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ABSTRACT. Working in multicultural distributed teams to develop software demands a
combination of high technical skills and soft skills. With an increasingly globalized work
environment, these stills are necessary for future engineers. Implementing a graduate-
level university course — jointly taught at universities in two or more countries — poses
several challenges, ranging from organizational and budgetary constraints to an increased
effort from all involved instructors with different academic settings. One of the challenges
— and the focus of this paper — is the use of UML within distributed teams as a com-
munication and collaboration tool. A Global Software Engineering (GSE) Course was
synchronously taught at three universities in Japan, Germany, and Indonesia. Students
were surveyed before (ex-ante) and after (ex-post) the semester about their perceived ease
of use and usefulness of UML, and collaboration benefit of UML. Challenges that stu-
dents faced were collected after the completion of the projects. The results show disconnect
between the perceived usefulness and intent to use UML, which is in accordance with pre-
vious research. Especially collaborative projects can benefit from UML usage. Germany
with a low power-distance showed the least impact, international students in Japan the
most.

Keywords: Global Software Engineering education, Distributed teams, UML, Multi-
cultural analysis

1. Introduction and Background. In the contemporary landscape of software en-
gineering, the adoption of distributed teams across different geographical and cultural
boundaries has become increasingly prevalent. This shift towards international distribut-
ed teams is driven by the need to leverage global talent, reduce costs, and enhance produc-
tivity through round-the-clock development cycles. However, this globalization introduces
a range of challenges, particularly in the realm of multicultural communication. Effective
communication is crucial for the success of these distributed teams, yet it is often imped-
ed by cultural differences, language barriers, and varying communication styles. These
obstacles underscore the recent and growing importance of intercultural understanding as
a foundational element in forming and maintaining effective distributed teams.
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To underline the two backgrounds of this research, this introduction is structured in
three parts: Global Software Engineering education, UML education, and Project-Based
Learning (PBL). The research questions are given at the end of this section.

1.1. Teaching Global Software Engineering. With software engineering tasks be-
coming increasingly complex, companies and software development teams often employ
skilled personnel all around the globe [1]. The need for simulating situations where teams
have to operate geographically distributed has long been known. Due to increased bur-
den both institutionally and to instructors as well as the lack of teaching frameworks,
implementations of Global Software Engineering (GSE) classes remain rare.

Bosni¢ et al. describe their experiences in managing distributed, project-based courses
[2]. They introduced a model identifying three parts in GSE courses — 1) Institutional,
where participating universities have different regulations, grading systems and work-load
(credit points); 2) Teaching, where course instructors have different levels of experience
and teaching loads; 3) Project, where imbalances in the numbers of students at each
participating university, their previous knowledge and cultural differences.

The benefit of empirical studies that emphasize the pedagogical challenges and values
are formulated by Carver et al. in cost and benefit analyses with strategies to fully utilize
these studies [3].

Instructors of Global Software Engineering need to balance teaching technical, soft, and
intercultural skills. Marinho et al. highlight the significance of intercultural skills in GSE,
emphasizing the need to identify, communicate, and manage cultural differences within
international software development teams [4]. They recommend establishing a cultural
knowledge base about the team members’ diverse backgrounds to foster awareness and
understanding of these differences. Additionally, teams should proactively plan responses
to mitigate potential cultural misunderstandings.

How knowledge and experience are managed in GSE education requires careful consid-
erations. Learning goals and learning environment have to match for a successful outcome
5, 6].

Students have to understand key problems in distributed software system development.
They have to handle tools for distributed collaboration, such as cloud platforms, video
conferencing software, and agile tools. Technical knowledge must be experienced, such
as UML diagrams, good programming practices, and modern practices of software engi-
neering. On an intercultural level, communication with project members from different
countries must be faced. All have to be operated in an ethical scheme to foster team
communication, information exchange, and respect.

