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Student-Directed Assessment
of Knowledge Building
Using Electronic Portfolios

Jan van Aalst and Carol K. K. Chan
Faculty of Education
The University of Hong Kong

Despite emphasis and progress in developing collaborative inquiry in computer-sup-
ported collaborative learning research, little attention has been given to examining
how collective learning can be assessed in computer-supported collaborative learn-
ing classrooms, and how students can have agency in assessing their own collabora-
tive process. We propose that assessments should capture both individual and collec-
tive aspects of learning and be designed in ways that foster collaboration. We
describe the design of student-directed electronic portfolio assessments to character-
ize and “scaffold” collaborative inquiry using Knowledge Forum™. Our design in-
volved asking students to identify exemplary notes in the computer discourse de-
picting knowledge building episodes using four knowledge building principles as
criteria. We report three studies that examined the designs and roles of knowledge
building portfolios with graduate and Grade 12 students in Hong Kong and Canada.
The findings suggest that knowledge building portfolios help to characterize collec-
tive knowledge advances and foster domain understanding. We discuss lessons
learned regarding how knowledge building may be fostered and provide principles
for designing assessments that can be used to evaluate and foster deep inquiry in
asynchronous online discussion environments.

In the last 2 decades, paradigmatic shifts have taken place in learning theories and
instructional approaches. Contemporary learning theories emphasize that learning
is social, distributed, and collective (Bereiter, 2002; Brown, Collins, & Duguid,
1989; Lave & Wenger, 1991; Salomon, 1993; Sfard, 1998). Learning is no longer
considered a solitary activity; it is situated in real-world contexts and meaningful
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activities (Cognition & Technology Group at Vanderbilt, 1997), involves peer scaf-
folding in cognitive apprenticeships (Collins, Brown, & Newman, 1989), and is
supported by learning communities in which members share “diverse expertise”
(Barab, Kling, & Gray, 2004; Bielaczyc & Collins, 1999). Collaborative inquiry
has emerged as a major educational goal (Edelson, Gordin, & Pea, 1999; National
Research Council [NRC], 1996), and an important strand of research on com-
puter-supported collaborative learning (CSCL) has been to investigate how edu-
cational technology can be used to support it (Dillenbourg, Eurelings, & Hak-
karainen, 2001; Koschman, 1996; Koschmann, Hall, & Miyake, 2002; Stahl,
2002).

Despite much progress in CSCL research emphasizing social interactions,
many questions remain regarding the assessment of collective aspects of learning
and the integration of assessment, learning, and collaboration. Research on CSCL
has emphasized detailed analysis of collaborative processes (Dillenbourg et al.,
2001; Koschmann et al., 2002; Stahl, 2002), often overlooking learning outcomes.
Studies that have examined learning outcomes have tended to focus on individual
learning outcomes rather than collective knowledge growth (Dillenbourg et al.,
2001). We propose that assessment theories need to be aligned with theories of
learning and collaboration (Bransford, Brown, & Cocking, 1999; Shepard, 2000).
With current emphasis on the distributed and collective nature of learning
(Bereiter, 2002; Bielaczyc & Collins, 1999; Brown & Campione, 1994; Salomon,
1993; Scardamalia, 2002; Stahl, 2006) and metaphors of learning emphasizing
cognitive, situational, and knowledge creation perspectives (Greeno, Reder, & Si-
mon, 2000; Paavola, Lipponen & Hakkarainen, 2004; Sfard, 1998), there is a need
to examine ways to assess both individual and collective aspects of learning.

The roles of assessment in scaffolding (or guiding) learning are well known
(Bransford et al., 1999; NRC, 1996; Shepard, 2000), and there is considerable in-
terest in the context of school reforms in assessment tasks that can scaffold learn-
ing (Black & Wiliam, 1998; Gipps, 2002; Shepard, 2000). Nevertheless, assess-
ment practices in CSCL classrooms continue to emphasize measuring learning
that is already achieved, neglecting the role they can play to guide or scaffold
learning. Relatively little attention has been given to formative assessment in pro-
moting collaborative inquiry in CSCL classrooms. This is problematic for the field
of CSCL because it means that the potential of CSCL environments to scaffold
learning remains underutilized. For example, CSCL environments produce stable
traces of collaborative activities, which students could use to reflect on their col-
laborative learning process as part of efforts to improve learning outcomes. Al-
though researchers recognize the need to understand the role of collaboration in
learning (Stahl, 2006), we propose that students need to play a more significant
role in assessing their own collaboration; designs for assessment are needed that
foster student agency in collaborative learning.
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This article describes our efforts over several years to design, implement, and
improve an assessment approach designed to capture both individual and collec-
tive aspects of knowledge building, a specific model of collaborative inquiry
(Bereiter, 2002; Scardamalia, 2002; Scardamalia & Bereiter, 2006). First, we
highlight the importance of collaborative inquiry from the theoretical perspective
of CSCL and knowledge building and discuss issues related to assessment of
CSCL. Following that, we describe the rationale and elements of knowledge
building portfolios—electronic portfolios designed by students and located
within the online discussion environment. Then, three classroom studies that ex-
amined the evolution and roles of the knowledge building portfolios are re-
ported. Although the studies were conducted in the context of knowledge build-
ing, we discuss principles for designing assessments that are applicable to other
examples of CSCL.

