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10Abstract The study reported here sought to obtain the clear articulation of asynchronous
11computer-mediated discourse needed for Carl Bereiter and Marlene Scardamalia’s
12knowledge-creation model. Distinctions were set up between three modes of discourse:
13knowledge sharing, knowledge construction, and knowledge creation. These were applied to
14the asynchronous online discourses of four groups of secondary school students (40 students
15in total) who studied aspects of an outbreak of Severe Acute Respiratory Syndrome (SARS)
16and related topics. The participants completed a pretest of relevant knowledge and a
17collaborative summary note in Knowledge Forum, in which they self-assessed their collective
18knowledge advances. A coding scheme was then developed and applied to the group
19discourses to obtain a possible explanation of the between-group differences in the
20performance of the summary notes and examine the discourses as examples of the three
21modes. The findings indicate that the group with the best summary note was involved in a
22threshold knowledge-creation discourse. Of the other groups, one engaged in a knowledge-
23sharing discourse and the discourses of other two groups were hybrids of all three modes.
24Several strategies for cultivating knowledge-creation discourse are proposed.

25Keywords Knowledge sharing . Constructivism . Knowledge building .

26Knowledge creation . Argumentation
27

28Introduction

29For two decades, Carl Bereiter and Marlene Scardamalia have been developing an educational
30model intended tomake the processes experts use to advance the state of knowledge in their fields
31more common in education. The model was initially called “intentional learning” to emphasize
32that learning needs to be an intended goal rather than the by-product of activities (Bereiter and
33Scardamalia 1989) and then “knowledge building,” suggesting that knowledge is the product of
34a constructive process (Bereiter and Scardamalia 1993). But as constructivism has gained wide
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35acceptance in education, it has become difficult to distinguish knowledge building from
36constructivist learning, and Bereiter and Scardamalia have begun to favor the term “knowledge
37creation,” which is well established in the literature on innovation (Gundling 2000; Nonaka and
38Takeuchi 1995).1 The term refers to a set of social practices that advance the state of
39knowledge within a community over time (Paavola et al. 2004). Knowledge creation involves
40more than the creation of a new idea; it requires discourse (talk, writing, and other actions) to
41determine the limits of knowledge in the community, set goals, investigate problems, promote
42the impact of new ideas, and evaluate whether the state of knowledge in the community is
43advancing. To support this discourse, Scardamalia and colleagues have developed a Web-based
44environment, Knowledge Forum® (Scardamalia 2003), which includes tools for asynchronous
45problem-solving interactions, idea development, synthesis, and refection.
46The integration of computer-mediated asynchronous discourse into classroom practice
47needs to be addressed if educational models such as knowledge creation are to be
48implemented widely. My experience of working with many teachers suggests that
49participant understanding of the nature of the discourse needed for knowledge creation is
50crucial for such integration (van Aalst 2006). The goal of the study reported here was to
51obtain a clearer articulation of the online discourse needed for knowledge creation.
52To this end, I distinguish three modes of discourse—knowledge sharing, knowledge
53construction, and knowledge creation—which correspond to three established theoretical
54perspectives. Knowledge sharing refers to a transmission theory of communication (see Pea
551994), knowledge construction to cognitive psychology (constructivism), and knowledge
56creation to interactive learning mediated by shared objects (Paavola et al. 2004). This
57division extends the cognitively oriented distinction between knowledge-telling and
58knowledge-construction models of writing (Bereiter and Scardamalia 1987) in light of
59recent theoretical developments that posit cognition as being situated in authentic situations
60and practices (Brown et al. 1989; Hutchins 1995; Lave and Wenger 1991). The distinctions
61are then applied to the analysis of a Knowledge Forum database.
62The remainder of this paper is organized as follows. The next two sections describe the three
63modes of discourse and their theoretical underpinnings, and provide a brief introduction to
64Knowledge Forum. A case study is then presented, covering the collaboration of four large
65student groups that investigated aspects of Severe Acute Respiratory Syndrome (SARS), Avian
66Flu, and related topics. The case first examines evidence of collective knowledge advancement
67within the groups, and then examines the nature of each group’s discourse inKnowledge Forum
68using a newly developed coding scheme. The analysis of the group discourses is matched to
69both the evidence of collective knowledge advancement and the three modes of discourse.
70Ways to encourage knowledge-creation discourse are then discussed.

71Knowledge sharing, knowledge construction, and knowledge creation

72Knowledge sharing

73Knowledge sharing refers to the transmission of knowledge between people. Strictly
74speaking, only information can be transmitted; information is knowledge for the sender and

1 Private communication, August 8, 2008. The shift in terminology makes the discussion of earlier
contributions difficult. In this paper, I consider Bereiter and Scardamalia’s earlier work as part of a
continuous line of research and refer to their model as “knowledge creation” throughout, although it is not a
term they have used in their published work.
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75receiver if they comprehend its content and significance. Examples are providing factual
76information to answer a query or uploading various kinds of information to an intranet. One
77thing that makes such interactions effective is that the receiver has already identified a need
78for the information. For example, someone new to editing digital video may need to be
79shown how to add music to the video, which will address an already meaningful goal.
80As a social practice, knowledge sharing is an accomplishment, especially in competitive
81environments; people are not naturally inclined to share what they know unless doing so is
82likely to enhance their own social position. The management literature indicates that
83knowledge-sharing practices can make organizations more effective, but they need to be
84cultivated (Lencioni 2002). In a community engaged in collaborative inquiry, knowledge-
85sharing practices involve the introduction of information and ideas without paying
86extensive attention to their interpretation, evaluation, and development. The perceived lack
87of a need for interpretation and evaluation can be related to naïve realism, an epistemic
88position according to which data speak for themselves (Science Council of Canada 1984).
89A related epistemic belief is “quick learning,” which has been linked to overconfidence in
90knowledge (Schommer 1990). The ideas shared are not modified by the sharing interaction
91(Bereiter and Scardamalia 1987; Pea 1994), and knowledge sharing is not reflective.

92Knowledge construction

93Knowledge construction refers to the processes by which students solve problems and
94construct understanding of concepts, phenomena, and situations, considered within
95cognitive psychology. It is effortful, situated, and reflective, and can be individual or
96social (Sullivan Palincsar 1998). The basic assumption of constructivism is that the student
97must make ideas meaningful in relation to his or her prior knowledge and to the situation in
98which the need for ideas arises (von Glasersfeld 1995). The cognitive processes are
99“situated” because they are mediated (enabled) by social interactions within the particular
100group that is working together and by the particular technologies used (Brown et al. 1989;
101Hutchins 1995). Knowledge construction is often associated with deep learning, which
102involves “qualitative changes in the complexity of students’ thinking about and
103conceptualization of context-specific subject matter” (Moore 2002, p. 27; also see Biggs
1041987). Dole and Sinatra (1998) conceptualize the effort students invest in information
105processing as “engagement,” ranging from simple processing that leads to assimilation
106(low), to deeper processing and some reflection that leads to knowledge restructuring
107(moderate), and on to substantially metacognitive processing (high).
108At moderate to high levels of engagement, knowledge construction can lead to the
109substantial restructuring of knowledge, which may include the invention of new concepts
110and enhanced meta-conceptual knowledge (e.g., knowledge about the hierarchical nature of
111networks of concepts). For example, students may initially consider the motion of an apple
112that falls from a tree to be unrelated to the motion of the earth in its orbit around the sun,
113but then come to realize that both can be described using the universal law of gravitation.
114This change would imply deeper insight into the nature of gravity and would lead to a
115restructuring of knowledge; the resulting knowledge structure would explain a greater range
116of observations and require fewer assumptions. More generally, synthesis that results in
117understanding phenomena on a higher plane and the creation of new concepts is an
118important form of knowledge advancement. For example, Mendeleev’s introduction of the
119periodic table of the elements accelerated progress in chemistry by predicting the existence
120of unobserved elements and the creation of new concepts to explain the partially observed
121patterns. Scardamalia (2002) conceptualizes such advances as “rise-above,” which she