Colomo-Palacios et al. describe several technical skills essential for students of GSE
education, including requirements engineering, engineering design (e.g., UML, and state
diagrams), software construction, testing, maintenance, configuration management, qual-
ity management, tools and methods, and software engineering process models such as
phase-based or agile development models [7]. Joseph et al. argue that, although technical
skills are crucial for a career in software engineering, they are insufficient for success in
an IT career on their own [8]. Therefore, even with comprehensive technical training, the
needs of software engineering, particularly Global Software Engineering, are not fully met.
A balanced approach integrating both technical and non-technical skills is essential.

The identification of non-technical skills varies depending on the cultures involved and
the project environment. Several studies have explored the necessary skills for students in
Global Software Engineering. Beecham et al. and Clear et al. emphasize the importance
of managing geographical distance, fostering collaboration and teamwork in distributed
settings, and coordinating distributed software development processes [6, 9]. As the work-
ing landscape becomes increasingly globalized, a shift from merely acquiring knowledge to
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mastering skills may be required for sustainable development. Damasevicius et al. support
this perspective from a long-term learning standpoint [10].

1.2. UML education. Unified Modeling Language (UML) serves as a standard visual
language for specifying, visualizing, constructing, and documenting the artifacts of soft-
ware systems [11, 12, 13]. The tools available for creating UML diagrams are continuously
evolving and research is active in tracking usability and conformity [14]. The common
framework can help bridge differences in cultural and educational background, especially
in multicultural teams. While cultural difference may be reflected in UML usage, lan-
guage barriers and other cultural discrepancies post a higher disruption in international,
distributed software development projects.

One of the primary challenges in using UML within multicultural distributed teams
is ensuring that all team members have a consistent and accurate understanding of the
models. This requires not only a standardized approach to UML but also an awareness
and accommodation of cultural differences in interpretation and communication. However,
for the need for often asynchronous communication and meetings, UML can mitigate
misunderstandings and improve team cohesion.

GSE education brings unique opportunities to leverage practical projects in a safe, aca-
demic environment for students to gather experience before entering the global workforce.
Students are expected to have some degree of format UML education by this point, but
have varying degree of experience using it in practical projects.

To address these challenges, it is essential to integrate cultural competency training
into the workflow of distributed software engineering teams and into educational curricula.
Authors of this paper regularly advise students about common difficulties in multicultural
distributed teams and help reduce friction between team members by giving examples
from previous GSE projects and how difficulties were alleviated. One key strategy is the
shift from synchronous team meetings, where a natural hurdle is English as a common
language, to asynchronous exchange using collaborative modeling using UML diagrams.

1.3. Project-Based Learning. Project-Based Learning (PBL) is essential in GSE ed-
ucation because it closely mirrors real-world industry scenarios, emphasizing customer-
oriented development and enhancing collaboration and communication skills in distribut-
ed teams. PBL nurtures critical thinking and problem-solving abilities, fosters adapt-
ability, and integrates technical, managerial, and intercultural skills, providing a com-
prehensive learning experience. It increases student engagement and motivation through
tangible projects and allows for continuous feedback and improvement, preparing stu-
dents effectively for the challenges of professional software engineering careers. This ap-
proach has been reported as highly effective in teaching Global Software Engineering
[5, 6, 15, 16, 17, 18].

The success of Project-Based Learning in GSE education depends on well-implemented
guidelines by instructors. It requires disciplined planning by instructors from all partici-
pating sides and a high degree of guidance and oversight throughout the project [19].

Students were typically assigned to work on a concrete project for a real-world customer.
The four projects described in this paper include a customer loyalty system for an Irish
pub, an e-voting system prototype, a university laboratory scheduling and management
system, and an elevator scheduling and optimization system. While the frameworks for
each project were provided by the instructors, students were responsible for identifying,
defining, and analyzing the specifications and requirements.

