We base our argu-
ments on our experience, and we exploit a three-layered distributed course model, which we use to analyze
several course elements throughout the 14-years lifetime of our distributed project-based course. In particular,
we focus on the changes that the course underwent throughout the years, combining findings obtained from
the analyzed data with our own teaching perceptions. Additionally, we propose insights on how to manage
the various diversity aspects.
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1 INTRODUCTION

A well-known and often emphasized fact about teaching Distributed Software Development
courses in a distributed environment is that the challenges and related efforts are significantly
higher than for standard local courses. Our experience from 14 years of running such a course
strongly confirms it and, going even further, shows that these challenges do not cease over time
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and continuously impact students and teaching staff. F rom o ur e xperience, t he k ey factor to
maintaining a long-lasting distributed software development course boils down to the ability to
manage diversity encountered at multiple layers and among different involved roles. Various as-
pects of this diversity stem from the three-layered nature of such a course: institutional, teaching,
and student project layers.

At the institutional layer, aspects related to different r ules a nd c ustoms influence th e setup
and long-term maintainability of the course. At the teaching layer, the influence of teachers and
their way of teaching as well as different p edagogical t raditions in the 1ocal ¢ ontexts, can re-
sult in a significant p erformance v ariation among the project teams. The t wo m ost prominent
sources of diversity at the student project layer are students and project customers. Student di-
versity is predominantly rooted in their educational and cultural background, but different lo-
cal organizational aspects tend to introduce additional diversity and obstacles in their distributed
project work. Differences between involved customer types are mirrored during the project work
phase, where a profound impact on product, process, and communication aspects can be ob-
served. To meet the course objectives and intended learning outcomes, it is necessary to carefully
manage the magnitude of problems that the students need to overcome, both individually and
project-wise.

The objective of this article is to present and analyze the emerging diversities occurring at the
three layers and to discuss how these diversities can be dealt with. While some findings from the
course addressing particular research questions (such as customer types [4], development pro-
cesses [5], student motivation [3], risk factors [6]) have been published before, in this article we
explore the course elements as extrinsic and intrinsic sources of diversity. We present the anal-
ysis results of qualitative and quantitative diversity-related data collected from the course in a
14-year period. In particular, we analyze the changes that the course underwent throughout the
years due to clearer course goals, improved methods, and other factors. We combine the findings
obtained from the analysis with our own teaching experience. Finally, we propose insights on how
to manage the various diversity aspects.

Our findings are based on a considerable amount of data collected over the years in different
organizational settings and with different teaching teams, students and customers, and compared
with related literature, such as Reference [9]. For this reason, even if we refer to a specific expe-
rience, we are confident that our insights can be generalized to similar contexts and be useful to
those embarking in similar endeavors.

The remainder of the article is organized as follows. Section 2 gives a short overview of the
course and Section 3 presents the research method with the data sources used for the analysis.
Sections 4, 5, and 6 discuss the challenges and lessons learned in relation to each of the three
layers (institutional, teaching, and project). Section 7 shortly refers to related work, and Section 8
concludes the article.

2 BACKGROUND AND RESEARCH METHOD

The Distributed Software Development (DSD) course is a joint project-based course held by
Milardalen University (MDH) in Sweden, University of Zagreb (FER) in Croatia, and Politecnico
di Milano (POLIMI) in Italy. The course has been continuously running and improving since 2003,
taking its current format in 2012. All three universities offer this elective course to Master stu-
dents in their standard curricula. The number of students enrolled each year varied from 15 to
64. The student population attending the course has been very diverse—so far we have had 482
students coming from 45 countries and 6 continents, bringing in different cultural and knowledge
backgrounds (see Table 1). These students have worked on 73 projects, 64 of which have been de-
veloped by distributed teams. The teaching staff is also diverse. To date, 17 different teachers have



Table 1. Course Statistics 2003-2016

Year

| Category || 03 04 05 °06 °07 08 09 ’10 11 12 13 14 15 16
Students# || 26 19 41 30 15 38 64 57 36 49 22 26 21 38
Nations # 3 6 10 8 6 8 13 15 7 14 11 14 12 13
Projects # 5 3 6 4 2 6 10 9 5 7 3 4 3 6

been involved, coming from 7 countries, ranging from young PhD students (often former DSD
students) to full professors. The course has been quite successful—it produced the winning team
of the Student Contest on Software Engineering (SCORE) at ICSE 2009, in addition to two more
teams who participated to the final and six to the semifinal; it provided two teams for the final and
five teams for the semifinal of SCORE at ICSE 2011; it produced the winning team again at ICSE
2013, plus two teams for the semifinal, and, finally, two teams for the semifinal at ICSE 2015.

The course started in 2003 with two partners only (FER and MDH) and dealt with several orga-
nizational and technical challenges, described in more detail in the next sections. In 2009 and 2010
an additional partner, University of Paderborn (Germany) participated in a “merger scenario” in
one of the biggest projects that included students from all three sites. In 2012 POLIMI joined the
course as the third partner. Since 2014, the software development process has been changed from
a classical iterative approach to agile, using the SCRUM framework, to let students experience a
less structured development approach.

The course is project-based but includes a number of common lectures on development pro-
cesses, as well as on relevant industry expertise and experiences in distributed settings. Stu-
dents, organized in distributed project teams, carry out software projects applying well-established
software engineering practices. Project development follows a set of fixed deadlines, starting
from project description and requirements analysis, ending with the release of a final and tested
prototype.

To minimize the possible unbalance among project teams due to different levels of knowledge
in students, we take a set of countermeasures. First, we carry out an extra thorough course enroll-
ment process, meticulously checking students’ transcripts of records. Once the course starts, we
run an individual written test to further assess students’ knowledge on the basics of software de-
velopment needed to carry out projects. This, in combination with self-assessment polls filled in by
students and transcripts of records with grades documenting successfully passed courses, is used to
assess students’ knowledge and thereby build balanced project teams. Nevertheless, it may happen
that certain unbalance is hard to identify prior to the actual project work start. We continuously
look for improvements in this assessment process striving for project teams to be as balanced as
possible.

