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Abstract  We have been interested for several years in learning science in the field of educational robotics. Our work has
been more particularly directed towards the study and development of learning environments based on modular micro-robots
which can be driven by a computer. We feel that it is interesting to study educational robotics for a distance learning context.
However, it needs to be study carefully in order to be well adapted to this learning situation. Indeed, links which were easily
formed between students in a classroom will no longer be created so naturally. So that the students are not isolated in this
new distance context, our main center of interest will be to take into account the social aspect of learning. In this way, we
suggest organizing a project-based learning activity where students work in teams, each team being made up of students at a
distance involved in the same project. In order to support distance project-based learning in the field of educational robotics,
we designed and developed a computer environment called SPLACH that we have experiment with distance learners.

Index Terms  collaborative distance learning, educational robotics, project based learning, robot competition

INTRODUCTION

We have been interested for several years in learning science through design, constructing, and operating robot systems. In
this field of educational robotics, our work has been more particularly directed towards the study and development of
learning environments based on modular micro-robots which can be driven by a computer (figure 1). Our work concerns both
students during their initial formation and factory workers aiming at requalification [1]. The paper deals with the study of
educational robotics for a distance learning context

Our research is based on the redesigned of the Roboteach software [2] to make it a distance learning environment.
Roboteach is a learning system aimed at helping learners to discover technology while browsing through electronic course
books on micro-robot technology, but also through programming and driving the micro-robots they design and build during
activities prepared by the teacher. As regards organizing the learning sessions, students work in groups of two or three to
each workstation (computer with Roboteach and a micro-robot). In a classroom, a teacher works with 3 or 4 groups at a time
(figure 2). In order to support different activities, Roboteach contains three environments:
• a course environment: electronic course books that embed all notions introduced in the technological context;
• a description environment: when the features of the micro-robot are not known by the system, learners have to describe it

to Roboteach (translation axis, rotation axis, sensors, etc.) which automatically generates elementary programs;
• a programming environment: the learner creates complex programs from the elementary programs in order to drive the

micro-robot.

Roboteach has been used in different experiments for more than 500 hours. It is also currently used in secondary schools and
in lifelong learning in small and medium enterprises.

EDUCATIONAL ROBOTICS AND DISTANCE LEARNING

Our work originated in this educational robotics research context. The need for Roboteach to evolve towards a distance
learning environment stems, on the one hand, from the desire of both companies (for reasons of economy, a need for
flexibility when organizing training sessions) and schools (creating links between schools, introduction to new technologies)
to move towards distance learning, while, on the other hand, distance learning makes it possible to create new and interesting
learning situations, as we shall see.

The distance learning context led us to change our educational organization. Although the basic idea of learner groups
working together with Roboteach and a micro-robot remains unchanged, the teacher and the various learner groups are now
distant (this distance is shown by the dotted arrows in figure 2). Links which were easily formed between the groups in a
classroom will no longer be created so naturally. So that the groups are not isolated in this new distance context, our main
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center of interest will be to take into account the social aspect of learning. To enhance the learning experience we want to
further communication and interactivity between groups of learners.

In order to create social cohesion in distance learning, our main concern is to concentrate on the collective activity to be
set up. Thus distance should not be seen as an obstacle to which the computer tools provide a solution, but rather as an
interesting learning situation in which the computer tools are designed to support new learning activities. This is the spirit in
which we investigated the setting-up of distance collective activities using project-based learning practices.

Project-based learning as a basis for distance educational robotics

Project-based learning is an educational method of creating collective classroom learning situations which has been tried and
tested for many years. At the end of the nineteenth century, Dewey founded an experimental primary school at the University
of Chicago where children were split into teams and worked together on real-life projects [3]. From a more theoretical point
of view, Kilpatrick published an article entitled  “The Project Method” in which he defines a project as an activity that has a
specific purpose, in which the participants are totally involved, and that takes place in a social environment [4]. This method
advocates discovering solutions to real-life problems that occur every day. In France, Freinet tried to develop group work
between learners [5] ; the project approach is one of Freinet’s techniques.

In the case of collective projects, several learners take up the study subject or activity, which leads to a division of the
work. It is the students themselves who should divide the work, a division of work imposed by the teacher is a negative factor
which leads to a lesser emotional involvement [6]. There can be no project without a specific purpose in mind. In our
contexte of educational robotics, this purpose may be the design of a robot. The desire to achieve this purpose is an important
factor in collective and emotional involvement.