BACKGROUND

Knowledge Building as Collective Cognitive Responsibility

The general term “knowledge building” has been used loosely in the CSCL litera-
ture (Stahl, 2002). According to Scardamalia and Bereiter (2006), the fundamental
aspects of knowledge building include “improvable ideas” and “collective cogni-
tive responsibility.” As in scientific inquiry, ideas are viewed as conceptual arti-
facts that can be examined and improved by means of public discourse within a
knowledge building community.

With the advent of the knowledge-based era, Scardamalia and Bereiter (2006)
propose that students need to develop competence at knowledge building. As col-
laborative inquiry, knowledge building encompasses the characteristics and cogni-
tive benefits of scientific inquiry (see Edelson et al., 1999) and learning how to
learn (van Aalst, 2006). However, collaboration in knowledge building goes be-
yond working with others; it encompasses notions of collective cognitive responsi-
bility and advancing the frontier of knowledge. Similar to scientific communities,
when students engage in knowledge building discourse they pose “cutting edge
questions” that help the community to advance its collective understanding. They
take on progressive problem solving, in which they progressively seek to under-
stand problems at deeper levels. Students make progress not only by improving
their personal ideas but through their contribution to collective knowledge ad-
vances. Scardamalia (2002) has articulated a system of twelve knowledge building
principles that all point toward students in a community (e.g., a class) engaging in
progressive discourse to improve collective understanding.
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To support working with knowledge, Scardamalia and colleagues have devel-
oped a computer-supported knowledge building environment called Knowledge
Forum™ (see www.knowledgeforum.com). A Knowledge Forum database is cre-
ated by students: Using networked computers, students can 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 (Figure 1). Knowledge Fo-
rum is designed to help students to refine, reframe, and advance ideas. For exam-
ple, when writing a note in Knowledge Forum, students can add other notes as ref-
erences, thereby creating an integrated web of notes (ideas) as their work
progresses. The visual linkages between ideas provide an important image for stu-
dents, reflecting the interconnected and dialogical nature of knowledge that under-
pins the knowledge building perspective. Knowledge Forum includes scaffolds:
metacognitive prompts (sentence starters) such as “My Theory” and “I Need to
Understand” that students can use to make the communicative intent of informa-
tion clear. For example, the scaffold “My Theory” indicates that the information
presented in the note is conjectural, thus should be subjected to critique, testing,
and application.

A class of students engaged in knowledge building usually starts with a general
exploration of the topic to be studied. The goal is to enable the class to articulate
questions and ideas they have about the topic and to delineate the general scope of
what they attempt to accomplish. Students may contribute their ideas to the data-
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base and talk to each other about them. With some assistance from the teacher, the
class may settle on a general plan for what it hopes to accomplish in the unit. From
this point, students work collaboratively and progressively to understand problems
the class has formulated. Students have a responsibility to make their ideas avail-
able to the knowledge building community and to help each other improve the
community’s ideas.

Learning, Collaboration, and Assessment in CSCL

The CSCL field focuses on the development and study of technology-enhanced
approaches to collaborative inquiry. CSCL approaches are based on social con-
structivism, highlighting individual and distributed aspects of cognition, and often
involve writing into a computer-supported asynchronous discussion environment.
Research on CSCL has focused on the collaborative nature of learning and on the
content of what s learned (e.g., “CoVis Collaboratory Notebook™, Edelson, Pea, &
Gomez, 1996; “CaMile”, Guzdial, & Turns, 2000a; “Knowledge Forum”, Scar-
damalia & Bereiter, 2006). Despite much progress, many questions remain regard-
ing assessment of collaborative learning and integration of assessment, learning,
and collaboration. In the following, we describe three issues (see Chan & van
Aalst, 2004).

Assessment of Learning Versus Assessment
for Learning

There have been major shifts in paradigms of learning and instruction, and cur-
rent views propose that instruction and assessment are integrally related (Brans-
ford et al., 1999; NRC, 1996; Shepard, 2000). Assessment can play dual roles of
measuring and scaffolding learning (Black & Wiliam, 1998; Shepard, 2000). The
use of assessment in scaffolding learning, sometimes called Assessment for
Learning (Black & Wiliam, 1998), involves designing assessments in ways that
foster learning. Despite emphasis on formative assessment in school (Bransford et
al., 1999; Shepard, 2000), little work has been done to align learning, assessment,
and collaboration in CSCL classrooms. Misalignments often exist. For example,
students are often asked to contribute to the computer discussion forums, but their
contributions are not assessed. Students need to be given the agency to assess their
own and the community’s knowledge advances. Assessment should be designed as
a tool that both measures and fosters learning.

Assessment of Individual Versus Collective Learning

Collaboration is valued in a wide range of social constructivist learning
approaches, and there has been much research on assessment of collaborative
processes (e.g., Koschmann et al., 2002; Roschelle, 1992). At the same time, in



180 VAN AALST AND CHAN

assessing the effectiveness of systems and designs outcomes ae evaluated at
the level of individual students. This emphasis on the individual is problem-
atic because when a theory is improved collaboratively by means of a public
discourse, it no longer belongs to the person who first contributed it but to every-
one in the community who has contributed to the discourse. With the changes
toward social constructivist models of learning, we need to develop social con-
structivist assessment emphasizing both individual and collective learning. In
addition to the analyses of individual achievements and collaborative process-
es, there could be an additional dimension: What has the community learned
collectively?

