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Abstract. Collaborative Development Environments (CDEs) play a sig-
nificant role in modern software engineering by integrating multiple cru-
cial tools and functions for the development process at a single point
and therefore by providing elemental support for the collaboration of
the developers and utilizing synergetic effects through the combination
of these tools and social functions. To prepare students optimally they
should be trained to use those systems effectively. In this paper we define
a criteria list for the evaluation of CDEs to be able to decide which CDE
or combination of tools is most suitable for the use in a certain soft-
ware engineering course in higher education. We build this work on our
accumulated experiences and findings of six years of project support for
students and scientists in a computer science department.
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1 Introduction

Apart from the team of a project itself, projects are primarily being influenced by
the environment in which they are carried out. This is especially true for software
engineering projects which can enormously benefit (or derogate) from the chosen
software tools used to support their development. In every real software project
many of these supportive tools are used and together form the collaborative
software system of the project. There is a wide variety of categories of these tools
and for every category there often are many alternative tools. Also, there are
many tools for special purposes, but in most cases there is a common set of tools
used in software engineering projects (for example: version control systems like
Git or Subversion for source code management, wikis for knowledge management
and issue trackers for requirements, task and bug management).

Often these tools are integrated into one system, utilizing the synergetic
effects and the overall benefit through generic and social functions, called a
Collaborative Development Environment (CDE) or Software Forge. These tools
and environments can have a great impact on a project, both in a positive and in
a negative way. They often offer ways to improve motivation, learning, reuse of
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knowledge and artifacts and collaboration by improving the visibility, awareness
and communication.

It is crucial to teach students of computer science how to work with these
tools and environments, which benefits and which challenges they bring along,
which different kinds exists, and most importantly: how to choose the right tools
(or tool combination) and how to benefit the most from them in the software
development process. Students have to learn modern ways of collaboration to
be optimally prepared for their later work and to be able to achieve the highest
possible quality within their projects and therefore also the greatest personal
satisfaction.

Since there are so many different tools it is not an easy task to decide which
should be used in software engineering courses in higher education. Apart from
learning to use these tools and to collaborate with them, students and the whole
organization may also profit from them because (if applied and used correctly)
they often offer a higher awareness for and a better access to projects. Therefore
it is easier to build common knowledge and to build upon previous projects.
Students can learn important skills when they learn how to reuse, improve or
extends projects or project parts, because in most cases this is exactly what they
will have to do in their later work.

Therefore, we present a categorization of tools and a criteria list to evaluate
these tools. This is work in progress. We want to use the criteria list to evalu-
ate different CDEs and tools to be able to find a combination from which the
students, staff and organization will have the greatest benefit to offer excellent
training, support and collaboration for the carried out projects.

2 Related Work

Much research has already been carried out regarding some of the tools sepa-
rately and their value in software engineering in general and in higher education.
For example the usage of wikis in software engineering projects by students is
investigated by Ras in [6] and by Minocha et al in [5]. Al-yahya showed in [1]
how to support teamwork skills of students in software engineering courses with
wikis.

Vujovic reviews version control systems and investigates how to apply them
in software engineering courses in [7] while Cochez et al. analyze how students
used git in several computing courses in [2]. Ljubovic et al. investigate how to use
repository analysis tools to determine the individual contributions of students
in [4].

In contrast to that in this paper we focus on the evaluation of a combina-
tion of multiple tools which together form a CDE. Due to the many possible
combinations of different tools and to the varying requirements of different envi-
ronments, it is a non trivial task to evaluate such a system. We are building
upon our previous work in [3].
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3 Categories of Tools

The most often used categories of tools in software engineering projects from
our point of view are summarized in Table 1.