The course aims at offering a “real-life” experience; project proposals are offered and owned
by real customers from industry, academia, and the SCORE competition. Projects are run by dis-
tributed teams including students from two of the three institutions involved in the course. Stu-
dents face several challenges, such as dealing with cultural differences, organizing distributed
collaboration, presenting in a distributed setting, transferring knowledge to remote colleagues,
developing self-assessment abilities, and learning to peer-review.

Throughout the course, each project team is accompanied by two members of the teaching staff
as supervisors, one at each location involved in the project. Their task is to support the team,
to meet it regularly, and help out with the challenges it encounters, especially in non-technical
issues, such as organizational problems, intra-team communication issues, and so on. They are



Table 2. Data Sources

Data source

Description

Project polls

Students’ preferences on which project they would like to work. The
students have the possibility to choose projects from a project pool. Each
year 5-8 different projects are performed.

Self-evaluation
form

A survey on tools and technologies, to be filled out by the students at the
beginning of the course.

Summary week
reports

The reports that provide an overview of activities and working hours
spent in each project week.

Project
management tools

SVN/Git statistics, SCRUM sprint activities, and so on

Project evaluation

Evaluations filled out by the examiners after the final project submission,

table covering 40+ elements to be evaluated, grouped into project-related,
product-related, documentation and presentation elements

A document filled out by each student at the end of the course, in which
students can critically assess the events of their project, levels of
communication, project stages, cultural issues, lessons learned, and so on,
in retrospective

The grades given by the teaching staff to each student, based on the
points given to them by their peers, as well as the quality of their final

questionnaire and supervisors’ insight into their project work.

Final
questionnaires

Final grades

also in charge of the project grading, which consists of several phases. In the first phase, the whole
project is evaluated based on around 40 different criteria concerning the followed process, the
final product, documentation, and presentations. The evaluation table with the obtained points is
forwarded to the project team. Team members discuss internally on how to distribute the points
among themselves, based on their specific contribution, and deliver the final points distribution
to the supervisors. Finally, supervisors supplement the point distribution with their own insights,
with the help of a final questionnaire, to which every student needs to answer.

In all stages of the course, we emphasize very “tight coupling” of teaching staff at all locations,
unlike most other similar distributed courses. In our course, all lectures and student presentations
take place synchronously through video-conferencing and are attended jointly by the whole teach-
ing team and by all students. Project supervision is a joint activity as final grading is, where the
grading of each student is decided by the whole teaching team and then mapped to the specific
grading system used at the student’s home university.

3 RESEARCH METHOD

The character of this research is a combination of action research (where researchers participate
in the project but also have a research goal that requires research-related activities in addition to
the participation in the project), experience report, and a longitudinal case study. We analyze a
case (the course) during its existence of 14 years. During this period, we systematically collected
extensive data from the course, including the “pure” facts such as the number of students, their
nationalities, type of projects, the success rate of the course, and so on, and data based on ques-
tionnaires, surveys, reporting, and interviews.

These data sources, summarized in Table 2, together with the general experiences and views
of each partner university represent the basis of this article. The research is based on analysis



of collected data,' a number of internal workshops that took place before and after the course,
analysis of the passed courses, and plans for the improvements.

We started DSD as a teaching endeavor rather than as an empirical research effort. The main
objective of collecting data was to gather evidence of the effectiveness of our work as instruc-
tors, and on the relationship between the innovations we introduced in the course and students’
performance. In particular, we wanted to understand whether running a completely coordinated
distributed course was effective for students to achieve the following learning outcomes:

e Get an understanding of the implications of distributed development;

e Be able to cope with the main issues of distributed development;

e Learn how to coordinate within a group of people with different background, needs, goals,
and schedule;

e Improve the project planning and estimation skills;

e Improve the design and implementation abilities of each student in the course;

e Improve the ability of students to defend their theses in front of other students and
instructors.

Only when the course was well-established and had produced a significant number of well-trained
scholars, we realized the importance of distilling and sharing our experience with others. Our main
take-away message, which is also the main focus of this article, concerns the difficulties introduced
by the many levels of diversity in the course. We claim that issues in a project course like ours
should be considered at least at three different levels—institutional, teaching, and project levels.
Therefore, the main research questions we pose are the following:

RQ1 What are the challenges that arise from diversity at the institutional level?
RQ2 What are the challenges that arise from diversity at the teaching level?
RQ3 What are the challenges that arise from diversity at the project level?

The quantitative data that we collected concerns mainly the project level and support the analy-
sis to answer RQ3, while RQ1-2 are answered mainly based on the experience of the authors of this
article and on the problems we have faced in the 14 years of the course. During data collection, as
the main objective of the course was to train students rather than conducting an empirical study,
we needed to make sure not to add overhead on the students to collect relevant data from them.

Threats to Validity. To address possible threats to internal validity, we were very careful in avoiding
any perturbation to our observations due to subjective researcher bias. To this end, in the inter-
action with students, we always had part of the teaching team playing an active role in driving
them and another part observing the progress without interfering with the project and learning
activities. Moreover, we were aware that questionnaires and forms could represent a threat to the
validity of our data as they may reflect subjective issues and problems of students that are not
necessarily related to the course. To minimize researcher bias and misunderstandings, we always
cross-evaluated them; all teaching staff members were involved in this activity. In case of unclear
answers, the questionnaire was sent back to students for clarifications. Moreover, we focus on the
essence of participants’ experience, as shown in phenomenology science [8]: when the essence of
participants’ experience is similar, then we consider it as representative of social reality. To mini-
mize the risk for response bias to questionnaires, when we received diverging reply to a question
as compared to the majority of members of the same project team, we sent them back to students

Data can be found at http://bit.ly/DSD_data.
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for clarification and more d etailed motivation of the divergent replies, while at the same time
discussed among the teaching staff whether there might be any evident reason for it.

