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Pedagogical guidelines for designing ITCOLE CSCL

Kai Hakkarainen, University of Helsinki
Minna Lakkala, University of Helsinki
Marjaana Rahikainen, University of Turku
Pirita Seitamaa-Hakkarainen, University of Joensuu

The state of the art of ICT in European Education

According to this review there are huge differences in how ICT has been
implemented in different European countries. The emphasis from the government
and other authorities varies a lot between countries. However, even though the
countries have started to build the information society at different time, that is,
equipping schools with computers and networks, it seems that secondary level
students have quite good accessibility to computers in all four countries. The
difference between primary and secondary level was acknowledged in each country.
Further, it seems that during the next few years there will be substantial investment
in each country, on governmental or private level, to equip all the schools with
computers and networks. What also seem to be common are the constraints: lack of
trained personnel to give adequate support for teachers and lack of guidance to use
ICT in a pedagogically meaningful way. Few computer labs are still used by too
many students and teachers, and therefore they are not providing possibilities to use
ICT in versatile way or to create meaningful learning environments. Teachers are
mostly using basic applications, such as word processing, and students are using
educational programs or multimedia products designed for individual learning.

All the four countries have employed the same basic theoretical framework
(constructivism, sociocultural/situative view) to create CSCL practices and to conduct
research within this area. However, in each country the development work is
concentrated on in some special domains, methodologies, or theoretical approaches.
In Greece, the researchers in the field of CSCL have emphasized the importance of
research on conceptual change, especially in mathematics and science education. In
addition to pre-post –settings, the Greek researchers have developed methods for
analysing students’ interaction. In Finland, special focus has been on developing the
pedagogical model of progressive inquiry, on investigating cognitive and motivational
dimensions of CSCL in different school levels, and on developing qualitative content
analysis methods as well as analysis based on video data. The Italian researchers
have been interested especially in the features of community development and
different forms of collaboration. The latter focus has inspired them also to develop
the discourse analysis technique further. In the Netherlands the emphasis, especially
in secondary education, has been on authentic learner-centered learning contexts,
and in how students ‘learn to learn’ within these new learning conditions, including
shared regulation processes between learners as well as individual (meta)cognitive
self-regulation processes.

The overview includes descriptions of innovative and theoretically well-argued
projects. The variety of different tools, from simple e-mail systems to more complex
three-dimensional learning environments, has been applied in different school levels,
from primary level to university level, within different domains. However, the outlines
do not focus only on tools, but describes also interesting and significant research
designs and results. Some projects have also accomplished nationwide and
international collaboration in a successful way.
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Guidelines for developing CSCL

Conclusions of the main projects carried out in the participating countries underline
also some profound constraints and challenges in developing educational practices
with collaborative technologies. It appears that practices of CSCL have not yet been
scaled up in Europe. Although the scientific community has considered the principles
of CSCL highly promising for the development of future learning environments, this is
not yet the case among practicing teachers. It is certainly partly due to the novelty of
the CSCL ideas in schools but it also indicates that the theoretical and practical
principles of CSCL are still too immature to be widely applied in practical educational
reforms. There is a need for theoretically well-grounded development of CSCL
practices and tools, which are adequately embedded in practical educational context.
The present review highlights the importance of carefully analysing the
presuppositions in applying technology-based instructional innovations in practical
classroom situations. The guidelines for developing ITCOLE CSCL will be discussed
in the following chapters.

From Technical to Systemic Approach on CSCL

The present review has shown that there are substantial pedagogical, cultural and
epistemological challenges of computer-supported collaborative learning (CSCL). As
a consequence, the CSCL community is currently re-assessing foundations of the
field. Many early approaches to CSCL were over-optimistic and "technocentric" in
nature. These approaches relied on an ill-founded assumption that CSCL is mainly
about design of technology, and that by providing educational institutions with well-
conceived and reliable technical tools, the most important aim of CSCL—improving
the quality of education − might be attained. In effect, they assumed that revision of
pedagogy was not a crucial issue in insuring success. Yet another group of
approaches was rather successful for reasons that have become increasingly
apparent: Designers of these systems (e.g., CSILE, BELDEVERE, CO-VIS) were
themselves pedagogical experts and able to create systems that focused on critical
aspects of learning (e.g., externalization, learning by writing, making thinking visible,
collaborative problem solving). Further, the researchers themselves were often
present in the classrooms being studied and offered high quality support of a rather
uncommon type. As a consequence, the learning communities in question got both
technical and pedagogical support and relied on a local culture that supported
collaborative learning. Yet, the essential role of such high-level support, in both
qualitative and quantitative terms, appeared to be sometimes under-appreciated, or
perhaps not seen as differing in critical ways from support that might be commonly
available.