Computer-Supported Collaborative Learning

JrnlID 11412_ArtID 9069_Proof# 1 - 30/05/2009



AUTHOR'S PROOF

U
N
C
O
R
R
EC
TE
D
PR
O
O
F

122described as “working toward more inclusive principles and higher-level formulations of
123problems. It means learning to work with diversity, complexity and messiness, and out of
124that achieve new syntheses. By moving to higher planes of understanding knowledge
125[creators] transcend trivialities and oversimplifications and move beyond current best
126practices” (p. 79). Although Scardamalia proposes rise-above as a knowledge-creation
127principle, I regard it as a cognitive act whereby students articulate higher levels of
128understanding and not merely reorganize knowledge (Gil-Perez et al. 2002); nevertheless,
129the need for rise-above is greater when the need for synthesis is greater.
130Knowledge construction involves a range of cognitive processes, including the use of
131explanation-seeking questions and problems, interpreting and evaluating new information,
132sharing, critiquing, and testing ideas at different levels (e.g., conjectures versus explanations
133that refer to concepts and/or causal mechanisms), and efforts to rise above current levels of
134explanation, including summarization, synthesis, and the creation of new concepts.
135However, educational approaches vary considerably in the extent to which they make it
136possible for students to engage in these processes. Although most emphasize working with
137information and ideas (e.g. Goldberg and Bendall 1995; Hunt and Minstrell 1996; Linn
138et al. 2003), there may be limited opportunities for students to pursue problems they have
139identified themselves or to synthesize ideas and formulate new concepts. For example, in
140problem-based learning (Hmelo-Silver and Barrows 2008), students are provided problems,
141although these are ill-structured and need considerable articulation. In other approaches,
142students may collaborate in small groups on relatively simple tasks that require little
143synthesis and reflection on progress. In the vast majority of approaches, knowledge-
144construction processes are directed at acquiring the reliable knowledge of a field (Edelson
145et al. 1999; Kolodner et al. 2003; Krajcik et al. 2008). Knowledge construction, with its
146emphasis on building on students’ prior ideas, concepts and explanations, and their
147metacognition, produces deeper knowledge in complex domains than does knowledge
148sharing (Bransford et al. 1999; Hmelo-Silver et al. 2007).

149Knowledge creation

150The term “knowledge creation” is used in the literature on expertise and innovation to describe
151how companies, organizations, and academic fields develop the ideas needed to sustain
152innovation (e.g. Engeström 2001; Gundling 2000; Nonaka and Takeuchi 1995). Knowledge
153creation depends on conditions in which creative work on ideas is valued and there are
154mechanisms for choosing the most promising ideas for further development, and rewarding
155creativity. These elements need to work together to create what Gundling (2000) has called an
156“ecology of innovation” that produces “a dazzling variety of new products each year” (p. 14).
157At one level, knowledge-creation discourse involves the design and improvement of
158intellectual artifacts such as theories, explanations, and proofs (Bereiter 2002). Drawing
159from Popper’s theory of objective knowledge, Bereiter considers ideas to be real objects
160similar to bicycles or telephones. We may ask how a bicycle can be improved, and we can
161ask the same of an idea. This aspect of the discourse is known as “design-mode” (Bereiter
162and Scardamalia 2003), with an emphasis on explanations, casual mechanisms, and the
163coordination of claims and evidence.
164However, knowledge creation is not just a rational effort. For example, the community
165periodically needs discourse to identify priorities and long-term goals, decide how to
166mentor newcomers, and evaluate knowledge advances. As studies of scientific practice
167have shown, the associated discourse tends to be more argumentative (Feyerabend 1975;
168Kuhn 1970; Lakatos 1970; Latour 1987). To mention just a few examples, in science, good

J. van Aalst

JrnlID 11412_ArtID 9069_Proof# 1 - 30/05/2009



AUTHOR'S PROOF

U
N
C
O
R
R
EC
TE
D
PR
O
O
F

169problems may not be investigated because they are not currently considered important
170(Latour 1987). Researchers promote their own work and that of close colleagues by alerting
171the community to recent findings, and may ignore important new findings that they do not
172find appealing (Reeves 2008). Other researchers may not make their insights public, for fear
173of attracting criticism (e.g., Madame Curie’s reluctance to make public the health hazards
174associated with radium, see Quinn 1995). In other words, belief-mode discourse also plays
175an important role in knowledge creation. Despite individual idiosyncrasies, scientific fields
176share a goal of innovation and the advancement of knowledge. Commitment to shared goals
177within a team is also important in a variety of other innovative contexts (Gundling 2000;
178Lencioni 2002; Nonaka and Takeuchi 1995).
179In Bereiter and Scardamalia’s knowledge-creation model (Bereiter 2002; Bereiter and
180Scardamalia 1996; Scardamalia 2002; Scardamalia and Bereiter 2006), a class of students is
181considered a community that shares a commitment to creative work on ideas and advancement
182of the state of knowledge in that community. Ideas are considered intellectual artifacts of the
183community; they reside in the community’s discourse rather than in people’s minds. The
184community needs to be able to identify gaps in its collective knowledge, map out ways to fill
185those gaps, design and manage inquiries, manage social processes, and evaluate progress.
186Thus, the community’s goals are emergent. Students are expected to make “constructive use of
187authoritative sources” (Scardamalia 2002) such as books, websites, and experiments, treating
188them as potentially useful for informing their work. They are also expected to engage in
189progressive problem solving, reinvesting cognitive resources to deepen their understanding of
190problems and taking on more difficult problems over time (Bereiter and Scardamalia 1993).
191One of the most important roles of the teacher in this process is to facilitate the development of
192an innovation ecology. Important progress has been made in this direction by the development
193of a system of principles that describe the socio-cognitive and socio-technological dynamics of
194knowledge creation, including collective cognitive responsibility for knowledge advancement,
195real ideas/authentic problems, epistemic agency, improvable ideas, rise-above, and constructive
196use of authoritative sources (Scardamalia 2002). These principles provide a technical
197vocabulary that students, teachers, and researchers can use to reflect on the extent to which
198there is evidence of a knowledge-creation discourse. Initial studies show that elementary and
199secondary school students are capable of engaging in the dynamics described by these
200principles (Niu and van Aalst 2009; Zhang et al. 2007, 2009). However, more work is needed
201to characterize the innovation ecology, such as by determining the social practices that make
202collaboration possible, the overall school culture, and the community’s experience at
203knowledge creation and its long-term goals (Bielaczyc 2006; Truong 2008). Knowledge
204creation requires discourse for maintaining social relations, setting goals, deepening inquiry,
205and lending support to ideas that are already understood by some in the community. For
206example, van Aalst (2006) discusses how a Grade 6 student referred to the scientist Francis
207Bacon to support an explanation he had proposed earlier that had not been accepted by the
208community. This move was directed less at improving understanding than at improving the
209impact of the student’s own ideas. Similarly, students who wish to further a line of inquiry need
210the ability to argue the case for doing so. These types of moves cannot be understood by
211examining short-term goals such as the problem students are currently attempting to
212understand, but require the consideration of higher level and longer term goals such as the
213diffusion of new insight throughout the community and progressive problem solving (Hmelo-
214Silver 2003). In groups that work together for short periods, there is less need for such moves.
215There are important theoretical differences between knowledge construction and
216knowledge creation, although they involve similar processes such as posing questions,
217formulating conjectures and explanations, summarizing progress, and proposing rise-above
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218ideas. These processes are interpreted within different psychological perspectives.
219Knowledge construction corresponds to cognitive psychology, in which improved
220understanding is regarded as the emergence of more complex cognitive structures and
221schemata (Novak and Gowin 1984). Such views have been criticized for their Cartesian
222split between the knower and what is known, and for treating knowledge as residing in the
223mind. Proponents of sociocultural theories posit knowing as the ability to participate in
224cultural practices (Lave and Wenger 1991; Roth and Tobin 2002). For example, Roth and
225Tobin argue that “knowing physics … means to participate in talking about relevant objects
226and events in the ways physicists do, using acknowledged words, sentences, gestures,
227inscriptions, and so forth …” (p. 152). These developments have given rise to a division
228between learning as the acquisition of mental representations and learning as participation;
229Sfard (1998) argues that both views are needed for a complete understanding of learning.
230Brownell and Sims propose a pragmatic and relational view of understanding implied by
231the ability to “act, feel, or think intelligently with respect to a situation” (1946, quoted in
232Bereiter 2002, p. 99), which Bereiter uses to argue that understanding is always mediated
233by the object to be understood. Accordingly, understanding has an “out-in-the-world” character.
234Drawing from Bereiter’s analysis and work on expansive learning and knowledge-creating
235companies (Engeström 2001; Nonaka and Takeuchi 1995), Paavola et al. (2004) propose a
236“knowledge creation metaphor” that further articulates this view. Thus, understanding and
237knowing are mediated by the objects that a community creates and shares, and the Cartesian
238split appears to be avoided. Rather than residing inside individual minds, ideas are regarded
239as cultural objects (or artifacts) that mediate knowing and understanding.
240In summary, knowledge sharing, knowledge construction, and knowledge creation
241correspond to different theoretical perspectives. However, this does not mean that a
242community will use a single mode of discourse. For example, we would expect students to
243use a knowledge-sharing discourse when it meets their needs, and for there to be individual
244differences in epistemic beliefs and conceptions of learning that make the identification of a
245single discourse mode difficult. Nevertheless, we can examine which discourse mode, in
246the balance, is most consistent with the observed discourse.

