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ABSTRACT
This works proposes the design of mobile CSCL applications supported by Mobile Computing through wireless linked PDA’s
for children on second year of elementary school. The applications use the mobility property of the PDA’s to facilitate the social
interactions of the users, to create a dynamic re-configuration of the different groups and to make up a natural learning
environment in which the participants are not located in only one single place behind the computer, but they can displace freely
with the computer and moving them to wherever they consider it more useful. This paper describes two CSCL applications that
are supported by Mobile Computing.

1. COLLABORATIVE LEARNING AND MOBILE CSCL APPLICATIONS

Paraphrasing Vygotsky (1979), knowledge is built up within a particular community. The Zone of Proximal
Development represents the different activities and knowledge that a person can learn with the guide or together with other
people. From this point of view, in a community of learners, the learning process occurs when people actively interact with
asymmetric roles and share their experiences (Rogoff, 1994), generating, consequently, the theory of Collaborative Learning.
(Vivekanandan, 1995). Collaborative Learning (CL) deals with methods whose aim is to promote learning though collaborative
efforts among the students who work on the same task. Generally speaking, in face to face CL applications, collaborators move
around to perform the corresponding social interactions. This property offers a natural learning environment to collaborators.
According to Trent (1995), within certain contexts, there exists a greater value in a class with CL than in a traditional one,
because the students are motivated and active, and therefore, willing to learn.

CL, supported by computing technology, originated the area of Computer Supported Collaborative Learning, CSCL
(Roschelle & Teasley, 1995; Salomon, 1995; Vivekanandan, 1995). Computer technology made up of different PCs provides
the environment and the mediating elements of the interaction with the rest of the group of collaborators, demanding that the
collaborators are behind a desk. This situation leads to a loss of mobility of the collaborators witch restricts their social
interactions. This situation produces in CSCL, diverse artificial mechanisms to support social interactions, for instance
awareness and others man-computer interface metaphors. Such mechanisms and metaphors have been, some times, the main
obstacles that have geniously overcomed to maintain students motivated and active

A natural learning environment is therefore the one where people can move freely together with their PC. Mobile
Computer (MC) paradigm can offer this possibility. According to Luff & Heath, (1998), there is no much research related to the
incorporation of MC in schools, as a support to educational activities. Few researchers, like Imielinsky & Badrinath, (1994) and
Jing, (1999) suggest the need of reconsidering the use of Mobile Computing (MC) to build up mobile CSCL applications.

Imielinsky & Badrinath (1994), explain that anywhere connection and PDA’s encourage better ways of collaborative
computing. Local networks of limited access can be supported by technologies of diverse wireless communication such as ATM
wireless/mobile, third generation of Cellular telephone, the IEEE 802.11 wireless LAN, Bluetooth, etc. Each of them presenting
diverse characteristics of interoperability, security, band width, etc. that can be adapted to the CSCL application requirements.

2. DYNAMIC CONFIGURATION OF GROUPS

Research on effective collaborative environments (Vivekanandan, 1995; Slavin, 1990) confirms improvements in
social interactions and the students will to achieve successful CL, thanks to the right association of collaborators. In these
associations, depending on the application, the collaborators can have the same level of knowledge or a different one. Research
performed by Azmitia (1988) with mixed novice and expert children collaborators in a model construction task, demonstrated
that all of them improved considerably in comparison to those sharing equal skills. It is not clear how the student mix should be
since it depends of the different domains of application, the collaborators’ features, the experimental design, etc. For this reason,
it seems necessary that in CSCL applications dynamic configuration of groups occurs (Rogoft, 1991).

3. CHILDREN, COMPUTING TECHNOLOGY AND CSCL

Children, a considerably great and important population, since they are 6 years old have enough cognitive capacities to
use different computing technologies (Maturana & Varela, 1984; Piaget & Inhelder, 1967; Staats, 1971). According to Yasmin
(1996), PDAs are the first ones to be used. Today, there is a great amount of software and portable computer technologies
(Gameboy, PlayStation, PDA, etc.) addressed for children, used in many applications, such as entertainment, educational, etc. At
the same time, there is experimental evidence that under certain conditions, CSCL applications with children between 5 to 7



years old, produce a greater learning performance compared to individual training (Doise & Mugny, 1984; Dillenbourg, Baker
& Blaye, 1996), controlling independent variables such as size and composition of the collaborators, nature of the task, etc.

4. ELEMENTS THAT PROMOTE SOCIAL INTERACTION AMONG COLLABORATORS
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Figure 1. Influence within Social Interaction and Collaborators Even though PCs traditionally
have been used as individual

tools in CSCL applications. MC, thanks to its mobile property, can provide the necessary support so those collaborators can
socially interact with freedom.

