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Abstract We describe the design of a knowledge-building environment and
examine the role of knowledge-building portfolios in characterizing and scaffolding
collaborative inquiry. Our goal is to examine collaborative knowledge building in
the context of exploring the alignment of learning, collaboration, and assessment in
computer forums. The key design principle involved turning over epistemic agency
to students; guided by several knowledge-building principles, they were asked to
identify clusters of computer notes that indicated knowledge-building episodes in
the computer discourse. Three classes of 9th grade students in Hong Kong used
Knowledge Forum in several design conditions. Results showed: (1) Students
working on portfolios guided with knowledge-building principles showed deeper
inquiry and more conceptual understanding than students working on Knowledge
Forum only or producing portfolios with no principles; (2) Students’ knowledge-
building discourse, reflected in portfolio scores, contributed to their domain
understanding; and (3) Knowledge-building portfolios proved useful for assessing
and fostering collective knowledge advances: A portfolio with multiple contribu-
tions from students is a group accomplishment that captures the distributed and
progressive nature of knowledge building. Students extended their collective
understanding by analyzing the discourse, and the portfolio scaffolded the complex
interactions between individual and collective knowledge advancements.
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Students Assessing Their Own Collaborative Knowledge Building

Helping students to engage in collaborative inquiry is now a major educational
goal. Research based on the utilization of asynchronous networked environments
has shown how these environments help students advance understanding and
inquiry, construct knowledge socially, and develop subject-matter knowledge (e.g.,
CoVis Collaboratory Notebook, Edelson, Pea, & Gomez, 1996; CaMile, Guzdial, &
Turns, 2000 ; Knowledge Forum, Bereiter & Scardamalia, 1993). In parallel with
research in asynchronous networked environments, the use of computer discussion
forums at tertiary and various levels of schooling is also increasing in popularity.
Despite much progress, there remain questions regarding the alignment of
assessment, instruction, and curriculum in computer-supported collaborative
learning (CSCL) classrooms, and specifically about the design of assessment
methods to characterize and support learning and collaboration in the classroom
context.

Whereas networked computer discussion is becoming increasingly popular, many
challenges and difficulties exist pertaining to the quality and variability in student
participation (Hewitt, 2003; Lipponen, Rahikainen, Lallimo, & Hakkarainen, 2003).
There are also questions relating to teacher assessment of student learning and
collaboration. Researchers have come to recognize that asking students to interact
and discuss on computer forums does not necessarily lead to high-quality discourse
(Kreijns, Kirschner, & Jochems, 2003). Hence, the questions arise: How can
students best learn about inquiry and collaboration when engaging in computer-
supported discourse? How can classroom assessments characterize and tap into the
theoretical nature of the collaborative process while providing pedagogical support
in scaffolding student understanding? How can we examine the problem of assessing
individual and collective knowledge growth? This study examined the designs and
roles of electronic portfolio assessments in characterizing and fostering knowledge
building in the context of Knowledge Forum (KF), a computer network learning
environment (Scardamalia & Bereiter, 2003).

Knowledge Building as Collective Cognitive Responsibility

The term knowledge building is now used commonly in the CSCL literature. In this
paper, we use the model that defines knowledge building as “the production and
continual improvement of ideas of value to a community.” This definition
emphasizes collective cognitive responsibility (Bereiter, 2002; Scardamalia &
Bereiter, 2003). Similar to the process of scientific and scholarly inquiry, ideas are
viewed as conceptual artifacts that can be examined and improved by means of
public discourse within the knowledge-building community. In knowledge-building
communities members make progress not only in improving their personal
knowledge but also in developing collective knowledge through progressive
discourse (Scardamalia & Bereiter, 2003).

Knowledge building as the conceptual basis of the computer-networked
environment KF comes from decades of cognitive research on intentional learning
(Bereiter & Scardamalia, 1989), processes of expertise (Bereiter & Scardamalia,
1993), and restructuring schools as knowledge-building communities (Scardamalia
& Bereiter, 1994). With the emergence of the knowledge society, Bereiter (2002)
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critiqued the emphasis on the mind as a container and postulated a new model of
the mind that views knowledge as a conceptual artifact that can be improved
through collective work. Scardamalia and Bereiter (2003) argued that the goals of
schooling need to go beyond the acculturation of knowledge and skills. Similar to
research communities, schools in the 21st century are to focus on improving ideas,
originating new thoughts, and advancing communal knowledge. Knowledge building
is described as a third metaphor of learning that focuses on knowledge creation
(Paavola, Lipponen, & Hakkarainen, 2004) in addition to the more common views
of learning as “knowledge acquisition” and “participation” (Sfard, 1998).

The knowledge building model is now being used extensively in schools as well as
workplaces and organizations with a focus on knowledge work. It also contributes to
the conceptual basis for the development of computer-supported collaborative
learning. In particular, CSILE, now called Knowledge Forum, designed in the 1980s,
was one of the forerunners of computer-networked environments. Over the past two
decades, much research has been devoted to the design of KF and how to use it to
support working with knowledge (Scardamalia, Bereiter, McLean, Swallow, &
Woodruff, 1989; Scardamalia & Bereiter, 1994). A KF database is entirely created
by students. Using networked computers, a number of users can simultaneously
create notes (text or graphics) to add to the database, search existing notes,
comment on other students’ notes, or organize notes into more complex structures.
The communal database serves as an objectification of the community’s advancing
knowledge.

Features of KF are designed to help students reframe and advance ideas. For
example, when writing a note in KF, students can add other notes as references,
thereby creating an integrated web of notes (ideas) as their work proceeds. The
visual linkages between ideas provide an important image for students, reflecting the
interconnected and dialogical nature of knowledge that underpins the knowledge
building perspective. Scaffolds or sentence starters such as ‘My Theory’ and ‘I
Need to Understand’ are meta-cognitive prompts that can also be used to make the
communicative intent of the information clear. For example, the scaffold ‘My
Theory’ is intended to indicate that the information presented in the note is
conjectural, and that it should be subjected to critique, testing, and application.

Whereas many advances have been made in research on knowledge building and
KF (see review, Paavola et al., 2004; Scardamalia & Bereiter, 2003; Scardamalia,
Bereiter, & Lamon, 1994; van Aalst, in press), some important questions remain to
be addressed: How can knowledge building be recognized, identified, and assessed?
A major question about knowledge building pertains to characterizing and fostering
collective knowledge advances and examining the complex interactions between
individual and group understanding. Various approaches and techniques have been
used by researchers in assessing knowledge building using quantitative tools,
including the Analytic Toolkit (Burtis, 1998), social network analyses (e.g., Palonen
& Hakkarainen, 2000), and qualitative discourse analyses involving notions such as
progressive inquiry (Hakkarainen, Lipponen, & Jdrveld, 2002), problem-centered
knowledge (Oshima, Scardamalia, & Bereiter, 1996) and knowledge-building
principles (Scardamalia, 2002) to examine knowledge advances. Our own research
efforts, over the past years, as described in this paper, have been directed at
designing and examining student assessments using electronic portfolios to
characterize the collective and progressive nature of knowledge building while
helping students to learn about collaborative inquiry.
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Learning, Assessment, and Collaboration

A major thrust of CSCL studies consists of quantitative and qualitative analysis of
collaborative processes, and evaluation and assessment of systems and designs (e.g.,
Dillenbourg, Eurelings, & Hakkarainen, 2001; Koschmann, Hall, & Miyake, 2002;
Stahl, 2002). Much less attention has been given to formative, embedded, and
transformative aspects of assessment in collaborative inquiry, that is, how assessment
can be used to scaffold students’ collaborative inquiry and understanding. Analyses
of computer discourse in computer networked environments and forums are
common. Current approaches focus on researcher designed tools and analyses, but
few are designed to provide scaffolds or to foster agency for students in CSCL
classrooms. Despite the popularity of forums and networks, investigators have come
to the realization that putting students together does not mean they will engage in
collaborative inquiry and deep discourse (Kreijns et al., 2003). Problems exist with
low and variable participation rates and quality of discourse. In the following, we
examine several issues regarding the alignment of learning, assessment, and
collaboration.

Assessment of Learning and Assessment for Learning

There have now been major changes in the views of learning and instruction, and
current views propose that assessment play the dual roles of scaffolding learning and
measuring it (Black & Dylan, 1998; Gipps, 2002; Shepard, 2000). Assessments need
to be designed that are part of the instructional processes that align assessment with
learning. The scaffolding aspect of assessment, sometimes called assessment for
learning, involves designing assessments in ways that foster learning. Despite major
shifts in assessment reforms, little work has been conducted in aligning learning,
assessment, and collaboration in CSCL settings. Chan and van Aalst (2004) and
Reeve (2000) have argued that even though high-level goals are professed in
computer-based instruction, superficial knowledge is often emphasized in assess-
ment. Students need to be given agency to assess their own and community
knowledge advances. Assessment should be designed as a tool that both measures
and fosters deeper inquiry and collaboration.

Assessment of Individual and Collective Aspects of Learning

CSCL approaches are primarily informed by learning theories that emphasize social,
distributed, and collective nature of learning (Brown, Collins, & Duguid, 1989; Lave
& Wenger, 1991; Salomon, 1993; Sfard, 1998). Collaboration is valued in a wide
range of social constructivist learning approaches, and there has been much research
progress on collaboration (Koschmann et al, 2002; Stahl, 2004). On the other hand,
learning is nearly always evaluated at the level of individual learning outcomes in
assessing the effectiveness of systems and designs (e.g., Dillenbourg et al., 2001). For
example, Scardamalia et al. (1994) emphasized a public knowledge building
discourse. Yet they provided only assessments such as reading levels and depth of
explanation at the individual differences level. This choice is problematic because
when a theory is contributed to the public discourse and the community works on it,
the theory no longer belongs just to the student who contributed it. It belongs to all
in the community who worked on it. A major challenge in CSCL is to examine the
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relation between individual and social aspects of learning; we need to examine the
notion of collective knowledge in theorizing knowledge building. Students’
individual learning attainments are important; however, there is a need to examine
how we can assess collective aspects of knowledge advances.