The research questions addressed in this research are

RQ1 How do graduate students perceive usefulness, ease of use and their intent of using
UML before and after a distributed software development project?
RQ2 What are best practices that can be derived from a three-university GSE course?
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RQ3 Can UML questionnaires inform on GSE class improvements?

The rest of the paper is structured as follows. Section 2 covers the research method used
to analyze the course data, including a course description and data collection. Results
are discussed in Section 3. The paper concludes in Section 4.

2. Research Method. Graduate school students participating in a GSE class co-taught
at three universities in Japan, Germany, and Indonesia were surveyed using ex-ante and
ex-post questionnaires. Questions are asked about demographic aspects, belonging to un-
derrepresented groups, English proficiency, and free-form text comments. Two sets of
questions were also asked: 1) Cultural dimensions and factors impactful to GSE were
modeled after Hofstede et al. [20] and Marutschke et al. [21]; 2) Perceived easy of use,
usefulness, and intent to use UML were formulated by applying the Technology Accep-
tance Model (TAM) framework, which has also a long history in educational research
[22, 23, 24]. Due to the low number of participants, findings were visualized by violin
plots and qualitatively analyzed.

The following questions were asked (label as given in Figures 1 and 2). Students were
asked to rate on a five-point Likert scale, the first from “No confidence (1)” to “High
confidence (5)” and the rest from “Strongly Disagree (1)” to “Strongly Agree (5)”. How
would you rate your confidence in using UML diagrams to represent and communicate
software analysis and design artifacts? (UML Confidence).

My interaction (modeling and software development) with UML diagrams is clear and
understandable. (Clear UML interaction) — Interacting (modeling and software develop-
ment) with UML diagrams does not require a lot of my mental effort. (UML mental effort)
— Creating UML diagrams (for modeling and software development) requires a lot of time
and effort. (Creation time and effort) — 1 find it easy to get UML diagrams to do what I
want it to do. (UML control) — Using UML diagrams improves communication and un-
derstanding between my team and professors/instructors. (Improved communication) —
Using UML diagrams improves my productivity in software development. (Improved pro-
ductivity in SED) — Using UML diagrams enhances collaboration in software development
(amongst team members). (Enhanced collaboration) — 1 consider UML diagrams useful
for software design. (Useful for software design) — I intend to use UML diagrams in future
software design and development. (Use intent) — For collaborative software development,
I predict that I would use UML diagrams in the future. (Use intent for collaboration).

2.1. Course description. This case study examines a master’s level course in Global
Software Engineering, taught during the fall semester of 2023/2024. Instructors and stu-
dents from three universities Ritsumeikan University, Nuremberg Institute of Technology,
and Brawijaya University in Indonesia, Japan, and Germany participated. The Japanese
and German instructors had prior experience conducting distributed courses in Global
Software Engineering [25], while the Indonesian university joined for the first time in the
fall semester of 2023/2024. This and previous courses were in principle taught in the same
educational framework. The addition of a third university was intended to increase the
cultural diversity of the participants, and the Indonesian partner facilitated the inclusion
of a real-world customer from a rapidly growing economy.

The course aimed to simulate a multi-national software engineering project using a
Project-Based Learning (PBL) format, which has been shown to enhance student engage-
ment in software engineering courses [26] (see also Section 1.3). Students were assigned to
cross-site teams composed of members from Indonesia, Japan, and Germany. Each team
worked with the local city government in (name of city omitted for peer review), Indone-
sia, which acted as the customer. The teams were tasked with performing requirements
engineering and developing a prototype for smart tourism applications.
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Institutional differences were evident before the course began. Each university had a
different semester schedule: classes in Indonesia started mid-August, in Japan at the end
of September, and in Germany at the beginning of October. This resulted in only three
months of overlap — October, November, and December — when all three universities
were in session. Additionally, grading requirements varied: Indonesian students had to
demonstrate UML proficiency for requirements engineering, Japanese students had to give
midterm and final presentations, and German students were required to present a final
project and submit a written report.