247Knowledge forum®

248The three modes of discourse can be supported by a wide variety of educational tools and
249activity structures, including online discussion forums (synchronous and asynchronous),
250mobile devices, face-to-face conversations, and lessons. This paper focuses on the use of an
251online discourse environment, Knowledge Forum.
252From a cognitive perspective, Knowledge Forum is designed to support knowledge
253construction through the use of scaffolds, which are sentence starters such as “my theory” that
254keep the writer and reader focused on cognitive processes. Knowledge Forum also has a
255variety of features that support working with ideas after they have been posted including: (a)
256the ability to revise notes; (b) the ability to add a note as a reference to another note; (c) the
257ability to reuse a note introduced in one workspace in a later workspace created for a different
258purpose (a workspace in Knowledge Forum is called a view for “point of view”); and (d) the
259ability to create rise-above notes, which have a special icon and are used to take the discourse
260to a higher conceptual plane. The ability to link notes is useful for making visually evident
261the connections between ideas. Knowledge Forum also makes it possible to objectify ideas—
262to share them and then allow the community to work on them. The above-mentioned features
263then support the work of improving such objects, reviewing progress, and synthesis.
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264The study

265The remainder of this paper reports a case study of asynchronous online discourse in
266Knowledge Forum using a coding scheme based on the distinctions between the three
267discourse modes. The data are drawn from a design experiment (Brown 1992; Collins et al.
2682004) in which the researcher and teacher collaborated to achieve two goals: to achieve a
269fuller implementation of the knowledge-creation model than in previous iterations, and to test
270a new assessment strategy (van Aalst et al. 2005). The assessment task was designed to
271extend our previous work on portfolio notes, in which students had used concepts describing
272collective aspects of knowledge creation individually (Lee et al. 2006; van Aalst and Chan
2732007). The new task was intended to underscore that knowledge advancements are collective
274achievements in a knowledge-creation community; it asked students to collaborate to review
275whether knowledge advances had been made on the problems they investigated and, if so, to
276coauthor a Collaborative Summary Note with all who had contributed to the collective
277advance. While the work students did together throughout the project involved both the
278division of labor (cooperation) and joint activity to understand the same problems and ideas
279(collaboration), the word “collaborative” in the name of the task signified that students were
280to work together to review and create these notes (for details see van Aalst et al. 2005).
281The study evaluated performance on the collaborative summary notes and related that to
282what students were doing in Knowledge Forum. The unit of analysis was a group of
283students that worked together in the same workspaces (views) in Knowledge Forum; there
284were four such groups in the study (Groups A-D). The analysis proceeded in five parts: (1)
285Several relevant independent variables were examined to check whether the groups could
286be considered to be equivalent. (2) Two dependent measures, Knowledge Quality and
287Significance of Findings, based on the collaborative summary notes, were measured to
288assess advances in collective knowledge made by the groups. (3) To identify mechanisms
289that could explain observed between-group differences in the dependent variables, the
290group discourses (all the notes written by each group) were coded and analyzed using a new
291coding scheme with 7 main codes and 33 subcodes. Statistical analysis was then performed
292on the main code frequencies to determine which main codes provided the greatest group
293separation. (4) The results were used to select several main codes for qualitative analysis to
294further elucidate what the groups were doing differently. (5) The observed patterns in the
295subcode frequencies were used to examine the fit of the four group discourses to the
296knowledge-sharing, knowledge-construction, and knowledge-creation discourse modes.2

297Methods

298Participants

299The participants were two classes of secondary school students, from a Grade 10 course on
300career preparation and inquiry (n=21) and a Grade 11 course focusing on computers and their
301impact on “global society” (n=19). The courses were taught concurrently by the same teacher
302at an inner city school in Western Canada. Approximately 40% of the students had some

2 In parts 1 and 2, only descriptive statistics were used because the assumption of independence of
observations is violated in collaborative groups and the participants were not assigned to groups randomly.
The statistics reported (group means and their standard errors) only serve as descriptors of the observed
groups.
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303experience with Knowledge Forum in previous grades, such as in discussing “problems of the
304week” in mathematics. However, these experiences did not last more than one or 2 weeks and
305were not integrated into a pedagogical approach based on knowledge-creation principles.
306The teacher had 10 years of experience teaching secondary school mathematics. He had
307recently completed a Master’s degree focusing on cognitive strategy instruction and was in
308his third year of using Knowledge Forum.

309Curriculum

310The researcher and teacher met several times at the beginning of the school year to plan the
311project, deciding that the then recent outbreaks of Severe Acute Respiratory Syndrome
312(SARS) and Avian Flu in 2003 and 2004 could provide a suitable area of inquiry for
313secondary school students. For example, students could build on their knowledge of science
314to study what was known about these phenomena, critique media attention, examine the
315economic impact, or form a position on how governments should have responded to the
316outbreaks. The Grade 10 course provided a promising context for integrating a focus on
317such questions into the curriculum, as one of its main goals was learning how to conduct
318research. The Grade 11 course also provided a good opportunity to engage in knowledge
319creation, as one of its main goals was for students to learn how information and
320communication technology could be utilized for learning in global societies. The second
321main topic on the Grade 11 course syllabus was “computer viruses,” which was added to
322SARS and Avian Flu as a third main topic for inquiry with the aim of having the students
323examine the nature of viruses in both biological and non-biological systems and identify
324patterns across them. (However, the topic only accounted for 11.5% of the coded notes.)

325Use of knowledge forum

326The two classes shared a Knowledge Forum database and worked on the same topics. To
327limit the number of notes they would encounter, the students were divided into four groups.
328Each group had students from both classes, with an equal number of students from each
329class; the students could choose their own groups but the teacher made some minor
330changes. Each group had its own views on Knowledge Forum and the groups were not
331expected to interact with each other during the inquiry. In the week before the project
332commenced, all students responded to an icebreaker topic. The researcher then introduced
333both classes to knowledge-creation principles, and students were reminded of these by
334means of posters in their classrooms.
335Both classes had daily access to a computer lab (70-minute periods), but students had a
336number of other assignments to complete. During typical periods, the teacher would spend 10
337to 20 min interacting with the whole class, and the students would then work on one of their
338assignments. Most of the students worked on Knowledge Forum during class a few times per
339week, and after school hours. The teacher discussed the students’ work in Knowledge Forum
340with them from time to time, but he only read 23% of their notes and posted 7 of his own.
341The researcher visited the classes four times, and occasionally the teacher emailed the
342researcher to ask for advice on issues that arose during conversations with the students.