Assessment of Content Versus Deep Inquiry

To prepare students for future learning, with less dependence on a teacher,
students need to learn how to execute, monitor, and regulate the learning process.
This would suggest that we must value not only what academic content is learned,
but also how students achieve learning. Often, although there may be emphasis on
constructivist learning using asynchronous networked environments, assessment
of student learning focuses mostly on discrete knowledge and skills. Even in more
sophisticated environments involving peer learning in which group processes are
assessed, the assessments tend to focus on superficial features such as whether stu-
dents are contributing “equally” to the group work. In this article, we explore as-
sessment procedures that refer to a more sophisticated epistemology about learn-
ing and collaboration. For example, a student’s view that knowledge can be
improved should be evident from the student’s effort to improve his or her own the-
ories or those of other students. An understanding that knowledge is a result of a
community discourse should be matched by evidence for progressive problem
solving and efforts to help others understand the communal problems of under-
standing. Assessment should be able to probe both collaborative processes and
knowledge products.

We aimed to develop an assessment approach that begins to address the afore-
mentioned classroom challenges and issues. In the literature on CSCL, there are
not many examples, but here we refer to several that illustrate the role assessments
can play in scaffolding students’ scientific inquiry. In Scientific and Mathematical
Arenas for Refining Thinking classrooms, students complete multiple cycles of
work and revision in the context of student projects. In each phase of a project, stu-
dents access the Web to provide and receive feedback on their work; they can also
hear responses from “Kids Online” and craft responses to these participants (Vye
etal., 1998). The role of formative assessment is emphasized as a design principle
in related studies on project-based learning (Barron et al., 1998). In another line
of study promoting scientific inquiry, Hickey, Kindfield, Horwitz, and Christie
(2003) designed classroom assessments to align instruction, curriculum, and as-
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sessment. In ThinkerTools, a microworld environment designed to foster meta-
cognition and scientific understanding (White & Fredericksen, 1998), students
work through the inquiry cycles required for developing increasingly complex
conceptual models in science. In addition to the inquiry cycles that scaffold scien-
tific inquiry, ThinkerTools included a set of assessment criteria to help students to
reflect on the process of inquiry and communication. Students used these criteria
in a process called “reflective assessment” in which they evaluated their own and
others’ research; they rated their own and others’ research on each criterion as well
as justify their ratings describing the work. Research on ThinkerTools showed that
these reflective assessments helped students to build scientific understanding.
Similarly, reflective assessment and rubrics were used effectively in studies de-
signed to help students coordinate evidence in scientific inquiry (Toth, Suthers, &
Lesgold, 2002).

We explored the design of electronic portfolio assessments to characterize and
foster collaborative inquiry in the context of knowledge building. In the arts, a
portfolio is a collection of artifacts that the artist uses to explain the development of
an artistic idea, work with a medium, and so forth. In education, students select ar-
tifacts to document their best learning evidence or their journey of learning (Wolf,
Bixby, Glenn, & Gardner, 1991). Portfolios usually consist of a selection of best
items (e.g., papers, diaries, drawings) accompanied by a reflection statement ex-
plaining why students have selected these items as exemplary or significant work.
There is extensive literature on portfolio assessments (e.g., Wolf et al., 1991), in-
cluding electronic portfolios (Young & Figgins, 2002). Another approach is the
Progress Portfolio that structures opportunities for learners to organize, reflect on,
and revise project artifacts at various phases of their project-based learning (Land
& Zembal-Saul, 2003). Students build a portfolio that documents both the artifacts
they collect during the inquiry and a record of the process by which they evaluate
and monitor their progress. The Progress Portfolio provides a trace of student in-
vestigation for reflection—it records ongoing progress and prompts reflection on
inquiry.

CSCL research premised on social constructivist theories emphasizes social in-
teractions in learning, but much less attention has been given to the assessment of
collective learning, a major goal advocated in the knowledge building model that
emphasizes advancing the community’s understanding (Scardamalia & Bereiter,
2006). In addition, despite potential for student understanding, not much research
has been conducted to explore students’ own roles in carrying out assessment in
CSCL. To address these questions, this study investigated the question of assessing
the collective nature of learning in the context of knowledge building on Knowl-
edge Forum and of designing assessment to foster collective knowledge advances.
Currently most research on portfolios (paper & electronic) is concerned with re-
flection on individual learning and progress (e.g., Progress Portfolio). This study
focused on designing portfolios to capture collective learning in computer-dis-
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course and as a tool to foster domain understanding. The portfolio task asked stu-
dents to assess their own knowledge advances in the communal database to maxi-
mize their agency, reflection, and collaborative inquiry. As our goal was to foster
knowledge building, we embedded assessment with instruction and provided a set
of knowledge building principles that students could use to identify knowledge
building episodes. We addressed the following questions:

1. What are the elements and designs of the knowledge building portfolio
approach?

2. How can collective knowledge building be assessed using student port-
folios? How is knowledge building characterized and manifested in a
portfolio?