In moving from specially supported classrooms to normal classes, whole school and
larger educational systems, a wide variety of further pedagogical problems thus
emerge. Teachers and students may not have computers; they may not have
appropriate skills in using them; they are not able to solve technical disturbances or
bugs; and so on. In other words, there appear problems in implementation and
pedagogy both stemming from assumptions about technology and about teacher and
support capabilities. Our review of the use of CSCL in several European countries
reveals these kind of constraints and challenges, and we propose that the arguments
presented are most important for enhancing the quality of education through CSCL.
In order to genuinely improve education, we should not market uncritical success
stories or technology fetishism but empirically and theoretically sound research on
actual changes that are taking place in educational institutions while introducing
network technologies and collaborative environments.
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After studying how educational practices have been restructured by means of CSCL
across the last five years, we have learned to understand that educational change is
very hard to bring about (Lipponen, 1999; in press; Paavola, Lipponen &
Hakkarainen, in press). Although CSCL experiments usually improve the quality of
learning and lead to teachers’ professional development, it is most challenging to
actually change prevailing educational culture. Pedagogical and cultural changes in
cases of institutions and individual agents (e.g., teachers, students, employees and
their communities) are very hard to bring about and are likely to take a long time. It is
a systemic challenge that has simultaneously to be met by creating several
infrastructures of change:

• Technical Infrastructure:  Teachers, students, or other participants need to
have an access to new technology in their everyday working environment as
well as sufficient ICT skills. It often takes a long time to learn to use new
technology in a flexible way and integrate it with one’s own activity.

• Pedagogical Infrastructure: There has to be practical and workable
pedagogical models that help to find meaningful ways of using new
technology for solving problems, collaborating, building knowledge and
networking with external communities. Progressive Inquiry has been
developed as a pedagogical model for helping teachers and students to
structure and concretise knowledge-building practices in schools with the
support of collaborative technology.

• Social Infrastructure: New technology should be an integrated aspect of core
educational processes rather than a separate activity. It is essential that
building of a new culture of collaborative learning and knowledge building be
supported by the content of curriculum, structure and organization of courses
and activities as well as assessment practices. It is important to get the whole
teacher community to engage in the professional development, have parents
closely involved, and get support from the local community.

• Epistemological Infrastructure: Teachers, students, and other participants
need to develop epistemological awareness of different categories of
knowledge and processes of inquiry in order to be able appreciate the value
of pursuing questions or explanations and engaging in deepening inquiry.

Our review reveals that in many cases some of these conditions are missing.
Teachers and students may not have access to new technology, or it may not be
intensively used. If technology is used, it sometimes supports less advanced
practices (transmitting and copying information) rather than building of a new culture
of inquiry. If a culture of CSCL is emerging, it is likely to happen only in the context of
special projects supported by researchers, rather than as a good practice, which is
part of a new culture of schooling.

This critical orientation was already a part of our project proposal. We stated that
technical tools as such are not sufficient to promote actual pedagogical change at
school. The problem is that technical tools do not themselves provide teachers with
adequate models of pedagogically meaningful ways of using them in various learning
situations. Consequently, the new technology is often used as a new means to attain
old pedagogical goals. Therefore, it is important to try to further crystallise the
pedagogical models of collaborative learning and knowledge building. This is a
necessary condition for guiding both software development and teachers' practical
instructional problem solving.
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We are positive that, if wisely used, new technology will have a revolutionary impact
on the culture of learning and instruction. This requires, nevertheless, a long-term
commitment to develop and test new educational practices in a close collaboration
between teachers, pedagogical researchers, and software developers. New
sustainable pedagogical solutions emerge in the interaction of practitioners and
researchers rather than be there to begin with.

