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Abstract— In the teaching of those subjects related to 

Computer Programming competences, a teaching/learning 
methodology based on Problem Solving is often used, which 
sometimes involves the application of techniques such as Pair 
Programming. In addition, to perform the Programming-
related tasks, it is common to use professional Integrated 
Development Environments. Thus, it may be interesting to 
integrate tools in these environments so that they can support 
the teaching/learning process. This article discusses how we 
have adapted an existing Eclipse-based system for learning 
Programming, so that now it has support for collaborative 
tasks. The new features have been specially designed to solve 
Programming-related assignments, and integrated into the 
learning environment. We also analyse the first impressions 
gathered from students in the initial experiences made on the 
system. 

 
Index Terms— Learning Programming, Computer-

Supported Collaborative Learning, Eclipse, Tuple Spaces, Pair 
Programming 
 

I. INTRODUCTION 
URING the process of acquiring the knowledge and the 
skills related to Computer Programming competences 

(from now on we will refer to them as Programming) [1], 
the students are faced with different obstacles [5] [8] [21]. In 
this scenario, in the subjects related to these competences, 
the most widely used method of teaching is often based on 
activities involving Problem Solving [18] [30], reinforcing 
the lectures in classroom with programming labs [29] [35] 
that provide active learning [31]. 

Since students must learn to design, develop, test and 
debug programs with certain tools that are designed to be 
used by professional programmers as Satratzemi points out 
[37], Integrated Development Environments (IDE) for 
professional use, such as Eclipse, JDeveloper, NetBeans, 
IntelliJ, etc. are often used in these programming labs. Thus, 
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it may be an interesting approach to introduce improvements 
on these environments, such as tools that support the process 
of teaching/learning Programming-related skills. 

On the other hand, the implementation of the principles 
proposed by the European Higher Education Area (EHEA) 
includes group work as one of the techniques to enhance the 
learning process. In this sense, Computer Supported 
Collaborative Learning (CSCL) [28] aims to take advantage 
of the synergistic effect created when several students work 
together to solve a particular problem, providing the 
computational support that allows them to communicate and 
coordinate in completing their learning activities. 

Thus, applying the collaborative paradigm in the 
teaching/learning of Programming by solving problems or 
projects in working groups (collaborative learning) would 
introduce the principles of the EHEA in acquiring 
Programming-related competences. Not in vain, 
collaborative learning has been applied to the field of 
learning Programming. There are several proposals in this 
regard [38] [34] [33] [13]. Applying CSCL for learning 
Programming provides an environment in which students 
can interact and communicate with each other, typically in a 
distributed computing environment allowing students to get 
profit from the knowledge and skills of other members of 
the group, and so improving their own skills. 

Within the scope of collaborative learning applied to 
Programming, a commonly applied technique is Pair 
Programming. In Pair Programming, two programmers work 
together on the same design, algorithm, code or test [39]. 
While one programmer performs actions on the 
environment, the other one looks at the steps her partner 
performs to try to detect errors and report them. Although 
this is a technique typically used in the field of software 
engineering, its use in educational contexts provides 
interesting benefits that enhance learning [36]. 

In this framework, our goal is to support educational 
methods that apply the technique of Pair Programming in a 
professional IDE. In particular, this paper shows how we 
have enhanced an existing system for learning Programming 
without support for collaborative tasks. This system is based 
on the widespread Eclipse IDE, adapted with collaborative 
tools that will be integrated in that environment. 

Thus, the rest of the paper is structured as follows: it will 
begin with a background on those systems that support 
computational Programming labs (Section 2); then it will 
show how to provide collaborative learning support to the 
selected system for learning to program (section 3); next, it 
will detail the functionality specifically designed for 
Programming tasks implemented for the IDE (section 4); 
after that, it will expose a first experience and analyse the 
students' impressions regarding the new functionalities 
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(section 5); and finally, it will show some concluding 
remarks (section 6).  