3. What are the roles of student portfolios in scaffolding knowledge building
and domain understanding? How might knowledge building be fostered?

DESIGN OF ASSESSMENT APPROACH:
KNOWLEDGE BUILDING PORTFOLIOS

In this section, we describe the rationale for designing social constructivist assess-
ments and the components of the assessment approach, including the portfolio task
and knowledge building principles.

Rationale for the Assessment Approach

Fundamentally, we propose that the design of effective learning environments
should integrate learning theory, instruction, and assessment (Bransford et al.,
1999; Shepard, 2000). First, assessments need to capture both individual and col-
lective aspects of learning. Second, assessments need to be formative and embed-
ded within instruction; they should be designed as learning events that align with
instruction. Third, it is important to assess both processes and learning products.
Fourth, whereas teachers or researchers are usually the assessors of student learn-
ing and collaboration, we propose it would be beneficial to design assessments that
students can use to examine their own progress. Fifth, as students are given more
agency in assessing their own learning and progress in CSCL environments, they
also need to be provided with criteria for understanding the goals of learning and
assessment (White & Fredericksen, 1998). Criteria describing what students are
expected to do or learn can be provided to students to scaffold their knowledge ad-
vances. We employed electronic portfolios in which students identify high points
of their learning, assessing both content and process (subject matter, reflection, &
collaboration). We considered both individual and collective aspects of knowledge
advances in parallel with social constructivist views of learning.
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Components of the Assessment Approach:
Knowledge Building Portfolios

Using the previously discussed rationale, we designed a portfolio task guided by a
set of four knowledge building principles.

Portfolio Task

We asked students to prepare electronic portfolios in Knowledge Forum as for-
mal course assessments. The portfolio is a metanote via which the portfolio was
accessed in Knowledge Forum. Specifically, a portfolio note included hyper-links
to other computer notes (Figure 2), and we asked students to make selection of
notes illustrating knowledge building. The selection of notes in the electronic port-
folios is similar to the selection of best items in regular portfolios. In addition to se-
lecting notes, the student needed to write an explanation as to why he or she
thought the selected notes provided evidence for knowledge building. To aide the
selection of notes for the portfolio, students were provided with a set of four
knowledge building principles as criteria. As an example, the author of the portfo-
lio note shown in Figure 2 explained that she had found a cluster of notes about
“shifting cultivation” that illustrated the knowledge building principle of progres-
sive problem solving. She then articulated how these notes (ideas) developed over
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FIGURE 2 Example of a portfolio note (Study 2).
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time. In doing so, she was reflecting on the progress of ideas in the community
(i.e., her class). A reader can follow the hyper-links and move back and forth be-
tween the explanation and the referenced notes. The icons within the content win-
dow of the portfolio note represent the links to other notes. The figure also shows
scaffolds (sentence starters) specifically designed for the portfolio task, making
clear which portion of the text pertains to a specific principle.

The portfolio task differed from other examples of portfolios: Most portfolios
include a range of different kinds of artifacts. Nevertheless, we called it a portfolio
note as it shared many features with regular portfolios: The artifacts (i.e., notes ref-
erenced) were selected by the student, and the portfolio represented high points of
individual and community learning and tracked the growth and development of
learning over time.

Knowledge Building Principles

The students were provided with a set of knowledge building principles as scaf-
folds to help them with the portfolio task. The knowledge building principles pro-
vided students with a lens for assessing (i.e., identifying) knowledge building; they
also provided scaffolds that students could use to keep their inquiry on track.
Scardamalia (2002) proposed a system of twelve principles aimed at elucidating
the processes and dynamics of knowledge building, which has been used in studies
of knowledge building (Law & Wong, 2003; Niu, 2006). However, we considered
this system too complex to serve as a framework for student assessment in the con-
text of teaching and developed a smaller system; we changed the description to
make it more accessible to students, but the central ideas are similar. Clearly, this
smaller system is not as comprehensive as Scardamalia’s, but we assumed that it
would be sufficiently comprehensive for our purpose. The principles we used are
described following.

Working at the cutting edge. This principle reflects that a scholarly com-
munity works to advance its collective knowledge; it states that individual commu-
nity members are accountable for the intellectual advancements of the learning
community. For example, scientists do not work on problems of only personal in-
terest but on problems that can contribute something new to a field. Several ele-
ments seem relevant for working at the cutting edge and we relate them to
Scardamalia’s (2002) principles. First, students articulate their ideas and identify
personal gaps in their understanding. Scardamalia refers to this aspect of working
at the cutting edge as “epistemic agency”. Epistemic agency is a metacognitive
ability and shifts the responsibility for setting learning goals from the teacher to
students; it is an important component of learning to learn. Second, students evalu-
ate emerging questions and ideas relative to the community’s learning goals and
relative to what others have found out before about them. Third, students work to-
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ward the community’s shared and emergent learning goals. These three elements
can be used to identify the extent to which students are working at the cutting edge.