343Scaffolding the collaborative inquiry project

344Because the teacher and students had little experience with extended and collaborative
345inquiry, a three-phase inquiry model was employed. Phase 1 developed a focus, Phase 2
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346was the main inquiry phase, and Phase 3 involved the students evaluating what they had
347learned. The researcher provided extensive instructions for the three phases as outlined below.

348Phase 1: Orientation (2 weeks) The goal of the first phase was to enable the students to
349identify problems and select the most promising inquiry foci. Research into inquiry-based
350learning has shown that the nature of students’ own questions constrains student-led inquiry
351(Krajcik et al. 1998; Lipponen 2000; Polman 2000). The students were thus asked to read
352widely and post notes in their group’s view, summarizing the main points and raising
353questions and ideas. Toward the end of Phase 1, they were asked to propose problems of
354understanding, using a Research Question note format stating the question, its background
355(relation to earlier notes), and ideas for studying the question. Finally, they were asked to
356select a few of the most promising problems for further research, considering: (a) the extent
357to which a question might lend itself to inquiry worth several weeks of effort, (b) whether
358they had ideas or resources for researching the question, and (c) the coherence among the
359questions that were under consideration. The researcher explained the rationale for these
360processes and related it to knowledge-creation principles.

361Phase 2: research (4 weeks) The students were asked to create a view in Knowledge Forum
362for each research question. They were then expected to work within their groups to research
363their problems by reading additional information on the Internet and from other sources.
364The students were encouraged to evaluate the credibility of the sources (e.g., the World
365Health Organization Website would be a more trustworthy source than writing by a person
366who did not declare his or her credentials), and to examine the evidence used to support the
367claims made in the sources. They were encouraged to extend their inquiries after they
368developed preliminary answers to deepen their understanding. The researcher and teacher
369were less involved in scaffolding the inquiry than in Phase 1.

370Phase 3: evaluation of learning (2 weeks) As knowledge advancement is an important
371outcome of knowledge creation, each group was asked to create a collaborative summary
372note for the problems on which progress had been made by the end of Phase 2. The
373students began their review face-to-face within their own group and class, and then created
374coauthored notes in Knowledge Forum; in the best examples, the coauthors then edited the
375notes to gradually improve them. The note format was similar to a brief scientific research
376report, with the groups asked to (a) state the problem on which they were reporting, (b)
377explain the problem’s background, with links to their work in Phase 1, (c) describe what
378they did to investigate the problem, (d) report the main findings, and (e) explain the
379significance of the findings and outline opportunities for further inquiry. The instructions
380also indicated that a student could be coauthor of several summary notes. The notes were
381designed as self-assessments of group accomplishment but were not used by the teacher for
382formal assessment. To guide their work, the students were provided a rubric showing
383several dimensions of the task (writing quality, identification of collaborators, organization,
384findings, and implications) with levels of performance for each (van Aalst et al. 2005). 385

386Data sources and coding

387Baseline data

388The following baseline data were collected to examine the extent to which the groups could
389be considered equivalent in terms of their opportunities to create knowledge: prior
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390knowledge relevant to the inquiry topics, general indexes of participation in Knowledge
391Forum, and the research questions proposed.
392A short test with eight questions was administered at the beginning of the project to assess
393existing knowledge of SARS and Avian Flu. The questions asked students to describe their
394knowledge of SARS, the corona virus, and what measures had been taken to control it; one
395asked whether a nurse should enter a hospital ward with SARS patients, and another asked
396what students knew about Avian Flu. Each question was scored on a 0–3 scale, ranging from
397“no domain knowledge evident” to “at least two relevant points.” For example, in a response
398that received a score of “3” for knowledge of Avian Flu, a student stated that “it was the same
399thing as bird flu,” which she further explained as follows: “The birds get the flu because they
400have to live in small spaces where bacteria grow and become more dangerous.” The scores
401were added to create a scale with a range from 0 to 24 points. The papers were scored by the
402researcher; 50% of the papers were also scored independently by a research assistant resulting
403in an inter-rater reliability of .88 (Pearson correlation).
404General indexes of participation in Knowledge Forum—Notes Created, Percentage of
405Notes Read, and Percentage of Notes Linked—were obtained using the Analytic Toolkit
406(ATK) for Knowledge Forum; these kinds of measures have been used in many studies of
407online discourse (Guzdial and Turns 2000; Hsi and Hoadley 1997; Lee et al. 2006; van Aalst
408and Chan 2007; Zhang et al. 2007). While high values of all three measures are not
409necessarily indicative of knowledge construction or knowledge creation, the measures can be
410informative. For example, a low percentage of notes read would suggest a low level of
411awareness of ideas in the database. Conversely, a high percentage of linked notes could
412indicate attempts to synthesize and integrate contributions. These measures are correlated
413with both performance on self-assessment tasks and knowledge advancement, although such
414effects are contingent on the discourse being explanation-driven (Niu and van Aalst 2009).
415The potential for knowledge advancement is also influenced by the nature of the
416research questions posed. Do they require explanations or will descriptive information
417suffice? Do the students have relevant knowledge that they can apply? The research
418question notes posed in Phase 1 were thus checked to determine whether all groups posed
419some explanation-seeking questions and questions that related to prior learning.

420Analysis of collaborative summary notes

421Two dependent variables were derived from the collaborative summary notes. The
422Knowledge Quality scale measured: (a) an epistemic position ranging from knowledge as
423a single factual claim to a fully integrated explanation in which several concepts and/or
424causal mechanisms were invoked (Hakkarainen et al. 2002); and (b) the extent and
425correctness of knowledge from a single finding, possibly with evidence of misconceptions,
426to at least three findings without evidence of misconceptions. The Significance of Findings
427scale was intended to measure the students’ ability to identify the significance of what they
428had learned, ranging from a brief restatement of their findings to a clear explanation of the
429significance, limitations, and potential for further inquiry. Self-assessment of the
430significance of learning is a metacognitive ability needed for knowledge construction and
431knowledge creation, especially for setting new learning goals. The descriptors for each
432point on these two scales are shown in Table 1.
433All summary notes were scored independently by the researcher and a research assistant
434who had completed a course on knowledge creation but was not familiar with the database.
435The inter-rater reliability was .85 for Knowledge Quality and .82 for Implications of
436Findings (Pearson correlation coefficients).
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437Coding of group discourses in Phase 1 and Phase 2