The review is based on an idea that the design of ITCOLE software should be
embedded in practical pedagogical models and ideals that help schools, teachers,
and students to find new innovative ways of learning and instructing.  Accordingly, an
important aspect of the present project, in addition to software development, is a
concrete implementation and operationalisation of what is already known about the
theories of CSCL and knowledge building. All participants of the project need to work
for integrating pedagogical and technological aspects of ITCOLE project into a
mutually supportive whole.

Principles for Designing CSCL Environments

The ITCOLE project has very ambitious pedagogical goals. The project aims at
developing a learning environment that facilitates new practices of interaction
between students, between students and teachers, and new innovative ways of
studying as well as new organizational practices at school. The objective of the
project is to facilitate new skills of collaborative problem solving and knowledge
building. Further, by providing an environment for student-centered and self-
regulated inquiry learning, the project also fosters learning of higher-level cognitive
skills, such as self-monitoring, meta-cognition, and intrinsic motivation building.
Moreover, we aim at overcoming the limitations of virtual learning environments by
providing tools for community and team building that help students to do social
bonding and create sense of belonging.

The ITCOLE software is a pedagogically sophisticated learning environment that
supports students' joint efforts to build knowledge together, whether they are primary,
secondary, or older students. The system will be designed to provide tools to
facilitate the overall development of the students' skills of collaborating, engaging in
various networked activities, solving increasingly complex problems in different
domains of knowledge, and working productively with knowledge. The system will
also support interaction between students and teachers or students and experts,
e.g., between school projects, and sharing of experiences or joint production of
course material. The central metaphor of the CSCL system is that of shared
electronic workspaces, which students and teachers use for collaboration.

Technical usability

The ITCOLE software is intended to be distributed widely across schools and
educational institutions.  Therefore, it is essential that the software has a sufficient
level of technical usability, i.e., it is inexpensive to use and maintain, easy to install,
run on local servers, and yet be versatile enough to provide comprehensive
collaborative learning facilities for very large numbers of users across Europe. This is
especially important because many schools do not have adequate technical
infrastructure or sophisticated technical support that would help to keep the system
running.
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Designing for Flexibility and Modularity

The present review indicated that there are a variety of pedagogical cultures and
practices in the participating countries. In order to answer these various pedagogical
needs, it is important that the design of ITCOLE software represents flexibility and
modularity mentioned in the project proposal. The proposal states that the
functionality and the interface of the system will be derived from pedagogical
considerations and can be adapted to the different school environments and contexts
as well as used in conjunction with other pieces of software.

It follows that even if the ITCOLE software has to rely on pedagogically coherent
ideas, the system and its implementation has to be flexible enough to be adapted to
various national pedagogical cultures and different educational contexts. This may be
implemented by creating a modular learning environment so that the users are able
to selects what modules they are using in the context of each project. Further, it is
essential that the central functions of the system can be tailored for specific
pedagogical purposes. This concerns, for instance, that the category of inquiry-labels
used in the system should be fully editable by users, just like is case in Knowledge
Forum. This can be called pedagogical usability, i.e., correspondence between the
system’s design and the educational environment, situation, and context in which it
will be used. From the modularity principle it follows that information produced to the
ITCOLE system should be able to transfer to other CSCL environments and
productivity tools.

Facilitating knowledge building rather than providing a discussion forum

An essential aspect of a CSCL environment is to provide models and tools that help
the participants share their knowledge and competence, and store knowledge and
experiences of individual teachers and students, and their projects in order to create
a collective memory.

We need shared spaces for representing shared problems, working theories, new
information, and discourse interaction between the students. It is important that the
ITCOLE environment does not only provide an environment for discussion, but
supports knowledge-building inquiry as well. Structuring the discussion in terms of
key problems and key ideas is one way of facilitating knowledge building. It is
essential that the users focus on advancing ideas, rather than such matters as who is
creating them or whose ideas have been picked up for further elaboration. This does
not, however, mean that there would not be agency; it is important both to recognize
individual efforts as well as to ensure that each student is participating with a
sufficient intensity. Consequently, the discussion forum should be organised in a way
that allows the participants to identify key ideas, to take them for further elaboration,
and build on them. Structuring students' contributions by using category of inquiry
labels may further support the knowledge advancement.