Regarding external validity, in spite of a long period and rich data, the case study does not cover
all possible contexts—for example, all institutions belong to the same time-zone and continent,
where, in spite of many differences, there are many similarities, both legal and institutional. If we
included a partner outside Europe, then some elements of the course, such as shared lectures and
presentations, would have needed to take a different form. Similarly, the course was designed for
Master students with at least a basic knowledge of programming. Applying the approach in this
course at a Bachelor level could require considerable adjustments. Still, since exchange students are
often interested in the course, and since their educational background can vary a lot, the enrollment
process is actually based on the student’s history in terms of a transcript of records rather than on
the educational level. This has led to the DSD course enrolling bachelor students in their final year
several times. Concerning population validity, the fact that we have enrolled and studied students
from all continents and a total of 45 countries makes us fairly confident on the generalizability of
our results in terms of population.

4 INSTITUTIONAL LAYER

Most universities provide support to teachers for (1) facilitating their work, for example, by provid-
ing resources, advertising, and enrollment procedures, (2) ensuring the quality of the education in
general and for the courses in particular, for instance by providing standardized course evaluation,
and (3) ensuring fulfillment of all legal aspects, such as student eligibility, grading system, confor-
mance to the rules given by the university and by the government. Besides that, the institutional
layer includes a number of unwritten or unspoken rules that “are known” locally and expected to
be followed, even if there might not be support for them (e.g., communication between students,
student organizations and teachers, coordination between different courses). The most challeng-
ing part in starting a joint distributed education initiative is that there are very few “defaults” that
can be directly used; many new elements must be defined. This means that distributed courses get
less support from the involved universities and must define new ad hoc quality measures them-
selves. Moreover, some legal aspects are often not clear either. Some of these new elements are
locally related to the activities needed to integrate a distributed course into the local education
context, while other elements are related to the synchronization between the distributed sites. In-
troducing these new elements locally can be very challenging, but at the same time it discloses
the opportunity to introduce new practices that can be beneficial for the existing local education
context.

The challenge of introducing new elements in the institutional layer is threefold. First, institu-
tional support is usually good in maintaining established practices but can be very reluctant to
add new or change existing ones. The practices established for a distributed course can easily be
overrun by the new or updated institutional rules by mistake, as a consequence of institutional in-
sensitivity to the specific rules concerning the distributed course. Moreover, different local cultures
and assumptions related to them can clash.

The second type of challenge is related to incompatibility of practices among the different sites;
part of it is solvable in theory but very difficult to solve in practice, and part of it is not solvable
at all. Typical examples are different grading systems and the varied number of credits given at
the different sites for the same distributed course. Another example is the study-period start and
end dates, as well as study-period length (e.g., MDH has 10-weeks long study-sub-periods, so the
course spans over two adjacent study-sub-periods), and course enrollment deadlines, which can
be different at the different sites. The presence of midterm exams in different periods across the
institutions affects the availability of students too, as discussed in the next section.



Table 3. Differences in Institutional Layer

Institution

[ Category FER MDH POLIMI
Course type Elective Elective Elective
Minimum students # 6 none none
ECTS credits 8 7.5 5
Grading system 5-point scale (5-1) 3-point scale (5-3) 30-point scale
Study-periods # 2 3 2
Study-period length 16 weeks 20 weeks (+ 11 weeks) 16 weeks
Study-period start Begin. of October End of August Begin. of October?
Study-period end End of January Mid of January End of January
Midterm exams w3-4 Nov w1 Nov & w1-2 Jan w4 Nov
Enrollment deadline Begin. of September Begin. of April Begin. of October
Estimation students # June April After course start
Final students # Before course start After course start After course start
Course drop-out Not allowed Allowed Allowed

Specifically to the enrollment process, differences at the various institutions can lead to issues
in the common institutional layer. In our case for instance, while FER and MDH can estimate the
number of students enrolling for the course several months before the course start thanks to un-
official preliminary interviews (FER) and early enrollment deadline (MDH), POLIMI cannot. The
impossibility to make an educated estimation of the number of students leads to the need of a
backup plan in terms of extra project proposals in case of a higher number of students than ex-
pected. Moreover, specific institutional constraints, such as a minimum amount of students for the
course to be given (e.g., 6 at FER in our case) at one or more institutions can potentially jeopardize
a course instance for all involved institutions. A summary of the differences at the institutional
layer between the three institutions involved in our course is shown in Table 3.

The level of cohesion between the sites has a strong impact on the challenges. On the one hand, a
better cohesion between sites can give better results. On the other hand, it induces higher require-
ments on compatibility. A common characteristic of institutional rules is that they are significantly
more volatile for distributed courses and more critical with respect to the course existence. Thereby,
the problems should be managed in a similar way as managing faults in safety-critical systems:
predict a problem, try to avoid it, make the practice problem-tolerant, and adapt the practice to
remove or decrease the consequences of the problem.

In summary, as an answer to RQ1 defined in Section 3, Table 4 lists the challenges related to the
institutional layer and the practices to tackle them.

‘ Institutional layer: take-away message

The key point in the institutional layer concerns cohesion between sites. Stronger cohesion
improves course quality, attractiveness, and its learning outcomes. Typical measures to increase
cohesion are: (i) synchronized common activities, (ii) tight interaction in projects, and
(iii) well-defined grading correspondence matrix. However, the stronger cohesion is, the larger
the effort is required to achieve and maintain it.

2Starting from 2017, it will be moved to mid-September.




Table 4. Challenges on the Institutional Level

Challenge Measure
Initial agreement Use existing rules and practices whenever possible. Very important to
and MoU? have MoU(s) to ensure the course existence. Introduction of a double

degree supporting the course and/or multiple enrollments of the students
at different sites is useful.