438A coding scheme was developed for analyzing the group discourses during Phase 1 and
439Phase 2. The goal of the analysis was to identify mechanisms that could explain between-
440group differences in the dependent variables. The scheme was intended to be general
441enough for use in analyzing discourse from a variety of perspectives within the computer-
442supported collaborative learning field, particularly knowledge sharing, knowledge
443construction, and knowledge creation. It includes seven main codes: Community, Ideas,
444Questions, Information, Links, Agency, and Meta-Discourse.
445The Community code describes the extent to which the social interactions within a group
446suggest a “sense of community,” in which “people feel they will be treated sympathetically
447by their fellows, seems to be a first necessary step for collaborative learning” ( Q1Wegeriff
4481998, as quoted in Kirschner and Kreijns 2005, p. 176). Indicators of a sense of community
449include commitment to shared goals, appreciation for the work of group members,
450identification with the group, and ways of getting things done that are specific to the group
451(Wenger 1998). Discourse that involves risk-taking requires a stronger sense of community
452than other types of discourse (e.g., improving ideas versus only sharing them). Although
453the knowledge-creation model refers to communities, the discussion in its literature has
454been limited to the socio-cognitive features of those communities.
455The next five main codes—Ideas, Questions, Information, Links, and Agency—are based on
456research into a wide variety of cognitively oriented inquiry approaches (Chan 2001;
457Hakkarainen 2003; Hakkarainen et al. 2002; Hmelo-Silver 2004; Kolodner et al. 2003; Linn
458et al. 2003). This body of work has shown that a focus on explanation is more likely to lead to
459knowledge advancement than answering fact-seeking questions (Hakkarainen 2003). The Idea
460code captures the ways in which students contribute to and work on ideas (e.g., opinions,
461conjectures, and explanations), with its focus on the nature of those ideas. In contrast, the
462Information code focuses on the extent to which students interpret or evaluate the information
463they introduce. The Agency code is intended to describe the ways in which students self-
464regulate their inquiries; the subcodes emphasize planning and reflection relating to logistics and
465the epistemic features of their inquiries. In terms of these codes, we would expect information-
466sharing discourse to be characterized by fact-seeking questions and limited evidence of
467ideation, interpretation of information, synthesis, and planning and reflection. In contrast, both

t1.1 Table 1 Rating scales for assessing collaborative summary notes

t1.2 1 2 3 4

t1.3 Knowledge
quality

Opinion or
conjecture; may
include strong
evidence of
misconceptions
or incorrect facts

Factual, with at
least 1 main
point; little or
no evidence of
misconceptions

Partly integrated
explanation with at
least 2 main points;
explanation invokes
at least one concept;
no evidence of
misconceptions;
explanation may go
beyond the stated
research question

Comprehensive
explanation with at
least three main points
and invoking multiple
concepts; no evidence
of misconceptions,
explanation may go
beyond research
question

t1.4 Significance
of findings

Brief restatement
of findings

Significance
is described

Significance is described;
limitations and potential
for further research may
not be described fully

Clear explanation
of significance,
limitations, and further
potential for inquiry
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468knowledge construction and knowledge creation would be characterized by stronger evidence
469in these areas, with minor differences between the two modes of discourse. For example,
470although rise-above should occur in knowledge construction, it should occur less often in
471knowledge creation, which takes place over a longer period and has greater need for synthesis.
472The final main code, Meta-Discourse, describes a level of discourse beyond maintaining
473social relations and building understanding, and relates to the existence of long-range goals
474in a knowledge-creation community. Scardamalia and Bereiter (2006) suggest that this
475feature is lacking in most online discussions. Examples of meta-discourse would be reviews
476of the state of knowledge in the community, work aimed at helping new insights diffuse
477through the community, making arguments for a new phase of inquiry, and establishing
478more difficult goals over time. Although evidence of meta-discourse may not be strong in
479an inquiry of 8 weeks, there should be some examples.
480To capture the different ways the seven codes could be exemplified, 33 subcodes were
481identified and their relevance to each of the discourse modes estimated (see Table 4 in the
482“Results” section). For these estimates, a three-point rating scale was used (low, medium,
483high). For example, the subcode fact (under Ideas) was rated high for knowledge sharing
484and low for both knowledge construction and knowledge creation. In this example,
485knowledge construction and knowledge creation are called degenerate to indicate that the
486scale for this code does not differentiate between them. Major review (under Meta-
487Discourse) was rated low for knowledge sharing, medium for knowledge construction, and
488high for knowledge creation on the assumption that knowledge creation is generally more
489complex and requires more time than knowledge construction, so the need for major review
490is greater. All ratings were completed independently by the researcher and an independent
491second rater, leading to an inter-rater reliability of .82 (Cohen kappa).
492The computer notes were entered into Atlas-ti® Qualitative Data Analysis (QDA) software
493for coding; 399 notes were coded (approximately 60,000 words). Each view in Knowledge
494Forum was entered separately, beginning with the first view of Group A and ending with the
495last view of Group D. Most of the development of the coding scheme was done using the data
496from Groups A and B. The researcher started with a small set of codes based on knowledge-
497creation principles and prior research into asynchronous discourse, and gradually expanded the
498set. He started by focusing on the text, and applied each code that seemed relevant to a given
499text segment; the amount of text varied from a sentence to a few notes depending on the code
500(Hmelo-Silver 2003). The process was then repeated focusing on the codes and working
501through the corpus checking for potential examples for small groups of codes.
502The researcher began by coding data from Groups A and B, and reflexively improved both
503the code definitions and coding procedures. It soon became clear that coding was needed for
504both the nature of the idea (e.g., conjecture or explanation) and the extent to which the
505students processed new information. After three rounds of improving the code definitions and
506procedures in Groups A and B, the codes were organized into main codes and subcodes and
507the remaining data were coded. As employing a second coder was not possible, to further
508ensure the accuracy of the coding the researcher returned to it after an absence of
509approximately 3 months. The QDA software was then used to check the consistency of
510subcode allocations, with 12% of the quotes needing to be recoded. Most changes were
511between subcodes of the same main code (e.g., switching from “opinion” to “conjecture”).

512Analysis of coding results

513The coding results were analyzed in three ways. First, a frequency analysis was conducted
514to examine the extent to which each main code could be used to separate the four groups.
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515The goal of this analysis was to identify potential mechanisms that could explain between-
516group differences for Knowledge Quality and Implications of Findings. Next, several of the
517main codes were selected for qualitative analysis to further elucidate what students were
518doing in Knowledge Forum. Main codes were selected for this analysis based on the
519amount of group separation. Finally, the alignment of the subcodes with the three discourse
520modes allowed the mapping of the four group discourses onto those modes.

521Results

522Baseline data

523The goal of the first analysis was to determine whether the four groups could be considered
524equivalent in subsequent analyses. Table 2 shows the results for the knowledge pretest and
525ATK indexes. The pretest results show that prior content knowledge was not extensive and
526varied very little between the four groups; the group means varied from 45.4% (Group C) to
52750.0% (Group B). The majority of students (55%) stated at least two substantive points
528about SARS, but 75% stated they knew nothing about the Corona virus, and 60% stated
529they knew nothing about Avian Flu.
530Between-group differences were also relatively minor for the ATK indexes, the most
531noticeable being that the students in Groups C and D read fewer notes. Overall, the amounts
532of note writing and reading were consistent with those in other studies of online discourse
533(Guzdial and Turns 2000; Hsi and Hoadley 1997). In contrast, the amount of linking
534(40.9% to 50.4%) was less than in other studies using Knowledge Forum, in which it
535reached 80% (Lee et al. 2006; Yoon 2008).
536Each group posted approximately 10 Research Question notes, although Group C
537required 8 days longer than the others to reach this point. Each group’s output included
538some explanation-seeking questions, such as “Why is it children are less likely to develop
539SARS?” There were, however, important differences in the extent to which the questions
540allowed the students to build on prior knowledge. For example, while discussing the
541question about SARS and children, the students used their knowledge of viruses and
542infection, but in discussing “Is killing chickens the only way to end Avian Flu” they
543resorted to exchanging opinions.
544In sum, these data suggest that the four groups were similar in terms of prior knowledge
545about the main inquiry topics, the extent to which they used Knowledge Forum, and their
546ability to formulate research questions. However, Group C had fallen behind the other
547groups by the time it had generated its research questions, and the research questions varied
548in their potential for knowledge creation.

t2.1 Table 2 Descriptive statistics (mean and standard error) for prior knowledge and analytic toolkit indexes

t2.2 Group A Group B Group C Group D

t2.3 (n=11) (n=10) (n=10) (n=9)

t2.4 Prior knowledge (%) 49.2±7.0 50.0±3.3 45.4±3.7 48.8±3.7

t2.5 Notes created 14.9±1.5 11.2±2.1 15.9±1.8 13.1±1.2

t2.6 % Notes linked 47.1±5.7 40.9±6.2 50.4±5.1 45.3±6.1

t2.7 % Notes read 30.5±4.3 31.7±6.8 18.6±1.6 20.0±1.8
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549Collaborative summary notes