Assessment of Content and Process

Constructivist epistemology says that knowledge is constructed. If we want to
prepare students for future learning—with less dependence on a teacher—we need
to teach them to execute, monitor, and regulate the knowledge construction process.
This would suggest that we must value not only what academic content is learned,
but also how students achieve the learning. In higher education, there may be
emphasis on constructivist teaching and learning using asynchronous networked
environments, but when assessment is carried out, primarily discrete knowledge and
skills are considered (Reeve, 2000). Even in more sophisticated environments
involving peer learning, when group process is assessed, the assessment tends to
focus on superficial features, such as whether students are contributing “equally” to
the group work. We submit that assessment should tap both the collaborative
process and knowledge products.

Assessment of Knowledge Building and Portfolios

This study aims to examine the roles of student-directed portfolio assessment in
characterizing and scaffolding collaboration and understanding. In the CSCL
literature, there are several examples of student-directed assessment: self and
peer-assessment in the SMART Environment (Vye et al., 1998), reflective thinking
in Thinker Tools (White, Shimoda, & Fredericksen, 1999), and project learning
(Barron et al., 1998). In our ongoing design research program, we are developing an
innovative design using student-directed portfolio assessments to characterize and
foster knowledge building. We asked students to prepare portfolio notes in KF. They
selected exemplary notes from the computer discourse (similar to selection of best
items for portfolios) and wrote a statement (reflection) explaining why they thought
these were their best notes in evidence of knowledge building. To help them with
the selection, they were provided with a set of knowledge building principles as
criteria. Specifically, a portfolio note included hyper-links to other computer notes
providing evidence for the principles. A reader can follow the hyperlinks and move
back and forth between the explanation and the referenced notes.

Currently, a major theme of CSCL research focuses on examining collaboration;
analyses of group interactions are central for investigating student collaboration and
sense making. Our own efforts, in the past few years, focus on developing this design
called portfolios to capture the nature of collective knowledge advances. A portfolio
note is a record of knowledge building events made by students themselves to
capture the high-points and trajectories of collaboration in the community. A
portfolio is a group accomplishment with multiple contributions from students—it
shows that knowledge is distributed and it emerges through collective inquiry. The
principles and portfolio reflections are designed to mediate the interactions of
individual and group understanding. Whereas portfolios commonly refer to an
individual’s best work, we pioneered the notion of knowledge building portfolios for
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which students are asked to identify collective knowledge advances documenting the
community’s best work and progress.

In our initial work, we designed the use of knowledge-building principles and
electronic portfolios for assessment in a graduate class (van Aalst & Chan, 2001).
The portfolios were refined in a Grade 12 classroom using communal portfolios
(Chan & van Aalst, 2003). To examine the portfolio design, we have collected other
sources of data. We also examined individual knowledge advances reflected in the
computer notes as related to the notion of depth of explanation (Hakkarainen et al.,
2002). Students’ participation in database usage (e.g., notes read, written, linked,
keywords) were assessed using server-log data with a program called the Analytic
Toolkit developed by the Knowledge-Building Team (Burtis, 1998). Some of the
database usage indices such as notes linked and keywords used are measures
demonstrating collaborative work. Across different studies, we have found that
portfolio scores were correlated with participation and conceptual understanding
(Chan & van Aalst, 2003). For example, student portfolio scores were significantly
correlated with database usage (r=.72, p<.05) in the graduate course. They were
also correlated with database usage (r=.62, p<.05) and conceptual understanding
(r=.62, p<.05) in the Grade 12 study. Such results are further replicated in another
KF classroom using science as the domain (see van Aalst & Chan, under review).

The present paper continues this line of inquiry addressing the problem of
assessing individual and collective knowledge advances in evaluating and fostering
collective knowledge building. Earlier studies showed correlation scores; there is a
need to conduct further studies to examine the roles of the knowledge-building
principles and portfolios. There are several refinements in our design: First, the
earlier studies were conducted with graduate students and Grade 12 students in
small classes. We want to examine, here, whether electronic portfolios can be
extended to younger students in larger classes, thus exploring its value as a teacher
assessment approach. Second, earlier, we used four knowledge building principles
for note selection; we now extend the set of knowledge building principles and we
emphasize their use as scaffolds for student note writing as well as note selection. In
particular, we ask students to write an essay on the basis of the portfolios thus
investigating the relations between collaborative processes and knowledge products.
Third, our earlier studies included several components in the learning environment,
and portfolio assessment was only one of them. Although it is typical of studies in
technologically rich classrooms, the roles of knowledge-building principles and
portfolios have not been specifically examined. In particular, it is not clear whether
it is the portfolio task itself or the task augmented with the use of knowledge
building principles that brought about the positive effects. This paper describes our
refined design for knowledge-building portfolios. We also specifically examine
several classrooms using KF only, KF with portfolios, and KF with portfolios guided
by knowledge-building principles. While we recognize the complexity of classroom
conditions, the comparison may help to illuminate the roles of knowledge building
principles and portfolios.

In sum, the goal of the study was to design and examine a knowledge building
environment using portfolio assessments for characterizing and assessing collabora-
tion and conceptual understanding. There were several objectives: (1) To examine
whether students using portfolio assessments with knowledge building principles
showed more participation, deeper inquiry and conceptual understanding compared
to their counterparts. (2) To examine different ways to assess knowledge building
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and investigate whether knowledge building inquiry and discourse contributed to
students’ conceptual understanding. (3) To examine how knowledge building
principles and portfolios characterize and scaffold collective knowledge advances.

Method and Design
Research Design

This study is part of our ongoing design research program (see Brown, 1992; Collins,
Joseph, & Bielaczyc, 2004) that examines the theory and design of knowledge-
building portfolios for addressing problems of assessment in CSCL. According to
Collins et al. (2004), design research is formative and it is conducted to test and
refine educational designs based on theoretical principles. A major characteristic of
design experiment involves progressive refinement with iterative cycles in refining
the design. As noted above, we have examined the design of the knowledge-building
portfolios in a graduate course as well as in two other Grade 12 classes in geography
and chemistry in Hong Kong (van Aalst & Chan, under review). This study can be
considered a further iteration in our design research program that examines the
roles of knowledge-building principles with a younger group of students. Although
this study on its own may be presented as a design study with an emphasis on
developing an innovative assessment pedagogy, we think it is important to stay close
to the characteristics of design research that involve iterative cycles and refinement
of designs over time.

This study is presented as an instructional experiment using a quasi-experimental
design in classroom settings. Instructional experiments are commonly employed in
research of learning sciences for testing theories. In this particular study, we sought
to examine the theoretical perspective of how knowledge building principles and
portfolios might characterize and scaffold collective knowledge building and domain
understanding. We propose that it is useful to employ different methodologies in
CSCL research—as it is difficult to allocate students randomly to different
conditions, we have employed a quasi-experimental approach typically used for
classroom research with instructional interventions. We propose that an instruc-
tional experiment with extensive qualitative analyses will be a useful approach to
address the research questions.

Participants

The participants were 119 students studying in four grade-nine Geography classes in
a regular high school in Hong Kong, taught by the same teacher. Three of the
classes were engaged in knowledge building using KF with different conditions. The
fourth was a comparison class that was not using KF; students in this class were
required to submit a paper and pencil portfolio. The students at this school had high
average abilities; they studied from English textbooks, and wrote in English in KF.
Students were taught by an experienced geography teacher with over 12 years of
teaching experience; he also had several years of experience using knowledge
building pedagogy and KF. This study involves close collaboration between
researchers and teachers—the teacher’s expertise in knowledge building plays
important roles in designing the study.
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The Classroom Setting

KF was implemented in the geography curriculum in the second semester of the
year for several months (Feb—June). The teacher integrated knowledge building
pedagogy with the school curriculum; a number of curriculum units were taught
including “Ocean in Trouble,” “Rich and Poor,” and “Saving our Rainforests.”
There are some differences with the implementation of knowledge building and KF
in Asian classrooms compared to Canadian classrooms. Typically, Asian students
need to do homework after school and knowledge building work was conducted
after school hours similar to that in tertiary settings. Teachers conducted lectures/
class discussions during school hours and students were asked to deepen their
understanding of the course materials on KF after school, and problems emerging in
the computer discourse were discussed in class. All three classes using KF worked
on KF discussion after school. Students in the comparison class also worked after
school to control for time exposure to course materials; they needed to submit a
paper-and-pencil portfolio. In this paper and pencil portfolio, the students were
required to include concept maps that consisted of both individually and
collaboratively constructed maps and a group project on the study of a country
related to the key question. In addition, the students needed to write explanatory
notes about the entry items.

Design of the Learning Environment

The course was organized and informed by knowledge-building pedagogy: Students
worked on KF as they generated questions, posed alternative theories and
hypotheses, brought in new information, considered different students’ views, and
reconstructed their understandings. We augmented KF with our design on
knowledge-building portfolio assessments. We describe the design of the knowl-
edge-building environment as follows:

Developing a Collaborative Classroom Culture

Before the implementation of KF, students were provided with learning ex-
periences acculturating them into the practices of collaborative learning. Such
learning experiences are particularly important for Asian students who are
generally more familiar with the didactic mode of teaching. Several group learning
activities were included, for example, jigsaw learning and collaborative concept

mapping.
Developing Knowledge-Building Inquiry on Knowledge Forum

Knowledge Forum was formally implemented in the three classes in early February.
The teacher constructed the “Welcome View” with different topics for discussion and
a view on assessment (except for the KF only class). Specifically, the Welcome View
was called “World Problems & How to look after the World?” which constituted the
key problem (topic question) of the year. Three sub views were included, namely,
“Rich & Poor,” “World Ocean,” and “Tropical Rainforest.” The key question was
used as a thread throughout the course to link all the subtopics of the school

&) Springer

308

309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326

327

328
329
330
331
332
333

337
338
339
340

341

342
343
344
345
346
347
348



Computer Supported Learning (2006)

curriculum (Fig. 1). KF was designed to promote knowledge building while aligning
the topics with the school curriculum.