The teacher’s role, in the project, is not to impart knowledge but to be a project consultant or assistant. In this sense, the
teacher’s role is that of regulator and informant intervening on request or on his/her own initiative as the project advances [6].
At no moment should the teacher make a decision for those working on the project, but allow them to achieve their aim
themselves, for instance by inviting them to consider certain specific points. Moreover, the project requires a certain amount
of time management and planning. Among the principles of project methodology defined by Goguelin, the following can be
noted: a project should be structured in time and broken up into its successive stages which form a provisional plan of action
[7]. Careful planning of the actions is necessary to give the project a temporal structure.

The contribution of project-based learning and educational robotics to distance learning

The first advantage one can expect to gain from using educational robotics project in a distance context is that of creating a
real need for interaction between learners. Such a project requires collective work, and learners are therefore led to cooperate
and collaborate in order to achieve the desired result. By its very nature, the project initiates a spirit of emulation and above
all it favors mutual help between learners. As completion of the project depends on everyone’s work, nobody is left out, the
team spirit prevails. In this sense, the feeling of isolation is reduced, each learner is part of a team within which he/she can
find a role to play. Thus a certain form of social cohesion is established. Furthermore, their involvement in the project is a
great incentive for the learners who thus find themselves stimulated by a sort of challenge.

There is a parallel which would seem particularly interesting. Firstly, learners learn to work collectively by sharing,
organizing and planning the tasks, and coordinating their work as a whole. Moreover, they work collectively to learn during
discussions, confrontations and exchanges of ideas, while justifying, negotiating and putting forward their points of view.
Derycke has already pointed out the importance achieving these two interdependent goals in collective learning [8]. Other
researchers have expressed similar ideas, in that “computers simultaneously provide opportunities for learning how to
communicate as well as for enabling communication to enhance the learning experience” [9].

SETTING UP AN EDUCATIONAL ROBOTICS PROJECTS IN A DISTANCE CONTEXT

Human organization in the project

For a project to exist, a human organization conducive to collective work must be defined. To this aim, the human
organization of our project is structured around a project leader, role played by a teacher, and a team. The word “team” is
used here to designate all the distant groups of learners working on the same project, where ideally each group comprises two
or three learners. For our distance learning projects, we feel there should be two or three groups of learners in each team. In
order for all the participants to feel involved in the project, there should not be too many groups. As for the project leader,
his/her role is to define the project, set up the team, follow the evolution of the project and help the learners. He/she should be
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facilitator and consultant. The groups of learners and the project leader use a computer network to communicate and work
collectively (figure 3).

Defining the subject of the project

As we have already said, it falls to the project leader to choose a subject for the project. The subject should give occasion for
the learners to share the tasks between themselves. Indeed, in a distance learning situation it is impossible to make the
learners collaborate all the time, that is to say carry out all the tasks together. The subject of the project, rather like a list of
specifications, is therefore chosen so that it can be subdivided into separate parts which should, of course, not be independent
from each other but, on the contrary, closely related. The subject needs to be both captivating and rewarding in order for the
students to feel fully committed to the project. In the educational robotics context, the subject could be to design of a robot
that can be split into different modules. Each group is then responsible for a specific module of the robot, although of course,
the modules are not independent of each other. The students have to work really collectively to bring the modules together as
one robot.

Structuring the project

Every project requires a certain scheduling and we feel this is all the more true in the case of distance learning. Indeed, in this
context, the various participants do not necessarily share common time references (time difference, variable work pace), so
they need to be provided with a means of synchronization. Structuring the project in stages makes synchronization possible,
as each stage corresponds to one or several tasks being carried out by the team. In order to take into account the synchronous
and asynchronous aspects of any distance work, each stage was broken up into an asynchronous work phase followed by a
synchronous phase. During the asynchronous phase, each group of learners has a specific task to carry out. During the
synchronous phase, the task to be carried out is a team task which must be performed in collaboration and at the same time.
This synchronous phase is called distance meeting. We do, of course, hope that learners will communicate outside this
synchronous phase, but it is necessary in order to make sure that there will be a minimum of communication within the team.

Again in the aim of structuring collective work and ensuring minimum communication in the team, the writing up of
work documents was associated with the synchronous and asynchronous phases. There are two types of document: group
documents, and team documents. Group documents are written during the asynchronous work phases (group writing),
whereas team documents are written during the synchronous meeting phases (collective team writing). The documents are
formatted beforehand to make them easier to write and read. They are also of significance for other reasons. The group
documents allow the project leader to see how each group is progressing with the task in hand and they also allow the groups
a means of reporting on their progress to the other members of the team. The team document synthesizes the work carried out
by the various groups. It is jointly written by all of them, they must therefore agree on its contents. As a result, it constitutes a
reference the team can use to carry out tasks in the following stages.