2.2. Data collection. Anonymous online questionnaires were distributed to students at
the beginning and the end of the semester. As each university followed a different schedule
— the university in Indonesia started first in August, Japan followed in September, and
Germany in October — the surveys were conducted accordingly.

A total of 29 students started taking the course with 22 finishing their projects. Their
demographic details are given in Table 1.

TABLE 1. Demographic statistics of the dataset

In Ja Ge Age
Beginning 5 13 11 24.0 (0 =2.7)
End 5 8 9 244 (0c=3.5)

Online surveys have shown to be helpful in data collection, due to their relative speed
and low cost [27]. Issuing questionnaires anonymously online may also increase the number
of willing participants, who prefer filling forms out on a computer and where a face-to-face
environment may pose a hurdle [28]. Due to differing power distances inherent between
students and instructors from Japan (international students), Germany, and Indonesia
[20], online surveys were implemented to allow students to answer questions anonymously.

TABLE 2. Nationalities and native languages of students as self reported
by students, empty entries not counted, some indicating multiple native

languages
Nationalities Before After | Language Before After
Chinese 6 0 Chinese 4 0
Indonesian 7 7 | Indonesian 7 8
German 11 7 German 11 8
Other 5 5 Other 6 6

As can be seen from Table 2, main nationalities and spoken languages were German and
Indonesian. Some students did not fill out this part, as it was left optional, others indicated
multiple native languages. Most self reported intermediate to high English proficiency, as
listed by Table 3. Students were instructed to indicate their level based on TOEFL iBT
scores or estimate their level, if they do not know their score.

Questions to ask students about their UML usage and understanding was modeled after
the Technology Acceptance Model, including perceived ease of use, perceived usefulness,
attitude, and intent [22, 24] to facilitate comparison with other studies and possible future
analyses. Other questions asked about the use of specific UML models and struggles stu-
dents faced using UML diagrams communicating amongst team members. The following
Section 3 details the results gathered from the ex-ante and ex-post questionnaires.
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TABLE 3. English proficiency as self reported by students

Proficiency level (TOEFL iBT score) Number of students

Highly Advanced or Native (100-120) 3
Advanced (80-99) 13
Intermediate (61-79) 11

Basic (45-60) 2

Low (20-44) 0

None (0-19) 0

3. Results and Discussion. This section describes the findings from comparing the
TAM-modeled questions from ex-ante to ex-post. A visual analysis of violin plots, mapped
as probability density functions, is presented. The following three subsections 3.1 to 3.3
discuss viewpoints and observations in each university with suggested best practices and
improvement strategies for upcoming classes.

Out of the three universities, students from Brawijaya University had the most exposure
to UML and (software) engineering education. Both Ritsumeikan University and Nurem-
berg Institute of Technology are computer science colleges. This is reflected in Figures 1
and 2, where students from Indonesia were consistently rating the effort and usefulness of
UML highly (with the exception of the mental effort necessary to create UML diagrams).

After completion of the software engineering projects, a general tendency towards higher
appreciation for UML and increased intent to use in professional and collaborative projects
could be observed. The most uniform change can be seen for students in Japan, whereas
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the plots for students in Germany mostly retain a thin tail towards disagreeing with
UML’s usefulness and the intent to use it in the future.

Challenges most selected from multiple choice by students (in descending order) were
creating a representative use case scenario, translating problem and solution domains into
a UML diagram, collaboration using UML diagrams, choosing the appropriate diagram
for a particular scenario, and understanding UML syntax and semantics.

3.1. Course observations in Japan. Japanese students encountered typical challenges
throughout the semester, which they managed to overcome. Drawing from prior experi-
ence in GSE classes, common issues included varying communication styles within teams,
reliance on software tools, and differing academic goals from team members in Germany
and Indonesia.