Table 1. Categories of tools and environments

Category Examples Description

Version Control Systems Git, Subversion, Bazaar Used to manage source files
with history and other meta
information (who changed
what and when) and to
provide a single source of
information for the project
team

Knowledge Management Dokuwiki, Wordpress,
Joomla

Wikis, blogs and content
management systems used
to document and present
projects

Issue Tracker Bugzilla For tracking requirements,
tasks, bugs and milestones

Project Management Redmine Tools to track tasks, resources,
responsibilities and project
progress

Communication Support Instant Messenger,
Email, mailing lists,
forums

Tools to support synchronous
or asynchronous
communication

Continuous Integration Jenkins Tools which provide an
automation of the build
process

Quality Assurance SonarQube Tools for analyzing the quality
of source code and
documentation, finding
security threats, ensuring
project quality

Integrated Systems Redmine, Allura, Trac Systems which combine
multiple of the mentioned
functions into one system

These integrated systems are called software forges or collaborative develop-
ment environments and some are also found in the category of application life-
cycle management systems. In particular these systems offer the biggest value
for real projects because the combination of functions often utilizes synergetic
effects and through their integration they are often more convenient to use than
multiple unconnected tools.
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When using such supporting tools an important choice has to be made in an
organization: should the organization provide these tools and needed infrastruc-
ture itself internally or should it use external services from the internet which
are often free of charge. The advantages and disadvantages of both choices are
discussed in the following.

3.1 Internal (Self Hosted) Tools

The advantages of providing the needed tools and infrastructure yourself in your
organization are:

1. It is possible to create an overview of all projects and their tools of the orga-
nization and therefore increase the visibility and awareness of those projects
to improve the collaboration in the organization. It therefore offers the chance
to gather information about all projects at a single place.

2. The organization has full control over all data of its projects. It can decide
which data is only shown to members of the organization and which may be
visible from the internet. It can protect sensible data and restrict the access
in any needed way.

3. Every combination of available tools is possible, since some tools might not
be available externally.

The main drawback of this solution is the immense amount of work which
has to be constantly invested in providing, maintaining, updating, securing and
improving the needed infrastructure. Additionally, more often than not it is not
possible to provide suitable tool support for every project, as each project has
different needs. Some projects may therefore use external tools nevertheless.

3.2 External Tools

The main advantage of using external tools (for example CDEs like SourceForge
or GitHub) is that nearly no work has to be put into the provision of the tools.
Often they are also free to use.

One disadvantage can be that often you can only use them for public projects
for free, so all project data is available on the internet which is not suitable for
many projects, even if it is great for others. Also, you loose full control of your
data which can be a crucial point if the data is sensible. Especially in higher
education many of the conducted projects have a higher value for their peer
group, other students of the same organization, and do not benefit that much
from being exposed to the internet.

Another drawback is that it becomes harder for the organization to keep
track of all its projects if they are scattered at different locations in the internet.
This can make it difficult to strengthen organizational culture and collaboration
within the organization. But just this central point of information about all
conducted projects can be of such a great value in higher education with its
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often coherent projects, because it can be a place of interchange, knowledge
aggregation, motivation and learning from each other.

Finally, the organization can not ensure the availability of the project data
anymore. Some external tools may close their service (as for example Google
Code did).

4 Criteria Catalog

In the following we present the criteria we identified to be important for the
application of a collaborative environment in a software engineering course in
higher education, so that both students and the organization may benefit the
most. These criteria will be the key to an evaluation of different systems to
find the ones which are best suited for the special requirements in a learning
environment. The criteria are divided into four categories:

1. General functions, which mainly contain basic functionality like user authen-
tication or functions which are used across several parts of the system like
search functions,

2. tool support, which lists the different supportive tools the system offers,
3. social functions and
4. non-functional requirements.

An overview of the criteria, which are described in more detail in the following
section, is given in Table 2.

4.1 General Functions

– User Authentication: Users should be able to register and authenticate to the
system easily. There has to be function to recover lost passwords. If the system
is used internally, it should ideally provide a way to connect to and use an
already existing user database for example via LDAP.

– Project Portal: The system should provide a portal to the projects which it
supports. Projects should be visible and browsable in an easy and yet clearly
way, so that a user can get an overview of the projects. The system has to
offer mature search functions so that a user is able to search for projects and
contents in a sensible and effective way.

– Multiple Language Support: The system should support the development of
software and documentation for different languages and therefore should offer
ways to also offer the project information in different languages.

– Extensibility: A system which is used internally should offer its functions
through a well-defined API, so that it can be integrated into existing
infrastructure and it should allow the creation of plugins, so that it can be
extended to special needs.

