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ABSTRACT

~This article describes the design, implementation, and preliminary evaluation
of three synchronous distributed leaming prototype systems. Each of these
systems supports a particular style of interaction, referred to as a socio-
activity learning model, between members of student dyads (pairs). The first
two systems, Co-Working System and Working Along System, are realiza-
ons of two basic models of collaborative, one-on-one, synchronous, and
networked learning, while the third one, the Hybrid System, is a combined
. model of the two. This work intends to identify a set of domain independent
tools necessary for these models and collect information for future develop-
.. ment through some preliminary evaluation of some experimental trials of
o these systems. All these systems were implemented on WWW using the
' computer language Java.

Developed and tested in the field,
the following managing principles teach:

1. How to increase and enhance teacher-student and student-stude
connectiveness in the classroom. :

2. How to change from a teacher inspectorshiping model of studc
work for controlling for quality, to one of teaching students th
skills of self-assessment for quality control. :

3. How to replace classroom discipline that is based upon coergive
management principles of reward and punishment manipulatio
one that is noncoercive and self-imposed by the students. -

4. How to re-design the school day to allow for quality teaching ti
and allow students to engage in in-depth quality learning. -

INTRODUCTION

Traditional classroom teaching is teacher-centered, that is, for most of the time,
there can only be one-to-many communication, mainly from the teacher to the
tudents. A classroom or lecture hall setting does not normally encourage inter-
ctions among fellow students. It is well understood that peers have a private
anguage that is different from that used by teachers. Students are in a better
position to understand the difficulties of their peers. It stands to reason then, that
th- thie private language and the mutual understanding among students are -
chicles for enhancing students’ learning, making student collaboration something

3. How to effectively incorporate parents into a partnership relatidﬁs’h;p
that pertains to a quality learning program for their children.

Intended Audience: Every public and parochial teacher in America. All publi:
and parochial elementary, middle, and secondary school principals. All sch
psychologists, guidance counselors, and curriculum coordinators. Universi
teachers in departments of education that teach methods and managemer
courses. Parents of school aged children and youth. U
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to be encouraged whenever possible. Normally, in a class a student has only one
teacher but tens of classmates who are knowledge sources from whom the student -
can benefit. The intention of overcoming the limited interactions in a traditional
classroom setting underlies most of the recent effort in adopting networks in .
education, -
The advent of Internet technologies has recently spurred a lot of interest in their
applications in every sector of society. Internet potentially connects all the people,
content, and computing power in the world. Yet for education, if the Internet has
only one important impact, then it must be the various possible means of learning
interactions on the network, which will ultimately extend the ways of human
learning. For instance, the computer network provides a unique opportunity for
experimenting with peer-collaborated leamning which may not be viable in tradi-
tional classroom settings. Though it cannot replace the normal teacher-centered
learning situation, it can be a useful after-class supplement. The crux of this"
research is how the network can facilitate peer-collaborated learning in a feasible
and productive manner.
This work is part of the on-going research project called LISA. The project
focuses on socio-activity learning system research, in particular the study of the
system’s structure, protocol, implementation, and performance. Structure is the
constitution of the learing environment and those are involved in it. Protocol is.a
set of rules that governs the learning activity. Structure and protocol togethei
define a particular socio-activity learning model. Implementation is the realizatio
of the model with a particular technology. That realization is an instance of the-
socio-activity learning model. Performance is about the learning effects and usage:
of the systems. _
Structure deals with the physical configuration and the number, types, an
composition of the agents involved in the environment. Configuration is either
centralized, that is, having a group of students sitting in front of and using a single:
computer, or distributed, that is, having multiple students working together acros
connected machines. Agents can be real or virtual. Real agents are the human
users, including students, teachers, or teaching assistants. Virtual agents refer t
simulated educational agents such as virtual tutors, leaming companions, assis
tants, or any artificial roles in an educational role playing games. Note that in th
future virtual educational agents will be able to migrate from one computer §
another computer in the network, :
Socio-activity learning protocols can be roughly categorized as collaborative
competitive, peer tutored, role playing games such as those in MUD (Multi-Use
Dungeon, Dimension, or Domain) games and so on. Every category consists o
various protocols. For exémple, in collaboration students can co-wotk on the sarm
task at the same time or they can first divide the task into sub-tasks, carry out on
sub-task each, and then combine the results of their sub-tasks to accomplish th
final task. A protocol can also be synchronous or asynchronous, that is, whet
users interact at the same or at different times, for example by using eiec& ni

0
;’;?gnitive dcveloprflent. Some consider that knowledge is distributed among indi-
viduals and learning is viewed as an inter-mental process [1]. Knowledge
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- mail or exchange directly such as chatting (text or voice) on the Internet. For

competition games, students can compete against each other at the same time or

~students can try to perform better asynchronously so as to defeat those with higher

scores on the score board.

Irrfplementation largely depends on the availability of technology employed at
the time of the system development. For example, in 1990 we used an R$232 PC-
network to connect two PC386 in the laboratory and had dyads play a competition
game. Later we switched to two PowerMacs to design a multimedia interface for
the syst.e.m. We also use C++ to write a server system to see whether the dyad
competition game can be played on the Internet. In the past, we had to t)"l(nd
subjects to test our system in the laboratory, but now we simply tell the students

the address of t!u: system which they can then test at a place of their convenience
Wc have expeflenccd the effect of technology changes in our work. While ncvx;
_;tf_:cl.n_lology quickly made our prototype systems obsolete, it gave rise to oppor-
‘tunities for new avenues of research. As will e
determines how powerful the set of tools
socio-activity learning model.