Different semester

Ensure flexible start of the course on each site. For example, the site that

organization starts first runs local introductory lectures.

Student Be prepared for long-term work on synchronization. If needed, then
enrollment process enable participation of students in the course before formal enrollment.
Different grading Expect a long lasting work during several course instances to find a

systems and
granted credits

trade-off between grading systems. If it is not possible to have the same or
equivalent amount of credits, then try to balance students’ workload
related to the credits.

Different learning
outcomes

Assume flexibility in the interpretation of the learning outcomes, or try to
adjust the course to the learning outcomes specified by the different sites.

Different course
quality assessment

Plan for increased effort. Often similar but different assessments are
required by different sites, which may require a significant increase of
total effort.

Different course
budgeted effort

Be ready for additional effort from the teaching staff, sometimes on a
voluntary basis. If the course budget is related to the number of enrolled

students, then a good practice is to enroll the students from the remote
sites.

Being more challenging than local courses, distributed ones risk
permanently to be closed down. Ensure course lastingness by a MoU.
Having the course as compulsory in a study curriculum mitigates this risk.

Course volatility

5 TEACHING LAYER

In our DSD course, the teaching staff composition at the local sites has incrementally changed over
time regarding the number of teachers per site, course managers/examiners, and type of teaching
staff components. For instance, at MDH there was a complete handover of the course leadership
in 2014. Such a handover could have generated unexpected issues in the course planning and
execution. This did not happen, since the new course responsible had already been involved in
the course both as a student and, later on, as a course assistant. Moreover, the handover was not
carried out overnight, but it was planned two years in advance to make it as smooth as possible.
The composition of the teaching staff and the combination of seniors and juniors can be put in
perspective. Initially, the staff was composed of one senior and one junior per site. The presence
of juniors (Ph.D. students and post-docs) as project supervisors was embraced to detach super-
vision from examination (when possible, in relation to the number of students). Initially, it was
envisioned that seniors and juniors should be, respectively, project customers and supervisors, al-
though juniors often authored project proposals. The presence of juniors showed to be a gap-closer
between students and seniors and helped us in solving critical issues in some cases, so we kept
this mixed composition of the teaching staff. However, it was also problematic, since it involved

3 A memorandum of understanding (MoU) describes a bilateral or multilateral agreement between two or more parties.
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Fig. 1. Overall grades with single and double supervisor settings.

juniors have changed over time since, in most cases, they were temporarily allocated to the course.
This resulted in overhead for the senior staff that had to make sure that newly recruited juniors
were instructed with all the details needed for them to properly supervise distributed teams and
adhere to the course procedures. Fortunately, we experienced also a role evolution of individuals
in the course. In five cases former DSD students became junior staff. Of them, two became senior
staff, and one became responsible for the course. We also witnessed two former juniors and one
former DSD student becoming external project customers once they moved to industry.

The number of involved teachers increased through the years, partly because of POLIMI join-
ing the course, which brought in two new senior staff members, and partly because we decided in
2014 to switch from one to two supervisors per project. This choice was motivated by the observa-
tion that a supervisor was more inclined to assign a higher grade to his/her local sub-team against
the remote one (see Figure 1, “Local supervisor” and “Remote supervisor” bars). In two cases, we
experienced significant differences, up to 1 point on a 3-point scale. Switching to a double super-
visor setting has given us a clearer perspective on the performance of the team as a whole, and
this has resulted in a more homogeneous and fair distribution of grades. Moreover, having closer
supervision from both sides of the team has generally improved the performance of all teams. This
has resulted in a slight improvement of the overall grades (see Figure 1, “All” and “Two supervisors”
bars).

The effort of the teaching team is organized in two main periods. The first period spans from
March to September, when we focus on analyzing the performance of the course in the current
academic year and on identifying improvements for the coming year. This retrospective analysis
initially consisted mainly of the investigation of the data collected during the course for research
and article-writing purposes. Starting from 2014, right after the introduction of SCRUM, this phase
has been reinforced and defined in a structured way, and it has influenced the course development
process directly since then. Currently, we run it through a number of well-structured workshops
specifically dedicated to the following activities:

e Retrospective analysis: This is based on the study of students’ and teachers’ feedback on
the current year, also compared to the previous editions. We go through the students’ final



questionnaires and the course evaluation questionnaires that each university collects inde-
pendently. We take into account and discuss any negative comment and suggestion. Each
teacher also provides his/her own view on the performance of the class and of the rationale
behind issues that occurred during the development of the projects.

e Improvement definition and actuation: In case a need for improvement emerges from the
previous analysis, we collectively define an improvement plan and actuate it. Examples of
recent improvements are: (i) the double supervision approach; (ii) the change in the equip-
ment and communication protocols for our video lectures, which was due to very low video
resolution with the previous settings; (iii) the introduction of opponentship, which resulted
from the observation that students were not feeling involved during the presentation of the
other teams and did not seem to take any advantage well-structured the interaction with
them. Regarding (iii), to encourage a stronger participation in the discussions and to exercise
the critical capabilities of students, we decided to assign, to each project presentation, an
opponent team, which is required to ask pertinent questions and challenge the presenting
team. An improvement that we are currently planning is to update the project evaluation
sheet to remove some duplicates and unused fields as well as to introduce the possibility to
motivate the score for each field. Moreover, we are planning to revise the documentation
templates that students have to comply with when documenting the project.

e Planning for the next edition: In this phase, we address issues raised in the previous phase.
Moreover, we select customers and agree with them on the project proposals for the coming
year. Due to the aforementioned barriers in estimating the number of students taking the
course, we always select a high number of projects to be prepared for any variation on
the final number of students. This, unfortunately, may result in the fact that customers get
disappointed when their projects are not assigned to students. To avoid this issue, we take
advantage of SCORE projects whenever possible as they do not correspond to a predefined
commitment to the corresponding proposers. Other activities that we perform in this phase
are the definition of the schedule of lectures and project milestones, and the invitation of
guest lecturers.