The teacher also designed the curriculum incorporating notions of ‘majoring” and
‘specialization’ related to the idea of the jigsaw approach in fostering communities
of learners (Brown & Campione, 1994). For the first two months, students were
divided into three groups assigned to majoring in one of the three topics. They were
experts of a particular view (question) and they pooled together their understanding
in addressing the final question—*How to look after the world?” In designing the
views, the teacher wrote an introduction to explain purposes of each particular view.
In doing that, the teacher attempted to integrate classroom learning with KF work.
As with other knowledge-building classrooms, students posed questions and
problems; made conjectures, examined different explanations, and revised their
‘theories’ as they examined each others’ KF notes.

Deepening Knowledge Building Discourse and View Management

As the number of notes proliferated with time, the teacher worked with students
and identified several sub themes, note clusters, and questions that need further
inquiry. Clusters of notes were moved into newly created views, such as
“Ecosystem,” “Money is the solution?” and “Wealth Gap.” At other times,
responses that may include questions or answers to certain questions were selected
from the database and then presented by the teacher to foster discussion among
students in class. Very often these responses were related to the lesson for the day.

Welcome View World Problems: Jigsaw Learning
Design B

Imﬂﬂmmlﬂlﬂ!‘wﬂlﬂﬂlﬁl

Topics for discussion Thr‘ee Sub 'VieWS

an Curriculum Design: World Problems & How to look after the worid%

Do More Developed Countries Let's descuss about the

i have less problems than the
Surpassing Ourself Lose Dovioped Countios? ;’r%’c;; 5.?;" Forest (TRF)

Gl

g(}. Tropical Rainforest (No. 30-45)
u A Rich & Poor (No. 1-14)

E ' Rise Above Note.

[ il oaming Porioio
[ ierioiocanes

= oy u B. World Ocean (No.15-29)
. < Let's descuss about the ocean

on our planet =

Portfolio
Assessment

| Soeiobin | Niepmeordy | Peobiew | 6 [ o tene =]

Fig. 1 The design of curriculum and assessment views in Knowledge Forum
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This type of activity, which aligns the online discussion and daily classroom
teaching, scaffolds knowledge building discourse. These different activities were
conducted in all three classes.

Knowledge Building Assessment using Portfolios

After the introduction of KF and some initial work, there were differences in the
design across classes. Whereas students in the “KF” class continued to engage in
computer forum discussions, students in the “KF with portfolios” class were asked
to produce an electronic portfolio consisting of the four best clusters of notes in
the computer discourse with explanations for the selection. Students in the “KF
with portfolios and principles” were provided with additional scaffolds in portfolio
instruction: They were provided with a set of knowledge-building principles to
help them with note writing and note selection and were asked to explain how
the selected notes illustrate the principles.

As part of their course assessment, students upload their portfolio notes in the
KF database in the “Assessment View” (see Fig. 1). The portfolio note is a ‘rise-
above’ note that makes reference to other notes in the database as well as the
explanation for the discourse (Fig. 2). Students also had views wherein they worked
on constructing the portfolio notes. In the literature on assessment, portfolio usually
refers to students’ records and reflections on their best learning experiences
supported by artifacts and evidence (Wolf, Bixby, Glenn, & Gardner, 1991). In

Portfolio note

T Thawma of e Dissusaion. The polltuion of the Oceans can be recovered? |

This rise-above note is posted by C"l.mq\\rmﬁﬂuwa . Actually, He Lms dlnd} doue very good in stmunarising the
notes with a simple way. Let us know more clearly. But | wonld like to stmmnarise those notes again and with mere detail
1 don't mean that the jote posted by ClamzWai is not good!

Myiisipestation In this rise-above note, ClinngWai stumnarize the notes posted by LikHon. KwanLok. Tan and ClnnYin
They are all talking about the polntion of the ocean. This discussion is started from the note psted by Jonathan
Wicrathon [ - He wanted to kuow that if the ocean is polhied. will it recover afler mmry vears? Cluug™Wai dich'l mention
ShekLim note. bt T think it is iuportant. ShekLan believed fhint the Ocean which had polluted need a long time to recover
or can't be recovered o the onginal. It depends on the sciousness Gauyed. ClimgWai thought that the ocean polluted
by the inerenry is mmch more seions than the oil spill becanse the merMuy is toxic Soyogusd . There maybe large
ot of marine aninals died within a shor penod of tine, Claung™Waiave mentioned & example of the polition of the
Qcean i Spain for us 10 ol & ouwgws§ - E9T005 ClungW i said Ut a shipwreck broke i Spain has destroyed the
ocean totally, By ustug a long tine 1o do the ranedial work, the Ocean stiffjcan't recover. This also affect the habitat of
thie marme ananals, | KwanLok dido't think that the Ocean can recover to the onginal atter polinted k@ S0 we
better prevent the pnlhmml ocenr then do the ranedial work: after the Oceanfiad polhrted. Tan mentiogdd 2 method te
recover the Ceems wiach polluted by ofl spill. Tlos method i nsing the claljcal to make the oil sigh 1o the bottom of
the Ocean i /| Qe 8. But Clnur¥m thought that is a poor methods. He sall. ""even the ol sugll it will still remai on
ihe sea bed and it willl fake thonsand of years to be decomposed, 1 think these Fiensible deceit becase
when people are deing activities swch as dreging harbowr, the oil on the sea bedWill be stir upfean :udjl will take a Iont
time in order to have sedanentation again” &
methad to recover the polhition. If the chemical can deca
recoverng the Ocem, ','

Conchsten. How long should the Ocemis nsed to m:mens depended on the eV : L
very sericns (Bameles st zome mibbizh ou the 2ea Z it's ouly take a shont period of tie. I the pollution i serions
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Fig. 2 An illustration of a portfolio note with scaffolds and references
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this study, knowledge building portfolios refer to students’ records and reflections
on individual and community knowledge advances supported with evidence from
the discourse guided by the knowledge-building principles.

Table 1 shows the instruction for the knowledge-building portfolio assessments.
When working on the portfolio, students had to revisit the database and to look for
note clusters which best demonstrate the knowledge-building principles. In
examining the online contribution, students were engaged in a process of analyzing
ideas and concepts contributed by classmates embedded in the discourse; there were
also personal and collaborative knowledge reconstructions of understanding.

Current research on knowledge building includes a set of twelve principles
aimed at elucidating the process and dynamics of knowledge building (Scardamalia,

Table 1 Teacher guidelines on knowledge-building principles and portfolios

Guidelines for knowledge-building portfolios

* You have to select FOUR best notes. One note may be defined as a cluster/group of notes. You
need to use the “References” or “Note Reader” functions to complete the task. Use the
scaffolds provided to write notes and when doing the portfolio.

*  You need to write a summary for EACH note selected. The summary note should explain the
reasons for choosing that particular cluster of notes. You need to organize the notes in a way
that will help the readers to understand your work better. For example, you may give a theme of
the selected note and state which principle(s) may be recognized in the note.

+ Follow the five principles of note writing and note selection given below.

Principle One: Working at the cutting edge

o Identify knowledge gaps, inconsistencies and ask productive questions

o Pose problems that extend the edge of the understanding of the community

o Pose problems with potential for continual discussion and inquiry

Principle Two: Progressive problem solving

o Show continual efforts to grapple with problems posed by classmates

o Pose notes that aimed at addressing the original problems and questions arising from them

o Show sustained inquiry: Identify the problem, solve the problem and keep asking questions

o Reinvest efforts to keep solving new problems and improving ideas

Principle Three: Collaborative effort

o Use various Knowledge Forum functions such as ‘references’ and ‘rise-above’ to make
knowledge accessible

o Summarize different ideas and viewpoints and put them together as a better theory

o Help classmates to extend and improve their understanding

o Encourage classmates to write notes that follow the other principles

Principle Four: Monitoring own understanding

o Explain what you did not know and what you have learned

o Recognize discrepancies and misconceptions and new insights; trace your own paths of
understanding

o Show your new ways of looking at questions, ideas, and issues after examining other Knowledge
Forum notes

Principle Five: Constructive uses of authoritative sources

o Useinformation from different sources (e.g., Internet, newspapers) to support, explain, and refute
ideas

o Bring together classroom learning, information from different sources and Knowledge Forum
notes

o Provide contrasting or conflicting information to what is printed in the textbook/newspapers
and/or critique information as presented
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2002). As the system is rather complex, we have developed a smaller set designed
for use as pedagogical and assessment tools highlighting several key facets of
knowledge building (van Aalst & Chan, 2001; Chan & van Aalst, 2003). The
principles we used are conceptually related to Scardamalia’s knowledge building
principles but they are more accessible to middle-school students. The description of
the pedagogical knowledge building principles is as follows:

(1) Working at the cutting edge. This principle is based on the idea that a scholarly
community works to advance its collective knowledge. For example, scientists
do not work on problems of personal interest only, but on problems that can
contribute something new to a field. The problem may emerge from conflicting
models, theories, and findings that require further explanation. Similar to the
principle of “epistemic agency” (Scardamalia, 2002), this principle focuses on
the importance of students charting their own knowledge advances. Some
indicators in the discourse may help to show if students appreciate this aspect
of a scholarly discourse. First, they must become familiar with previous work
on the topic (i.e., some awareness of what the community has found out about
the topic) as they frame problems of understanding. Second, the problems
students formulate have become the community’s problem. For example, there
is evidence that the class has taken up the problems to some extent so there is
community interest in the problem.

(2) Progressive problem solving. The basic idea of this principle is that when an
expert understands a problem at one level, he or she reinvests learning resources
into new learning (Bereiter & Scardamalia, 1993). In a scholarly community, we
often find one study raises new questions that are explored in follow-up
studies. The notion of progressive problem solving is analogous to the principle
of “improvable ideas” focusing on progressive inquiry and refinement
(Scardamalia, 2002). Indicators of progressive problem solving in the computer
discourse would include instances when students have solved certain problems
but then reinvest their efforts in formulating and inquiring other problems for
deeper understanding. Often students document the history of the problem
and mark the progress of the idea.