b_e seen in this study, technology also
will be, which are used to support a

Cognition, Motivation and Sociability

_ .(;ognit'io.n, motivation, and sociability are some aspects of the performance of
fclo-acu\.'ity learning systems. Socjal cognition stems from several views, but all
.them stress that social interactions play a fundamental role in individual

ternalization occurs when an interpersonal process at the social level is trans-

fdgned int(? an il'llra;fclsonal process at the individual level, Another perspective
s the participation in a community of practice [2], in a knowledge-building

ommunity [3], or in a community of learners [4]. From this perspective, learning

s viewed as a process in which learners co
vie nstruct knowledge and negoti
meanings together. Indeed, : s of

if we view knowledge as a commo

: . ‘ n consensus of
ur community, then learning can be regarded as the process of knowledge
-construction, synchronously or asynchronously, through various media and

neans. Socio-activity learning system research, from the cognition perspective,

s to design networked learning environments that can provide an appropriate

oc]al_ context to serve as a catalyst for knowledge cultivation. For example, a
tudent can look at situations from the multiple perspectives raised by fellow

dents, plan, evaluate new ideas, monitor, and assess solutions while keeping an

ye out for possible mistakes made by others,

oti_v_ation

_-Elle. cognition concerns whether the student can learn, motivation concems
‘nether students will leam. As Clancey put it (quoted in [5]), cognition and




S ':motivation are not separable in learning. There is no human cognition without
- value, interest, and attention; they are part of cognition already. However, leaming
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:‘C_om_puter-Mediated Communication

“Peer cooperation is seen in a Vygotskian way as an intermediate stage in
he developmental process of internalization of social activities {10]. Current
technology not only enables efficient communication (e.g., [11]), it also
enables efficient cooperation or collaboration over distance. However, efficient
communication cannot also be guaranteed to be effective. Regarding collab-
orative learning, an effective communication may be best described as a
social process of participating in a community of practice by means of collabora-
tive sense-making, in which knowledge is used as a tool to solve emergent
problems [2].

_“The usual practice in investigating the effectiveness of computer-mediated
communication is to compare it to face-to-face interaction. Since body language
and facial expressions cannot be conveyed through this kind of comrhunication, it
is thought that there could be little support of the exchange of socio-emotional
information, resulting in a negative social climate [12]. Computer-mediated inter-
action, then, seems to occur in a social vacuum [13], when compared with
face-to-face communication, To the contrary, a study by Riel and Levin suggested
that the lack of social cues could be compensated by other means [14]. In a
distance learning course on computer-mediated communication and education,
Lai [12] found that social relationships between the students could be developed
sing the Web by the exchange of socio-emotional information in ways of:
alutation, thanking, personal reference, acknowledging and praising other par-
ticipants’ contributions and participation, and sharing personal information.
. Therefore, if we wish to demonstrate that computer-mediated communication is
omparable with face-to-face communication, we would have to look for signs
f socio-emotional interaction by analyzing students’ dialogue.

~Regarding the collaboration process, some research has tried to identify
omain-free components in students’ dialogue. For example, a system called KIE
15) tried to help students to link, connect, distinguish, compare, and analyze their
pertoire of ideas. Boxtel, Linden, and Kanselaar [16] categorized students’
erbal interactions into four main functions: informative, evaluative, responsive,
“and directive.

‘More comprehensive analyses tried to link up different aspects of an interactive
rocess. For example, Henri [17], in studying collaborative learning through
omputer conferencing, suggested a framework consisting of five dimensions,
amely: participative, social, interactive, cognitive, and metacognitive, Oliver,
Omati, and Herrington [18] used a framework consisting of four types of inter-
tion: social, procedural, expository, and cognitive. Self [19) suggested an archi-
cture, called DORMORBILE (DOmain, Reasoning, MOnitoring and Reflection
Basis for Intelligent Learning Environments) to distinguish the four levels of
agent knowledge for student modelling purposes, Cook further suggested refining
the architecture into two levels [20]: “the domain and reasoning levels are the

' * is energy consuming, and motivation will not be there if we do not nurture it. Ina
© socio-activity learning environment, to keep students motivated is to keep stit
‘dents wanting to participate: providing an opportunity for the student to contribute
» something, to be stimulated or provoked in some way, to be a little bit off balance,
and to bring the previous understanding together, The challen ges may be raised by
peers, with some help from the teachers '

Social-Cognitive Conflict

What accounts for the improved cognitive development through interaction -
-with a peer? Doise and his colleagues [6] suggested that such- improvement -
is caused by sociol-cognitive conflict. In the pair situation, the child finds :
himself or herself confronted with alternative and conflicting solutions which,
while not necessarily offering the correct response, may suggest to him “some
relevant dimensions for a progressive elaboration of a mechanism new to
him™ [7]. Therefore, it is the active resolution of the cognitive conflict on the
learner’s part that accounts for the improved learning under the influence of
‘social interaction. ' .

Experiments by Doise and his colleagues [6] have shown that two children
working together can successfully perform a task which cannot be performed
by children of the same age working alone. Their subsequent experiment [8]
further indicates that “more progress takes place when children with different
cognitive strategies work together than when children with the same strategies
do so, and that not only the less advariced but also the more advanced child.
make progress when they interact with each other” More recent work by’
Petitto [9] also illustrated that the approach taken by a pair of students to an
estimation task can often be qualitatively different from the approach taken by
either student alone. Once the new approach emerges, it then becomes part of
their repertoire, : ' ‘

Doise and his colleagues do not further illustrate what constitutes a cognitive
conflict. In a broad sense, we can view it as some idea or point of view that arises
-whenever one agent’s response does not compietely match the other agent’s
knowledge. Unlike a teacher’s response, which intends to focus the student bac 3
to the supposed correct path, cognitive conflict represents a conflictual dilemma:
that needs to be reconciled by both agents. Cognitive conflict is not a rar
phenomenon. It occurs very often, for two agents’ knowledge seldom overlap
completely. When cognitive conflict occurs, the learners are forced to examin
their thinking, and to look for alternative perspectives hinted at by the conflict and
at the same time keep an eye out for possible relevancies. Both agents need to
diagnose and evaluate problems indicated by the cognitive conflict and to Jjustify
their own perspectives.
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object level and equate to cognition. The monitoring and reflection levels are tkhcsc' learning models are and how the distributed learnin . b
; g system can be

the meta-level.” _
The purpose of these kinds of content analyses, as maintained by Oliver et al.