The course is run in the second period, from October to January. In this period, we give lectures, su-
pervise projects, and coordinate with guest lecturers and customers. Being a project-based course,
the most relevant challenges in this period are related to the project layer and described in the
next section. Other issues are related to the way lectures are given to the distributed class. The
problem that we continuously face is that lectures are given using video-conferencing tools. This
implicates a partial perception of the teacher by the distributed class. It is more difficult to see
students’ eyes and understand if they actively follow or not. We often face technical problems,
sometimes related to network issues, other times related to microphones and the habit of some
lecturers to walk away from them. It is very difficult for a teacher facing the local class to under-
stand that someone at the remote sites is not following due to bad audio or too much “walking”
back and forth. We try to address these issues by constantly keeping a parallel Skype conversation
among all members of the teaching staff and by making sure that the teacher giving the lecture
is always supported by the others, gets information about possible issues perceived by the others,
and gets help with the equipment in case of failure. Another important challenge concerns the se-
lection of lecture topics and their level of detail. Having students with very different backgrounds
and skills makes it very hard to identify the right set of topics for all of them. Based on the feed-
back we gathered through the years, we believe that practical lectures focusing on the process
and activities that students have to perform during project development are generally the most
appreciated.



Table 5. Challenges on the Teaching Layer

Challenge Measure

Unforeseeable It is hard to foresee the number of students, and thereby number of
teaching projects, taking the course across the three institutions. Teaching staff at
workload each site shall be prepared to last minute re-organization of the teaching

assignments across the teaching team and to put extra effort in teaching
and supervision activities if more students than expected take the course.

Unexperienced Junior staff, mainly responsible for supervision activities, is in most cases
junior teaching temporarily allocated to the course. Well-defined and documented course
staff routines and supervision practices, as well as the in-depth involvement of

the new staff in the course preparation, are key factors for a swift and
painless integration of inexperienced staff.
Supervision Every project is unique in terms of positive outcomes and experienced
activities format issues. Supervision, regarding the format of its activities, shall be flexible
enough to adapt to and mitigate the latter. It is vital that supervision is a
cohesive task across the project teams, where supervisors discuss and
agree on both common practices and case-specific remedies.

In summary, as an answer to RQ2 defined in Section 3, Table 5 lists the continuous challenges
for the teaching layer and the measures to tackle them.

Teaching layer: take-away message

The keypoints related to the teaching layer are to be open minded, to respect the opinions of
all, to seek and reach consensus in any decisions, to continuously (i) collaborate in all teaching
aspects, (ii) be ready to revise decisions, and (iii) work on course enhancements.

6 PROJECT LAYER

Managing diversity at the project layer proved to be the most complex and dynamic aspect of
managing the DSD course. Diversity at this layer does not only represent the sources of risk for
both project team and individual student performance. If carefully managed, it provides the neces-
sary ingredients for achieving targeted learning outcomes by making students face the obstacles
typical of distributed and multi-cultural project environments.

There are two dominant internal sources of diversity at the project layer: students and cus-
tomers. However, substantial cross-layer influences can be observed too, mainly from the insti-
tutional layer, and they introduce additional externally induced diversities and risks (Table 6).
Student-specific diversities are rooted in their educational and cultural backgrounds, but cross-
layer influences tend to amplify other sources such as motivation and availability. Differences
among properties of involved project customer types (competitions, industry, and academia) in-
clude customer availability and responsiveness, requirements definition and volatility, project vs.
product focus, and non-balanced access to information within project teams.

In the project layer, we analyze the impact of identified diversities in two temporally distinct sub-
phases: project team definition and project work. The analysis is based on qualitative observations,
quantitative data gathered from the aforementioned student final questionnaires, and evaluation
of the project results. Additional qualitative classification of project success is introduced by using



Table 6. Cross-layer Influences

Source layer Diversity Affected layer Impact or diversity
Semester - uneven workload at different institutions
Institutional S Project - student availability (exams, holidays,
organization
semester start and end dates)
- knowledge diversity
- cultural diversity
N Enrollment . - student number predictability
Institutional Project . .
process - imbalances in numbers of enrolled

students among institutions
- student dedication to the course

o Difference in . L
Institutional . Project - student motivation
course credits
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Fig. 2. Student enrollment 2003-2016.

project color grades: green—a successful project with only minor process problems and deliverables
of good quality, yellow—a project with minor to moderate process problems and/or deliverables
with lower quality, and red—failed project.

6.1 Project Team Definition Phase

The definition of student project teams is a delicate process that must take into consideration
course-level, project-level, and personal-level constraints. At course-level, it is necessary to include
into project teams students from all institutions, balancing the involvement of teaching staff from
each institution and the number of location-bound customers. At project-level, it is recommended
to design suitably sized project teams incorporating project-required knowledge. Also, it is neces-
sary to manage risks related to diversity in students’ knowledge and motivation. At personal-level,
students’ preference on team membership and allocation to desired projects should be taken into
account, supporting initial students’ motivation and self-confidence.

The imbalance in enrolled student numbers at the involved institutions (Figure 2) can result
in an imbalanced number of project team members from each location, or in over-/under-sized
project teams (Table 7). We have experienced that an unbalanced team composition can have



Table 7. Allocation of Students to Projects 2003-2016

Year
| Project # 03 04 05 06 07 08 09 10 11 12 13 14 15 16
Local project # 2 - 2 - - 2 3 - - - - - - -
Over-/Under-sized # | 1 - - - - - 1 1 - 1 - 2 - 1
Imbalanced project#| - - - 1 - - - 1 - 2 1 - - -
Balanced project # 2 3 4 3 2 4 6 7 5 4 2 3 5
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Fig. 3. Final student grade distribution for exchange students and all DSD students.

severe repercussions on the team decision process and, consequently, on the motivation of sub-
dued team members and team cohesion. Extreme situations, when the number of enrolled students
is unexpectedly high and/or there is a significant imbalance of enrolled students, may require the
creation of local (non-distributed) project teams with customers and/or supervisors at remote loca-
tions. This is highly unappreciated by the involved students and cannot adequately support many
of the targeted course learning outcomes.