Progressive problem solving. Progressive problem solving is a central as-
pect of the process by which experts create new knowledge (Bereiter & Scar-
damalia, 1993). The idea is that when an expert understands a problem at one level,
he or she continues to pursue it and reinvests cognitive resources into new learning.
In a scientific community, one study often raises new problems that are investi-
gated in follow-up studies that extend understanding of how a scientific theory is
working in diverse conditions. Progressive problem solving can be evident in a
knowledge building discourse if there are distinct problem solving episodes. For
example, a class of students may first develop a basic understanding of chemical
kinetics based on an empirical study in which it articulates a model that explains
the available data. Subsequently, the class may fill in some gaps in this simple
model: It may investigate the influence of the ambient temperature on the reaction
rate or extend the model to more complicated reactions that involve more reac-
tants. In such episodes, the conceptual artifacts created by the discourse undergo
considerable development. The basic model of kinetics is replaced by a model that
includes mechanisms for controlling the reaction rate, which is then replaced by
another model that additionally explains the kinetics of complex networks with
multiple reaction rates. Progressive problem solving is related to the notion that
ideas are conceptual artifacts that can be improved. Scardamalia (2002) has re-
ferred to evidence that ideas are treated as one determinant of knowledge building.

Collaborative effort. Collaborative effort is the effort students make to help
each other understand the problem under study. Collaborative effort is frequently
discussed in CSCL, and we propose several levels at which it may be evident in
notes contributed to an online discussion. Level 1: Students write notes in response
to other notes; they raise questions, extend theories, and provide examples or rele-
vant information. Level 2: Students have some awareness that peers who may read
their notes may be missing contextual information; they provide clues to help their
peers to make sense of the note. Students may include scaffolds, link notes to ear-
lier notes, and provide clues in the text of the note. Level 3: Students are aware that
knowledge construction is possible because students can examine a problem from
multiple perspectives, for example, by comparing two theories. Level 4: Students
contribute some notes that integrate a number of other notes, for example, summa-
rizing what has been learned about a problem and describing what still remains to
be discussed or investigated.

Identifying high points. Whereas progressive problem solving focuses on
the development of the community’s ideas, the principle “identifying high points”
focuses on metacognition and development of students’ understanding. This prin-
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ciple states that students are able to identify and describe the events that have en-
abled them to make personal growth in the context of communal knowledge ad-
vances. As with the other principles, levels of sophistication can be articulated. At
the most basic level, students are able to identify individual notes that show a new
idea; at a higher level, student may realize “I had an ‘aha’ in this note;” and at yet
higher levels, students explain the progression of understandings they had on the
way to their current understanding in fuller detail.

DESIGN, IMPLEMENATION, AND EVALUATION
OF CLASSROOM STUDIES

The three studies show how the assessment approach was developed in three suc-
cessive implementations. The portfolio design was first implemented in a graduate
course on knowledge building (Study 1). Following this, one of the teachers taking
the graduate course adapted the approach for implementation in a twelfth grade
physical geography course (Study 2). The teacher refined the approach and the in-
structions to make them more accessible to his students. Some modifications also
resulted from preliminary analysis of the data from Study 1 (van Aalst & Chan,
2001) and the teacher’s reflection of his own experience in the graduate course. We
focused more directly on collective learning and explored its relation to domain
understanding. Finally, the design was tested at another school in a twelfth grade
chemistry course (Study 3). This teacher devoted less time to knowledge building
during the school year and had not taken a course on knowledge building prior to
his implementation; he used the work of the teacher of Study 2 as a model but did
not substantially modify the model.

The second and third studies were two implementations in different secondary
school settings that both built on lessons learned from the first implementation; the
third implementation provides evidence for the usability of the assessment ap-
proach in secondary schools above what the second implementation provides. As
we will see in more detail later, each study examined the guiding questions at pro-
gressively deeper levels. Study 1 examined only questions 1 and 2. During Study 2,
it became apparent that the students recognized the utility of the portfolio task for
scaffolding knowledge building—not just characterizing it. This study therefore
additionally explored the scaffolding role of the portfolio task (guiding question
3). Study 3 extended these analyses in another secondary school setting using a
quasi-experimental design in which the teacher taught both the experimental class
and the comparison class. This gradual improvement of methodology reflects the
evolution of the research program. The first implementation was based on a proto-
type, so limited resources were applied to evaluations of the design; as interest in
the approach increased we sought to understand the design more deeply.
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Study 1: Exploring Knowledge Building Through Portfolios
in a Graduate Course

Background and Goals

The goal of Study 1 was to design an approach to assess and identify individual
and collective aspects of knowledge building using knowledge building portfolios.
We introduced the portfolio task and the four principles for characterizing the
knowledge building process in a graduate course focusing on knowledge building
theory and practice. We explored the following questions in this study: Could stu-
dents use these principles to identify knowledge building episodes? Which ones
were more or less difficult? How was knowledge building manifested in the dis-
course? Were the portfolio scores, reflective of knowledge building process, re-
lated to other measures?

Participants

The participants were 12 graduate students enrolled in a one semester joint
course on knowledge building. For practical reasons, the course was cotaught by
the authors with cohorts in Vancouver and Hong Kong. The cohorts had local
weekly face to face classes, shared a Knowledge Forum database, and participated
in several videoconferences. Most participants were practicing teachers in elemen-
tary and high schools with teaching experience ranging from 4 to 20 years; 3 of the
participants were full-time graduate students working in the area of educational
technology and had some previous exposure to knowledge building and Knowl-
edge Forum.