(18], was “to determine the capacity of the chosen interventions to promote
dialogue and discourse through collaborative learning.” It is argued however, that
for students to learn collaboratively, particularly in the domain of writing Java
programs, a certain arnount of interchange of domain knowledge is necessary.
As Hmelo, Guzdial, and Turns maintained [21], one prerequisite for effective
collaborative learning is to engage the students in collaborative discussions that :
are focused on domain-relevant issues. Without the actual passing of knowledge
from one to the other, the communication can have no educational value, '
The above discussion leads to the development of a tool, called the Interaction
Analysis Table, for the analyses of the collaboration processes. Details of the table

can be found in later sections.

Co-Working Model

: Figurell sho:ws the structure of the Co-working Model, in which a pair of
eamers is requu‘ed to cfomp]ete tasks given by the computer. This enables the
famers to build up their knowledge through communication and collaboration

task, often ge_nerz;ting a great deal of discussion and sharing of ideas. It can be seen
hat communication is an important element of the Co-working Model.

Collaborative Learning Models Working Along Modei

In order to investigate how networked learning environments should be
designed so that they can provide an appropriate social context to serve as a
catalyst of knowledge cultivation, three collaborative learning models were
hypothesized and corresponding systems developed. The foliowing sections
describe what the models are and the structures of systems that enable these:
models. The systems were tested on a small group (60 students) of university:
students and the results of the analyses of collected data are reported. L

The structure of the Working Along Model (Figure 2) is based on the idea that
t]t;‘arners are made to feel lha:t they are not alone during the learning process, that
there is always a peer working at the other end of the network from whom’they

THREE PEER COLLABORATIVE LEARNING MODELS

Peer group learning can be in large groups or in small groups. Large gr_qﬂ
learning such as project-based, inquiry-based learning, usually adopts asyn
chronous discussion forums. This study focuses on small group learning, dyads ii
particular, since this is the simplest and most fundamental, The students’ learnin
task was to write Java programs, a task that would normally require more than
an hour’s work from each student. Moreover, these peer learning models are
synchronous, that is, interactions during the writingof these programs are per:
formed in real time. This is what makes these distinct from many project-based
learning situations in which asynchronous discussion forums are adopted as
means for collaboration and the learning tasks are usually so complex that
project may take several months to finish.

While different forms of social interactions can be supported by the Internet;
the present study focuses on one-to-one interactions. Three different peer lear
ing models all allowing one-to-one interactions, were identified, In additio
three distributed learning systems, each of which corresponds to one of the pe
learning models, were developed. The following sections briefly describe what

Figure 1, Co-working Mode.
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Figure 2. Working Along Model.

peers would help both to widen their scope of probing so as to produce better -
learning effects. .

- In this Model, two students are required to solve a problem independently, with
the exception that either one of the dyad can initiate discussion whenever theréis d -
need to dd'so, When one party initiates a discussion, this step serves two purposes:
one party can help the other to solve the problem, but if neithef can solve the :
problem, they are both experiencing the same difficulty and they can share each
other’s frustration. This would be the beginning of a process of discussion, mutual
support, and sharing of knowledge which is beneficial to both as together they
work out the problem-solving strategies. :

“Working Along” is a common practice among students. When two or more
classmates do homework together, they initially work independently but when
they come across a problem, they naturally discuss it together. The advent of the

computer network is simply the extension of this kind of working relationship to a
much larger physical distance. This relationship is beneficial to students both in
arousing their motivation to learn and in achieving better learning results.

SYSTEM DESIGN AND IMPLEMENTATION

. 'The applied domain, that is, the subject domain in which the problems are to be

- Solved, is Java programmin
- Solved, g. The three syste :
-learning models are also implemented by isinms . St e e

" . g Java. Since the lan
networking and cross-platform features, the implementation of the systeizu?sg fn;]::

- easier. For the system architecture, the cli

: 2 client/! i

“three systems. The detailed structure of these :;:Vef can be g Lo all the
.The design of the collabo

Hybrid Model

The structure of the Hybrid Model is as shown in Figure 3. This Model is
actually a combination of the Co-Working and the Working Along Models. As in
the Co-Working Model, the dyad is required to complete a given task togetherona:
common white board, which is a co-working area. The dyad is allowed to choose: :
their working style; they could either work on part of the problem on their own and:: sers and is implemented ag Java Appl
then pool their efforts to arrive at the answer, or they could take it in turn to work’: o link to our homepage to use th I;P i
in the co-working area. The Co-Working Model does not allow either of these ' © ‘eamnin
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* Working area—where learners can do their work;

. Testing area—where learners cant test their code (solution to the given
problem) by having the system evaluate it (In programming applications,
this means compiling the code) Results of the evaluation are immediately
sent back to the learners,

* Dialogue area—where learners can communicate with their partners using

- preset dialogue templates which allow casy and fast interactions without the
need for typing long sentences. Different sets of dialogue templates are
available in different leaming systems. In addition, each template can be
modified and new templates, if required, can be added,

* Chat area—where, unlike the Dialogue area, topics not related to the
problems may be discussed, Members of the dyad can interact freely by
typing into this area and the language used is not restricted to the dialogue
templates.

Server

Works| minvEI

!

ssaporviive leanleg pair

With this kernel in hand, the four learning systems can be easily constructed
as follows,

Co-Working System

Figure 4. Client/Server'architecture figure of systems.