(3) Collaborative effort. This principle focuses on the importance of working on
shared goals and values in developing “community knowledge” (Scardamalia,
2002). Collaborative effort is central to computer-supported collaborative
learning but may have different manifestations. At more superficial levels,
collaborative effort can be manifested as students writing notes in response to
other notes. At higher levels, students are aware that knowledge construction is
only possible because students can examine a problem from multiple perspec-
tives; they may index their notes in better ways for retrieval, or contribute notes
with new lines of thoughts so others can develop the ideas further. At more
sophisticated levels, students contribute notes that integrate different notes and
perspectives, for example, summarizing what has been learned about a problem
and describing what still remains to be discussed or investigated. Collaborative
effort is more than responding to each others’ notes; it is about building up
community knowledge.

(4) Monitoring own knowledge. This principle is based on the idea that
metacognitive understanding is required for knowledge building. Specifically,
it requires students to have insights into their own and the community’s
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knowledge advancement processes. Monitoring own knowledge is similar to
progressive problem solving in that it documents the history of ideas or
problems—but now the focus is placed on metacognitive processes. The idea of
metacognition is related to the principle of “rise above” (Scardamalia, 2002) in
which students move to higher levels of understanding. The indicator of this
principle may include students identifying “high-points” of their own
understanding. For example, can students identify events that help them
understand something differently? What is some “Aha” experience that can
help them ‘rise above’ to see things from other perspectives?

(5) Constructive uses of authoritative sources. This pedagogical principle is drawn
directly from Scardamalia’s set of principles (2002). It focuses on the
importance of keeping in touch with the present state and growing edge of
knowledge in the field. Whereas it is commonplace for students to refer to
Internet or websites, we emphasize the constructive and evaluative uses of
resources in scientific inquiry; students need to make reference to others’
knowledge, build on this knowledge as well as critique authoritative sources of
information. Some indicators in the computer discourse would include students
identifying inconsistencies and gaps in knowledge sources and using resources
effectively for extending communal understanding.

These principles involve both social and individual aspects of knowledge building.
For example, working at the cutting edge requires that students individually identify
gaps in their understanding, but it also requires a social responsibility to raise
problems that have not yet been solved by the community. In collaborative efforts,
students individually do their best to learn the information they encounter, but they
also have a responsibility to share what they know where it is needed for the com-
munity to make progress. This set of pedagogical principles are still complex but we
have developed guidelines and provided examples to help students use them in as-
sessing their computer discourse. We have adapted the guidelines from earlier studies
with high-school students, so they could be more accessible to middle-school students.

Data Sources
Analytic Toolkit and Database Usage

The Analytic Toolkit (ATK, Burtis, 1998) provides an overview of student par-
ticipation using information on database usage. Several quantitative indices include:
(a) notes created, (b) notes read, (c) scaffold uses—scaffolds are thinking prompts,
e.g., “My Theory,” “I need to understand,” to guide writing and collaboration,
(d) note revision—revision is an important meta-cognitive process; (¢) Percentage of
notes linked, and (f) Percentage of keywords—keywords can help others to search
the notes in the database. Some of these indices such as number of notes linked, read,
and keywords reflect certain kinds of group processes in database usage.

Depth of Inquiry and Depth of Explanation

Computer notes consisting of student responses and questions were examined
for assessing individual inquiry, based on earlier research on problem-centred
inquiry (Chan, 2001; Chan, Burtis, & Bereiter, 1997) and depth of explanation
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Table 2 The rating scheme for depth of inquiry

Rating  Description

1 Questions on definitions and simple clarification
Questions asking for factual, topical and general information
3 Questions identifying specific gaps and asking for open-ended responses and different
viewpoints
4 Explanation-based questions—Focus on problems not topics; identifies sources of

inconsistencies; generates conjectures and possible explanations

(Hakkarainen et al., 2002). Students’ questions were coded on a 4-point scale for
depth of inquiry (Table 2), and students’ responses were coded on a 7-point scale to
distinguish the levels of depth of explanation (Table 3). These scales were
constructed following principles and procedures used in protocol analyses (e.g.,
Chi, 1997) involving an interactive process of top—-down and bottom—up approaches.
Primarily, the researchers use some conceptual frameworks to inform them, and
through examining the responses, categories and continuums are generated to
capture different processes and patterns emerging from the data Construction
validation are usually used to examine the relations between these generated
measures and other variables. Both scales of inquiry and explanations were
constructed as a continuum consisting of simple descriptive responses to complex
explanatory responses. All the students’ responses and questions were scored by the
first author and a second rater independently scored 30% of the sample. The inter-
rater reliability of depth of inquiry and depth of explanation were .78 and .83
respectively based on Pearson Correlation.

Knowledge-Building Portfolios

Students were asked to prepare a portfolio of four clusters of notes in which they
provided evidence for knowledge-building principles (i.e., working at the cutting
edge, progressive problem solving, collaborative effort, monitoring own knowledge,
constructive uses of resources). In their selection, students needed to include their
own notes as well as others’ notes from the database. Students were also required to
write an explanatory statement for each cluster on why these notes best
demonstrated evidence of knowledge building. Portfolios were coded on both

Table 3 The rating scheme for depth of explanation

Rating Description

1 Give opinion without evidence or elaboration; repeat or simply restate a fact or a
statement that has been made

2 Give factual information and general description; responses are usually centered

on facts and topics; ‘cut and paste; is used rather than making own interpretations

3 Give responses and make inferences supported with some relevant information

4 Make assertions supported with explanation, evidence and relevant examples

5 Refocus discussion or highlight key conceptual issues for further inquiry; bring out
other aspects of issues for discussion

6 Recognize high points in discourse; metacognitive, show personal reflection

7 Synthesize different points of views and make a ‘rise-above’ summary
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Table 4 The rating scheme for portfolios

Rating  Descriptors and Indices

1 + Identify the theme of a cluster
* Make very brief or no description of the cluster
2 » Make brief analysis with little conclusion

» Make general statement without referencing to others’ notes
+ Give superficial interpretation of notes with own judgment
» Give personal views with limited referencing to the note clusters
3 » Provide a very brief description of the discussion
+ Indicate agreement or disagreement to the discussion without much explanation
+ Attempt to weigh the relevance of an argument but fail to incorporate relevant aspects
» Make some interpretation but fail to make reference to the relevant notes selected
4 « Provide a brief description of the discourse with shallow personal elaboration or
evaluation
» Identify different strands of discussion but with very brief description
» Attempt to reinterpret and understand the note content
+ Attempt to provide a brief comment on the discussion
* Draw relevant conclusions
* Make good selection of notes as related to curiosity and inquiry
» Show personal reflection and identify high points with elaboration
5 » Provide a detailed description of the discourse
+ Identify groups of ideas and classify arguments within a discourse
+ Construct explanations showing reflection
» Build in own interpretation when analyzing the discourse
+ Deduce the logic of an argument in a discussion thread
» Evaluate the quality of notes; draw relevant and appropriate conclusions
6 + Identify the key question and critical turning points
+ Identify misconception/knowledge gaps in the discourse
» Articulate the growth of ideas (agreement, disagreement, and alternative solutions) in
the discussion thread identified
* Add own interpretation while articulating the growth of ideas
» Evaluate the applicability of a solution generated for the questions
» Summarize and synthesize the diverse ideas/arguments in the discourse
» Demonstrate the interaction between community knowledge and individual knowledge
+  Draw conclusions that contribute to personal and collective knowledge advancement

explanation and evidence of knowledge building based on selected notes using a 6-
point scale (Table 4). All the students’ portfolios were scored by the first author, and
a second rater independently scored 30% of the portfolios. The inter-rater reliability
was .88 based on Pearson Correlation.

Conceptual Understanding

To assess students’ conceptual understandings of the domain in question, students in
all classrooms were administered the following writing task: “We have been exploring
three major world problems, namely ‘Rich and Poor,” ‘Ocean in Trouble,” and
‘Deforestation.” In about 300 words, express your view on the following question:
Who and how should we look after the World?” Students’ responses to the writing
task were coded using rubrics and schemes regularly used in the school for writing
(Table 5). All the students’ essays were scored by the first author and a second rater
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Table 5 The rating scheme for the writing task

Descriptors

» Discussion based on at least two out of the three world problems

» Able to highlight some of the causes of the world problems

» Clear standpoints on ways of solving the world problems, i.e., co-operation or individual country
work

» Realize the importance of citizen’s role

+ Suggest relevant solutions, such as international cooperation, for the problems

» Evaluate the difficulties of implementing the suggested solutions

« Argument supported with relevant examples

» Credits will be awarded for quoting local examples

independently scored 30% of the essays. The inter-rater reliability was .88 based on
Pearson Correlation.

Results

This study was conducted in a classroom setting and therefore it is not possible to
allocate students randomly to different conditions. As noted above, a quasi-
experimental design was employed. In the study, students were working collabora-
tively on the computer discussion, hence there are also possible problems with the
lack of independence of the measures. To correct for different sources of possible
errors, we have set the alpha level at a more stringent level (.01) for significant
differences in statistical analyses.

Class Differences on Participation, Inquiry, and Conceptual Understanding
Participation and Collaboration Shown on Database Usage

We first examined students’ overall participation and collaboration based on
database usage in KF. The general descriptive picture from Analytic Toolkit
(ATK) indicated a substantial usage of the databases: There were totals of 661, 302,
and 1090 written notes respectively, contributed by the three classes (KF, KF with
portfolio, and KF with portfolio and principles). The average numbers of notes
written were 17.4, 8.4, and 28.7 for the three classes respectively in the semester.

To simplify the presentation, the Analytic Toolkit indices were combined using
factor analysis. Two factors were obtained, Factor One called ATK Knowledge
Building Inquiry Index (i.e., notes created, notes read, scaffold uses, note revision)
explained 42.6% of the variance, and Factor II called ATK Knowledge Building
Visual Organization Index (keyword use, notes linked) explained 10.1% of the
variance.

To examine differences across the three classes, MANCOVA was conducted on
the database participation indices (ATK), frequency and quality of responses, and
depth of inquiry and explanations, controlling for differences in academic achieve-
ment (Hong Kong Attainment Test scores). Overall MANCOVA results showed
significant differences across class, F(14,202) =5.82, p< .001,112 =.29. Univariate
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analyses on database usage in KF showed significant differences for ATK Inquiry
across classes, F(2, 107)=7.96, p < .001,1]2: .13. Paired-comparisons indicated that
the KF class with portfolio and principles as well as the KF class with portfolio had
higher ATK Inquiry scores than the KF class. There were no significant differences
for the Visual Organization index across classes (Table 6).