Discussion forum should not only support linearly advancing discussions, but should
also facilitate in-depth inquiry that builds on other discussion as rise above formerly
presented ideas. This means that there has to be functions that support making of
synthesis of ideas and thoughts produced. The system could be designed to facilitate
knowledge synthesis and creation by allowing one to take a whole discussion as an
object on inquiry (take a copy of it) and to create a new meta-level note by building
on that discussion. For instance, Knowledge Forum and Sonera Learning Experience
have this kind of function.
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In terms of software design, fostering of knowledge building entails that the system
allows and encourages the users to work for developing shared digital artefacts (Jam
Session) in addition to engaging in knowledge-building discussions. Tools for
knowledge sharing and building should support creation of longer documents through
commenting and version management. An important aspect of building the ITCOLE
environments should be to provide tools that support collaborative designing and
elaboration of digital artefacts. Increasingly important would also be to create tools
and practices for constructing dynamic case descriptions.

Knowledge Management Problem

Designing of the knowledge creation tools may not only help to advance knowledge
but it should also help to better manage the knowledge produced to a learning
environment’s database. A relatively large number of messages make it difficult to
follow the discussion and get an overview of issues being discussed. When a
database involves certain number of main problems, discussion threads, and
individual entries, it becomes difficult to get a coherent picture of the database,
various ideas, and their advancement. The challenge of knowledge management is
to provide tools that allow creating a coherent view of what is going on in the
database during intensive and possibly long-standing inquiry processes.

The fact that discussions are organised around ideas provide significant help, but an
intensive discussion – possibly tens of steps deep – is rather hard to follow. It would
have been very hard to participate without being closely involved from the very
beginning. In order to solve this problem, it is necessary to develop tools that would
help to organise the Knowledge Building Discussion messages.

It is essential to create tools that allow visualization of key ideas and key problems as
well as hot areas of discussion. In creating the visualization, it is more important to
emphasize ideas rather than relative contributions of the participants. It might be
possible to apply methods of neural networks for visually organizing the discussions.

Scaffolding Progressive Inquiry

Using same kind of Category-of-Inquiry labels that Future Learning Environment was
relying on should support inquiry process also within the ITCOLE environment. It
means that users’ participation is structured by asking them to label their messages
according to a category of inquiry (e.g., Problem, Explanation) that it represents.
These kinds of categories are assumed, if properly used, to scaffold the participants'
inquiry processes and help them to engage in higher-level cognitive processes than
would be otherwise possible for them. It is not necessary, for instance, to have
former experience and knowledge of different aspects of inquiry to participate in
corresponding process (question generation) supported by the inquiry categories.
The meta-knowledge of inquiry processes is, in a sense, embedded in the learning
environment in the form of the inquiry categories.

In order to use category of inquiry labels meaningfully to scaffold CSCL processes
you need to have a theory of what is relevant, what is not, and this theory should be
grounded on pedagogical practices. This theory is more about learning, knowledge
building, critical thinking, or inquiry rather than only about designing CSCL or KB
environments. There could be several series of thinking types representing these
different cognitive practices (learning subject-matter knowledge, building knowledge
together, engaging in critical discussion). It is, further, important to have coherent
sets of inquiry categories rather than only individual categories. One should be able
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to say about each category why it is proposed, what aspects of the users activity it is
related to, how does it relate to the other thinking types and how it should be
considered rather than something else.

Optimally, the ITCOLE software should have fully editable inquiry categories that
could be tailored for different pedagogical contexts. There should, further, be several
sets of inquiry categories designed for supporting different types of activities, such as
knowledge-building inquiry, argumentation, and fieldwork or learning subject-matter
knowledge. Minimally, the system to be designed should involve thinking types to
support Progressive Inquiry model that is the general pedagogical model embedded
in the ITCOLE knowledge-building environment. These kinds of inquiry categories
were designed and experimented within the context of FLE project. While designing
the new categories, it should be relied on this earlier body of research. In FLE2 the
following categories of inquiry were used: Problem, My Working Theory, Deepening
Knowledge, Comment, Meta-comment, Summary and Help).  In designing the
ITCOLE software, we need to consider whether there is a pedagogical need to
remove or add thinking types or change them somehow.