Instructional Design

The goals of the course included helping students to learn the literature on
knowledge building and to participate in a knowledge building discourse. During
the first 10 weeks of the course, the students discussed weekly readings and class-
room examples in their face to face classes and the shared Knowledge Forum data-
base; approximately 30 minutes were used per class meeting for reviewing the da-
tabase and writing new notes, but both cohorts also worked on Knowledge Forum
between classes. Sometimes, a discussion would move from the database to a face
to face discussion, but the converse also occurred.

After approximately 4 weeks, the students studied the Knowledge Forum data-
bases of four high school and university classes; the teachers and some of the high
school students who had created these databases participated in the discussion of
emerging questions in the course database and videoconferences. The virtual visits
allowed the (graduate) students to ask practical questions about knowledge build-
ing in specific contexts and to test their own conjectures of how knowledge build-
ing would work in practice.
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Assessment consisted of two components: an individual project and the knowl-
edge building portfolio. After the students had had a chance to read and write some
notes, the course instructors discussed their expectations for online work and the
idea of developing portfolios to demonstrate the students’ efforts at knowledge
building; they then developed some criteria for evaluating the portfolios with the
students. This work was completed by the 3rd week, and the portfolios were based
on work completed after that time. The instructions and criteria used for the portfo-
lios are shown in Table 1.

TABLE 1
Instruction for Knowledge Building Portfolio (Study 1)

Principle 1: Working at the “cutting edge”. There are two parts to it: (1) Students are able to
evaluate the limits of their understanding (e.g., knowledge gaps; inconsistencies) and identify /
formulate questions that could advance their understanding. But (2) it is not just personal knowledge
but the community’s knowledge that must be advanced. Everyone in the community has a
responsibility for the quality of the discourse, so if “deep” questions are not raised or taken up by
anyone this reflects a lack of evidence for this principle.

Principle 2: Progressive problem solving. This involves the reinvestment of learning resources in
new learning. When a problem is understood at one level, it can lead to new questions and theories.
The focus here is on the idea. Can you demonstrate that an idea has undergone development as the
discussion progressed, and can you show that a note you wrote played an important role in this
development. You don’t have to be the original contributor of the idea, but you must have
participated at least once in its evolution.

Principle 3: Collaborative effort. A very important aspect of knowledge building is the idea that
knowledge is not static but always subject to possible improvement. Thus with the notes you submit
you should provide evidence that you helped others advance their understanding. This principle tries
to get at something that is primarily social in character. If you believe that knowledge can be
improved by means of discourse, then what are you doing to help others to advance their
understanding? Notes that provide constructive feedback, relevant information, or insight from your
own inquiry to specific community members could be evidence that you are not only concerned
about your own learning but also that of others.

Principle 4: Identifying high points. Students can identify the high point of where they have been
during their knowledge building efforts. Examples may include notes that demonstrate insights and
new ways of looking at things; and how your personal understanding has been shaped by both your
own writing, class discussion and writing by others.

Note:  Portfolio insruction. Students submit eight notes from six weeks of work in KF, together
with the one note in which the student explains how the submitted notes meet the criteria (below). This
note will have links to the other eight notes (e.g. Rise-above). The notes are evaluated as collections
rather than on a note-by-note basis. The onus is on students to provide evidence in support of four KB
principles in their submissions. A mark out of 6 will be given for each KB principle:

5-6: Strong evidence for the principle without a lot of evidence against it.

3-4: More evidence in support of than against the principle.

1-2: Eight notes are submitted, but they lack convincing evidence in support of the principle.
0: Assignment is not completed
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Results

Before presenting the quantitative results, we discuss excerpts from two portfo-
lios to illustrate how students recognized and described knowledge building epi-
sodes; the excerpts selected illustrate collective aspects of knowledge building.

Working at the cutting edge. 1In the first example, Stephen describes a
knowledge building episode in which he and other participants worked at the cut-
ting edge, pursuing the notion of diverse expertise introduced in a course reading.
Stephen wrote the following:

(Working at the cutting edge) My note was written as a reaction to the read-
ing of Brown and Campione. The idea of promoting diversity in a classroom
goes against traditional teaching beliefs that all students should master the
same material at the same rate, and all students work on the same problems.
Notes by Tiffany, Harry, Brian, and Patricia point out the value of having
weaker students as part of the classroom community. My school is wonder-
ing how we will cope with the loss of our modified math 9 classes. The Min-
istry of Education has outlawed Math 9A (modified math classes) next year
all students must take the same level of math in Math 92. The ideas in this
view [discussion area] will certainly be pertinent to math teachers in BC, for
me this is operating at the cutting edge. In3 Note 3 I raised the question, can
all students be experts? This has twenty follow-up notes in the community.
(Excerpt 1, Stephen; the superscripts represent hyperlinks to other notes in
Knowledge Forum)

Stephen explained that he posed a question about student diversity that contra-
dicted common beliefs, and other students posted responses to address the appar-
ent contradiction. The example shows pursuit of an idea of interest and value to the
community (there were 20 follow-up notes). However, when we examined the
cluster of notes Stephen referred to note, it became evident that another student
(Randy) played an important role: Many of the notes in the cluster are linked di-
rectly to his note. This shows that working at the cutting edge is at the same time an
individual and a collective phenomenon. Without the notes by Stephen and Randy,
the cluster of 20 notes would not have been created, but we cannot attribute work-
ing at the cutting edge to any student in particular. Rather, it is a property of all stu-
dents who contributed to the discussion.