Depth of Inquiry and Depth of Explanation

The entire set of computer notes including questions and responses were scored
using the two rating scales developed based on previous research on knowledge
building (Chan et al., 1997; Hakkarainen et al., 2002) (see Tables 2 & 3). We ex-
amined differences on frequency and quality of questions across classes (see Table 6).
MANCOVA showed significant differences (see above) and univariate analyses
indicated significant differences on total number of questions, F(2, 107)=13.18,
p<.001,m?>=.20, and total number of high-level questions, F(2, 107)=16.18,
p <.001,7m*=.23. Paired-comparison analyses showed that the KF class with portfolio
and principles had significantly higher mean scores than both the KF and the KF
portfolio classes (see Table 6).

In addition, an overall weighted score called Depth of Inquiry was computed
based on both quality and frequency of questions. For example, a student writing six
questions (one question at level 2, three questions at level 3, and two questions at
level 4) was given an overall weighted score of 3.2. Multivariate analyses were
significant and univariate analyses also showed differences on the weighted scores of
depth of inquiry, F(2, 107)=8.61, p<.001, n*=.14. Paired-comparison analyses
showed that the KF class with portfolio and principles had significantly higher mean
scores than both the KF and the KF portfolio classes (see Table 6).

Students’ written responses were scored and examined for differences across
classes. We computed scores based on the number of high-level responses
(explanations) students wrote. Multivariate analyses (see above) and Univariate

Table 6 Scores on participation (ATK), inquiry, and explanation across three classes

Knowledge Knowledge Knowledge forum
forum forum with with portfolio and
(n =36) portfolio principles (n= 38)
(n=37)
ATK inquiry —45(37)a,b 03 (83)b 44 (12) a
ATK visual organization —.17 (.82) 0.01 (.96) 18 (.92)
Total number of questions 228 (1.93) a 5.03 (6.42) b 10.84 (10.7) a, b
Number of high-level 39 (.99) a .89 (35) b 553 (6.4) a, b
questions
Depth of inquiry 1.85(1.34) a 224 (1.33) b 359 (1.6) a,b
(max = 4)
Number of high-level 3.4 (49) a 26 (59)b 23.7(357) a, b
explanations
Depth of explanation 355(1.21) a 3.01 (1.25) b 433 (2.15) a, b
(max = 7)
Note:

Means in a row sharing subscripts are significantly different, p < .01.
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analyses showed significant differences across classes, F (2, 107)=10.66, p <.001,
m? = .17; paired-comparisons showed that the KF class with portfolio and principles
had significant higher mean scores than the other two classes. Based on both
frequency and quality, an overall weighted score called Depth of Explanation was
computed. Univariate analyses of variance controlling for differences in academic
achievements showed significant differences, F(2,107) = 6.2, p <.01, nz =.10. Paired-
comparison analyses showed that the KF class with portfolios and principles had
higher scores than the KF portfolio and KF class (see Table 6).

Taken together, these results suggest that students scaffolded with knowledge-
building principles and portfolios participated more in database usage and also
constructed better questions and deeper responses.

Conceptual Understanding

The means of conceptual understanding scores based on a writing task were 5.5 for
the regular class, 5.2 for KF class, 5.2 for the KF with portfolios, and 7.0 for the KF
class with portfolio and principles. ANCOVA controlling for differences in aca-
demic achievements indicated that significant differences were obtained favoring
KF with knowledge-building portfolios over the other classes, F(3,145)=10.95,
p < .001, n*=.19.

Relations among Participation, Inquiry, Knowledge-Building Portfolios
and Conceptual Understanding

We also examined the relations between students’ knowledge building portfolio
scores with other measures for the two classes that completed the portfolio assess-
ments (n = 58). Portfolios were rated both on the explanation, conceptual quality,
and the selection of note clusters (see Table 4). Partial correlations controlling for
achievements (Hong Kong Attainment Tests) indicated that different measures
were correlated (Table 7). Knowledge building portfolio ratings were significantly

Table 7 Partial correlation among participation (ATK), inquiry, explanation, portfolio scores, and
conceptual understanding controlling for academic achievement (n = 58)

ATK ATK visual High-level High-level Portfolio
inquiry organization question explanation scores
ATK visual S8HEE
organization
Number of high- 11 .00
level questions
No of high-level L6275k 31 .04
explanation
Portfolio scores A4 39%% 14 4oFHE
Conceptual 15 .03 34%% 41 4275
understanding
Note:

£ p < 05, % p < 01; #* p < 001.
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correlated with ATK inquiry (r = .44, p <.001), ATK visual organization (r = .39,
p < .01), and explanation scores (r = .46, p < .001). As well, knowledge building
portfolio ratings were significantly correlated with essay writing reflecting concep-
tual understanding (r = .42, p<.01).

In order to examine the relative contributions of individual inquiry and collective
inquiry scores, a multiple regression analysis was carried out using conceptual
understanding (essay scores) as the dependent variable. The variables were entered
using a hierarchical regression analysis method; first, academic achievement scores
were entered, followed by ATK Inquiry scores, followed by explanation and
question scores (individual inquiry), and lastly by knowledge building portfolio
scores (collective inquiry). The results of the analysis show that academic achieve-
ments contributed significantly to conceptual understanding, R*=.33, F (1,56)=26.9,
p<.001. When ATK inquiry scores were added, there were small increment and
nonsignificant changes (R*=.34). When both explanation and question scores
(individual inquiry) were added, they contributed an additional 19% of variance to
conceptual understanding with significant change, R*=.53, F (4,53) =10.57, p <.001.
Finally, when the portfolio scores (collective inquiry) were entered; another
additional 4% of variance to conceptual understanding was explained, R*= .42, F
(5, 52)=5.3, p<.05. These findings indicated that collective portfolio scores
contributed to conceptual understanding over and above academic achievement,
database usage, and individual inquiry scores. Taken together, these findings
indicated that portfolio scores reflecting collaborative knowledge advances
predicted students’ conceptual understanding (Table 8).

Characterizing Individual and Collective Knowledge Advances

Students were asked to produce four clusters of notes with explanations in their
portfolios. We examined examples of portfolio notes to investigate how portfolios
helped to characterize collective aspects of knowledge building and to scaffold
student understanding.

Portfolios with and without Knowledge-Building Principles

Two examples are provided here to illustrate the differences of portfolio notes with
and without principles. Table 9 shows an example of a portfolio note illustrating

Table 8 Multiple regression of aca-

2 2
demic achievement, participation R R R
(ATK), inquiry and explanation, Change
and portfolio scores on conceptual
understanding Step one
Academic achievement 57 33 33k
Step two
ATK database usage .58 34 .014
Step three
Explanation scores inquiry 73 .53 197%*
scores
Note: Step four
*0(1)71 < .05, ** p < .01; and *** p < Pportfolio scores .76 57 .04
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Q6 Table 9 An example of a portfolio note with knowledge-building principles 9.1

[The Theme of the Discussion] The effects of chemicals on the oceans... It began with the question

“Do shipwrecks [such as] the Titanic add pollution to the world’s oceans?”. £9.2
[My Interpretation] At first, I thought that my question was quite debatable." But in the end, I

thought hat shipwrecks weren’t as harmful as they seemed to be. I thought that after decom-

position of oil spills, the oceans could return to their initial form, but this idea was heavily criti-

cized by my classmates. They all thought that shipwrecks brought serious threats to the oceans.>>

...They said that if oil was spilt into the oceans, it could kill many animals before the oil could be

decomposed. Mr. Lee told us that if a certain species is killed, it might break the food chain.

Therefore, oil spills are quite dangerous to our oceans. I was [shown] that oil spills were far more

serious than I ever expected. Then CW corrected a stupid mistake made by me. He told me that

the Titantic ran on coal not oil. Therefore I realized I actually had a problem with my question. 9 3
Then, the first evolution came. ER suddenly asked if the oil from an oil spill is an ocean resource.*

Naturally, CW answered this question’ £9.4
Here’s the second evolution. CY started to argue that tankers carrying chemicals are more

dangerous than oil tankers," CW and I didn’t agree though.” We thought that although cyanide is

more poisonous than oil, cyanide is soluble in water. Therefore, its effects on the oceans are less

than those of 0il.® WY agreed with this,” SL too. He said that oil is difficult to clean up, and could

kill heaps of wildlife, but I still had my questions... Are oil spills really that bad to the oceans?

After 50 years or so, the oil would start to decompose and the corals would grow on the

shipwreck, it’d become an artificial reef, what’s the problem with that?'® CW agreed with me that

shipwrecks aren’t really that bad in the long term “water wave will wash the oil and make them

into smaller particles and decompose them in the following years!™"! £9.5
TY also pointed out that pollution is proportional. Oil spills could help the environment—-"the re-

sources used up” and the curve of the pollution is proportional. So if we can control the use the

resource, we can also reduce the level of pollution~""? £9.6
[Principle 2 Improvable Ideas/Progressive Problem Solving] 1 [think] that this is a principle 2 note

because in this cluster of notes, [Reasons] In the beginning, I was asking about shipwrecks, soon

the discussion turned to chemicals and finally a new concept was pointed out (pollution is propor-

tional). Every time there was a question, we’d solve it, think of another question and solve that as

[we] get better answers and more questions. £9.7

Note: 9.8

The superscripts are hyperlinks to other computer notes in the database. The Italics are made by the
authors for emphasis.

how knowledge-building portfolios might help to identify and characterize 642
knowledge-building episodes in the community, and how they scaffold the student’s 643
reflection and understanding. At the beginning, Student #1 referred to a question he 644
had posed, “Do shipwrecks add pollution to the world’s oceans?” Instead of askinga 645
typical textbook question, Student #1 posed what might be called an “authentic 646
problem” (Scardamalia, 2002) that interested the students. Student #1 identified 647
diverse ideas from his classmates and explained how they differed from his views. In 648
examining the discourse, Student #1 also became more aware of the ‘mistakes’ 649
(misconceptions) he had (“Titantic used coal not 0il”). The portfolio note illustrated 650
how the students made sense as they worked collaboratively on the problem, 651
pushing for new understanding, rather than having premature closure commonly 652
seen in school tasks. 653

As Student #1 pursued the problem with others, he wrote that he had the ‘first 654
evolution’ [insight] when someone asked whether an oil spill can be a resource. He 655
then described another evolution when the classmates discussed whether oil spills or 656
chemical pollutions are more serious. Further inquiry of the problem led to improved 657
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ideas and new realizations—"“proportionality” and control of resources as ways to
control pollution. The portfolio note helps demonstrate that knowledge building
involves a problem-centered collaborative inquiry process where new ideas are ex-
amined, debated, and improved upon. The student also explained how the portfolio
note illustrated the principle of progressive problem solving in collaborative knowl-
edge building. “At first, I was asking about shipwrecks, soon the discussion turned
to chemicals and finally a new concept was pointed out (pollution is proportional).
Every time there was a question, we’d solve it, think of another question and solve
that as well to get better answers and more questions.” The portfolio note suggests
that knowledge does not reside in one student; it traces the trajectory of collab-
oration illustrating the distributed and progressive nature of knowledge building.