Muukkonen and her colleagues (1999) summarized in a research paper their
experiences of the inquiry scaffolds in FLE: "The students were asked to categorize
their posting to the database by using a set of cognitive scaffolds. However, the
content analysis indicated that the students' productions often did not correspond
with the scaffold they chose. The students showed a bias for selecting a Category of
Inquiry that was very neutral, mostly Comment. Furthermore, their productions
represented several categories, such as problems, working theories and deepening
scientific explanations, simultaneously." In one of the courses, studied by Lakkala &
al., 2001, students' used the thinking type "Comment" in over 50% of their postings.
Students used that thinking type almost every time when the posting was a reply to
another note in the KB. The other thinking types were mostly used only when the
students were processing their own inquiry; maybe they felt that the "comment" type
was suitable to situations where they contributed to somebody else's inquiry. It
follows that the category-of-inquiry label "Comment" should be removed.

We have also analysed more closely the content of the FLE postings by segmenting
all the message text into separate ideas. One posting or message usually included
many ideas. We used following categories for labelling the individual ideas: Problem,
Own explanation, Scientific Explanation, Quotes Participant and Metacomment. The
aim of the analysis was to study how the progressive inquiry elements were present
in students’ knowledge productions. According to the analysis, university students
had, for instance, quite a lot skilful "metacommenting" in their postings, although they
did not use that thinking type in their notes as much as tutors. One aim in
progressive inquiry is to teach students to evaluate their inquiry process, but the
word "Metacomment" is evidently difficult to understand. We should find a more
ordinary concept that means the same ("Evaluation of the process" etc.).

Most intriguing in one course, analysed by Lakkala & al. (2001), was that both the
students and the tutors had very little scientific explanations in their postings,
although one basic idea in progressive inquiry is that students learn to deepen their
original explanations with scientific knowledge from information resources. It does
not, however, follow that we should delete this kind of category of inquiry scaffold. On
the contrary, we should search for, explore, and test scaffolds that promote the
revision of original own explanations towards more scientific explanations.

In addition, many analyses indicated that the students’ productions did not often
correspond the scaffolding they chose. Their productions, rather, represented several
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categories, such as problems, working theories and deepening information,
simultaneously. There appeared be two reasons behind this phenomenon. First, the
students were not guided to use the scaffolds effectively enough; they did not have,
for instance, joint sessions of using FLE. Second, it is possible that it is not natural
for the students to partition their posting in a way that would correspond the
scaffolds. Therefore, it would be important to further develop the functioning of
scaffolds, and allow students to mark or sign the categories of inquiry within a
message.

It is important to remember, however, that the effect of inquiry categories depends on
whether teacher and students understand what those are all about as well as
deliberately focus on structuring their activities accordingly. In terms of the use of the
scaffolds provided by the FLE2 interface, a thematic analysis of the discussions
revealed that tutor’s ”just-in-time” participation could have significantly changed this
pattern, judging from the evaluations and reflections on own experience produced by
the students. An implication for further development of ITCOLE system is that the
participation of a tutor into the discussion is recommended, at least for courses with
new users, until a pattern of interaction is established which explores all scaffolds
provided by the environment. It is essential to provide the users guidance and
support in using the scaffolds appropriately. This entails building of an appropriate
pedagogical and epistemological infrastructure.

It appears that if the thinking types have been difficult to understand, there might be
at least three reasons for that: 1) The inquiry approach is a new way of learning and
working, and, therefore, it is difficult for newcomers to use the categories of inquiry.
This problem cannot be solved by making the elements of the process too simple,
but to help students to better understand the elements and the higher-level learning
processes; 2) The categories of inquiry may not be suitable for supporting inquiry
processes of very young students. This domain is not very well known and there
appears to be a need for further pedagogical and theoretical work to develop new
scaffolds. It would be important to explore and test some alternatives in the ITCOLE
project; 3) The concepts or terms chosen to represent the categories of inquiry may
be too abstract and theoretical. It is important to select expressions that are easy to
understand, but still represent the core ideas of progressive inquiry.

On the basis of above presented considerations, we propose that the following
thinking types would be used in a pilot version of ITCOLE software. It is also
important to carry out studies in which different ways of categorizing and structuring
inquiry are explored and analysed in details.

