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Students accustomed to school tasks that can be solved just by reproducing knowledge or recalling examples from
a textbook are not well prepared for the “ill-structured” problems faced in workplaces or in daily life that involve
more creative, collaborative, and self-directed activities. This research set out to explore a way to construct
collaborative learning environments to meet the changing needs of the real world and engage students to build their
own knowledge and solutions to these ill-structured problems with the ability to apply them to practical
applications. This research was conducted to explore the necessary conditions for collaborative learning
environments to promote practical knowledge building, to develop an approach that incorporates these conditions,
and then implement the proposed approach in a real educational setting with students using their newly gained
knowledge for a real world application.

Three main goals of this research were:

First, to analyze previous studies on learning environments and pedagogical issues related to collaborative
learning environments construction. In particular, the focus was on “practical knowledge” which hasn’t been taught
well in the current education system (Stanley, J. & Williamson, T, 2001). Once the causes for this could be
understood, the conditions necessary to remedy this could be determined. Secondly, to capture the distinct features
of the knowledge building process that could be utilized to create collaborative learning environments that promote
practical knowledge acquisition. Based on this, a method of documentation that promotes practical knowledge
acquisition was created and tested. Third, to support students in acquiring practical knowledge through structured
documentation activities in a collaborative learning environment conducive to implementing the knowledge
building approach. Observation of learning behavior and analysis of the learning artifacts of documentation helped
to clarify the characteristics of the process of practical knowledge acquisition.

“Environment” in an education context was interpreted based on Bronfenbrenner’s ecological system theory. The
definition of “learning environment” was explored and advances in learning environments over time influenced by
the development of learning theories were analyzed. The characteristics of environments conducive to collaborative
learning and potential influence of informational technology were also explored. There are also a number of areas of
concern, three of which are explored focusing on unsolved problems regarding practical knowledge building in
education. Based on this, “Documentation approach” that engages learners in a series of writing activities, was
created. Three experiments were conducted with students involved in documentation activities including “making
knowledge map and dialogue,” “making interpretations of program,” and “making manuals.” Two of the three
experiments were conducted in both off-line and on-line collaborative environments and one was conducted in an
international collaborative environment. The learning activities and learning artifacts were used to analyze both
individual and collaborative learning processes as well as the relation between these two processes. The results of
these experiments demonstrated the effectiveness of the documentation approach in equipping students for better
knowledge building and practical application of the knowledge gained.

EERNT

<Chapter 1 Introduction>
Research purposes, methodologies, and dissertation structure are briefly introduced.

<Chapter 2 Research issues on collaborative learning environment>

In this chapter, basic concepts related to the study of collaborative learning environments are explored, including
case studies regarding the construction of collaborative learning environments with classroom, school, regional, and
international scopes. Based on the literature research and the instructional practice in school education, this part
summarized deficiencies of collaborative learning environments when attempted to be used for practical
applications: first, practical applications are often “exercises” that are often well-structured; secondly, the process of
collaborative learning lacks visibility of the social dynamics of the work leading up to the completion of a task;
third, student-driven learning is often in a pre-planned or unrestricted way.
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<Chapter 3 Documentation approach for knowledge building in collaborative learning environment>

The essential elements of the documentation approach for knowledge building in collaborative learning
environments are analyzed. There is a lack of agreement on the meaning of the term “knowledge building” so this
chapter starts with a literature review of research and practices related to knowledge building. The review concludes
the most important features of knowledge building are “creative knowledge work,” “continuous incorporation of
collaborative and individual learning,” and “student-driven practical activities.” In research by Marlene Scardamalia
and Carl Bereiter, writing activities were proven effective for building knowledge in an educational context.

In order to promote practical knowledge building, this research proposed a “Documentation approach” that
engages students in translating details of knowledge and personal understanding into written texts. To make easily
understandable documentation, students needed to first gain a good understanding of learning contents themselves
by doing extensive reviews and practical application experience. Individual documentation work incorporates ideas
and feedback from other members producing higher quality collaborative documentation that also makes students’
knowledge building processes through all phases of project work visible to teachers while also producing an
extensive record of learning activities. The documentation can be used as a reference of needs and difficulties in
student-driven learning and can be used by teachers to provide support in real time.

<Chapter 4 HyperMirror-mediated collaborative learning environments for documentation using concept
maps and dialogues in foreign language learning>

Considering textbook dialogue exercises aren’t always effective in preparation for real communication with native
speakers, this chapter presents a series of documentation work with students learning a foreign language. It is not
always easy to find native speakers to get adequate practice in the classroom so this study built a collaborative
distance-learning environment for foreign language learners and native speakers. In order to provide a higher sense
of presence with the remote video conferencing system, the environment used in our experiment was based on the
HyperMirror (HM) video conferencing system which displays all participants in a single shared space rather than
the disconnected separate windows of traditional videoconferencing, allowing students to communicate with each
other as if they were standing side by side in the same room.

Japanese honorific expressions were chosen as the learning content due to its importance and difficulty for both
foreign Japanese learners (Chinese students in this study) as well as Japanese native speakers. The Japanese students
and the Chinese students formed virtual teams via the HyperMirror (HM) system and engaged in collaboratively
producing a dialogue set in a Japanese company context in which team members brainstormed necessary roles for
their stories and then acted out the roles. Before and after collaborative dialogue construction and role-play, students
visualized the knowledge structure on Japanese Honorifics expression by drawing knowledge maps. Two separate
coding schemes were used to analyze students’ pre-mapping and post-mapping work and the discussions of
collaborative dialogue making recorded on videotapes.