Rules and roles of CSCL applications, space criteria (same place, different place), time criteria (face to face or
synchronous, asynchronous), the control mode of interactions, plus the mobility that MC can offer are very important aspects to
achieve a natural social interaction among collaborators, see Figure 1. To make it possible for PDA’s to support social
interactions, it is necessary to count on the corresponding design of its interfaces to distribute the different activities and to
support the collaborative activities.

5. A MODEL OF MOBILE CSCL APPLICATIONS

CSCL applications supported by PDA’s are based on the 8™ model of CL proposed by
Davison & Worsham (1992), by the type of interaction offered, the number of participants @
supported, the type of solution to the problem or collaborative objective that is supported and
formalism of CL offered.

This model (Figure 2) supports social interaction in CL groups of 3 to 5 Collaborators

(Circles C1, C2 and C3) heterogeneously grouped in a reduced
@ @ @ environment. Formalism supported to achieve a successful CL

include positive interdependence, individual responsibility,
group processing, face to face communication among Figure 2. CL Model
Figure 3c. CL Mobility collaborators, as shown in the gray circle of Figure 2.

Considering that the interaction control of CSCL applications will be active, i.e., active in the

analysis and dynamic control of the configuration of groups, this model can support the
mobility of its collaborators. Collaborators can move within their environment to favor the social interactions among them.
Figures 3. shows a second physical possible configuration of collaborators from a CL set of
possibilities.

A CSCL Mobile application is built introducing to the CL model of Figure 2 a

PDA support to each of the collaboratos. The movement property of the applications is
maintained. Each of the collaborators has a PDA, with which he or she extends his or her
area of communication through the wireless networking; additionally the collaborator
can move and displace her/his PDA. Not only can
collaborators socially interact among themselves,
but they can also do it with their PDA’s. At the
same time, PDA’s can intercommunicate bi-
directionally and wirelessly among themselves for an
active and dynamic control of the CSCL application.
In this way the users physically collaborate in the dark
gray area of Figure 4., which is extend to the light gray Figure 4. CSCL Mobile Model
area through the PDA-wireless communication support.

Figure 5. CSCL Mobile System



Finally, in a classroom with 15 to 20 students, it is possible to form diverse groups as shown in Figure 5. In such case,
it is possible to perform the dynamic reconfiguration of groups supported by PDA’s which communicate among. Figure 5 shows
a model in which the gray square represents the System or CSCL environment supported by MC. According to the concepts of
grouping (Jesse, 1997), it is not necessary to send (receive) information to (from) all the PDA’s, but only to the participants of
one single group. PDA’s will be able to receive (send) all the messages from (to) the others.

According to Vivekanandan (1995), MC can offer a natural learning environment for the development of CSCL
applications, according to the postulates of Ubiquitous Computing (Weiser, 1991). This can originate a new class of
collaborative applications, as well as those distinguished by time and space. This new class of applications would be identified
by the type of supporting computing technology: Mobile Computing and Computing supported by PCs.

6. DESCRIPTION OF COLLABORATIVE APPLICATIONS AND LEARNING CONTENTS

A CSCL Mobile application was built for supporting the teaching of language and math for o year elementary School.
According to Vivekanandam (1995), the command of language learning is inherently supported by CL; and according to
Holmes (1999), computing technology may serve effectively as support to the teach numbers reason why these topic was
chosen.

The contents of each of the application are the following ones:

LANGUAGE MATHEMATICS

Objectives: Recognize words from a visual analysis and a phonic
and structural analysis.

Minimum Contents: Decoding.

Activities: To make up families of words for a frequent usage based
on their roots, suffixes and prefixes. (p. 70-73 of NB1).

Objectives: To interpret, produce and communicate quantitative
information.

Minimum Contents: Natural Numbers.

Activities: Make up sequence of numbers (from 1 in 1, from 2 in
2..., from 10 in 10) until 1000. (p. 92-98 of NB1).

The implementation of the Mobile CSCL applications were designed according to the following principles:

e  The students that are members of class will be divided into groups of 3 to 4 children and, depending of the size of the class,

it is possible to form between 6 to 10 groups.

Each PDA will be identified and associated univocally with its corresponding user.

A clear definition of all the rules of the collaborative activity, of the children and of the teacher, was given.

A clear definition of all the roles of the collaborators, plus evaluation criteria based on objectives achieved, was given.

Each PDA receives and transmits information corresponding to its work group and to the rest of the PDA’s for dynamic

reconfiguration purposes of the groups of collaborators. Diverse criteria were analyzed: children with high learning results

together with children with low learning results; children with normal social attitudes together with those who present

conflictive social relations; children who are extrovert together with introvert ones, etc.

e PDA’s process the responses of the groups of collaborators jointly, assigning evaluation scores, correcting wrong responses
and sending (receiving) messages with information for the possible reconfiguration of groups. PDA’s carry a record of the
individual and group activities.