We provided an example of a different kind of portfolio note when students also
found exemplary notes from the class on the same theme without having been given
the scaffolds of the knowledge-building principles (Table 10). In this example, the
selection of question is different: Student #2 identified a note that asked quite a
general question—"“Where does an oil spill come from?” The student then wrote he
found three notes that answered the question and the problem was considered solved.
The same situation occurred again. This time the question was more interesting but
Student #2 still used the strategy of finding three notes that answered the question and
found the most acceptable one. The notion of improvable idea or collective advances
cannot be found in this note. Instead the student seemed to be more engaged in a form
of premature closure focusing on finding the correct answers.

Portfolio Note Selection and Collective Knowledge Advances
We also examined students’ portfolios to identify patterns of portfolio note selection.
It would be useful to see if students tended to select similar clusters of notes because

this may illustrate areas of growing knowledge in the community. We examined all
portfolio note clusters in the knowledge-building portfolio class. Altogether, there

Table 10 An example of a portfolio note without knowledge-building principles

[The Theme of the Discussion] This topic is ocean in trouble. The question is “Oil spill is a kind of
pollution. But where does it come from? From an accident of a ship or from nature?”" This is a
simple question, I don’t think nature can make oil spill occur.>**

These three notes have answered the big question of oil spill. Oil [comes] from the ground and [it is]
transported by ship. But some accidents have happened [and] the oil spills on the surface of
ocean. Oil spill is a serious problem of pollution; it kill[s] the marine wildlife and make([s] the
world problem [creating] lack of fishes.

The other most interesting note comes from “Why a small amount of oil will be formed when it is
raining?”> Before I see this note, I don’t know the rain contains oil, I think this is silly to say “Oil
Rain!”. There are three answer(s] to the notes, that include:“Internet says that the rain may contain
a small amount of 0il.”° , the car fumes contain some toxic chemicals, and a little amount of oil
may still be in the smoke. So, the smoke goes up and [gets into] the rain.”” and “the soil is fat and
may contain oil,so when rainwater come through,oil may [be] flushed away with the rainwater...”8
I think the acceptable answer is [that] smoke with water vapor is absorbed by the Sun,
and [it]condenses to from cloud [and] finally forms rain.

Note:

The superscripts are hyperlinks to other computer notes in the database. The Italics are made by the
authors for emphasis.
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were 19 themes (clusters) identified from the view “Tropical Rainforest,” 9 themes
(clusters) from the view “Rich and Poor” and 7 themes (clusters) from the view
“Ocean in Trouble.” Students actively made references to other students’ computer
notes in portfolio notes. For the clusters on “Tropical Rainforest,” the number of
referenced notes ranged from 2-25 (Mean=8.6 notes); for the clusters on “Rich and
Poor,” the number of referenced notes ranged from 8-12 (Mean=10), and for the
clusters on “Ocean in Trouble,” the number of references notes ranged from 5-15
(Mean=9.6). There was also some tendency for students to select similar themes and
clusters, for example, the most popular cluster of discussion was selected by eight
students, two other clusters by seven students, and seven clusters selected by at least
5-6 students as their portfolio notes. These patterns may suggest some convergence
in students’ growing knowledge.

The most popular cluster of notes in this community was about the problems
faced by more developed (MDCs) and less developed (LDCs) countries; eight
students chose this theme as best notes. We included excerpts from two of the
portfolio notes to illustrate collective knowledge advances.

Student #3 first provided the context and theme of the discussion; he then set out to
identify common themes as well as different views in the community. Student #3 wrote:

The following cluster of notes was started with a question from CS [on]
“What are the problems that both the more developed countries and less
developed countries have?”' For the discussion on the topic of wealth gaps,
all classmates agreed that the problem of wealth gap must be solved. I have
also found that classmates are separated into two ‘parties’ on the methods of
helping the less developed countries (LDCs), one intending to help them
with giving them money from the more developed countries (MDCs), [and]
another intends to help them to solve the essential problems, such as
providing economic advice etc.

(Notes: The superscripts are hyperlinks to other computer notes in the database.
The Italics are made by the authors for emphasis)

Interestingly, Student #3 referred to ‘parties’ that implied some diverse but
common understandings among the classmates. He identified the two opposing
themes (theories) and began to analyze and to synthesize their views:

[The] main points listed by the party which intends to help LDCs by providing
direct help [include]: 1) Donate money—“donate some money to the poor
countries,” “rich countries should donate money to poor countries™; 2)
Provide Loans—*“provide loans to the less developed countries,”> 3) Provide
goods—*“provide some medicine, food, and clothings to the less developed
countries.”

As Student #3 identified common themes in the discourse, he also made
interpretations to refine and improve the ideas. Specifically, he used a scaffold in
KF to show a ‘rise-above’ effort in the pooling of ideas.

[Putting our knowledge together] Advantages: These methods can help the
less developed countries directly since the government can use the money
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freely without any restriction. It is an excellent short term measure for solving
the economic problems. The disadvantage is that if the (more developed
countries) MDCs give money to the (less developed countries) LDCs for a
long period of time, this will cause the governments of the LDCs to rely on
others and they will not be self-developing....(Note: The words in square
brackets preceding the note refer to the use of a scaffold prompt in KF)

Student #3 continued and examined the alternate view (theory) proposed by the
other party. He wrote:

[The] main points listed by the party which intends to help LDCs by solving
the essential problems are: 1) help them to develop their industries and
economy—-help the poor countries to develop their industries,”® 2) Give
advice—“MDCs should give economic advice to those LDCs,”" 3) Fair
trade—“Ensuring fair trade among countries can also help LDCs to
develop.”"!

[Putting our knowledge together] It is a very good middle to long term
measure. If proper ways are practiced, the less developed countries will
become developed countries which do not need to rely on help from the
more developed countries. The disadvantage is that it greatly depends on the
willingness and cooperation of the more developed countries... There are also
problems because some bad governments of less developed countries may
view the infrastructure as their own property....Here is a website that pro-
vides an example of the situation...

The student was not merely describing what individual students wrote, he was
describing key themes and how ideas developed in the discourse. There was also
interaction between individual and collective knowledge growth—He came up with
a concluding statement still referencing another student’s note and wrote:

[Conclusion] I can see [the] same ideas from the above points—help the less
developed countries and minimize the wealth gap in order to increase the
overall living standard and “it helps the world towards prosperity.”**

It could be seen that as a commonly selected cluster, the discourse consisted of
conflicting and similar views as well as rich ideas for sparking progress. Excerpts
from another student on the same cluster are included. There could be different
interpretations of the discourse but a similar emphasis was placed on collective
knowledge. Student #4 wrote:

The notes that answered CS’s question which I call the first level provided
vivid explanation of the problems between the MDC and LDC...The second
level were notes that gave solution[s] for these problems—KH has pointed
out some of the solutions, such as providing them food, clothing, medicine.
TY pointed out rather than giving money, [one] should give them educa-
tional materials, and KH also pointed out providing the infrastructure is an
essential task for helping them. The third level that my classmates pointed

&) Springer

730
731
732
733
734
735
736
737

739
740
741
742
743
744

746
47
748
749
750
751
752
753

754
755

756
7
758

759
760
761

763
764
765
766
767

768
769
770
771
e
T3
774



Computer Supported Learning (2006)

out are important issues and turning points—The first [question]| argued
about the political system and [how] it affects the country. Another question
pointed out the problem of money as solution... could LDCs manage money
when they lack knowledge... Also if the wealth gap is [an] important factor
that affects the system?

Student #4 referred to a knowledge building principle to characterize the discourse:

[Working at the cutting edge] I think discussing those level 3 questions have
important potentials for debating...[Although] there is no answer to them yet
such as how to make a good structure or policy for solving a problem... the
note SL raised, that [discussed] the political system of a certain country is
really important. I think these level 3 questions need [further] investigation
of new themes...

It was interesting to see how Student #4 analyzed the collective work of his
classmates, he differentiated and identified that certain questions were more of
cutting edge problems. There could be different interpretations with the computer
discussion. When students identified common themes and different ‘theories,” built
on and extended the ideas, the portfolio note became a conceptual artifact for inquiry
of collective knowledge. As well, the popular clusters can also show teachers the
growing frontier of the class’ collective knowledge.

Discussion

We have described a knowledge-building environment augmented with the use of
portfolios and knowledge-building principles to characterize and scaffold collabo-
rative inquiry. Primarily we turned over agency to students asking them to assess
their own and the community’s knowledge advances in the computer discourse,
using an electronic portfolio. We extended our earlier work from graduate students
and senior-secondary students to middle-school students in large classes. We used
knowledge-building principles more intensively as both note writing and note
selection guidelines. The findings show that students provided with knowledge-
building principles as scaffolds participated more and engaged in deeper inquiry.
Consistent with our earlier work (Chan & van Aalst, 2003), the present findings
showed that portfolios contributed to students’ conceptual understanding.