II. BACKGROUND 
In order to facilitate the implementation of activities that 

involve problem-solving for Programming, in a scenario 
where classroom lectures are complemented with 
Programming labs to encourage active learning, an approach 
that can benefit students is to use real development 
environments. These environments are called Integrated 
Development Environments (IDE), that is, programs to help 
developers to implement other applications. Such IDEs 
usually include tools that support developers during the 
development process in its different phases. 

Using a real IDE, students can manipulate a development 
environment as they will do in their future careers, preparing 
them not only to learn the concepts related to Programming, 
but also to learn to manipulate and to take advantage of the 
available tools, favouring both their learning experience and 
their future professional environment. 

Currently there are many IDEs, either freely available or 
commercial. Among them, Eclipse (http://www.eclipse.org) 
stands as one of the most widely used [9] [16]. In fact, the 
possibilities for customization and expansion that Eclipse 
provides have not gone unnoticed by researchers in the area 
of learning Programming, and so we can find several 
solutions in this regard for Java development. These 
solutions consist of plug-ins added to Eclipse in order to 
make it an environment suitable for learning Programming. 

Thus, Kenya Eclipse [10] [11] integrates the Kenya 
programming language [2] [9] in the Eclipse environment. 
Kenya is a sublanguage of Java. It is designed for students 
to focus on learning the basic programming structures, 
eliminating those aspects of syntax that may be irrelevant in 
the first sessions of learning Programming. Moving from 
Kenya to the equivalent Java code is straightforward, so that 
students can easily learn how to write the corresponding 
Java program. Kenya Eclipse takes all the features of 
Eclipse, such as the project management, the compiler 
output, etc. It also incorporates a module devoted to the 
analysis of the programming style that allows students to 
improve the writing and readability of the source code they 
write. 

Another Eclipse-based learning environment is ProPAT 
[3]. This tool allows the teacher to propose a new 
Programming assignment by specifying the assignment 
name and a template with the syntactical structure the 
students must follow. This template is then checked against 
the abstract syntax tree of the code written by the student, so 
that the system can provide students with information about 
what was right and wrong in the solution they have 
developed. 

In the same way, when analysing the solutions developed 
by students, we can find COALA (Computer Assisted 
Environment for Learning Algorithms) [24] [25]. This 
environment allows the teacher to specify Programming 
assignments (along with the ideal representation according 
to the evaluation criteria and the test cases to be met), the 
distribution of these assignments to the students, the 
delivery of the solutions developed by the students, and the 
automatic evaluation of such solutions by using Fuzzy 

Logic. COALA uses this evaluation with two objectives 
[25]: on the one hand, to provide students with a brief 
explanation about what is right and wrong in their solution 
so that they can understand and improve it; on the other 
hand, to provide feedback to the system, allowing it to 
determine which the next learning activity is, among those 
specified by the teacher, to be done by each specific student.  

Among the projects that apply the CSCL principles and 
the extensibility of Eclipse we can find Jazz Sangam [12] 
and RIPPLE [6]. More specifically, these tools seek to build 
environments that enable Pair Programming. So, Jazz 
Sangram [12] is a plug-in designed to support collaborative 
work in the Eclipse environment. Jazz is an IBM technology 
for collaborative development, which provides project 
management tools, version control, instant messaging, etc.; 
meanwhile Sangam [22] is a plug-in for Eclipse that allows 
collaborative work using the technique of Pair 
Programming. Integrating Jazz and Sangam derives in this 
application. Similarly, RIPPLE [6] builds a Pair 
Programming environment in Eclipse by means of a shared 
editor and a simple chat, employing the Sangam architecture 
to do so. However, these environments do not have 
collaborative tools for communication and coordination so 
widely used as forums (which also enable asynchronous 
communication), voting pool tools (which structure 
decision-making, etc.). Furthermore, they do not incorporate 
awareness mechanisms [15] that yield information on the 
status of other members of the working group, their progress 
and their future intentions. Furthermore, they do not have 
tools to monitor and track the student activities, which could 
be interesting for teachers (both for analysis of the learning 
process, and for intervening in the group’s work sessions as 
needed). 