550The goal of the second analysis was to evaluate the advances in collective knowledge
551reported by those students who collaborated on summary notes. The students collectively
552submitted 32 summary notes; 81.0% of Grade 10 students and 84.2% of Grade 11 students
553were coauthors of at least one note. All of the summary notes were assessed for Knowledge
554Quality and Implications of findings with the scales shown in Table 1.
555Table 3 shows the group means and standard errors for Knowledge Quality and
556Significance of Findings for the 32 summary notes. Some students did not realize that a
557group was required to write only one note on a given research question, resulting in
558duplicate notes for some questions; in such cases, only the best note from the group was
559considered in the calculation of group means. Group A had a higher mean score than the
560other groups for Knowledge Quality (effect sizes ≥ 0.7, Cohen’s d); for most groups. The
561knowledge gained was factual and did not reach the level needed for a 3 or 4 on the scale.
562Group C had the lowest mean Knowledge Quality score; its small number of notes is
563understandable because it needed more time to articulate its focus.

564Code frequencies

565The goal of the third analysis was to identify possible mechanisms for the between-group
566differences in the dependent variables by coding the group discourses leading up to the
567creation of the summary notes. The code and subcode frequencies are shown in Table 4.
568The total frequencies for all subcodes associated with a main code are shown in the first
569row of each section.
570Before examining intergroup variation, it will be useful to consider the total frequencies
571over all groups (last column). In descending order of total frequency, the following patterns
572can be observed. First, although there were many linkages (f=206), there were few
573examples (8) in which features of Knowledge Forum such as adding a note as a reference to
574another note were used; the majority of links were to Web pages (106), although some
575groups did link their ideas verbally to earlier contributions in Knowledge Forum (66). This
576finding suggests that the level of competence with features of Knowledge Forum designed
577to support linking ideas was low, and may explain the lower than expected ATK index for
578linking (Table 2). Second, although there were many instances of working with ideas (171)
579and information (124), the subcodes suggest that information sharing was a significant
580aspect of all group discourses. Third, there were few instances of two codes: Questions and
581Meta-Discourse (both 65).
582Group A had substantially more code instances than the other groups (329, compared
583with 181, 165, and 165) reflecting that it invested more effort into the processes measured

t3.1 Table 3 Summary note descriptive statistics

t3.2 Group A Group B Group C Group D

t3.3 Students in group 11 10 10 9

t3.4 Students who co-authored at least 1 note 10 8 7 8

t3.5 Total notes 9 9 5 9

t3.6 Total notes without duplications 5 6 3 6

t3.7 Knowledge quality 2.70±.44 1.92±.33 1.83±.44 2.17±.11

t3.8 Implications of findings 2.90±.29 2.00±.47 2.33±.73 2.67±.48
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584by the coding scheme, which may explain the better performance on the summary notes to
585some extent. However, a more interesting question is what Group A did differently,
586controlling for the difference in overall effort. Thus, a two-way analysis of the main code
587frequencies (Code × Group) was conducted.
588The results are shown in Table 5; Cohen’s guidelines regarding effect sizes were used to
589arrange the codes in three groups from large to small effect size. Accordingly, Community
590and Questions were very effective in separating the groups—especially Group A from the
591other groups. The next two codes (Ideas, Information) provided statistically significant but
592more moderate separation. The last three codes (Linking, Agency, Meta-Discourse)
593provided limited or non-significant group separation. The relatively low frequencies for
594these codes indicate that these aspects of the discourse were generally not well developed.

595Digging into the coding

596To gain additional understanding of the nature of the group discourses, three sets of main
597codes were selected for qualitative analysis based on the group separations shown in Table 5:
598Community (large), Ideas/Information (moderate), and Agency/Argument (non-significant).

599Community

600In the knowledge-creation model students contribute ideas, on which the community works and
601which thus become its “intellectual artifacts” (Bereiter 2002). At the same time, students continue
602to own their ideas, and whether their ideas are appreciated and taken up by the community is
603important to the formation of students’ identities as community members (Wenger 1998).
604The coding revealed between-group differences relating to aspects of this issue. For
605example, Group A encouraged its members more often than the other groups (Table 4):

606I think your ideas for groups are good … It would mean that we could get a start on
607all the topics right away. Good job of actually getting things going!

608I really like [S’s] idea of setting ourselves little mini-deadlines so that everybody will
609stay on task and finish the job more efficiently.
610

611There were also examples in which additional views were sought from students who had
612not yet contributed ideas. Some students also felt a responsibility toward the group and
613apologized for failing to contribute to the discourse:

614Sorry I’ve been away at a tournament for quite a while, so I’m just trying to get caught
615up. I don’t know how much work you’ve all got done already, but the groups etc.
616sound pretty good ... I’ll get onto researching as soon as I’m sure what’s going on.
617

618Another way in which Group A promoted a sense that students belonged to a community
619was by instituting a democratic voting scheme for prioritizing research questions (11 of 60
620code instances). While taking a vote can be a superficial process, it was accompanied in this
621group by considerable ideation, information processing, and linking. The voting process
622was also present in Group C but was absent from Groups B and D. Group B appeared to
623harbor some tension between the Grade 10 and 11 students arising from miscommunica-
624tion. One student in the Grade 11 class wrote:

625As of now, we have less than 1 week left and because your class have not been very active
626in this final phase, we’ve decided to go with these two questions above because we’ve
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627already been researching them and getting information. I’m sorry if this inconveniences
628you in anyway, but you’ve left us no choice. Hopefully this will work out alright with you.
629

630A student from the Grade 10 class responded as follows:

631Yeah, alright. If the rest of our group wants to do it then I guess that’s what’s being done
632since “we have not been very active.” I thought we were only supposed to research our
633own questions first. Are those the only questions that we are doing then? We are sorry
634that you are not satisfied with the level of our commitment on KF. We weren’t aware that
635we needed to pick from your questions as well as ours. Sorry for the inconvenience.
636

637In summary, Group A had a shared commitment to the task, a sense of belonging to the
638group, and an appreciation for all group members’ contributions, all of which are indicators
639of communities (Wenger 1998). These social processes were also present to some extent in
640Group C, but they may have had less effect.

641Ideas/information

642Group A’s discourse had most of the kinds of idea units needed for knowledge construction,
643particularly concepts and explanations; only 22.2% were coded as facts or opinions.
644However, only 2.4% of its idea units were classified as rise-above, suggesting that the
645discourse was not yet a well-developed example of knowledge creation. All of the other
646groups’ discourses were more fact oriented, with percentages of idea units coded as facts or
647opinions ranging from 39.1% (Group B) to 62.5% (Group D). Nevertheless, in Group B,
648there were some examples of concepts and explanations, and Group C had 10 explanations
649and a few rise-above units. This mix of conceptual and factual contributions is the main
650reason for the Idea code providing only moderate group separation (Table 5).
651The Information code revealed a tendency toward knowledge sharing in all groups: the
652many instances where information was presented without interpretation or evaluation (Group
653C, 66.7%; Group D, 61.2%; GroupA, 50.0%, Group B, 35.4%). This prevalence of information
654sharing may be related to an epistemological understanding of inquiry as asking questions,
655finding answers, and reporting them, with information assumed to be self-explanatory (a realist
656position). Instead of describing information, students need to be developing explanations and
657using information to support them. The difference is illustrated below:

658I found this information on: [Web link]. “Thailand, the world’s seventh largest poultry
659producer, will suffer only ‘modest losses’ to its economy due to the H5N1 strain of
660the avian virus, it says. A ‘complete decimation’ of Thailand’s poultry industry would

t5.1 Table 5 Analysis of frequencies

t5.2 Group separation Main code N χ2 Sig. φ

t5.3 Large Community 111 58.4 <.001 0.72

t5.4 Questions 65 35.7 <.001 0.74

t5.5 Moderate Ideas 171 16.3 <.001 0.31

t5.6 Information 124 13.0 <.01 0.32

t5.7 Small Linking 206 13.4 <.01 0.25

t5.8 Agency 98 6.08 n.s. 0.25

t5.9 Argument 65 4.84 n.s. 0.27

t5.10 Omnibus test 840 57.3 <.001 0.26
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661carve only 1.2% off the nation’s GDP, says HSBC in its Asian Economic Insight
662report released Friday.”
663

664This note describes information but does not interpret or evaluate it. In contrast, in the
665following note, the student is providing an explanation and uses the Web link at the end of
666the first paragraph as a reference for further information; in the second paragraph, the
667description of the second Web link is integrated into the explanation.