Problem description area B
Example demo area '
Partrer's situation area~ Reciprocal orking

* The interface of Co-Working System is as shown in Figure 6. A major com-
“ponent of this interface is the co-working area (top half of the screen) where both

* Working area Tutering System
Testing area System
Dialogue area
Chat area

Sha
SR
Lkl

iy

Figure 5. Client systems construction,

* Problem description area—where the target of the given problem 1 |

presented. : _ .
¢ Example demo area—where examples related to the given problem are

demonstrated, showing how the target can be reached, and other related :

N . b heir partner’s working-

’s situation area—where learners can observe their partn ing - -

. Patmr:cr: - Figure 6. Client interface of Co-working System.
situation.
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members work. Anything that is entered by one member is immediately trans-

mitted and displayed at the other end of the network. There is no self-testing area

but the Jearners can communicate with the dialogue (left lower half) and the chat ._
areas (right lower half). The learners can also choosé to switch off the problem
description, example demo, and on-line information areas by pressing a bu_tton.at_ '

the center of the screen.

Working Along System ‘ .
Figure 7 shows the screen display of the Working Along System with the

learner’s self-working area (top left comer) and the partner’s working area (top -
right). The partner’s work is not always updated. It is only when a learner finds-

such a need (for example, he or she may like to look at the partner’s work as a
reference) that the updating process can be activated. Whenever' this updating
process is activated, the partner at the other end of the network would also be

informed. The system is so designed to enable learners to work without being

observed. _
As all other components of this system are identical to that of the Co-Working

System, the discussions of these components are omitted.

Hybrid System

The screen design of the interface of the Hybrid System is as shown in Figufé' 8._4
This system is the combination of the Co-Working and Working Along Systems.”

Figure 7. Client interface of Working Along System,
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Figure 8. Client interface of Hybrid System.

Besides the co-working area, there is also a self-testing area where an individual

‘learner can test his or her own ideas. The word “Hybrid” reflects this mixture of

the two systems. Discussions of other components will not be repeated,

Sgwer

“Besides the three learning systems, there is a need for a general purpose server

- to handle matters not directly related to learning (see Figure 9). The main func-
* tions of the server are as follows:

-* Identifying leamners: A learner enters his or her personal data, name,
- password, etc., for identification so that his or her progress may be recorded
for analysis or for providing individualized feedback.

* Pairing up of learners: The system provides online user information so that
the learners can choose their partners for collaborative learning,

* Presenting problems, examples, and related hints: At appropriate times, the
server presents problems, examples and related hints. There is a-purpose to
the grouping of problems, examples and hints of the same subject into
modules. This kind of domain independence means that the system can be
easily applied to other domains by simply switching to another domain
module,
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o S 'R-m rd 2 the activities -whether the users leam by using the styles supported by the models. Teasley and
The communication .. Client o : of students during they - Roschelle [23] found that “collaboration does not just happen because individuals
interfice betwéen - - _ Internet .~ e the systems ‘are co-present.” “If our aim is for individuals to learn then we have to examine
the server and eient Request Respanse ' ' what they take away from the exercise as well as the group’s shared constructions
, _ L created during the exercise” [24],

gfé;gél; § Recarding . gﬂ;iﬁﬂ@; - To optimize the benefits of cooperative learning, attention must be focused on
User Data File Module | ~ Module - Evaluation Result  the design of cooperative learning materials and activities [25). Since positive
L — s dg‘“ ' I_.ea}::?:;d}f:'u]:ess learning outcomes from cooperative learning are contingent upon effective stu-

New User login Problem Record File 'dent interaction, which is influenced by factors such as task structure, rewards,

s R group dynamics, and interpersonal skills [26], it is therefore necessary to show

User Identifying § Cumiculum : : .

Module Transmit message Module that collaboration between students did occur when using the systems, A rather

; PP e Problems File -in-depth analysis of the subjects’ problem solving process is thus required,
Exarriples File Furtherimore, if we would like to know whether the system is well-accepted by

ot Transmission % B éea'fc;ﬁ:r:’gm students, surveying the students’ attitudes by giving them questionnaires would be

Module File the most convenient way. The Systems therefore undergo a preliminary test among

students before a formal evaluation of the system can be done. The following

Transmit messages paragraphs report on the evaluation procedures and the results of analyses.
i i . tion Java Compiler Betwezn Lwo clients -
Enﬁiﬁgmg Efme RS e - Subjects and Procedures
o The IDK of Sun - A total of sixty students from two universities in Taiwan participated in the test.

- Of these, forty-six were from the Chung-Yuan University and fourteen were from
- the National Yunlin University of Science and Technology. All the patticipants
were, at the time of the test, taking an elective course called Object-Oriented
Programming (using Java), and they were required to use the collaborative
_Systems as their homework, After finishing the homework, they were also required
| to complete a questionnaire designed to collect their opinion on the use of
the systems.
~ The test took approximately one week to complete. Subjects were allowed to
. log into the system and pair with anyone concurrently on the network. The pair
was then allowed to choose the problems (writing Java code) they would like to
solve. Since students were allowed to choose any system to use, the number of
tudents participating in each System was thus different. Table 1 shows the number
of students who participated in each of the systems. Note that each student was

Figure 9, Architecture of Server.

* Evaluating leamers’ answer: Learners can send their.code to' the.servcr.for
testing. After evaluating the material, the server will provide immediate
feedback. ' _ S

* Acting as the communicating channel between lea.rne{'s: Due to the hrmta_mon _
of Java Applet on WWW browsers, data communication between two clients
needs to be transmitted by the server. . . S _ ;

* Recording all I';l.le'pr_(')c'ess" of learners’ _@:ol_labpratiye activities: The le:'imers’
interactive collaborative lcafn_ing‘_progéss (i.e., the time to press certain bl..it_—

tons and input certain Z}Vqrds,_' efc.) are r_e_cordefd-:by-the server for late analysis,
the results of which serve to provide. information for the improvement of

the system. The siiccess of the Systems greatly depends on whether the users learn by using
the styles supported by the models. Since all the systems are designed to enable
PRELIMINARY EVALUATION _ :collaboration through the World Wide Web, evidence is thus required to show that
S _ ) -subjects did collaborate through the Intemet and that this collaboration did benefit
Computer application does not necessarily have the crucial meaning of a suc-

cessful leamning process [22]. The success of the systems greatly depends on
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Table 1. Number of Participants in
Each of the Collaborative Systems