Thus, we can see how the Eclipse environment is suitable 
as a basis to develop applications for learning Programming. 
On the one hand, the use of Eclipse allows eLearning 
developers to focus on implementing purely educative 
functionality, freeing them from the implementation of 
common tools such as project management, code editors, 
integration with the compiler and debugger, etc. On the 
other hand, the developed educational tools are integrated 
into similar environments students will find in their future 
careers. 

This paper takes as its starting point the above-mentioned 
distributed environment COALA, which was developed as a 
result of our previous research on the field of systems for 
learning to program, but it proved lacking in support for 
collaborative tasks. The next section will show how to 
provide collaborative support to COALA. 

III. PROVIDING ECLIPSE SUPPORT FOR COLLABORATION 
As mentioned in the previous section, the starting point 

for our work is COALA [24] [25]. It was developed as plug-
ins for Eclipse in order to allow the use of a real 
Programming environment in an academic scenario, which 
makes use of educational standards to facilitate reusability 
and integration in other systems, highlighting the use of IMS 
-LD [23]. The Eclipse plug-in for COALA allows 
communication features via a tuple spaces server [19] [20] 
[27]. This server acts as a shared central memory in a 



  

network environment where several clients and services can 
store and read information in the form of tuples [26] [27]. 

The choice of tuple spaces looks to be appropriate to 
implement collaborative eLearning systems [7] [17]. Thus, it 
seemed feasible to use the architecture of COALA to 
implement new services, drawing on both the extension and 
customization features of Eclipse, and the scalability of a 
system based on tuple spaces. 

Thus, we implemented three of the most common 
collaborative services as a plug-in for Eclipse. We called it 
COLE-Programming. These services are: a chat to allow 
communication in synchronous way, a forum to allow 
asynchronous communication, and a voting pool that allows 
the students to pool, to sound out, to come to agreements, 
etc. 

These services are provided with specific features and 
functionality, especially designed to perform Programming 
tasks. As an example, Figure 1 shows the functionality of 
the chat and the forum, highlighting not only the exchange 
of messages inherent in this type of service, but features 
such as code sharing or exchanging error and warning 
messages from the compiler or runtime environment. 

As mentioned above COALA makes use of IMS-LD. 
There are several proposals to allow integration of these 
collaborative services in the system [4] [14] [32]. However, 
given the architectural properties of COALA for integrating 
agents and services through the use of tuple spaces [27], the 
integration task is reduced to the implementation of proxies, 
which abstract the data model of each service to a tuple 
model. 

Figure 2 shows the diagram of the architecture of 
COALA once the COLE-Programming plug-in is added. As 
it is shown in this figure, all clients and services are 
connected via a TCP connection. The tuple space server we 
have selected for the implementation is SQLSpaces 
(http://sqlspaces.collide.info/) (Figure 2 at right), which is 
distributed under a free license AGPL. This server runs on a 
Java Virtual Machine (JVM) and implements the 
corresponding logical translation between tuples and a 
relational database. In the case of COALA, we have chosen 
a MySQL database on which to perform persistence. 

Due to the fact that different clients and services can 
interact, they require the corresponding libraries and stubs 

that support the middleware interaction (SQLSpaces client 
stubs in the figure), whether running on a JVM or used from 
any Programming language other than those supported by 
SQLSpace. This is the case of the features available for the 
COALA plug-in inside Eclipse (shaded area in the centre of 
the figure) and the COALA services available (Figure 2 on 
left). These allow the teacher to specify the Programming 
assignments and the test cases to meet, to distribute 
assignments to students, to deliver the students’ solutions 
and the automatic evaluation of such solutions, etc. 

 
Fig. 1. UML Use-Case Diagram for the chat and forum tools 

 
On the client side (central part of the figure), we can see 

how Eclipse is stated as the platform users interact with it. 
Both the Eclipse platform and the SQLSpaces client stubs 
run on a JVM. In order to facilitate the implementation of 
the upper layers several proxies have been implemented, 
which provide transparency enough with respect to the 
middleware. 