In some occasions in which we had an unexpectedly high number of students, we had to run
more than one instance of the same project proposal too. This was beneficial regarding competition
between teams but needed additional effort from teaching staff to avoid plagiarism issues.

At project-level, it is necessary to consider knowledge- and technology-related requirements
of the proposed projects and to try to form student teams based on explicit information provided
in the initial self-evaluation survey and implicit information from the project preference poll. It
is also necessary to estimate the impact of educational diversity and minimize the risk by allo-
cating at most one presumably less-knowledgeable or less-motivated student per local team. In
our experience, optimally-sized project teams of six to eight members are able to handle up to
two less-contributing team members (classified as students with final course grade less than 4).
Figure 3(a) depicts the percentage of successful, unsuccessful, and challenged projects at the
growth of non-contributing team members within teams. Moreover, Figure 3(b) details the nega-
tive impact on the development process. This impact is measured in terms of the score (up to 100
points) we assign to the process part of each project in the evaluation phase. Projects with up to
two less-contributing students manage to compensate negative effects with graceful degradation
in product/process quality utilizing internal team resources. However, available internal resources
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are not sufficient to compensate for more than two less-contributing members, resulting in a low-
quality development process, and failing or challenged projects.

Surprisingly, as one of the highest sources of risk in forming distributed student teams, we
identified exchange students: in the period 2012-2016, exchange students formed 15% of all DSD
students population, but with a dropout rate of 16.7% (3.85% in the whole population) and signifi-
cantly lower individual grades (Figure 4). This risk is a consequence of a combination of differences
in personal motivation and lack of both official and unofficial institutional-level mechanisms to
prevent inadequately motivated exchange students from enrolling.

On the one hand, the impact of cultural differences has been widely recognized as one of the
key sources of inefficiency in distributed development [12, 14]. On the other hand, exposing DSD
students to cultural differences and creating awareness is one of the key ingredients of any dis-
tributed course. Therefore, we analyze students’ awareness/impact on project work by collecting
data on observed cultural differences and on particular cultural factors that students deemed to
affect their project work. Perception of overall cultural differences within teams is assessed by
students selecting among levels of differences: high, medium, low, and no. Our educational goal
is for students to become aware of cultural differences and to be able to handle them avoiding
serious teamwork problems; the ideal student assessment level for such differences is low, while a
predominance of level no would imply lack of awareness in the students, and of level medium an
indicator of culturally-induced teamwork problems. In our experience, level high occurs only as a
consequence of personal issues between individual students.

According to our analysis results, cultural diversity of composed project teams does not prede-
termine the effectiveness of their project work, therefore encouraging the formation of culturally
diverse teams. Figure 5 reveals that occurrence of medium level perception is not correlated with
the number of subregions involved in the project (region and subregion definitions have been
adopted from the United Nations geoscheme®), but levels of low and no show slight positive and
negative correlations.

At individual-level, student motivation and dedication is taken into consideration by collecting
student preferences on offered projects and trying to allocate students to higher ranked ones. Since
the project preference poll was introduced, we managed to allocate 90% of students to one of their
first three most-preferred projects. However, an analysis of work hours invested and final student

“https://en.wikipedia.org/wiki/United_Nations_geoscheme.
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Table 8. Customer-type Properties

Customer  Availability and Definition of Requirements Project vs.
type responsiveness requirements volatility product focus
university high high-medium medium process and
product
industry medium-low high-medium medium-low product only
competition low medium-low low process and
product

grades, compared to the preference ranking of the project they were allocated to, did not reveal
any correlation between them.

6.2 Project Work Phase

In the project work phase, the dominant source of diversity is the project customer type, but other
sources such as educational background, cultural background, and different factors affecting stu-
dent motivation are revealed too.

Table 8 lists the key differences among customer types involved in our DSD course. These dif-
ferences create diverse priorities for project teams and influence their internal communication.
Therefore, it is necessary for project supervisors to be aware of customer-induced specifics as
well as to take both preventive and corrective measures to avoid negative aspects to hamper the
project work. Figure 6 presents the analysis results of the evaluation of student projects in the
period 2012-2016, grouped by customer types. The upper left chart does not reveal any significant
difference in project work hours invested per customer type, but with a higher variation of work
hours for competition projects (these are the projects offered by the SCORE competition). In ad-
dition to higher motivation on competition projects, we also attribute this variation to less easily
accessible customers, effectively putting students in control of detailed requirements. Similarly,
industrial and university projects exhibit a lower variation in work hours thanks to the higher ac-
cessibility of their customers, with university projects investing, on average, more hours due to the
closeness of both customer and supervisor.

The upper right chart of Figure 6 presents the students’ perception of the initial requirements
definition and the requirements volatility during the project. All three project types have a com-
parable mean when it comes to requirements definition perception (industry has slightly lower),
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again with significant variation for competition projects. However, i ndustry projects exhibit the
highest variation in requirements volatility, implying that the mechanisms adopted by the teach-
ing staff for supervising the initial specification of project requirements are efficient; supervision
of requirements change is less efficient. University projects display the highest mean and the low-
est variability rates thanks to the experience of the teaching staff in defining and guiding this kind
of projects.

The lower left chart of Figure 6 presents the evaluation results (overall, project, and process) of
projects employing different customer types. Competition projects score the lowest (again, due to
the self-sufficiency of project teams); particularly interesting is the huge variation in process grade
(SCORE competition values the process as well as the product). As expected, industry projects
tend to put more focus on product than process, while university projects, being the most tightly
supervised, have a balanced product-process ratio.