An example of such project organization is given in figure 3, that is to say the first stage of the project which consists in
analyzing the specifications to subdivide them into sub-projects (analysis stage of the project). The team working on this
project comprises three groups of learners. The first phase of this stage is asynchronous, and consists for each group of
learners in carrying out a task of analysis based on the specifications and then writing a document of analysis. Thus each
group of learners does its own analysis and writes its own document. The second phase of this stage is the synchronous
meeting between members of the team. The collective task is then to do a common analysis based on that of each individual
group. This should lead learners to reach a consensus after discussion, and collaborate in writing a team document to define
the sub-projects they have agreed upon.

We have just seen how a stage of the project can be organized. Viewed more globally, the project can be considered as a
succession of asynchronous and synchronous phases through the various stages. Of course the learners are free to have more
synchronous meetings and communicate at any time, but there is a minimal structure to guide them. Defining all the stages of
the project can either be done by the project leader or be the fruit of collective team work during an analysis stage such as
that shown in figure 4.

Once the stages have been defined, the project leader determines a provisional schedule for carrying out the stages which
is then discussed with the team. If, for example, the team members would like one stage to be longer, they have to ask the
project leader. In any case only the project leader can decide and authorize a progression from one stage to another. This
element of control enables a parallel progression of the groups’ work, allows the schedule to be followed precisely, and also
encourages well structured and planned teamwork which should lead to social cohesion within the team and an end product
that corresponds to the original specifications. Obviously, there cannot always be such a linear definition of the project as a
certain amount of trial and error is sometimes necessary, therefore it always remains possible to go backwards through the
stages.
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Computer environment to support distance educational robotics projects

To support project-based learning in a distance context, we need a collaborative working environment. While common
practice dictates the use of different tools to support distance work (for instance Word® for editing documents, Eudora® for
E-mailing and Netmeeting® for synchronous meetings) when learners have to use numerous software products at the same
time, the cognitive workload will be increased. In a learning context, this extra load would not be favorable. The simpler the
interface and use of the tools, the more learners will be able to concentrate on their activities. So we designed and developed
an environment which integrates various tools to support a collective project between distant learners. This environment is
called SPLACH, a French acronym for “Support d’une pédagogie de Projet pour L’Apprentissage Collectif Humain” which
can be translated as “Support Project-Based Learning for Collective Human Learning”. It incorporates asynchronous
communication tools (E-mail and discussion forum), a synchronous meeting tool which allows textual discussion and sharing
of applications, a scheduling tool in the form of a calendar for the team which provides learners with coordination on the
project, a tool to write reports during the project and, finally, specific educational robotics tools. The SPLACH environment,
developed entirely in Java, is built on a client/server architecture.

A part of our work consists in defining and developing tools for the different actors involved in project-based learning.
So SPLACH includes three computer environments which is customized for each of the actors, that is the project designer,
the tutor and the learner. Each actor has tools allowing them to do their specific tasks: setting-up the projects for the project
designer, carrying out the project in team for the learners and monitoring and intervening for the tutor (project leader in our
case). For example, the figure 5 is a screen shot of a synchronous meeting with SPLACH. More information about the the
SPLACH environment can be found in [10].

EXPERIMENT OF EDUCATIONAL ROBOTICS AT A DISTANCE

Context of the experiment

Each year the art and technology festival (Artec), in the town of La Ferté Bernard in the department of the Sarthe (France),
organizes a robotics challenge for junior high school students. The challenge is organized as a robotics competition opposing
teams from different schools. All the teams taking part are given a list of specifications at the beginning of the school year,
and the students work on designing robots in order to compete in the challenge which takes place during the festival at the
end of the school year. We thought this festival provided an interesting situation for setting up collective distance projects.
The students on each team usually come from the same school. We decided to enter two teams, each made up of students
from different schools. These learner teams, geographically remote, used our SPLACH environment to work collectively on
the robotics challenge. We don’t yet experiment the system with engineering schools but the principle will be the same. The
only difference will be the complexity of the robot to design.

Subject of the project

The list of specifications for this project, defined by the organizers of the robotics challenge, required the teams to design a
robot which could carry out the following functions:
• follow a black line five centimeters in width ;
• pass between two skittles without knocking them over ;
• knock over another skittle ;
• go over a little bridge ;
• put a ball into a hole.

The challenge was quite difficult for the junior high school students, but was well suited to a collective project activity.

Human organization

The experiment was conducted with fifteen students (aged 13/14) in three different schools. Each of the two teams comprised
3 groups (2, 3 or 4 students), each from one of these three schools. We decided to assume the roles of project leaders
ourselves – giving the role to one of the schools’ technology teachers would have resulted in imbalance in the teams (no
learner group should be closer to the project leader than the others). Moreover, we felt that it would be interesting to play this
role from our laboratory so that we could see how it felt to be a distant project leader in this project-based learning context.
We therefore ventured to become the respective project leaders for the two teams.
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Structuring and development of the project

The project was divided into 6 large stages: analysis, design, construction, description, programming and integration. Each
stage was planned to last one or two weeks. This provisional schedule was of course modified according to the progression of
the groups’ work. The scheduling tool provided by SPLACH made these adjustments easy.