On top of this layer of proxies, we can find the model-
view-controller layers proposed by Eclipse. This consists of 
SWT Content Providers and the related SWT Views and 
Editors for each tool to implement, either of those 
implemented in COALA (central shaded right of the figure) 
or the new tools (chat, forum and voting pool). 

As it can be appreciated, the implementation of the 
collaborative tools in the COALA architecture is 
straightforward. We only need to implement the 
corresponding proxies, content providers and views/editors 
to make them available to the different clients. The 
messages and information the users will interchange will be 
represented by means of tuples accessed by the working 
group on the tuple space. 

 
Fig. 2. Diagram of the system architecture 
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Fig. 3. Collaborative tools added by COLE-Programming to the COALA environment 

 
 

In the following section we will describe, by way of 
examples, some collaborative services implemented in order 
to test the validity of our approach and the specific 
functionality of the Programming domain that can be 
included to facilitate collaborative tasks. 

IV. COLE-PROGRAMMING: PLUG-IN TO SUPPORT 
COLLABORATION 

COLE-Programming (Collaborative Learning 
Programming) is the name for the developed Eclipse plug-in 
that implements the collaborative tools for the COALA 
environment. 

Figure 3 shows how COLE-Programming implements 
several views for a voting pool (on bottom), a chat (on top-
left) and a forum (on top-right) with some Programming 
specific functionalities we will describe in detail next. 

Thus, in order to facilitate the information exchange, we 
have added the necessary functionalities to allow sharing 
code, error messages, warning from the compiler, etc. 
Therefore, when a student wants to share one of these kinds 
of usual messages in a chat or forum, a dialog window as the 
one shown in figure 4 is opened. This window allows 
introducing a description message, the kind of information 
to share (part of a source code, an error or warning message, 
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etc.) and the information to share. In the chat and forum, a 
message with the form “<user> has published the <kind of 
message>: <id>” is posted, which means that the 
information has been published for those people who are 
connected to the chat room or reading the thread of a forum. 
The students will be able to select, by using a combo box of 
the chat view, the “id” related to the shared information, and 
then an editor will appear showing the message and the 
description. 

Besides, we have added to the forum a message filtering 
mechanism for the conversation thread, taking into account 
the kind of message (identified issue, solution proposal, 
critical comment, doubt, etc.) as we can see on top of figure 
5. A colour code helps to identify the kind of comment so 
that the students can quickly identify the kind of message. In 
addition, a combo box allows them to filter the kind of 
message to be shown in the view, so that, for instance, they 
can focus their attention only on issue identification, 
proposal to solve the issues, doubts exposed, etc. 

In order to support the teacher during the analysis and 
monitoring processes for collaborative assignments, COLE-
Programming implements a monitor view (figure 5 on 
bottom). This allows checking some collaboration features, 
such as the number of contributions for a specific student for 
each collaborative tool, the rate of participation, the users a 
specific student has collaborated or shared information with, 
etc. 

Throughout this section, it has been shown how we have 
implemented specific functionalities and features in order to 

perform better collaborative Programming activities. Thus, 
we have shown how COALA has been enhanced by adding 
a chat and a forum with these new features, as well as by 
incorporating a voting pool and a monitor view for 
collaborative activities, which can be used by teachers. 
Hence, COLE-Programming allows the use of COALA in 
collaborative learning environments. The next section will 
detail a first experiment conducted in order to analyse the 
impressions of COLE-Programming by students. 
 

V. A FIRST EXPERIENCE WITH STUDENTS 
Currently, the computational support in most of educative 

institutions is limited to deploying a Learning Management 
System (LMS). This kind of environments provides services 
and tools, such as didactical resource repositories, auto-
evaluation quizzes for students, tools used by the teacher for 
monitoring the students’ progress, and collaborative tools 
(chats, forums or voting pool) which add a collaborative 
perspective to this kind of computational support. These last 
kinds of collaborative services and tools can be used to 
cover some coordination, cooperation and communicative 
necessities between teacher and students. 

Thus, in a first experience, we have tried to check if 
students prefer to use collaborative tools specifically 
designed for Programming, which are embedded within the 
integrated development environment they use to perform 
their tasks, or otherwise those provided by other generic 
LMS-based alternatives. 