668First off, let’s look at the very definition of ‘quarantine.’We’re not talking maybe putting
669up some red tape around affected farms here, we’re talking the slaughter and elimination
670of literally millions of chickens in the US, Canada, and 10 Asian nations including
671Vietnam and China. The most recent outbreak, in HongKong, resulted in the slaughter of
672about 40,000 poultry; the birds were killed, then bagged for dumping in landfills. This
673outbreak alone cost the poultry industry the equivalent of US $10.26 million. [Web link]

674The short-term costs incurredmay seem rather drastic, but if the flu can be contained now,
675by eliminating all possibly infected birds, it will cost far less than trying to contain it later
676on if there are more outbreaks. I found the following website had some really valuable
677information concerning Avian Flu outbreaks in the past—there have been 21 large-scale
678epidemics all over the world, ranging from Australia to Pakistan, and this site talks about
679the economic impact of each—for example, “The 1983 Pennsylvania (USA) outbreak
680took 2 years to control. Some 17 million birds were destroyed at a direct cost of US$62
681million. Indirect costs have been estimated at more than US$250 million.” [Web link] 682

683Agency/meta-discourse

684Neither Agency nor Meta-Discourse provided statistically significant group separation. The
685Agency code looked separately at planning and reflection relating to (the epistemic aspects of)
686the inquiry and the completion of the project. There were not many instances of agency relating
687to the inquiry (33). Reflection on learning is an important aspect of knowledge construction and
688knowledge creation, and the lack of reflection in the discourses provides separate evidence that
689most groups treated information as unproblematic. Another important finding from the Agency
690code is the many instances of project planning from Group C, suggesting that it had
691considerable difficulty in self-directing its inquiry. Project planning is an important aspect of
692knowledge-creation discourse, but it should not dominate the cognitive features.
693The Meta-Discourse code is conspicuous because it occurred infrequently, but there
694were attempts by all groups. For example, a Group B student attempted to advance the
695inquiry to a new stage by suggesting a new question:

696… I guess the question now is how can we make the chickens less likely to develop
697serious symptoms, and to become more like the wild poultry. And maybe an effective
698method of keeping the chickens from getting sick and to stop the spread of the Avian
699flu is by doing something to the wild fowl to make them unable to carry the virus. It
700raises some interesting questions that can probably be analyzed further!
701

702Perhaps the suggestion came too late, but it was not taken up by the group.

703Relating the group discourses to the discourse modes

704The goal of the fourth analysis was to map the group discourses onto the three modes of
705discourse. First, the subcode frequencies were classified as small (0 to 5 instances),
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706moderate (6 to 10), and large (greater than 10). The results were then compared to the
707relevance ratings of the subcodes (Appendix A) to predict the discourse modes. For
708example, Group A had 20 explanation-seeking questions (large), which corresponds to
709knowledge-creation discourse. Group C had two instances of fact-seeking questions (small),
710which is consistent with knowledge-construction and knowledge-creation discourses (a
711degenerate prediction). Group B had nine instances of opinion (moderate), which did not
712correctly predict any discourse mode. To sample the main codes evenly, the two subcodes
713that predicted the most complex discourse mode were selected for creating profiles.
714Figure 1 shows the number of correct predictions of each discourse mode for the four
715groups. Perfect agreement with a discourse mode would include 14 predictions of that
716mode; however, because there are many degenerate predictions, these would be
717accompanied by some predictions of the other modes.
718The profile of GroupA ismost consistent with knowledge creation: It includes nine predictions
719of that mode, of which only one is degenerate. It also includes two predictions of knowledge
720sharing. The overall fit of the predictions to the discourse mode is best for this group. The profile
721of Group D is almost the reverse: it has nine predictions of knowledge sharing (seven non-
722degenerate) but includes more predictions of the other modes than the Group A profile.
723The profiles of Groups B and C are more difficult to interpret because they include nearly
724equal numbers of predictions of all three of the discourse types. This could be caused by a
725variety of factors including the existence of smaller units of social organization that approach
726the discourse differently and contextual dependencies that cause the discourse on one
727problem to be qualitatively different from that on another. This possibility was explored for
728Group B using inquiry thread analysis. (Group B was chosen for this because we already
729know that Group C fell behind in Phase 1 and had less time for its inquiry in Phase 2.)

Fig. 1 Number of correct predictions of discourse types from sub-code frequencies. Two sub-codes from
each main code were used, leading to at most 14 correct predictions per group. However, because some sub-
codes did not uniquely predict a single discourse type and some did not correctly predict any type the number
of predictions per group is generally different from 14
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730An inquiry thread is a temporally ordered sequence of notes on the same problem or
731topic. The notes need not be hyperlinked to be part of the same inquiry thread, and it also is
732possible that notes that are hyperlinked are not part of the same inquiry thread (for details
733on the method see Zhang et al. 2007). Nine inquiry threads were identified, of which six
734were active for more than a month. The longest thread (13 notes, 7 authors, and 12 readers)
735was active throughout the entire project and examined scientific mechanisms by which
736Avian Flu infection occurs; it included relatively many of the instances of concept,
737explanation, and deepening inquiry identified in the coding. A similar inquiry thread, but of
738shorter duration, began in the second half of Phase 2, and focused on a causal explanation
739of why children may be less susceptible to SARS (10 notes, 6 authors, 10 readers). Threads
740that were more descriptive were general explorations of SARS and Avian Flu in the first
7413 weeks of the project, and somewhat argumentative discussions of how the media had
742handled the SARS outbreak, the disposal of chickens infected by Avian Flu, and the
743prevention of Avian Flu. Although deeper analysis would be useful, these results generally
744support the context-dependence hypothesis. Group B engaged in more explanation-oriented
745discourse when relevant concepts were available, and less when exploring SARS and Avian
746Flu in general and when concepts were not available.
747In sum, although the scale used to judge the relevance of the subcodes to the three
748discourse modes was approximate and needs development, it permitted the identification of
749the observed discourses. This is what is intended with the principle of collective
750responsibility/community knowledge (Scardamalia 2002), and is itself an indication of
751knowledge-creation discourse. However, more general discourses would be more difficult
752to interpret at the level of analysis used in this study.

753Discussion and implications

754This paper seeks a clearer articulation of the nature of computer-mediated discourse needed
755for Bereiter and Scardmalia’s knowledge-creation model. Its main contributions are the
756conceptual framework for distinguishing between knowledge-sharing, knowledge-
757construction, and knowledge-creation discourses, an accompanying coding scheme, and
758the application of both to an evaluation of discourse in Knowledge Forum. This section
759reviews what has been accomplished, suggests several strategies for improving the
760alignment of online discourse to the knowledge-creation model, and outlines further
761development of the coding scheme.