Problem - My problem (it could be a group’s joint problem)
Working Theory - My Explanation
Deepening Knowledge - New Information

- or (Scientific knowledge/My investigation (reveals…)
Comment (Comment) - Disregarded
Metacomment - Evaluation of the Process (How-we-are-doing)
Summary - My summary, My synthesis, Drawing things together

These are the same Categories of Inquiry as in FLE2, but translated to more easily
understood format. They are based on the theoretical work that has been done in
developing the Progressive Inquiry model.

A solution according to which users define the category of inquiry before writing the
note, or actually, when they initiate a reply appears to be meaningful. A more
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structured way of using these categories can provide better results than letting
students to decide whether they use a category of inquiry or not.

The Role of Tutoring in Progressive Inquiry

A series of studies carried out by the present investigators indicate that active
engagement of the tutor is an important condition for facilitating progressive inquiry.
In order to make it easier for a tutor to participate, the learning environment would
need to be equipped with Tutor’s Tools that would make it easy to print the students’
productions and summarize advancements of inquiry. If each production has to be
printed separately, it is most time consuming to try to review the content of the whole
database. It is important to create tools that will help to provide summaries of
discussions and each student’s contribution during a project, and, thereby, help a
tutor to get an overview of what is going on in the database.

It should be closely considered how much the scaffolds and tools embedded in the
system support students' inquiry, and what aspects and phases in the knowledge
building process need human tutoring and scaffolding. In addition, synchronous tools
may provide important new possibilities for situated and dynamic guidance that
would not be possible in asynchronous systems alone. Based on earlier research, we
should develop concrete models and guidelines of teacher's various roles - as a tutor
and as an expert model - and ways of contributing to students' collaborative
knowledge-building inquiry. We need guidelines for both face-to-face classroom
situations and for virtual tutoring and distance learning contexts.

Building Pedagogical Infrastructure

As stated above, knowledge building is only partially a software design problem, it is
also a matter of designing appropriate pedagogical and epistemological infrastructure
as well. Investigations concerning the extent and relative proportion of ideas
representing different categories of inquiry indicate often that substantial pedagogical
support may be needed to elicit in-depth inquiry. There are often considerable
differences between students in the intensity of their participation. In order to
introduce students to the model of progressive inquiry, it is important to have joint
sessions of working with ITCOLE software, not just network projects and individual
participation at distance (home).

In order to participate intensively in virtual learning environments, the students
apparently need strong community support that would guide and challenge them to
participate. Intensive participation appears to require deliberate efforts to build the
students’ community. Joint working with the environment would help the students to
adopt the progressive inquiry model, and learn to direct their knowledge building
process. The community support has to be provided both by the software
environment and the actual face-to-face community.
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Developing a Culture of In-Depth Inquiry

Experiences of FLE, further, indicate that the students are often relying too much on
information provided by instructors or tutors, rather than engaging themselves in
deepening inquiry. The information obtained from books, articles and study materials
introduced as course material often play a minor role in the explanations produced by
the students. Active participation by teacher or tutor may enhance the integration of
scientific information into such a discussion.

In the background of this problem may be a general design of the curriculum.
Especially in elementary but also in secondary level education, the curriculum is
often “a mile wide, but only an inch deep”. In other words, so many things have to be
skimmed through that teachers and students do not have an opportunity to engage in
studying issues interesting to them in depth. In order to facilitate deeper inquiry, it
would be important to focus on key ideas and organizing principles rather than go
through a large number of issues at the surface level. In order to facilitate
progressive inquiry, it may be necessary to change the structure of curriculum in a
way that allows students and teacher to organize larger in-depth study projects that
may integrate several subject domains.

Even if the cultural and curricular issues, which are external to ITCOLE software’s
design, appear to be crucial for solving the problems of the lack of in-depth inquiry, it
is essential to explore also the different ways of organizing students activities within
ITCOLE environments so as to facilitate deepening inquiry. Are there good ways to
make subject-matter knowledge available for the students in a way that would
encourage deep thinking? How could knowledge-building processes be structured to
encourage cognitive commitment to pursue one’s inquiry in depth?