 

 
Fig. 4. Sharing code, error and warning messages, etc. 
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Fig. 5. Message filtering in forum (at the top). Collaboration statistics in the monitor view (at the bottom) 

 
To do so, we took the evolution in COALA carried by the 

COLE-Programming plug-in with tools specifically 
designed for learning Programming. Then, students used 
them to perform Programming tasks, so that they could 
contrast the new tools against those provided by a widely 
used LMS, in our case Moodle (http://moodle.org/). 

A. Participants 
In the conducted experience, a group of sixteen students 

of the subject Collaborative Systems for the fifth year in 
Computer Engineering from the University of Castilla-La 
Mancha (UCLM) was involved. 

This student profile was selected because they had the 
necessary knowledge in the field of Programming in order to 

assess the support tools to Programming, as well as in the 
field of collaborative systems, which allow them to provide 
a more objective and critical issues in the collaborative tools 
implemented. 

B. Preparing the Experience 
Before the experience started, in order to know whether 

the students' answer was biased due to their predilections, 
habits, etc., a questionnaire was designed to identify their 
degree of knowledge and preferences about the 
Programming IDEs (and Eclipse in particular). This served 
to know what kind of communication/coordination tools 
they often use when they make collaborative Programming 
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tasks, what kind of information they interchange through, 
and so on. 

Students ordered their preferences about collaborative 
tools and the kind of information they usually exchange on a 
Likert scale of 1-5 (1 being the least preferred option and 5 
the most desirable one). 

As results of the questionnaire, it is noteworthy that 
students prefer the email (35% and 41% identified it as the 
first and second choice respectively), followed by the chat 
(44% identified it as first choice) and forum (22% identified 
it as a second choice) as the collaborative tools to use when 
solving Programming activities in group, regardless of 
whether they are integrated in the environment or not. 

Furthermore, the analysis of the obtained data allowed us 
to determine the kind of information (in addition to text 
messages) that students usually exchange in these 
collaborative Programming sessions, highlighting the error 
and warning messages (38% of the students marked it as 
first choice and 25% as second) and verbatim copies of code 
fragments (31% identified it as first choice and 19% as 
second). 

C. Describing the Experience 
To perform the experience, we paired students randomly. 

Also, the students were given the information available on 
the COLE-Programming website (http://chico.esi.uclm.es/ 
coala), including the description of the collaborative tools 
and a user manual. 

The experience lasted two hours, in which students had to 
solve two Programming assignments and complete the 
appropriate questionnaires after each one. Each 
questionnaire included a student ID, which served to 
identify the participants in the other activities of the 
experience, thus preserving anonymity. Experience 
consisted of the following stages: 

 
1. First assignment session (Eclipse + Moodle tools): 

For this first session, we gave the students the 
sentence of a Programming assignment. They had to 
do it by using the Eclipse environment and the 
external tools for communication and coordination 
included in the Moodle LMS deployed in our 
university, which the students know well enough. 
The approximate time of completion of this first 
Programming assignment was 40 minutes. 

2. Assessment questionnaire (Eclipse + Tools Moodle): 
Students completed a questionnaire in order to get 
feedback about their impression of the collaboration 
tools for the Programming session. The time for 
completion was 10 minutes. 

3. Second assignment session (Eclipse + COLE-
Programming): The same working pairs who 
participated in the first session held on a second 
Programming assignment (with a difficulty degree 
quite similar to that from the first stage) by using the 
tools embedded in Eclipse, that is, the Cole-
Programming plug-in. The approximate time of 
completion of this second Programming exercise 
was 40 minutes. 

4. Assessment questionnaire (Eclipse + COLE-
Programming): Students completed a questionnaire 

in order to get feedback about their impression of the 
collaboration tools for the Programming session. The 
time for completion was 10 minutes. 

 
The questionnaires consisted of both a series of questions 

that students had to answer following a Likert scale with 
scores from 1 to 5 (1: none, 2: low, 3: occasionally, 4: often, 
5: very much), as well as of open-ended questions where 
they could express their opinion. 