No. of Students

System

Co-working System 33
Working Along System ) 23 ..
Hybrid System 35

other when they use the system. After all, the Internet environment is differen.t .

from face-to-face communication. . .
There is no intention in this study to show that peer collaboration throu_gh the
Internet is better than with the traditional methods, neither are we going to

compare the effects of leaming by the three systems. In fact, to make comparisons,

either between collaboration through the Internet and traditionall methods or
among the three collaboration models, would take much longer time. The pre-
liminary test of the systems thus focused on whether the systems were l.lsed as
designed. If evidence can be found that students did communicate with t]}ﬁll-' peers
to help each other to solve the problem and thfat there was lran§rmss1o.n of
knowledge, we ean then say that the systems can in some way proylde a viable
way of learning. Whether this kind of learning is better than others will be a future
ic.

re?::t‘i:gto gf the systems was thus aimed at finding out whether t-here are some
students who can use the systems te learn. This was done by analyzm_g the studcr‘lt
pairs’ interaction processes. A self-developed tool, called an Intefafttlon Analysis
Table, was designed to reflect this kind of interaction. It is anumpatled that the
inter-flow of domain knowledge is essential in order for a collaboration process
to be successful, although other types of knowledge are also helpful. To further
investigate the effect of using these systems and to know hov.: we!l the systems
were accepted, questionnaites were used to colleclt students attlt.udcs towat:d
using the systems. Evaluation of the systems by using the Interaction Analysis
Table and the questionnaires is reported below.

Interaction Analysis Table

The interaction analysis table is a table with the following ‘dirnensic-ms:
categories of information, types of interaction, and ways of handling information.
Each dimension is described below. -

Category of information—A basic purpose of interaction is to conun_unicatc
information, but different kinds of information communicated hav? dlffer‘ent
purposes. For example, a student may want to convey a piece of domain-specific
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knowledge that is needed in order for his or her peer to complete the solution. In
:hls case, the information communicated is domain-specific knowledge. On the
other hand, a student might want some guidance to overcome an impasse. In this
case, an instruction that tells the student to try an alternate path is a piece of
knowledge related to general problem solving strategies. Finally, gratitude
expressed of a completed step shows affective support. Information conveyed
during an interaction is thus grouped into three categories.

The grouping of information into three categories has its purpose. Aithough the
last two categories are important in a problem-solving process, the communica-
tion of domain-specific knowledge is essential since it is what most novices lack,
- Without the necessary domain-specific knowledge, one cannot solve the problem
‘given even if one has some very useful strategies or is supported by the partner.
* When the students are working within a domain (e.g., Java language) which is
different from the language they commonly use and in the Internet environment
- which may not be as effective as their common communication modes, it is
particularly important to know whether this new mode of communication does
. enable effective communication leading a novice to successful completion of a
" task with the help of his or her peer. Grouping the information into three categories

helps us to find the proportion of utterances that are of domain-specific knowledge
‘during the problem-solving process.

Type and usage—An utterance can be of different types according to its pur-

- pose. It may be a suggestion of what should be done next, a question on why it is
done so, or an instruction on the actions which should be done. There can be
different ways of handling each type of utterances. An instruction can be given or
followed, whereas a question can be asked or answered. Hence students’ utter-
ances can be classified into three dimensions: the category, the type, and the
usage. Table 2 shows this classification. To make it easier for the reader to
understand how an utterance is classified, an example taken from our study is
given for each of the cells. Note that some of the cells are empty since no such
_examples can be found in the students’ dialogues.

By using the Interaction Analysis Table, four recorded Protocols were analyzed,
one for Co-Working system, one for Working Along system, and two for
Hybrid System. Selection of the protocols was based on two criteria: that the
problem was solved by the student dyad and that the students were trying

- seriously, as judged by the researcher. While what the protocols reveal may not be

- a general picture of how the systems were used, they do show that at least some
students could use the systems in the ways designed. More effort would be needed

- to identify what makes a student pair work seriously, but this could be a subject

for future research. : '

~ Results of analyzing student dyads in each of the three systems can be found in

Appendices A, B, and C. Summaries of the analyses are reported in the following
subsection,
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Table 2, Interaction Analysis Table P;ofocofAnalyses
Categories i The purposes of analyzing the protocols is to find evidence showing that the
Typs Usage Domain-specific General Emotional students did interact in the ways for which each of the three systems are designed.
Suggestions Give I think there should ~ We can then go  Let us compile Since different systems were designed to support different collaboration styles,

suggestion  be a “new Thread”
al the 12th fine,

What do you think?
Accept OK, I will do that
suggestion
Questions  Ask question Why? Could you give
an example?
Answer Becauss we want to
question clear the screen . . .
and repaint ( ) will
do update ( ) first;

and update can
clean the screen . . .

Instructions Request What should | do
instruction ‘next?

Give ... and next line must
instruction start the 'Thread.’

Demonstrate

Follow You are right.
instruction

Strategies  Idantify So our problem is
problem to..,

Check cther's Do you know any-
knowledge  thing about repaint ( )?

Eliicitinquiry Do you think this is

cofrect?
Admit failure | have no idea how to
repaint.
Seif- | suppose { have done
correction something wron
here. Oh yes, this
shouldbe . . .
Comments Comment Yes. This is correct.

Respondto  Yes.
comment

Others Show
gratitude

Show
support

on with the Test the codes and protocols for different systems are reported separately as follows:

" see what would
happen . .. . .
- . Co-working system—The characteristic of this system is that members of a dyad
Yes, lat's do it gir(ir?; h:&‘gp‘g’# work together on a common area, so whether the common area is efficiently used

would be a crucial factor of the success of the system. Appendix A shows the
analysis of a protocol worked under this system. Table 3 shows a summary of the
types of responses recorded.

From Table 3, it can be seen that there are relatively fewer domain-specific
utterances than general ones. It seems that interaction between members of the
student dyad was mainly on general working strategies. Although the co-working
system is designed so that two members can collaboratively work on the common
working area keeping communication of domain-specific knowledge to a

What is your Are you ready?
progress now?