The experiment lasted for about three months, with the students using the SPLACH environment for about two or three
hours each week. Every Friday lunchtime, ninety minutes were set aside for synchronous meeting phases between
teammates. Outside these times learner groups could work on the project whenever they wanted to, and communicate
asynchronously via E-mail or the discussion forum.

During the analysis stage, learners were asked to try to divide the robot up into three modules. During the asynchronous
phase of this stage each group defined the various modules they had identified and then presented them to the others during
the synchronous meeting (figure 5). Thus the students had to discuss this division until they reached agreement, then split the
various modules between themselves.

From this point onwards, each group was responsible for a specific module of the robot, although of course, the modules
were not independent of each other. The students had to work really collectively to bring the modules together as one robot
for the competition. At each stage, the learners were asked to fill in the documents explaining the work done on their
respective modules, including diagrams or photos if necessary (figure 5). The students were then aware of the designs for the
other parts of the robot and could ask questions.

Not all the stages of the projects are detailed here, as subsequent stages unfolded in much the same way as the first with a
succession of asynchronous phases (working on the modules of the robots and writing group documents) and synchronous
phases (team discussion and writing team documents). Moreover, the students had the possibility to access to any gear
remotely so as to do some tests.

Two weeks before the end of the project, the students met physically for the first time in order to assemble the different
parts of the robot. It was done quite quickly, in about two hours (figure 6). The students also designed the main program to
drive the robot from the various programs they had written.

On the day of the competition the robots were ready at last, and one of the teams was even joint winner of the challenge.

Results of the experiment

This experiment has shown that it is possible to use project-based learning in a distance learning context. Indeed, the aim of
the projects has been achieved, that is to say, in our case, the collective construction of robots. Moreover a questionnaire
filled out by the learners after the experiment shows how they felt the need to work collectively, and that they found this
collective work highly motivating. The same questionnaire also shows that the learners had the feeling they were part of a
team throughout the project, and this was apparent during the competition. We can therefore say that our main educational
aim, which was to create social cohesion between distance learners, has been achieved.

This experiment also made it possible to substantiate the validity of the SPLACH environment from both functional and
technical points of view. This environment is capable of supporting distant project-based learning. The students found it easy
to use, supposedly because it integrates all the tools necessary for collective activity. Furthermore, structuring the project in
stages gave it continuity and helped the learners to schedule their activities.

We did notice, however, that each of the two teams had a different level in both quality and quantity of interactivity
during the experiment, as one team had less discussion, negotiation and confrontation than the other. This can be explained
by a problem of organization within the team. Initially all the schools concerned had decided to set aside the Friday
lunchtime slot for synchronous meetings, but variations in the students’ timetables and canteen services meant that the groups
could seldom meet at the same time for the synchronous phases. Their work was mainly asynchronous, the effect of which
was that each group concentrated on their own module and did not communicate very much with the others. In the team
where there was more interactivity, one group was particularly active, and this had a catalytic effect. It was, moreover, this
team which obtained the best result on the day of the competition. Our research work will now be directed towards designing
a system to offer advice adapted to the individual workings of each team.

CONCLUSION

In this paper we have shown that educational robotics project can be well adapted to a distance learning situation. We
have discussed the setting-up of educational robotics projects in a distance context. We have presented an experiment and the
results with junior high school students. However the structuring of the project we defined and the computer environment
SPLACH can be used for others education levels, with engineering students for example. We think it will be interesting to
experiment this kind of educational robotics projects between distant engineering schools.
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FIGURE 1
EXAMPLES OF MODULAR MICRO-ROBOTS
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FIGURE 2
ORGANIZATION OF A CLASSROOM USING ROBOTEACH

Group

Robo
teach

Building
Manipulation

Driving

Browsing
Programming

Teacher

Preparation and
Follow -up sessions

Assistance
Dialogue

Group

Robo
teach

Group

Robo
teach

Information exchange , help, cooperation, collaboration

CLASSROOM

FIGURE 3
HUMAN ORGANIZATION IN THE REMOTE PROJECT

FIGURE 4
ORGANISATION OF ONE STAGE OF THE PROJECT
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FIGURE 5
SCREEN SHOT OF A SYNCHRONOUS DISTANCE MEETING

FIGURE 6
INTEGRATION OF THE MODULES OF THE ROBOT
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