After gathering all the information generated during the 
experience, it was the moment to analyse and to interpret it, 
in order to assess and contrast the collaborative tools that 
implement COLE-Programming and those from Moodle, 
which are not specific for Programming tasks, so that we 
can compare both approaches. In the next section we will 
show and analyse the results. 

D. Results Obtained from the Experience 
After the two sessions in which students used Eclipse 

with collaborative tools (on the one hand, those from the 
Moodle platform; on the other, those integrated in COALA 
by means of the COLE-Programming plug-in), they seem to 
find the chat tool integrated into COLE-Programming easy 
to use, since it incorporates specific functionality for 
Programming tasks. 

Figure 7 shows the students’ evaluation of the generic 
collaborative tools and of those integrated into COLE-
Programming. Analysing this figure we can see how the use 
of forums and voting pool seems less widespread (most 
students answer "Not applicable (N/A)" when scoring these 
tools). In the open-ended questions, students explained the 
reason for their penchant for using the chat. They consider 
the chat as that collaborative tool that allows them to 
communicate with their partners in a more immediate way, 
allowing a faster and less structured dialogue. 

 

 
Fig. 7. Rating collaborative tools. At the top, score given to the generic 
tools. At the bottom, score to the integrated tools implemented in COLE-
Programming 
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Fig. 8. Score for the features introduced in the collaborative tools of COLE-
Programming 

 
Furthermore, in Figure 7 we can see how the students 

give a higher score to COLE-Programming collaborative 
tools. Thus, in the case of generic tools, students consider 
the use of the chat and the forum nothing, little or 
occasionally interesting, and they judge occasionally, quite 
or very valuable their equivalents in COLE-Programming, 
especially the chat. The high values in the option “not 
applicable (N/A)” for the forum and the voting pool tool 
were due to those students who chose not to use them. This 
confirms the predilection students for the chat tool. 

The main highlighted issue in the generic collaborative 
tools was that the students were not able to share code with 
them. They lacked features such as a code indentation or 
syntax colouring. They also point out that using external 
windows apart from the working environment (Eclipse) 
forces them to constantly change their focus of attention, 
and it diverts them from the undertaken task. 

Similarly, students analysed the features introduced in the 
COLE-Programming tools specific for Programming tasks, 
such as those that allow sharing code, error and warning 
messages, etc. The results can be seen in Figure 8. It shows 
how the features for sharing code with proper indentation 
and formatting, as well as the exchange of error and warning 
messages from the output of the compiler, etc., are top rated 
by the students. That is, those features added specifically for 
Programming tasks were the most helpful for students. In 
addition, they are also interested in some improvements in 
the context-awareness, such as customizing colours to 
identify users involved in collaboration and information 
instantly sending the last message. 

Hence, after enhancing COALA by implementing the 
COLE-Programming plug-in with collaborative tools 
specifically designed to accomplish Programming tasks, and 
after contrasting their use against generic collaborative tools 
provided by an LMS to perform collaborative tasks, it has 
been shown how students seem to find especially more 
attractive those integrated into the Programming 
environment. 

In light of the experience described, it seems that students 
prefer to use specific collaborative tools for Programming 
embedded within the integrated development environment 
they use to perform the tasks, against those provided by 
generic alternatives not integrated, such as those included in 
a LMS. 

VI. CONCLUDING REMARKS 
Pair Programming is one of the techniques used to solve 

Programming assignments in the context of 
teaching/learning Programming. 

Throughout this article, we have shown how to provide 
support for collaborative tasks to a system for learning 
Programming which was initially devoid of it. To do so, it 
has been shown how the requirements to provide support for 
collaboration have been introduced in the architecture. Then, 
it has been shown how the functionality has been 
implemented as a plug-in for the Eclipse environment which 
we have called COLE-Programming. 

Subsequently, we have analysed the students' first 
impressions regarding the tools integrated in the 
environment. These impressions suggest that students find 
interesting those features introduced in the tools by COLE-
Programming specifically designed for Programming tasks 
and embedded within the integrated development 
environment commonly used for their Programming tasks. 
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