Ohwaell, | just  Good!
have 2errors .~

Should | start?

Goon.
Table 3. Summary of a Dyad’s Responses During a Co-working Process
Categories
OK. i
Type Usage Domain-specific  General  Emotional
We need to Suggsstions Give suggestion 2
gcgrgc;ﬁrﬁg t!r?is. Accept suggestion 2
Questions Ask question 4
Answer question 2 4
Any idea? Instructions Request instruction
_ Give instruction
l am sorry | still Demonstrate 1
cannot do that. Follow instruction
. Strategies Identify probiem 1
Check other's knowledge
Eilicit inquiry
Admit tailure 1
Yes, this seems | think this is Self-correction
to be the correct great, _
way to do it Comments Comment
Yes. Thanks. . : Respond to comment
' Others Show gratitud
Oh thank God, | Show stopon ]
we've succeedad! Ppo
Never mind the Total 5 12 1

mistakes, just do it.
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+ As can be seen from Table 4, members of the dyad mainly interact through
domain-specific suggestions. They were collaborating in a way different from
‘those in the co-working system. Unlike in the co-working system where one
member would dominate the problem-solving process by taking up the whole
“.problem solving task, members in this system had equal status, each commented
on the other’s work and suggested how to correct the errors. If collaboration is a
‘major source of motivation, this system would give rise to better results than the

- r‘_nini_mum; this still needs further investigation since it is doubtful that this is the
- case. If we look further at the protocol shown in Appendix A, we can find that the
- problem was mainly solved by one meémber of the dyad and that the other member
did not seem to be involved, There does not seem to be any sign of coliaboration--
toward the solution of the problem. This example shows a weakness of the system
that has to be solved in the future. . -~ AR o
“We have tried to locate a more successful case in which the solution was done
- by collaboration. between both members of the dyad but we failed, A possible -
‘reason for this is that studénts prefer to pair with a stronger student so that the
“ whole work ¢an be done by the latter, Suitable measures to avoid this should be
- taken in the future. -

Hybrid system—A hybrid system is a combination of the working-along and
“co-working systems, Students can either work in their own stations or work in the
‘co-working area. Hence the success of this system depends on whether evidence
can be found that students did utilize both the co-working area and their own
‘working area and that the interaction was useful. Two protocols, as in Appendices
C and D, were analyzed and the summaries are shown in Table 5. As can be seen
- from Table 5, there are quite a lot of domain-specific interactions between mem-

bers of each dyad. Further, from the protocol shown in Appendix C, members of

.. Working along system—A dyad working in a working along system is charac-
. terized by members working separately but occasionally making suggestions to
- each other. Evidence is therefore needed to show that they reaily are working in
this way. An example was taken from the protocols and was analyzed as shownin
Appendix B. Table 4 also shows the summary of the responses.

"o Table 4. Summary of a Dyad's Responses During a Working Along Process . Table 5. Summary of a Dyad’s Responses During a Hybrid Process (a)

. Categories Categories
- Type - Usage Domain-specific  General  Emotional - Type Usage Domain-specific  General  Emotional
- Suggestions Give suggestion f2 2 "Suggestions Give suggestion 3 3
Accept suggestion 1 3 Accept suggestion 1
Questions Ask question 2 3 Questions Ask guestion _ 4
Answer guestion . Answer gquastion
~ Instructions Request instruction 1 ‘[nstructions Request instruction
' Give instruction 3 . Give instrugtion
Demonstrate : Demonstrate
Foliow instruction 3 Follow instruction
L " Strategies Identify probiem Strategies  Identify problem
; Check other's knowledge : Check other's knowledge
Ellicit inquiry Ellicit inguiry
Admit failure Admit failure
Self-corraction Seli-correction
~ ° . Comments Commaent Comments Comment
-' Respond to tomment Respond to comment
"; Others - Show gratitude 4 Others Show gratitude
. ~ Show support Show support 2
Total 21 8 4 Total 8 3 2
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the dyad did use their own working area in addition to the co-working area. From ~
the protocot shown in Table 6, we can see that members used the co-working area -

to communicate their views on the program. Although the problems were not
solved in both cases, we can still see that the system was used effectively in.
helping the students S
The above protocol analyses show that, in general, students using the systems
were learning in expected ways, with the exception that we cannot find an
example of students working collaboratively in the co-working system. However,
this can be supplemented by the hybrid system, in which an example can be found
where students were using the system to communicate their knowledge about
the solution of the problem. We cannot say however that the systems are helpful
to the students, even when these systems were used as designed. On the other
hand, the effect due to collaboration as motivation to learning should not be
measured on a short-term basis. It is thus not reasonable to design a short-term
experiment to evaluate the effect of the systems, The above data, in a way, shows
that the systems are viable means for further research, Data collected through

Table 6. Summary of a Dyad's Responses During a Hybrid Process (b) .-

- Categories

Typs Usage Domain-specific ~ General  Emotional
Suggestions Give suggestion 3 2

Accept suggestion 3 2
Questions Ask guastion 4 2

Answer question 3 2
Instructions Request instruction

Give instruction 1

Demonstrate
Follow instruction

Strategies Identify problem
Check cther's knowledge
Ellicit inquiry
Admit failure
Seif-comrection

Comments Comment
Respond to comment

Others Show gratitude
Show support

Total 13 9 0
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questionnaires, as shown in the next section, serves to provide a general picture on
how the systems were used.

- Students’ Perception and Achievement

- This part of the study tried to collect students’ feelings about all the systemsas a
measure of the effectiveness of the systems. In addition, the number of students

.who could finish the problems were also recorded by using the systems.