Collaborative effort. As students kept contributing to Knowledge Forum,
computer notes proliferated over time during the semester making it difficult to
follow the discourse. Without being asked to do so by the instructors, Arthur ana-
lyzed a view (discussion area) on one of the readings, created a new view from it
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that held notes of current interest, and attempted to provide a summary note of the
new view. As shown in the portfolio note, rather than just writing comments or
questions typical in online discussions, Arthur attempted to synthesize and capture
the central theme of the community discourse. In his portfolio note, Arthur wrote:

It is very enjoyable to read [the] discussion of the issue about individual
mind and communal knowledge. It gives me an opportunity to organize what
I'have learnt in this course and deepen my understanding of the World 3 con-
cept. Although I originally have some idea, but [it] has only been enriched
with discussion here ... Two main themes appear in the discussion. The first
is what the main concern of collaborative learning [is] — the communal
knowledge or the individual mind (Brianl, Cathy2, Angela3, Robert?). The
second is how to foster collaborative learning among students and teachers;
[the] special concern is on teacher training (Kitty2, Cathy®, HarryZ Patricia8,
Robert?). I will try to sum up the first theme here ... . (Excerpt 2, Arthur; su-
perscripts refer to links to other notes)

This portfolio note illustrates how the students collaborated and made collec-
tive knowledge advances. Collaborative effort was manifested not merely as two or
more students writing to each other on some topics. Rather, it was an activity
aimed at tracking and assessing what the community understood at that point and
making the knowledge building process more accessible for the whole community.
In this specific case, the student was not simply describing what he understood; he
was describing and analyzing the key themes of discourse in the community.

Quantitative Analyses

Each student submitted a portfolio linking to eight of his or her own notes on
Knowledge Forum. We rated the portfolios to examine evidence for the knowledge
building principles. We also examined the relations of the portfolio scores reflect-
ing knowledge building processes with students’ participation and database usage
on Knowledge Forum.

Portfolio ratings. The notes submitted by students as evidence were assessed
using a 6-point scale (Table 1). We examined the set of notes for each principle
rather than examine each note separately. A rating of 1 or 2 was assigned if an at-
tempt was made to complete the portfolio but that little evidence could be found in
the notes for the principles, a rating of 3 or 4 if the evidence was mixed, and a rating
of 5 or 6 if the notes consistently showed strong evidence for the principles. All
portfolios were rated independently by the two instructors; the interrater reliability
was .62 (Pearson correlation). The low reliability reflects our incomplete under-
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standing of the knowledge building principles during this study—something to be
improved on in the follow-up studies.

The results are shown in Table 2; for convenience of presentation, the raw
scores have been converted to percentages, and similar results for Studies 2 and 3
are included in the same table. For Study 1, the data indicate that there was some
evidence that students understood the principles, with the mean scores ranging
from 48.3% (progressive problem solving) to 71.7% (collaborative effort). A
multivariate analysis of variance of the ratings for the four principles showed that
progressive problem solving was statistically lower than all the other principles,
F(3,30)=4.47, p = .01,m2 =31, suggesting that progressive problem solving was
more difficult than the other principles for this community.

Trends in participation in Knowledge Forum (Analytic Toolkit indexes).
The Analytic Toolkit (ATK; Burtis, 1998) was used to retrieve server log files.
Similar to overviews of class activity analyzed by Guzdial and Turns (2000b),
ATK indexes provide basic quantitative information about participation and data-
base usage of Knowledge Forum. The following ATK indexes were analyzed: (a)
number of notes created, (b) percentage of notes that are linked to other notes, (c)
Percentage of notes with keywords, (d) percentage of notes in the database read,
(e) number of notes with scaffolds (e.g., I need to understand, my theory), and (f)
number of revisions per note. Keywords help to index the database and can make
notes more accessible; revision is important to knowledge building because ideas
need to be revisited and reconstructed.

Findings for the knowledge building ATK indexes obtained from server logs are
presented in Table 3. For convenience of presentation, findings for Studies 2 and 3

Table 2
Mean (SD) Portfolio Scores (Percentages of Maximum Scores)

Progressive High Point/

Problem Collaborative ~ Monitoring
Cutting Edge Solving Effort Understanding

Study Class Size M SD M SD M SD M SD
1 12 61.7 10.5 48.3 20.2 71.7 16.2 65.0 322
2 7 (high) 74.3 18.6 70.0 18.6 77.1 15.7 57.1 31.6
7 (low) 41.3 32.3 36.3 332 48.6 229 56.2 239
14 (total) 57.8 30.5 532 31.0 62.9 24.0 56.7 26.9
3 13 (high-gain) 88.8 13.1 71.3 23.6 81.8 11.7 71.3 20.8
11(low-gain) 67.3 18.8 55.8 18.1 75.0 144 63.5 28.2
24 (total) 71.0 19.4 65.5 23.1 78.0 134 69.8 25.5