– Themes: The theme of the system should be customizable to reflect the orga-
nization, so that users feel familiar and a sense of organizational identification
and culture can develop.
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Table 2. Criteria for CDE evaluation

Category Criteria

General Functions User Authentication

Project Portal

Multiple Language Support

Extensibility

Themes

Tool Support Version Control System

Knowledge Management

Issue Tracker

File Repository

Communication Support

Continuous Integration

Quality Assurance

Social Functions Commenting

Tagging

Rating

Gamification

Code-Review

Non-Functional Requirements Security and Privacy

Ease of Use

Simple Administration

4.2 Tool Support

– Version Control Systems (VCS): Version control systems are a very important
tool in software engineering used in most projects. The system therefore should
support VCS like Git, Subversion or others. Beyond just offering repositories
it should also offer an easy to use view on those repositories, so that users can
browse and access them online without the need to check them out. Source
code should be displayed with syntax highlighting.

– Knowledge Management: Used to gather and share project experiences and
knowledge and to document the software, knowledge management tools like
wikis and blogs should be offered.

– Issue Rracker: They can be used to manage and track the progress of require-
ments, bugs and even tasks, documenting the responsibilities in the project
and should be supported. Ideally issues in the issue tracker can reference con-
tents from other tools like commits in the VCS or corresponding pages in
wikis.

– File Repository: The system should offer a way to easily upload project files,
so that they can be accessed by other users.



Evaluation of Collaborative Development Environments 371

– Communication Support: Forums, mailing list and automatic notifications
(e.g. for commits in the CVS) should be offered by the system to improve
the awareness and communication of its users and to document decisions of
project teams.

– Continuous Integration: Ideally the system should also support an automatic
build system like Jenkins, so the students are able to learn how to automa-
tize the build process and be prepared for professional software engineering
processes.

– Quality Assurance: To improve the project quality it can be of great use if
tools can automatically analyze the project and generate reports. In this way
the users are instantly rewarded if they improve the quality of the project.

4.3 Social Functions

Social functions are a very important aspect in a CDE to motivate users to
create high quality content and to be able to compare the quality of projects.
Without these functions and with a growing number of managed projects, users
would not be able to find valuable content and the whole system would loose
much of its possible benefit.

– Commenting: Users should be able to comment content in the CDE, to give
feedback and therefore valuable hints to improve the content and to learn from
each other.

– Tagging: Content should be tagable, so that it can be easily found by others.
Tags should be proposed by the system based on the already used tags.

– Rating: A rating system of content should be offered, so that the quality of
the content can be assessed by the users helping other users to find valuable
content. It also creates more motivation for users to improve their content. To
improve the quality of the ratings, they should be weighted with the reputation
of the users.

– Gamification: Gamification elements can also be used to motivate users to use
the system in the desired way and to provide detailed information about their
projects.

– Code-Review: A code review from users with high reputation can be used to
improve the quality of the source code and to let other users learn from source
code in the system, marking exceptionally well written parts or giving hints
how to improve other parts.

4.4 Non-functional Requirements

Non-functional requirements are often crucial for the acceptance and effective
usage of a CDE. The most important ones which we identified are:

– Security and Privacy: Like for example the use of user names, so that real
names are hidden for content which is exposed to the Internet. Additionally,
that users can choose which content is exposed to which audience and that
confidential information is not accessible by others.
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– Ease of Use for End Users: The use of the system must not impose much effort
for its users. Therefore it should offer an intuitive user interface and an easy
to understand and accessible documentation.

– Simple Administration: Especially for self hosted tools it is important that the
administration of these tools is not too cumbersome.

5 Conclusion and Future Work

In this paper we analyzed the categories of tools to support software engineering
projects in higher education and presented a criteria catalog to evaluate CDEs. In
this way we hope to find the CDEs which will be most suitable to help students
learn excellent software engineering techniques and processes, carry out high
quality projects with best results and be optimally prepared for their future
work.

The next steps will be to actually evaluate different CDEs like SourceForge
(Allura), GitHub, Redmine and others on basis of this criteria catalog. Therefore
we will evaluate these tools ourselves, but will also let students try out different
tools and assess and compare them.
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