Participation in the experiment was on a voluntary basis. Students who joined

the experiment were awarded 1 to 5 marks out of a total of 100. Such a low

incentive could not motivate all the students to participate in using all three
systems. It was found that some students used all the systems while some others
used just one, The three systems were thus not tested by the same population;
hence, results reported in later sections can only give us some ideas about
students’ attitude to the systems and cannot be treated as a rigorous comparison.
(a) Do the studenis like the sysiem? As well as ascertaining whether the students
would use the system as designed, we need to know whether the students like to

_use the system. Otherwise, the aim of motivating students by collaboration cannot
be achieved. Figure 10 shows the questionnaire result.

As can be seen in Figure 10, only a small proportion of the students dislike the

- three systems. Since we know that the systems were operated under normal school
. settings, there is no need for the students to interact with others through the use of

these systems since the use of the telephone or even personal contact is more

convenient. In addition, if the students were not good at typing, which is essential

Like very much
M Like

No idea

Dislike

M Dislike very much |

Co-working Working Along  Hybrid System
System System

'Figure 10. Statistics showing students’ attilude toward the systems.
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in communicating with others in the systems, they would probably prefer using
other means to communicate. Hence, the result is rather encouraging. If, in the
future, better communication media such as video-phones can be incorporated, it
is almost certain that the students would accept the collaborating systems.

(b) Can subjects successfully finish their work? A second important question is

whether the subjects can finish their work by using the systems. Thirty subjects
completed this part of the questionnaire. Figure 11 displays the results obtained.

Figure 11 shows that over half of the subjects finished their work by using either
one of the systems. All three systems were found helpful to at least half of the
participants,

CONCLUSION AND DISCUSSION

This study investigated the possibility of providing collaborative leaming
through the use of the Internet. The preliminary evaluation shows that the three
collaborative models, namely, the Co-Working Model, the Working-Along Model,
and the Hybrid Model, are all acceptable by the students and that students did
finish their work by using the systems. Protocol analyses show that at least some
students were using the expected ways to solve the problems.

The design of all the three systems were based on the assumption that collabora-
tion will motivate students to learn and thus produce better learning results. As it
may take longer for results due to collaboration to be achieved, a rigorous evalua-
tion of the three systems should be done on a long-term basis to get students more
accustomed to cbllaboration through the Internet and then benefit from using it.
Results of the preliminary evaluation show that such a long-term evaluation is
justified. The students liked using the systems and used them in the desired way
even under the disadvantageous conditions that they were learning in normal
settings and they were not good at typing into the computer. Qur next step is,
naturally, a long-term study of the effects of the systems.

100%

20%

M Co-working System
EYWorking Along System
EHybrid System

60% Eir) SOvE I

40%

20%

0%

Yes No

Figure 11. Percentages of students who can finish the problems -
by using the systems.
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To make the system more practical to use, the following measures will be taken:

* Add intelligent agent: There is not always a learning partner available via the
network. To provide a collaborative environment whenever a learner wants
to learn, a possible solution is to develop a simulated learning companion at
the other end of the network. A simulated learning companion is not a real
person, but it should be able to act as a collaborative learner. Such a virtual
comPanion can be made possible by using artificial intelligence techniques,
and its effect should be contrasted with that of real learners before it can be
put into real use.

¢ Add domain-dependent scaffolding tools: The system is now a bare-bone
architecture in the sense that there is no domain knowledge incorporated to
help students to formulate their solutions. In the future, appropriate scaffold-
ing tools which provide students with terminologies and references should
be provided in order to ease the students’ cognitive load.

* Explore new collaborative learning models: The 3 collaborative models
reported here are not the only possibilities. Further models, if found, will be
added to the repertoire of models,

Different collaborative models would result in different leaming outcomes, but
it would be impractical to simply compare the effects produced. Various factors,
such as the number of collaborative partners and the characteristics of the learners,
al affect the results produced. It is thus hoped that in the future, these factors can
be identified so that computer-aided learning, in particular collaborative learning,
can be conducted more effectively.
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APPENDIX A APPENDIX B
Protocol of a Co-working Process Protocol of 2 Work Along Process
Line ' Response ~ Line ‘ Response
No. Student Dialogue Category No.  Student Dialogue Category
. iswhatwe identify Problem 1 85: I think there should be a “new Thread” at the Domain-specific
TS Yoa:’rec a::qsue;;:’h:)lz:;a-\mple, tatte Cee T v 12th line, What do you think? Suggestion
2 84: How should we change the “xxx” in the Ask Domain- ) 2 S6: Could you tell me how to do it? Ask fo_r_Domain- _
‘ program? ' specific Question ' ‘ ' _ gpecnﬂc In:.;tructfon
3 83 Cari you work on that? Ask General 3 85 thread[i] = xxx -> thread]i] = new Threadithis] Give Domain-
) Question specific Instruction
4 84: No. Answer General 4 86 ohises Follow Domain-
- Question specific Instruction
5 83 Don't let me do everything . . ., you should Make General 5 85 and next line must start the ‘Thread", Giva\Dt_)main-
. do some more. " "Suggestion ‘ ) specific Instruction
6 S4:i Understand (acceptance) Accept General 6 Se: Igotit Follon_r Domain- )
) Suggsstion : specific Instruction
(54 7 Se6: as well as the 20th line is same as the Domain-specific
cod ) - previous line, all right? Suggestion
8 85  [|thinkitshould be “stop the thread . . ., Domain-specific
. ' example, look at the screen. Demonstration What do you think? Suggestion
; gi : g;h:;;ﬂuszﬁ cannoli) do that. Besides, Admit Failure -~ 9 S6: Ohl u can try! Domain-s_pecific
' ) | have the example here too. ) Suggestion
10 S5 What is your progress now? Ask General
...(S3coded) ” : Question
- 11 Ss; I need your answer. Please press Ask General
9 83 Can you see what's changed Ask Domain- " “PeersAmswer” Question
2 Azieg::e?;es on 12 §5: No! It is you should press “Peer'sAnswer” General Response
0 S Bo you wanna try? Question if you want my answer,
11 sa: No. AHSWBF_ General - - « (Each member worked on their own programs and occasionally checked
AQ:ZS"D"ra' the other’s answers)
. why? sk Gene
12 8%... Doyou undersiand why Question 13 85 I 'think you are not very clear about the Domain-specific
13 S4: Yes, | understand. Answer General concept of “public void run ()", do you Suggestion
) Question want to think it over.again. Ask Domain-
14  84; You are not that bad. Show Emotional 14 S6: Why? Could you give an example? specific Questions
’ Support Give Domain-
15 83 Is there any place you don't understand? Ask General i5 85; You should call a method paint () to spacific Instruction
' Question repaint the canvas Follow Domain-
16  S4: No. Answer General 16 Se; You are right. specific Instruction
' Question :
17 83 We can then go on with the Test Make General (56 pressed peer Answer” to see S5's answer)
Suggestion 17 S6: I think you probably have made a mistake at Domain-specific
fully passed the test) ) line 72, do you wanna check it again? Suggeslic_an
(The dyad then successfully p 18 85 Do you know what is line 72 for? Ask Domain-