Providing Tools for Structuring and Coordinating Activity

While trusting students to engage in more intensive self-regulation of their activities
and inquiry processes, it is important to simultaneously provide structures that help
students to coordinate their collaborative activities and guide them to reach a series
of milestones rather than be left on their own. A special problem arising from our
investigations is the challenge of coordinating (see Malone & Grawston, 2001)
activities of students who may be distributed across time and space while engaging
in using ITCOLE software. Traditionally, coordination has been achieved by keeping
students under a teacher’s close supervision in face-to-face situations.  New
challenges, however, emerge in networked learning environments, in which students
have to be able to themselves regulate their learning efforts. It appears that a great
deal of coordination and structuring is needed in order to support adequate
participation and to guide students to engage in in-depth inquiry. This coordination
may partially be provided by the learning environment and partially by the learning
community.

The required coordination may be created by designing a system (Coordination
Tools) that help a teacher ands tutors, students and their teams set up main goals
and sub-goals concerning their investigations. There should be a space for setting up
a time table, milestones and shared goals of projects as a whole as well as
corresponding aspects of a team’s or individual students’ inquiry. These Coordination
Tools or functions may also involve means for individuals' and teams' self-
assessment of the advancement in attaining the goals.
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Designing Tools for Process Analysis

Various analyses carried out during the past years indicate that there is a need for
sophisticated tools that allow tracking of students’ activities through their processes
of participation in networked learning. Information of students' activities is very
important for further development of the ITCOLE software because it help to model
students' activity with the system and the extent to which students use various
functionalities. This kind of tools would also provide a kind of sequential information
of CSCL processes that is very difficult to obtain by other means.

Thus far, studies of CSCL activities have been carried out manually without
sufficiently utilizing CSCL environment's log files or other information stored by the
systems.  There are, however, attempts going on for developing methods of process
analysis as well as knowledge-building measures that rely on that sort of data. For
instance, Knowledge Forum has a built in Analytic Tool Kit that provides researchers
valuable information of the users' activities. It produces data that could be further
processed by various statistical software packages. It is essential that these tools
allow one to store all information produced in a project (including chat sessions and
sessions with whiteboards) in a form that could be further analysed by systems for
qualitative content analysis, such as Atlas.ti. This means that the data should be in
text form and involve all computer entries organized either by time, author, topic, or
some other indicator.

Providing Support for Community Building

A challenge of the ITCOLE project is to develop tools that help a partially or
completely virtual community, or people working asynchronously, to manage their
collaborative activities, build their community, and achieve mutual understanding.
The software should support users in developing a sense of community and
belonging even in cases when they are distributed across space and time. An
essential aspect of building a community is to develop a sense of belonging, re-
create one’s identity in relation to the virtual community, and build shared histories.

The process of community building may be facilitated through asynchronous and
synchronous means. The former refers to various awareness tools and tools of social
navigation that help the participants to be aware on-line of each other activities and
participation as well as utilize knowledge and other things produced by their fellow
students. It may also be possible to design virtual meeting places for members of a
student team. It may be important that this kind of space is tailorable for the purposes
of the project in question and to correspond the participants’ specific needs.

Awareness tools are kind of meta-tools that help people and their communities to
manage, become conscious, and reflect on their collaborative activity. In many
cases, these are concrete forms of representation that support communication and
facilitate reflective interaction within a community (Jermann, Soller, & Muehlenbrock,
2001; Schlichter, Koch, & Chengmao, 1998; Munro, Höök, & Benyon, 1999;
Häkkinen, Järvelä, & Dillenbourg, 2000).  These tools are intended to help
participants to be aware of each other's activities by mirroring their activities (i.e.,
presence of other participants with CSCL environment as well as intensity, quantity,
quality and objects of participation). These may involve tools that provide online
information of the development of participants social network (cognitive centrality,
density of interaction, patterns of information flow and social support). It is important
to model distributed processes of students, teachers, and their communities
semantically by representing flows of their activities visually (e.g., histories of
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document versions, advancement of ideas or participation in key activities). These
may also involve shared active representations and dynamic visualizations that allow
the participants to interact through various modalities, such as visual or conceptual
communication.

Pedagogically Meaningful Utilization of Virtual Realities

Productive knowledge sharing presupposes a high degree of trust and sense of
belonging to a social community. It is essential to investigate how collaborative
technologies help students and teachers who are distributed across space and may
work in different locations, to build community and achieve mutual understanding.
Toward this end, virtual reality environments may provide important resources.