Note. Principle 1 = working at the cutting edge; principle 2 = progressive problem solving; principle 3
= collaborative effort; principle 4 = identifying high points. Standard deviations are shown in parentheses.
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Table 3
Participation on Knowledge Forum: Means and Standard Deviation
of Analytic Toolkit (ATK) Indices

% Notes
Class ~ Weeks Notes % Notes with % Notes Scaffold

Study Size on KF Written Linked Keywords Read Revisions Uses

1 12 10 24.4 84.2 48.5 45.1 11.6 23.0
(8.3) (13.1) (16.8) (15.9) (11.2) (17.1)

2 14 18 58.9 86.3 532 66.6 48.2 60.8
(16.6) (4.1) (12.7) (8.7) (22.9) (30.0)

3 24 10 114 81.0 73.1 64.4 5.2 6.9
(5.9) (17.7) (16.2) (17.9) (7.5) (6.4)

are included in the same table. Although no comparison data were available, these
findings generally indicate relatively sophisticated use of Knowledge Forum, with
a large percentage of notes linked to other notes, significant use of keywords, and
acceptable reading of other notes (all relative to a standard worked out collabor-
atively with the students). The standard deviations were generally less than .5 of
the means suggesting participation was generally even. Analysis indicated that
most of these indexes increased over time, suggesting improvements in participa-
tion and the use of Knowledge Forum features. For example, the number of note re-
visions was approximately 2.2 during the first 6 weeks, but increased to 7.1 in the
last 3 weeks (averages over all students). For the number of notes written, these
numbers were 4.5, 8.0, and 11.0, respectively. As one student explained in his port-
folio note, it required some students several weeks to become comfortable with
Knowledge Forum and discussing ideas online.

Relation between portfolio ratings and ATK indexes. We examined the
relations between participation on Knowledge Forum (ATK) with portfolios scores.
Because the sample was too small to analyze separately for all six ATK indexes,
the ATK indexes were combined using factor analysis. Notes created, percentage
of notes in database read, number of revisions, and number of scaffold uses loaded
onto a single factor, explaining 61.5% of the variance (Eigenvalue 3.69); the factor
score was correlated with the portfolio score for collaborative effort, r = .72, p <
.05. The percentage of notes with links and with keywords loaded onto a second
factor, explaining an additional 21.8% of the variance (Eigenvalue 1.30).

Discussion and Issues Raised

Study 1 led to some important insights about knowledge building. The students
were generally able to use the knowledge building principles to identify knowl-
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edge building episodes, and their portfolios revealed individual as well as collec-
tive aspects of knowledge building. For example, the portfolio by Stephen indi-
cated the importance of individual contributions, but it also showed that working at
the cutting edge could not be attributed to any student in particular. The example of
collaborative effort in the portfolio of Arthur showed that collaborative effort can
be much more than responding to other students’ notes—Arthur synthesized the dis-
course, providing a service to the whole community. This example also showed
that although teachers generally wish to respond to students’ notes, students may
be able to synthesize diverse ideas and knowledge advances in the community.

One challenge we met in Study 1 was that we did not know in advance how each
of the principles could be recognized in the Knowledge Forum database. As a re-
sult, the instructions for developing the portfolios were abstract, and we were not
able to provide examples of portfolios. This problem may also have contributed to
the low interrater reliability. Our understanding of the principles also developed
considerably as a result of analyzing the portfolios. Initially, we thought of work-
ing at the cutting edge as an individual responsibility, expecting every student to be
a primary author in at least a few examples. We now think that was an unrealistic
expectation and view working at the cutting edge as a property of the community.
It is interesting to note that many students spontaneously discussed not only their
own work but also that of their peers, as they attempted to demonstrate evidence
for the principles. As one participant aptly put, “it was difficult to put together a
portfolio where you identified your best work because my note was good only in
the context of the other notes in the discourse.” Based on such realizations, a mem-
ber of the class, the teacher of Study 2, collaborated with the researchers and im-
proved the design of the portfolios (details are described later).

We faced other challenges. Regarding progressive problem solving, there was
some evidence for idea improvement in the portfolios, but little evidence to sug-
gest one problem being resolved and leading to follow-up problems. Relative fail-
ure to identify good examples of progressive problem solving was widespread as
the ratings for this principle were statistically lower than for the other principles.
Reflection on this revealed two insights. First, the purpose of discussion in Knowl-
edge Forum in this course was primarily to extend class discussions of the litera-
ture, that is, to understand the weekly readings. The readings were not situated in
problems that the class was attempting to solve. Second, as one student explained
during a class, she “had been used to reading an article in preparation for class, dis-
cussing it in class, and moving on to the next article.” As another student explained
during a videoconference:

When I did the [portfolio] evaluation, what really stuck out to me was that
myself individually, as well as us collaboratively, we really didn’t do a lot of
progressive problem solving. ... Um, my strategy, when I was working on
Knowledge Forum, was to go into a new view and work on it, and read lots of
notes, and get really into it, and as soon as the next view was posted I would-
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n’t really return to the old view, I'd focus all my energy on the new view. And
eh so I really realized, after doing the evaluation, that this wasn’t a good
strategy to use in knowledge building. (Cindy, Excerpt 3, videoconference
transcript)

These findings may shed light on problems of superficial 