specific Question
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APPENDIX B APPENDIX C
(Cont’d.) ) Protocol of a Hybrid Process {a)
Line Response Line Response
No. Student Dialogue Category No. Student Dialogue Category
19 Se: Let me first compile my program General - 1 87 Do you mind start first? Never mind the  Give General Sugges-
. . ... Suggestion mistakes, just do it. tion; Show
20 Se: after new Thread, then start the Thread so:  Domain-specific Emotional Support
thread[i) = new Thread{this); Suggestion 2 87 Do you know what do that mean at the Ask Domain-specific
thread(i}.start( ); : 24th line? Question
21 8&: Hmm . . . You're right, thanks for your Show Gratitude
reminder. i 88 correct a mistake
. (Each member worked on their own programs and occas:onaﬂy checked 3 se& Any others? Ask Domain-spacific
the other's answers) . i Question
4 87 | think this is just a trial to lat you have Show emotional
22 85 38th lines: Invalid expression statement. Domain-specific some idea, but on the exception . ., support; Ask Domain-
thread]i].xxx; thread(i].stop; Suggestion; why do you do that? | think you have specific Question;
49th lines: Invalid exprassion statement. Domain- specific made a mistake at the 45th line. Give Domain-spacific
thread(i] xxx; thread[i] = null; Suggestion Suggestion
23 S6 Hmm..You're right, thanks for your Show Gratftude 5 88 Oh yes, thanks. Accept Domain-
reminder, B specific Suggestion
6 S7: I think this should be fa = new TextArea(); Give Domain-specific

.. . {Each member worked on their own programs and occasionafly checked the

what do you think? i
other’s answers) Y Suggestion
: : - - S8 corract a mistake

24 S6: | think you are wrong at line 54 & 66, Domain-specific

do you wanna check again? Suggestion 7 87 Do you know what Ask Domain-
05  g5: should make the thread to “sleep” Domain- specific “GenerateSpecifiedEsceotion” means? specific Question

for 1 sec. Suggestion :
26 S6: What is your progress now? Ask General S8 correct a mistake

' Question ] " - -
27 8o oh well, i just have 2 errors General Response 8 st Perhaps ! should test it at my terminal Géve Gez}e ral
- ] uggestion
28 86: Ithink you probably still got some wrong General L You must add a break to switch case; Gé"e Dor?aln-specific
. uggestion

;?:;;’:;S;:::ggﬁisnyou should do the Suggestion 10 88: Do you want to work on the co-working Gi\.reg generaf
29 85 Hmm..Yeou're right, thanks for your General Rasponse area now? Suggestion

reminder. . . . I'll try it again.
30 8&e: Try “eise if{evi.larget == ckboxesg[1] )" . Domain-specific

Suggestion

31 85 Hmm..You're right, thanks for your Accept Domain-

reminder. . . . speocific

Suggestion

32 S5 Oh thank god, we succeed! Show Gratitude
33 S6: 1tis pleasant to cooperate with u! Show Gratitude
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APPENDIX D
(Cont'd.)
Line Response
No. Student Dialogue Category
14 S7: Because we want to clear the screen . . . Answer Domain-
and repaint { ) will do update ( ) first; specific Question
and update can clean the screen. . . . Accept Domain-
15 S8: Yes, | do think so too, specific
Suggestion
‘ Ask General
16 88 It seems that we have just finished the work Question
) now. What do you think? Ask General
17 S7: I think it should be correct, " Question

(8 lines deleted here, the students discussed whether they should continue
with their work) :

(They tested their program and got 3 compiled errors)

Ask Domain-specific
Question

18 §S7: Why?

18 8S8: I see one error that | know how to fix Answer Domain-
specific Question

20 ST Testagain . .. Give General .
Suggestion

(Then they tested it five times and still got errors and then quit)

APPENDIX D
Protocol of a Hybrid Process (b)
Line Response
Mo. Student Dialogue Category
LI - Who wants to work in co-working area first?  Ask General
. e Question
2 87 me first Give General
Suggestion
3 S8 OK. Accept General
Suggestion
{57 coded in co-working area) ‘
4 S7: i have finished init( ); do you think if it Ask-Domain-
' is correct? specific Question
5 88 OK, tthink it is OK, no problem. Answer Domain-
specific Question
6 S8 My turn now? Give General
. Suggestion
7 ST OK, no problem. You ¢an write Accept General
mouseDown{ ) { }: Suggestion; Give _
Domain-specific”
Suggestion
B 88 *OK, no problem. Accept Domain-
specific
Suggestion
{58 coded in the co-working area)
9 88 How did 1 do? Ask General
' Question
10 87: in mouseDown( ) . . . | think you should Give Domain-
add repaint ( ); specific
Suggestion
11 S8: OK, no problem. But where should I add it? Accept Domain-
specific
Suggestion;
Ask Domain-
specific Question
12 ST next to t.suppend(); Give Domain-
spacific
Suggestion
13 S8 Why i have to add repaint? Ask Domain-

specific Question
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