Knowledge Building Portfolios for Characterizing and Scaffolding
Collaborative Inquiry

We first examine the roles of knowledge-building principles and portfolios and
consider how they may characterize and scaffold collaborative inquiry. A major
theme in CSCL focuses on examining collaboration and the interactions between
individual and collective knowledge advances. We propose that the portfolio is an
innovative design that captures the distributed nature of cognition and taps into the
phenomena of collective knowledge building. The CSCL literature has many
examples focusing on detailed and microscopic analyses of group interactions. We
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provided another approach examining collaborative knowledge building drawing
from student work in the database over a longer period of time. Portfolios are not
just learning products; they reflect group cognition and they demonstrate how
students make sense and produce meaning collaboratively. A portfolio note is a
group accomplishment with multiple contributions from students; it is also more
than an additive account as it shows how knowledge emerges and advances in the
community. In analyzing the online discourse, students can make the community’s
progress explicit and visible to themselves and others. As well, our data suggest that
there is interplay of individual and collective knowledge growth (see for example,
excerpts from students #1 and #3). As students engage in analyzing the community
discourse, they also reconstruct their own understanding.

This study had several conditions and our results show that students, provided
with knowledge-building principles, participated more in database usage and
engaged in deeper inquiry than their counterparts. A system of knowledge-
building principles was postulated by Scardamalia (2002) for theorizing the
dynamics and processes of knowledge building. Thus far, researchers have used
the framework of knowledge-building principles to analyze databases. We have,
however, adapted the principles and turned over the responsibility to students for
identifying knowledge-building episodes in their computer discourse. In doing this,
knowledge-building principles have become more than analysis tools; they are also
pedagogical and assessment tools for characterizing and scaffolding knowledge
building.

In addition to characterizing collective knowledge advances, we propose that
knowledge building portfolios scaffold and mediate the discourse. When students
work on identifying knowledge building episodes through portfolios, the principles
and portfolios become a form of a scaffold that help students to recognize and make
sense of productive discourse. As students see different models, they are more able to
move towards producing better notes and engaging in deeper discourse. Protocol
examples indicated that Student #1 was able to use the principle ‘progressive problem
solving’ to explain how ideas evolved and improved over time. By contrast, Student
#2 was merely identifying good answers to questions classmates posed. Without
knowledge-building principles or other criteria, students could easily see collabora-
tion merely as an activity to produce correct answers. That may explain why many
students are reluctant to participate in discussion on networked environments.
Knowledge-building principles as scaffolds may help students understand what
constitutes progressive discourse. As the goal of knowledge building is improvable
ideas (Scardamalia & Bereiter, 2003), and since we have made that explicit to
students, that could then become a goal of the community.

Alignment of Learning, Assessment, and Collaboration

We have designed an environment intended to address certain gaps for designing
assessment in CSCL classrooms. As well, the portfolios helped tackle the problem of
characterizing collective knowledge. Earlier, we noted three of these issues.

Assessment of Learning versus Assessment for Learning

The knowledge building portfolios play dual roles of characterizing and fostering
collaboration. Commonly, assessment is concerned with analyzing the collaborative
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process or evaluating what students have learned. Knowledge-building portfolio
assessment is designed so that self- and peer-assessments foster inquiry and
understanding. As shown above in the protocol examples, by identifying exemplary
clusters of notes and providing explanations, students must browse through the
database and synthesize their own and collective understanding. Fragmented
understanding, scattered discussion, and superficial work might be avoided. The
assessment approach examines collaboration as well as providing a tool for deepening
inquiry.

Assessment of Individual and Collective Advances

A major thrust of interest among CSCL researchers is to theorize and examine the
social aspects of learning. We designed knowledge-building portfolios that capture
both individual and collective aspects of knowledge building. In using the knowledge-
building assessment, the student was not merely describing his or her personal work;
he or she was describing how a problem was addressed by a group of students, what
views they held, what misconceptions were identified, what critical incidents took
place, and how the idea was gradually improved. Knowledge building postulated by
Scardamalia and Bereiter (2003) is analogous to scientific inquiry in scholarly and
scientific communities. Even middle-school students can be engaged in a process
similar to the writing of scholarly reviews when someone integrates differing ideas
and studies to provide the ‘state of knowledge’ for a certain problem and theme. As
Bereiter (2002) described productive discourse, ideas are improved and new insights
emerge but they cannot be attributed to any individual or even an additive account
of individuals’ contributions. Knowledge-building portfolios may help capture the
emergent process of such collective knowledge advances.

Assessment of Processes and Content

A common misalignment in CSCL classrooms is that while students are asked to
collaborate, they are often assessed only on content in classroom assessment (Reeve,
2000). It is perhaps not surprising that discussion is scattered and fragmented. Using
knowledge-building portfolios, we aligned assessment and instruction focusing on
both the development of content and inquiry. Similar to regular portfolios asking
students to choose some best artifacts and provide an explanation for the selection,
we asked students to select computer notes, organize them according to themes, and
describe the development of ideas. At the same time, the explanatory statement
helped students to engage in reflective inquiry as they needed to reflect on their
understanding of the knowledge-building process.

The portfolio examples showed that content and process were both assessed. For
example, the portfolio excerpts showed how students were engaged in the
knowledge building process (e.g., progressive problem solving). At the same time,
they also provided rich information about how students have gained subject-matter
knowledge (e.g., oil spills as resources, proportionality, control of resources). The
knowledge building portfolios integrate both content and process and show how
students were able to develop collaborative inquiry in the context of understanding
deep domain knowledge. Using self and peer assessments to examine both content
and process is particularly important when considering their roles in official
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assessment. Also, this study demonstrated that portfolio assessment and collective
portfolio scores contributed to essay writing scores tested in school examination.
Although it is useful to identify knowledge-building processes from portfolios, it
would also be important to demonstrate that such processes are related to other
external standards.

This study has implications related to problems with online discourse. Earlier we
noted problems and challenges of low and variable participation rates (Hewitt, 2003;
Kreijns et al. 2003; Lipponen et al., 2003) and problems with teacher assessment. The
portfolio approach may be a way to address these problems in that students need to
write some notes before they have enough notes to complete the portfolio; or at least,
students would carry out substantial reading of others’ notes when putting together a
portfolio. We also noted the difficulties of teachers having to read hundreds or even
thousands of notes. The two-pronged approach of the Analytic Toolkit and the
portfolios provide an overview—a synthesis of what goes on in the computer
discourse—which can help teachers recognize and assess overall participation as well
as critical incidents of knowledge building in the community. They would be able to
identify areas where students may have problems and what progress they have made.

More generally, this study has pedagogical implications for designing student
assessment to foster collaborative knowledge building in CSCL environments.
Primarily, assessments need to be formative, process-oriented, collaborative, and
integrated with instruction in CSCL. First, formative assessment needs to be
designed to support learning and collaboration (Bransford, Brown, & Cocking,
1999; Chan & van Aalst, 2004; Shepard, 2000). For example, electronic portfolio
assessment does not just take place at the end of the course; it incorporates note
contributions that are ongoing activities in the community. Different assessments
should be designed to measure and elicit deep understanding and metacognition.
Second, assessments of CSCL should incorporate both individual and collective
aspects of learning. A different culture needs to be developed. Teachers may let
students know that demonstrating collaboration and helping others learn are valued
just as much, if not more than, correct answers. Third, we examine both processes
and products. We employ electronic portfolios wherein students identify high points
of their learning, assessing both content and process (subject matter, reflection, and
collaboration). Fourth, using the notions of self and peer assessments, it would be
important to turn over the responsibility of assessment to student so they can have
increased agency as they examine their own progress. Fifth, students also need to be
provided with criteria for understanding the goals of learning and assessment (White
et al., 1999). Assessment criteria of expectations can help scaffold student
knowledge advances.

It may be useful to note the limitations of this study that point to further
research. First, we acknowledge concerns with choice of research design and
recognize there are methodological limitations with quasi-experimental design. We
reiterate that this study is part of a larger study of design research, and it is
appropriate in this case for conducting instructional experiments in classroom
studies. We have conducted statistical analyses as though students were indepen-
dently drawn from different groups. It might be more appropriate to conduct
different analyses because students are nested within the different classrooms. We
acknowledge issues with the units of analyses; however, our approach is commonly
used in quasi-experimental classroom studies because students cannot be easily
randomly assigned. There might also be concerns with teacher-and researcher-
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constructed scales and complexity in coding. Further work will be conducted to
refine these scales.

Second, we have obtained large differences on note contribution among the three
classes; students in the KF knowledge building portfolio class had written a
substantially higher number of notes compared to others. As students were provided
with the principles for both note selection and note writing, it is possible that they
were more actively engaged in writing notes. Nevertheless, other factors might also
be present because we were testing the design of portfolios and teacher effects could
not be totally excluded. We did find that within the same class, high ATK indices
were related to portfolio scores suggesting some construct validity of these
measures.

Due to the complexity of classroom life, comparison of design conditions across
classrooms necessarily faces many problems common in technology studies (Collins et
al., 2004) and we recognize the limitations. Although the quantitative findings are
included, caution must be exercised in interpreting them. These different design
conditions, however, help us to understand more fully the roles of knowledge-
building principles and portfolio. In our current work, we use different designs to
examine the complexity of assessment of knowledge building in classrooms. Teacher
factors also play key roles in developing innovative designs, and roles of teachers
will be examined more systematically.

In sum, we have extended our earlier work examining assessments in CSCL and
demonstrated more clearly the roles of knowledge-building principles and portfo-
lios. Our study addresses key issues in CSCL with the portfolios demonstrating the
distributed, progressive, and collective nature of knowledge building. A portfoliois a
group accomplishment with multiple contributions from the community reflecting the
trajectory of knowledge growth. Students made sense and constructed their collective
understanding through analyzing the online discourse, and the portfolio mediated the
interaction between individual and collective knowledge advances. Our design also
showed that when students are provided with the principles, they become more aware
of what productive discourse entails; the principles are scaffolds for their knowledge-
building progressive inquiry. Our approach of making knowledge building explicit to
students is consistent with current emphasis on alignment of learning with assessment
(e.g., Bransford et al., 1999; Shepard, 2000). We have extended the idea of the
portfolio as assessing individual to community progress and demonstrated how
knowledge-building portfolios may characterize and scaffold collective knowledge
advances. How individual and community knowledge advances interact remain key
questions that need to be investigated.