The last chart (Figure 6 lower right) reveals the problems in the internal team communication
when conveying initial requirements information from customer-located sub-team to the remote
sub-team. Competition project teams are treated as one remote team, since the customer is not
local to any sub-team. Self-sufficiency and high team control of the re quirements turn this into
a measure of cohesion between the remote sub-teams. Industry and university projects expose
differences in the perception of the initial requirements b etween c ustomer-located and remote
sub-teams, although requiring initial assistance from supervisors to kick-start the project work
without immediately inducing imbalance and compromising team cohesion.

Albeit an evident diversity of educational background in the student population, individual dif-
ferences in knowledge cannot be reliably assessed in the project composition phase. However,
educated guesses based on self-evaluation surveys and education profiles o f h ome institutions
can provide useful information. Differences in institution education profiles can be deduced from
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empirically collected data on project evaluation over a prolonged period (Figure 7). Analyzing
project performance based on pairs of involved institutions reveals differences in overall stu-
dent knowledge/ability to perform in project settings—integrating both product- and process-wise
knowledge.

The observed levels of cultural diversity can be correlated to both individual and project success
(Figure 8). The frequency of observed no differences tends to be constant for all project types, while
the lower ratio of low and medium observation frequencies characterizes lower levels of project
success. If correlated with individual student grades, then observation frequencies display a similar
pattern: the higher the grade, the higher the low/medium ratio of observation frequency. Without
a statistical proof, our conclusion is that there is no clear cause-consequence relation between
cultural diversity and project/individual success; rather a combination of cultural and knowledge
differences, together with other issues, leads to the ascription of root cause to cultural diversity by
students.
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Differences in course credits among institutions create differences in the student expectations
on the required project workload. To accommodate these differences (MDH ~135h, POLIMI ~120h,
FER ~160h) in a unified project framework like ours, the option of finding an acceptable common
workload is a better solution than insisting on the nominal local effort. The other potential source
of uneven student workload is related to the strong commitment of key project roles (Project/Team
leader, SCRUM master and Project owner), motivating them to invest more, and in some case of
dysfunctional teams, significantly more hours than regular team members. Figure 9—upper chart—
presents the median student workload since the beginning of the course, as well as median work-
loads for significant team roles, while the lower chart lays out the percentage of work hours for
significant roles compared to the median of work hours for all team members. Since the introduc-
tion of SCRUM in 2014 (in place of an iterative process), we can observe that (i) the median of work
hours have decreased to a commonly acceptable level and that (ii) the disproportional workload
of key project roles is converging towards the median project workload.

In summary, as an answer to RQ3 defined in Section 3, Table 9 lists the continuous challenges
for the project layer and the measures to tackle them.

Project layer: take-away message

To reach the desired learning outcomes, as the main purpose of the project layer, requires to
(i) compose project teams taking in mind the overall constraints and different contextual, as
well as personal factors such as motivation, knowledge and cultural background, (ii) manage
different customer types and projects being aware of their specificities, and (iii) actively
supervise and help project teams.

7 RELATED WORK

One of the pioneering works describing the need for training future software engineers to face the
new challenges related to distribution was reported by Favela et al. [10]. After that, the research



Table 9. Challenges on the Project Level

Challenge Measure

Disproportion All enrolled students at all locations must be accommodated on (distributed)

in enrolled projects; if significant disproportion of students occurs, the following

student compromises in forming project teams and running projects should be employed:
numbers (i) duplicated projects, (ii) over-sized project teams, (iii) undersized project

teams, (iv) imbalanced project teams, and (v) local (non-distributed) projects.
Composition  Differences in educational background, cultural background, motivation, and
of project other factors determine the cohesion and effectiveness of the project team. It is
teams necessary to compose teams with both (i) presence of key distributed project
ingredients such as educational and cultural diversity and (ii) minimized risk of
team failure due to insufficient/imbalanced knowledge and inadequate
motivation and dedication to increased workload.
Different Differences in course credits, stemming from the institutional layer, imply
workload differences in student workload expectations. A compromise must be reached to
expectations  determine a common acceptable workload expectation from students as one of
the key components of the joint project framework.
Customer Different customer types bring subtle but significant differences to student
types projects. For the teaching staff, it is necessary to be aware of those differences
and to take preventive and corrective actions, in cooperation with the project
team, thus mitigating negative aspects that customer types bring along.

interest on distributed software engineering education has exponentially grown and the related
literature is currently particularly rich.

The Runestone project [21] is an initiative very similar to our course, run jointly by universities
in Sweden, Finland, and China. Similarly to our course, students are organized in teams across
two universities and they are in charge of software development from A to Z. The main differ-
ence is that, while in Runestone the teaching staff represents the customers of the projects, in our
course, we focus on industrial “real-world” customers, to make the distributed experience as vivid
as possible.

Many (more or less formal) empirical studies have been documented throughout the years. Clear
et al. [9] report on a systematic literature review with the aim of delineating challenges in teach-
ing distributed courses and providing recommendations for helping teaching staff in overcoming
them. Our work is not a secondary research study but rather a primary research study in terms
of a longitudinal case-study with the aim of sharing our experiences on a long-lasting distributed
course. Petkovic et al. [22] presents methods and experiences from several years of teaching a dis-
tributed course across two universities. The focus of the article is on the analysis and evaluation of
class effectiveness based on student questionnaires. Similarly, Gotel et al. [11] describe a software
engineering education initiative focusing on the trajectory that the initiative took over its first five
years. Hoda et al. [13] report on the findings of an empirical study on the socio-cultural aspects of
distributed education through a case-study conducted on fourteen participants from ten different
universities in eight countries. The authors define seven dimensions of socio-cultural distance that
caused the most significant challenges in the course. Another secondary study has been published
by Monasor et al. [17] in the form of a systematic literature review of papers related to global
software engineering teaching with the aim of discovering existing practices and identify open
challenges. Beecham et al. [1] applied a taxonomy for computer science education publications



to judge the quality of several papers in the literature related to global software engineering, as
well as discuss challenges and recommendations for educators. Beecham et al. [2] also propose
an interesting alternative way to address distributed development education by letting students
use a kind of simulator or game for their project development. The idea is to exploit simulation to
compress time, simulating an entire project work in very short time (e.g., an hour), thus enabling
students to try several times with different strategies and thereby learn by experience.