Given the distinct organizational cultures and structures of the three universities — each
with specific syllabus requirements and instructor expectations — perceptions of achieve-
ments varied. Students, influenced by their own academic goals, often experienced friction
within distributed teams. To navigate these differences, students were advised to collab-
orate closely and received regular (often daily) feedback from instructors. Team members
ultimately matured from the experience of presenting their team’s working prototype
successfully.

Despite these challenges, all teams exceeded instructors’ expectations with their semes-
ter results. Particularly noteworthy were the practical aspects, where students developed
diverse smart tourism applications, such as tourist attraction recommendations, dietary-
specific restaurant recommendations, dynamic pricing for attractions, and specialized tour
guides with Q&A chatbots. The instructors recognized the significant effort and coordina-
tion required to create these working prototypes. While the teams ultimately succeeded,
there was room for improvement in team management and organization.

3.2. Course observations in Germany. German students were already familiar with
the Project-Based Learning format of this course, thanks to prior experience in other
courses. They greatly valued the opportunity to work on an international, real-world
project in collaboration with the Malang City Government in Indonesia.

German culture promotes a relatively low power distance between students and in-
structors [20], making German students proactive in questioning their instructors. This
behavior may have seemed disrespectful to students from Japan or Indonesia. As is typical
in a low-context culture [29], German students communicated directly and extensively,
often criticizing team members in ways that might be perceived as impolite by their
Japanese and Indonesian counterparts.

Initially, German students focused prematurely on technological aspects. Language bar-
riers with cross-site team members led to misunderstandings of the problem domain, re-
sulting in insufficient attention to the requirements specifications generated by students in
Malang. German students learned the hard way that focusing solely on technical solutions
without addressing the actual problem wasted valuable time and caused frustration.

As the semester progressed, German students adapted by relying more on written
communication. This allowed team members in each country to adequately formulate their
questions and responses in English, the common third language. German students also
learned the importance of listening to subtle cues rather than interrupting and speaking
over their project partners.

By the end of the semester, German students reflected on their lessons learned. They
realized that in multinational projects, technical skills alone were insufficient. Intercultural
communication skills were crucial for cross-site team coordination. Understanding project
requirements before diving into technical solutions proved essential.
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3.3. Course observations in Indonesia. Collaboration among Indonesian group mem-
bers was exceptionally motivating and exceeded expectations, despite significant chal-
lenges in communicating in English. The integration of Japanese and German teams a
few weeks into the already ongoing semester at Brawijaya University created some fric-
tion due to differing ideas about project requirements. Students required guidance and
occasional intervention from instructors to understand the problem domain. As Indone-
sian students needed to discuss with the Malang City Government to elicit requirements,
instructor assistance during these meetings was crucial.

The early discussions with government officials and Indonesian students, combined
with the intercultural perspectives of Japanese and German team members, led to several
innovative solutions to existing problems. Students needed frequent reminders to focus
on solving actual problems rather than using modern technology for its own sake. The
resulting prototypes demonstrated the effectiveness of the PBL and authentic teaching
approach. One team, which showed the highest practical implications, was selected to
present their solution to the Malang City Government.

4. Conclusions. Overall, the three-university GSE course positively impacted the aca-
demic community, as reflected in student performances. From a focus on UML use, several
conclusions can be drawn.

First, while most students had formal training or education in UML, the survey results
show a disconnect between the perceived usefulness and intent to use UML. In agreement
with previous research, UML education for engineers has potential for improvement.

Second, there is potential to tap into the impact of collaborative projects using UML
diagrams to share ideas and concepts. Encouraging students to collaborate on the basis
of UML diagrams also increases the value of documentation created during the projects,
which next generation students can benefit from.

Third, the challenges that students mentioned the most using UML diagrams can inform
class design and help instructors prepare supporting materials and targeted feedback.

Due to the complexity of conducting such a GSE course, instructors plan to stream-
line educational materials and guide students more effectively in the future. Long-term
projects, rather than one-semester projects, will be considered for future classes.
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