Collaborative learning in network environments, and especially in virtual realities
(Avatar worlds) appears to support participants’ social development because they
are coached in collaborative problem solving and constructive interaction. It is
important to use technology to support social development of the participants that are
working together in a physical space, classroom. These environments allow the
participants to explore their identities in relation to other members of the community
and, thereby, develop a deeper sense of community. It might help them to break
boundaries of their conventional role as teachers and students, and to change
authority relations that determine interactions in conventional school situations. This
may be conducted in a way that is in accordance with social values and norms of the
community in question (Nardi & O’Day, 1998).

Although virtual worlds may provide a sense of place, possibilities to explore identity
and engage in interaction, and be aware of fellow students’ activities and thereby
create a sense of community, it would be important to create practices that allow the
virtual worlds to be used for supporting in-depth learning. While developing tools for
synchronous communication, it is important to ensure that these tools do not only
support social purposes, but have pedagogical relevance as well. How could the real
world and virtual participation be combined in a way that supports learning? Could
Avatars be ideas rather than people, as has been suggested by Carl Bereiter. Could
participants of a learning community create key ideas or key problems that are
represented within the virtual space and enriched with the users’ own interpretations
and explanations? Many core problems that students have to understand (e.g.,
evolution, Newtonian physics, human biology) are so complex that they offer an
endless opportunity to achieve a deeper understanding. These ideas have not
sufficiently been clarified in the ITCOLE process, and need to be addressed.

Content-specific Support for Learning and Knowledge Building

Even if it is justifiable to emphasize the significance of collaborative knowledge
building that relies on shared problem solving, teachers has also to be able to make
complex bodies of subject-matter knowledge available to students. Tools for
mediating subject-matter knowledge to students may provide significant support for
collaborative knowledge building if these tools are subsumed under an overall
process of progressive inquiry and corresponding pedagogical practices. Progressive
inquiry does not entail that there should not be deliberate and systematic teaching
and studying of various domains of knowledge. It is essential, however, that direct
instruction serves students’ inquiry rather than replaces it or totally dominates it.

In order to facilitate advancement of students’ conceptual understanding and to
provide basis for their deepening inquiry, it may be important to incorporate to the
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ITCOLE environment tools (or use another program that provides corresponding
tools in conjunction with it) that allow effective transmission of subject-matter
knowledge relying, for instance, on the idea of educational object economy (see
www.eoe.org). It might be useful to create documents based on XML technology that
allow one to present subject-matter knowledge as dynamic cases or simulations that
can be collaboratively commented, presented from different perspectives, and
transferred from one environment to another. These types of documents allow one to
present various kinds of contents in an effective way in different network
environments. It may, however, be possible to use some other commercially
available software to take care of this function.

The Importance of Integrating Technical and Pedagogical Development Work

ITCOLE proposal stated that the software is from the very beginning designed from a
pedagogical perspective to support collaborative learning and knowledge building.
This calls for a very close interaction between pedagogical and technical
development of the system. A problem in creating design principles of CSCL is that
implementation of these principles is dependent on available technical solutions.
Even if we are able to generate a series of design principles, these principles rest on
the air until they have been integrated with the specific technical solutions that are
available for ITCOLE software and correspond accessible resources. Therefore,
these guidelines are only half-baked until they have been discussed, negotiated, and
further articulated between the designers and pedagogical experts.

The interdependency of technical and pedagogical development work appears to call
for a closer integration between these two aspects of ITCOLE development.
Although software and interface designing are strongly emphasized in the project
proposal, these tasks cannot succeed without very close interaction with pedagogical
aspect of the project. Therefore, an essential goal for the project is to build bridges
between software or user-interface designers and pedagogical researchers.

A serious risk of the ITCOLE project is that both, software and user-interface
designers, and pedagogical research community, form their own closed community
that only asks formal input from each other, but there do not emerge actual mutual
understanding or reciprocity. Because pedagogical principles are extremely complex
and their application varies from one context to another, the only way of managing
the problem is to create a unified community of both technical and pedagogical
experts.

On the basis of these considerations, we would like to argue that the most important
challenge of the ITCOLE project is to increase intensity of interaction between
technical developers (programmers and user-interface designers) and pedagogical
experts to ensure that the design solutions actually improve quality of learning.
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