Communication seems to represent one of the most studied issues in distributed education. The
work in Reference [16] focuses on the results of an education project that aimed at (i) conveying
to students the needed skills for tackling distribution-related issues, and (ii) investigating how
different communication patterns impact development projects results. Nordio et al. [19] analyze
the effects of distribution and time zones on communication in distributed projects, showing that
shorter distance between teams increases communication rate. Also the authors of Reference [24]
studied the collaborative behavior of online learning teams and how this behavior is related to
communication mode and task type. The paper includes recommendations for building effective
online collaborative teams too. Kuhrmann et al. [15] present a course where students learn and
experience the role of different communication patterns in distributed agile software development
to gain awareness on the importance of communication and the effects on collaboration and team
performance. Collaboration is another crucial aspect in distributed courses, and the authors of
Reference [7] (partly among the authors of this article) provide a set of collaboration patterns,
identified through collecting and analyzing data from 14 distributed student projects, and their
causes as well as implications on projects results.

Agile development methodologies introduce additional challenges when enforced in distributed
courses. Some recent studies report on the process and outcomes of introducing agile process in
established distributed courses as well as the difficulties encountered by the students new to agile
in adhering to it [5, 23]. Other works focus on the importance of risk assessment from a teaching
perspective when evolving a distributed course over the years [6] and on preparatory exercising
for students to prior to distributed project development [18]. Paasivaara et al. [20] describe their
experience in augmenting distributed Scrum with industry best practices for a course that is jointly
run by three universities and with both co-located and distributed student teams. Students get to
experience both co-location and distribution in the same course; the course’s results have not
shown any significant difference between co-located and distributed work, suggesting that Scrum
can help alleviate some issues deriving from distribution.

While the aforementioned works focus on an in-depth assessment of one specific aspect (i.e.,
communication, collaboration, development process, risk assessment, socio-cultural aspects), our
work embraces all three layers (i.e., institutional, teaching, and project) that characterize a dis-
tributed course, as well as inter- and intra-layer challenges.

8 CONCLUSION

In this article, we have reasoned on the impact of diversity on three important aspects of a project-
based distributed course organization: institutional, teaching, and project.

As concerned the institutional aspects, the institutions involved in the course may face im-
portant differences in the number of credits, grading systems, enrollment processes, allocated re-
sources, specific expectations regarding learning outcomes, course volatility. We have provided
possible measures to mitigate them, but issues at this level are very hard to solve due to many
specific constraints and rules to which each institution must obey. The e stablishment of MoUs
may help in defining a common baseline that, however, will have to coexist with the inevitable
differences.



At the teaching level, the difficulty to foresee the teaching load is intrinsic in the nature of the
course and is related to the specific characteristics and rules adopted by the involved institutions.
As such, there is no specific countermeasure for it except being prepared to handle a different
situation every year. The presence of young and inexperienced teachers is certainly mitigated in
the case by the presence of other members of the teaching staff (even distributed) that can help
newcomers in acquiring the right abilities and attitude toward students. Similarly, a numerous
teaching staff composed of peers from various institutions can mitigate differences in the super-
vision style and, on in the long run, allow the teaching team to identify the optimal one given the
types of students being trained. Clearly, this requires a continuous interaction within the teaching
staff and willingness of all members to be open to others” opinions and ideas.

At the project level, the disproportion in the number of students from the involved institu-
tions is a fact that cannot be changed. Countermeasures can concern the organization of project
teams that can take this disproportion into account. The composition of the team is certainly a
crucial factor not only because of the disproportion but also because of educational and cultural
differences among students and because of differences in the credits they acquire for the course
from the home university. The right balance has to be identified taking into account as many
aspects as possible. As such, a careful analysis of the self-evaluation forms compiled by students,
together with the judgment of local instructors is of paramount importance. In addition, even when
project assignments are carefully checked to give students an as fair set of challenges as possible,
different types of customers can lead to different workloads for different project groups. In this
case, the only solution is for supervisors to constantly monitor the situation and intervene when
needed.

Many of the diversity factors that we mentioned are also visible for “standard” non-distributed
courses, such as large diversity of students’ experience and skills. Nevertheless, they have a heavier
impact on distributed courses and a specific diversity factor can display significant and different
characteristics across the sites. This usually requires additional effort from all sites, and by this
also additional pressure on a local site responsible for managing this diversity factor.

As we already mentioned, additional diversity factors originate from the peculiar nature of
distributed courses—different types of and more challenging communication, distribution of lec-
tures, more complex project team coordination, to mention a few. However, diversity can gener-
ate added value—for example, cultural diversity has a clear (positive) impact on increased toler-
ance, communication skills, and cooperation abilities both among students and within the teaching
staff.

As far as we can foresee, the course will continue in the future and might be extended to include
other institutions with characteristics similar to ours. We plan to take into account the findings we
have identified in this article by applying the lessons we have learned whenever this is possible.
In all cases, the strength of the teaching staff and its cohesion and ability to address the situations
that will arise is an important factor in success. In fact, it will be up to this staff to mitigate all
those diversity factors that cannot be eliminated completely with the main goal of ensuring that
the students will achieve the learning objectives in a pleasant context.

All in all, the primary goal of this type of course, i.e., preparing young individuals for their
career and life in a globalized world, is worth the extra effort needed for successfully running
them. Awareness about continuous challenges in distributed courses helps its implementation and
boosts its outcome.
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