References

Barron, B. J. S., Schwartz, D. L., Vye, N. J., Moore, A., Petrosino, A., Zech, L., Bransford, J. D., &
The Cognition and Technology Group at Vanderbilt (1998). Doing with understanding: Lessons
from research on problem and project-based learning. Journal of the Learning Sciences, 7, 271—
311.

Bereiter, C. (2002). Education and mind in the knowledge age. Hillsdale, NJ: Lawrence Erlbaum.

Bereiter, C. & Scardamalia, M. (1993). Surpassing ourselves: An inquiry into the nature and
implications of expertise. Chicago: Open Court.

Black P. & Dylan D. (1998). Assessment and classroom learning. Assessment in Educational
Principles, Policy and Practice, 5, 7-74.

&) Springer

955
956
957

959
960
961
962
963
964
965
966
967
968
969
970
971
972
973
974
975
976
977
978
979
980
981
982
983
984
985
986
987
988
989
990
991

993

994
995
996
997
998
999
1000
1001
1002



Q7

Computer Supported Learning (2006)

Bransford, J. D., Brown A. L. & Cocking RR (1999). How people learn: Brain, mind, experience and
school. National Research Council.

Brown, A. L. (1992). Design experiments: Theoretical and methodological challenges in creating
complex interventions. Journal of the Learning Sciences, 2, 141-178.

Brown, A. L. & Campione, J. C. (1994). Guided discovery in a community of learners. In K. McGilly
(Ed.), Classroom lessons: Integrating cognitive theory and classroom practice, (pp. 229-270).
Cambridge, MA: Bradford Books, MIT Press.

Brown, J. S., Collins, A. & Dugid, P. (1989). Situated cognition and the culture of learning.
Educational Researcher, 18, 32-42.

Burtis, J. (1998). Analytic Toolkit for Knowledge Forum. Centre for Applied Cognitive Science: The
Ontario Institute for Studies in Education/University of Toronto.

Chan, C. K. K. (2001). Peer collaboration and discourse patterns in processing incompatible
information. Instructional Science, 29, 443-479

Chan, C., Burtis, J. & Bereiter, C. (1997). Knowledge building as a mediator of conflict in conceptual
change. Cognition and Instruction, 15, 1-40.

Chan, C. K. K. & van Aalst, J. (2003). Assessing and scaffolding knowledge building: Pedagogical
knowledge building principles and electronic portfolios. In B. Wasson, S. Ludvigsen, & U.
Hoppe (Eds.), Designing for change in networked learning environments. Proceedings of the
International Conference on Computer Support for Collaborative Learning, (pp. 21-30).
Dordrecht, The Netherlands: Kluwer Academic Publishers.

Chan, C. K. K. & van Aalst, J. (2004). Learning, assessment and collaboration in computer-
supported environments. In J. W. Strijbos, P. A. Kirchner, & R. L. Martens (Eds.), What we
know about CSCL and implementing it in higher education, (pp. 87-112). Dordrecht, The
Netherlands: Kluwer Academic Publishers.

Chi, M. (1997). Quantifying qualitative analyses of verbal data: A practical guide. The Journal of the
Learning Sciences, 6, 271-315.

Collins, A., Joseph, D. & Bielaczyc, K. (2004). Design research: Theoretical and methodological
issues. Journal of the Learning Sciences, 13, 15-42.

Dillenbourg, P., Eurelings, A. & Hakkarainen, K. (Eds.) (2001). Proceedings of the first European
conference on computer-supported collaborative learning, Maastricht.

Edelson, D. C., Pea, R. D. & Gomez, L. M. (1996). The collaboratory notebook: Support for
collaboratory inquiry. Communication of the ACM, 39, 32-33.

Gipps, C. V. (2002). Sociocultural perspectives on assessment. In G. Wells & G. Claxton (Eds.),
Learning for life in the 21st century, (pp. 73-83). Oxford, UK: Blackwell.

Guzdial, M. & Turns, J. (2000). Computer-supported collaborative learning in engineering: The
challenge of scaling up assessment. In M. J. Jacobson & R. B. Kozma (Eds.), Innovations in
science and mathematics education: Advances designs for technology in learning, (pp. 227-257).
Mahwah, NJ: Lawrence Erlbaum Associates.

Hakkarainen, K., Lipponen, L. & Jarveld, S. (2002). Epistemology of inquiry and computer-
supported collaborative learning. In T. Koschmann, R. Hall, & N. Miyake (Eds.), CSCL
2: Carrying forward the conversation, (pp. 11-41). Mahwah, NJ: Lawrence Erlbaum
Associates.

Hewitt, J. (2003). How habitual online practices affect the development of asynchronous discussion
threads. Journal of Educational Computing Research, 28, 31-45.

Koschmann, T., Hall, R., & Miyake, N. (Eds.) (2002). CSCL2: Carrying forward the conversation.
Mahwah, NJ: Lawrence Erlbaum Associates.

Kreijns, K., Kirschner, P. A. & Jochems, W. (2003). Identifying the pitfall for social interactions in
computer-supported collaborative learning environments: A review of the research. Computers
in Human Behavior, 19, 335-353.

Lipponen, L., Rahikainen, M., Lallimo, J. & Hakkarainen, K. (2003). Patterns of participation and
discourse in elementary students’ computer-supported collaborative learning. Learning and
Instruction, 13, 487-509.

Oshima, J., Scardamalia, M. & Bereiter, C. (1996). Collaborative learning processes associated with
high and low conceptual progress. Instructional Science, 24, 125-155.

Paavola, S., Lipponen, L. & Hakkarainen, K. (2004). Models of innovative knowledge communities
and the three metaphors of learning. Review of Educational Research, 74, 557-577.

Palonen, T. & Hakkarainen, K. (2000). Patterns of interaction in computer-supported learning: A
social network analysis. In B. Fishman & S. O’Connor-Divelbliss (Eds.), Proceedings of the
fourth international conference of the learning sciences, (pp. 334-339). Mahwah, NJ: Lawrence
Erlbaum Associates.

&) Springer

1003

1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025

1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046
1047
1048
1049
1050
1051
1052
1053
1054
1055
1056
1057
1058
1059
1060
1061
1062



Q8

Computer Supported Learning (2006)

Reeve, T. C. (2000). Alternative assessment approaches for online learning environments in higher
education. Journal of Educational Computing Research, 23, 101-111.

Salomon, G. (Ed.) (1993). Distributed cognition: Psychological and educational considerations.
Cambridge, UK: Cambridge University Press.

Scardamalia, M. (2002). Collective cognitive responsibility for the advancement of knowledge. In B.
Smith (Ed.), Liberal education in a knowledge society, (pp. 67-98). Chicago: Open Court.

Scardamalia, M. & Bereiter, C. (1994). Computer support for knowledge-building communities. The
Journal of the Learning Sciences, 3, 265-283.

Scardamalia, M. & Bereiter, C. (2003). Knowledge Building. In Encyclopedia of education, Second
edition. New York: Macmillan Reference.

Scardamalia, M., Bereiter, C. & Lamon, M. (1994). The CSILE Project: Trying to bring the
classroom into World 3. In K. McGilley (Ed.), Classroom lessons: Integrating cognitive theory
and classroom practice, (pp. 201-228). Cambridge University Press.

Scardamalia, M., Bereiter, C., McLean, R. S., Swallow, J. & Woodruff, E. (1989). Computer-supported
intentional learning environments. Journal of Educational Computing Research, 5, 51-68.

Sfard, A. (1998). On two metaphors of learning and the dangers of choosing just one. Educational
Researcher, 27, 4-13.

Shepard, L. (2000). The role of assessment in a learning culture. Educational Researcher, 29, 1-14.

Stahl, G. (Ed.) (2002). Computer support for collaborative learning: Foundations for a CSCL
community. Proceedings of CSCL 2002. January 7-11. Boulder, Colorado, USA. Hillsdale, NJ:
Lawrence Erlbaum Associates.

Stahl, G. (2004). Building collaborative knowing. In P. W. Strijbos, P. A. Kirschner, & R. L. Martens
(Eds.), What we know about CSCL and implementing it in higher education, (pp. 53-85).
Dordrecht, the Netherlands: Kluwer Academic Publishing.

van Aalst, J. (in press). Rethinking the nature of online work in asynchronous learning networks.
British Journal of Educational Technology.

van Aalst, J. & Chan, C. K. K. (2001). Beyond “sitting next to each other”: A design experiment on
knowledge building in teacher education. In P. Dillenbourg, A. Eurelings, & K. Hakkarainen
(Eds.), European perspectives on computer-supported collaborative learning: Proceedings of
the First European Conference on Computer-Supported Collaborative Learning, (pp. 20-28),
Maastricht, The Netherlands: University of Maastricht.

van Aalst, J. & Chan, C. K. K. (under review). Student-directed assessment of knowledge building
through electronic portfolio. The Journal of the Learning Sciences.

Vye, N. J., Schwartz, D. L., Bransford, J. D., Barron, B. J., Zech, L. & The Cognition and
Technology Group at Vanderbilt (1998). SMART environment that support monitoring,
reflection and revision. In D. J. Hacker, J. Dunlosky, & A. C. Graesser (Eds.), Metacognition
in educational theory and practice, (pp. 305-346). Mahwah, NJ: Lawrence Erlbaum Associates.

White, B. Y., Shimoda, T. A. & Fredericksen, J. R. (1999). Enabling students to construct theories
of collaborative inquiry and reflective learning: Computer support for metacognitive develop-
ment. International Journal of Artificial Intelligence in Education, 10, 151-182.

Wolf, D., Bixby, J., Glenn, J. & Gardner, H. (1991). To use their minds well: Investigating new
forms of student assessment. Review of Research in Education, 17, 31-74.

&) Springer

1063
1064
1065
1066
1067
1068
1069
1070
1071
1072
1073
1074
1075
1076
1077
1078
1079
1080
1081
1082
1083
1084
1085
1086
1087
1088
1089
1090
1091
1092
1093
1094
1095
1096
1097
1098
1099
1100
1101
1102
1103
1104