Experimental results demonstrated the effectiveness of our combination of collaborative language learning and the
HM system with the foreign language learners. Based on analysis of these results, it was concluded that the process
of collaborative documentation of dialogue creation with native speakers played a part in helping foreign language
learners achieve practical application of grammar and vocabulary. The individual documentation of pre and post
knowledge maps provided insight into the learning processes of students. The collaborative documentation of
student-driven dialogue creation to be observed from start to finish. Collaboration with native speakers provided not
only a practical application of the foreign language but also contributed to cross-cultural understanding between
participants. In addition, the HyperMirror system provided learners with an engaging experience of communicating
and interacting with native speakers side by side. Learners indicated they were better prepared for communicating
with Japanese people than their peers who have never spoken with a native Japanese speaker: One student reported
that her experiences in this project were instrumental in deciding to study abroad in an exchange program. Another
student reported that communicating with Japanese students made her realize that outputting knowledge in the
memory is rather difficult, but it is rewarding.

<Chapter 5 Collaborative learning environment for documentation of program commenting in
programming learning>

In this chapter, a series of documentation work was designed to engage students in learning computer
programming for practical application. The experiment was conducted with a class composed of 11 third-year
undergraduate students studying Educational Technology preparing for a course assignment of “developing a
digital textbook for undergraduate students” using HTML, CSS and JavaScript. A collaborative documentation
platform was developed to give students simultaneous access to a shared online program commenting environment




and to support students learning programming. The functions of the documentation platform included a real-time
code-editing interface with simultaneous access and automatic error detection, a shared database of programs
documentation, and the recording of learning experiences, social dynamics and problems encountered. Students
were able to program and do comment work together in real time and to invite others to view, check, and comment
on their files.

Through analysis of the data gathered from students’ personal and collaborative documentation work, insight can
be gained into students’ learning processes. The documentation work leading up to the artifact creation
demonstrated the students’ improvement of their understanding of programming, especially in their collaborative
work. The comparison between different editions showed how collaborative program commenting work could be
useful in improving knowledge building and students’ engagement in knowledge building activities. Collaborative
comment creation helped students develop better understanding of programs. Documentation works collected in
different phases of the learning process revealed individual and collaborative learning processes and allowed them
to be analyzed separately. Continuous support ensured student-driven comment creation work went smoothly.
During their collaborative documentation work, sharing and discussing documentation of program comments
contributed to reciprocal teaching and better understanding. In addition, students' feedback collected from the
questionnaires confirmed data collected from platform: students commented that the platform’s simultaneous
display of coding windows and output windows was helpful for novices.

<Chapter 6 Collaborative learning environment for documentation of HyperMirror system>

In this chapter, a collaborative documentation environment with an authentic context under the partnership with a
secondary school was explored. Students were engaged in a series of individual and collaborative documentation
activities culminating in the production of a beginner-oriented user manual and a set of supplementary documents in
the form of extensive record keeping recording of students’ experiences, discussions, and problems encountered.
The collaborative documentation documents serving as learning process recordings were monitored and tracked
using an online collaborative documentation platform that allowed students to share their work and work together
online in real time.

Analysis of the completion of learning objectives categorized according to Bloom's Taxonomy allowed the
learning process used by students during documentation activities leading up to project completion to be seen. The
collaborative nature helped to expose student learning during the course of the project (whereas a lot of the
supplementary documents created might only exist in students’ minds if the project work was done individually).
By classifying learning objectives for construction and use of the HM system using Bloom’s Taxonomy theory, it is
able to organize data from student-created collaborative documents and analyze the achievement of these learning
objectives during the students’ learning processes. Compiling practical knowledge and experience into
documentation written at an appropriate level for the manual’s target audience helped students develop a better
understanding of principle knowledge of the HM system. Supplementary documentation such as problem notes
highlights support needs for learning difficulties during student-driven learning. The documentation process
revealed comprehension gaps that may have been overlooked by a traditional approach with students’
comprehension only being tested by exercises that could be completed simply by memorizing procedures. Usage of
learning objectives could be used to organize and analyze data collected from the documentation process. The HM
system is very complicated and it may have been difficult if not impossible for a single student to create a usable
manual in such a short period of time, but the group of students in the study worked together, supplemented each
other’s learning and helped to discover and resolve issues without outside intervention.

<Chapter 7 Summary>

This research identified conditions that are necessary for collaborative learning environments to be used for
practical applications of knowledge. Based on this, a “documentation approach” was developed to promote practical
knowledge building and application in collaborative learning environments. Three experimental research projects
were conducted to test this documentation approach. The documentation work proved to be useful in developing a
better understanding of subject matter by requiring students to synthesize practical knowledge into written
explanations that were easily understandable by a target audience besides their teacher while allowing teachers to
visually observe the students’ learning processes through all phases of project work and have a permanent record
that could be referred to later. The research in this study showed positive results using the documentation approach,
but further testing with more students and a greater variety of subjects are necessary in the future.
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