7. DESCRIPTION OF THE INTERFACE OF MOBILE CSCL APPLICATIONS

Figure 6 shows the interface of 3 PDA’s (one for each collaborator) of the Mobile CSCL language application. To
achieve the participants’ mobility, each
PDA has a syllable to be combined with
the others to form as many words as
possible. Each collaborator contributes
with his or her ideas, promoting a
discussion with the others, besides using
his or her PDA with the others® PDA, to
perform their word formation. The upper
right part of the interface of the group of
collaborators  identify a set of
collaborators (a butterfly in Figure 6). In
case a collaborator changes to another
group, this drawing is changed according
to the group he or she has to work with.
The collaborators can move one next to
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PDAI of C] PDA2 of C2

Figure 6. Initial view of CSCL Mobile application interface - Language
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the other according their will to form a word
with the syllables of their PDA’s. Once
collaborators agreed upon the word to be
formed, they dispose of two buttons to form
the word in a sequence. The button "juego"”
(play) of the down left part of the PDA’s
window of Figure 6., makes it possible to
chose the syllable, and the button "no voy" (I
pass), corresponding to the down right part,
does not consider the syllable as the right one
to form a word. Figure 7 shows a possible
configuration of 3 PDA’s, after on each of
them the button "juego" has been pressed in

the sequence:
Figure 7. Words formation of CSCL Mobile application - Language Cl, C2 and

C3; in this

case, the three views correspond to one collaborator at a time, but in three different time
states, according to the way the syllable were chosen by each collaborator. In Figure 7 it can
also be seen that each syllable of the PDA moved to the upper left part and in the central part,
the word is formed. If the word formed is correct, i.e., stored in the PDA’s Database, each
PDA of the collaborators will show this (Figure 8), with the corresponding formed word.
After this point, there is the option to continue forming more words, by using the "si" (yes)
buttons, on the left, or "no", on the right, provided that all of the collaborators agree on the
same action. If they do not agree, PDA’s will have to show the disagreement and require that
an agreement is built before, returning to a configuration such as shown in Figure 6., in
which, again, it is possible to begin forming other words. Other word "labra" (carve) is
formed when collaborator C2 press first the button "juego", then, the button "play" of C3 is

PDA, of C, PDA, of C, PDA; of C; pressed, and finally C1 has
- - to press the button

Esperanda Respuestas. Esperando Respuestas... _ Esperanda Respuestas...

by different
criteria:  common
words with two-letter
syllables up to lees usual words with syllables with more than two letters, etc.

Figure 9 shows the interface of 3 PDA’s in a Mobile CSCL Mathematics application.
Each PDA shows a number, and the objective is to sort the three numbers. Collaborators can
move with their PDA’s to verify the order of the numbers or to place PDA in a given order they
consider correct. When they finish this step, the child who has the lowest number in his or her
PDA or the highest depending of they should sort up or down, press the button "juego”. The rest
of the collaborators consecutively press their button in their turn. If the sequence of the numbers
has correctly been formed, the Mobile CSCL application will communicate it to the
collaborators through the wireless network. In case the sequence is incorrect, then the group will
be told that the answer is wrong, as it can be seen in Figure 10. To indicate the collaborators the
formation order, in the upper left an animation of a number that goes up or down, as it
corresponds, is presented. For proceeding to another sequence of numbers, it is necessary that

Figure 9. Initial view of CSCL Mobile application interface - Mathematics
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Figure 8. Right result

"no voy". Cl can press the button "no voy" in
any order within the sequence of word formation.
Those words which are correctly formed will be
displayed in the booklet in down central part of
Figure 8., allowing collaborators to remember all
the words they have already formed. This
application has modules to configure the correct
words to be formed according to the syllables that
are given to the group and the complexity of the
syllables and the words to be formed are defined
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everybody agrees and that they press the button "si" (yes) in the moment that in each of their PDA’s appears this option (Figure
10). The sequences of numbers can be configurated dynamically according to different factors, such as speed of answer, right

responses, wrong responses, etc.

8. CONCLUSIONS

MC can generate possibilities of new ways of support to face to face CSCL environments. The present proposal aims at
taking advantage of state-of-the-arts technologies to create effective mobile collaborative learning situations. A mobile local
network (Frodigh, Johansson & Larsson; 2000) is used with PDA’s for creating a mobile CSCL learning environment.

Both applications showed in this paper, involve physical movements from the children, or movements with their
PDA'’s. This facility can not be achieved without a MC and the aim is to satisfy the active nature of children. (Staats, 1971). At
the same time, interfaces have been designed to favor movements of the collaborators in their relationship interactions ones with

the others.
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