762Conceptual framework

763I have argued for a conceptual framework that contrasts three modes of discourse, which
764can be associated with different theoretical perspectives (transmission/naïve realism,
765cognitive psychology, and interactive learning mediated by shared objects). Knowledge
766sharing is included because it remains a common discourse mode and is useful in some
767situations; knowledge construction is included because it is what knowledge creation needs
768to be distinguished from most. Knowledge creation is not a new example of constructivism
769(in the cognitive paradigm), but an example that reifies a new theory of mind that does not
770depend on a notion of the mind as a container (Bereiter 2002). However, due to the
771incommensurability of the underlying theories, I do not regard the discourse modes as
772stages in the development of a community’s discourse, as Gunawardena et al. (1997) have
773suggested for knowledge sharing and knowledge construction. The framework extends the
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774distinction between learning and knowledge creation (Bereiter and Scardamalia 1996) by
775differentiating between learning by knowledge sharing and learning by knowledge
776construction. This differentiation makes it possible to bring into focus both differences
777and similarities between knowledge construction and knowledge creation.
778The treatment of the knowledge-creation model in the framework marks a departure from
779the extant literature. Bereiter and Scardamalia focus on ideas as improvable objects and the
780socio-cognitive and epistemic dynamics of improving them, as though that could happen
781without regard for the social context (Bereiter and Scardamalia 2003; Scardamalia 2002;
782Scardamalia and Bereiter 2006). In the framework described here, the recommend use of
783design-mode discourse over belief-mode discourse, a distinction valid for the epistemic work
784of improving ideas but not for the additional work needed to prioritize goals, ensures that new
785ideas diffuse throughout the community and possible advances in knowledge are evaluated.
786One of the most apparent differences between examples of knowledge construction and
787knowledge creation is the discourse by which this additional work is achieved. Paying more
788attention to the social context in which knowledge creation occurs is not only important for
789an adequate portrayal of knowledge creation for students, but it also reflects the conditions in
790classrooms. Recently, interest in these aspects of knowledge creation has been mounting.
791Bielaczyc (2006) develops a social infrastructure framework that emphasizes culture and
792practices, and Hakkarainen (2009) introduces the notion of “knowledge practices” to combine
793epistemic and social practice elements of knowledge creation. It is hoped that the framework
794described here will stimulate further research to clarify the relationship between explanation-
795oriented discourse, argumentation, and the advancement of collective knowledge.

796Educational outcomes

797Group A’s discourse was identified as knowledge creation, providing the strongest evidence
798of a sense of community, explanation-seeking inquiry, interpreting and evaluating
799information, knowledge advancement, and insight into these processes. From the analysis
800of frequencies in Table 5, we know that the leading factor differentiating Group A from the
801others was its sense of community, but it is likely that all of the observed effects are
802necessary. The relatively clear identification of knowledge-creation discourse and better
803knowledge advances are encouraging because they suggest that knowledge creation is
804feasible for secondary school settings. However, there is a need for caution because there
805was little evidence of rising above, meta-discourse, and use of the advanced features of
806Knowledge Forum, and there was still too much evidence of knowledge sharing.
807The relatively clear identification of Group D’s discourse as knowledge sharing is more
808disconcerting in a classroom generally oriented toward student centered and constructivist
809learning. Nevertheless, my work with many teachers in the last decade suggests it is a
810common occurrence. Perhaps in this case context dependence mattered less, and the results
811may point to deeply held beliefs such as quick learning (Schommer 1990) and achievement
812motivation. Indeed, Group D’s results on the summary notes were second to Group A’s.
813Group C was also problematic. Like Group A, it expended much effort on maintaining its
814sense of community, but was relatively inactive in posing questions and working with
815information (see Table 4), and created fewer summary notes. We also know the group had
816less time for its inquiry than the others because coming up with research questions took
817longer than planned. Although motivation could have been a factor, this was probably an
818example of an inadequate level of guidance (Hmelo-Silver et al. 2007). Nevertheless, cases
819like this, in which students are unable to manage inquiries very well, are also common in
820project-based science (Krajcik et al. 1998; Polman 2000).
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821Cultivating an innovation ecology

822As the study described here was a case study, its claims pertain to the observed groups only.
823Further studies investigating the phenomena using different methods and in different settings
824would lead to a fuller understanding of the generality of the claims (Yin 2003). Nevertheless,
825some cautious recommendations for encouraging an innovation ecology can be made based
826on the findings. This subsection examines several conditions that constrain or enable
827knowledge creation—the nature of the task, the sense of community, idea-centered discourse,
828the use of technology, and meta-discourse—and discusses how they can be optimized.

829Set authentic tasks

830A common reason for the failure of efforts at knowledge creation in school is their lack of
831authentic problems (Bereiter and Scardamalia 2003). Asking students to investigate what
832interested them about SARS and Avian Flu held some attraction from this point of view
833because there was a lack of knowledge, the topics were discussed in society, and students
834could pursue their own questions. These are considered good things by proponents of
835socio-scientific issues in teaching (Walker and Zeidler 2007). Yet, the students’ interests
836frequently took them into areas where they could not build on their initial knowledge. It is
837possible that the extensive reliance on knowledge sharing resulted in part from a general
838lack of knowledge that led the students to explore opinions and “chart the territory,” and
839from a lack of concepts and perspectives that could be used to question sources. Some
840students seemed to suggest that what they were doing lacked authenticity as schoolwork
841because the depth of knowledge was inferior to what was normally expected of them:

842It is important to understand that there is not one answer to this question. I am limited
843in my understanding because I get my information from news sources that may be
844biased. I can also not understand how SARS spreads scientifically because I am not a
845scientist or a doctor. I am like the rest of the public that gets information from news
846sources. (Group D summary note)
847

848These considerations have important implications for developing an innovation ecology. In
849school, it is important that students develop academic knowledge: for example, concepts,
850explanations, explanatory principles, inquiry methods, and meta-conceptual knowledge.
851Social norms are needed in the classroom to keep these things in focus as students engage in
852knowledge creation. In other words, in getting a knowledge-creation experience started, the
853curriculum, students’ prior academic knowledge, and their interests should be explored
854together to forge a closer connection to the curriculum and assess the potential of ideas for
855inquiry. In the study, students did explore the potential of their ideas but did so independently
856in their own groups, and the social norms were not developed. A closer connection to the
857curriculum would also be needed for scaling up knowledge creation in schools. Many other
858researchers link inquiry to the attainment of national educational standards (Krajcik et al.
8592008) but do this in ways that underline key goals of knowledge creation (e.g., epistemic
860agency, adding to the intellectual heritage of a community). Further research into how
861knowledge-creation experiences can be integrated into the curriculum is much needed.

862Encourage sense of community

863The study identified social processes that constitute a sense of community (such as
864encouragement, giving credit, drawing in participants, and apologizing) as the distinction
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865between group discourses. These processes have been studied extensively in education and
866social psychology (e.g. Johnson and Johnson 1989; Slavin 1990) but have received little
867attention in computer-supported collaborative learning research, where social interactions
868tend to be studied in the context of problem solving from the perspectives of cognitive
869theory (de Laat et al. 2007; Roschelle 1992; Suthers et al. 2007), intersubjective meaning-
870making (Koschmann and LeBaron 2002; Stahl 2006), or are dismissed as off-task behavior
871(Meier et al. 2007). The social interactions identified in the study were neither part of
872problem-solving sessions nor irrelevant, but were directed at maintaining and improving
873how the groups worked. Cultivating the social dynamics identified in the study would be
874important for creating a safe environment for knowledge creation, and thus an important
875aspect of an innovation ecology.
876The considerable differences in how the groups functioned socially provide reasons for
877reexamining the social organization of the class for its knowledge creation. In the
878assessment literature, the inequities of group work have been noted (Webb et al. 1998). If
879students work together for several months, inequities arising from individual differences in
880motivation, effort, and ability could lead to substantial disadvantages for some students.
881Using flexible and opportunistic groups, in which students join a group for a short time to
882accomplish specific goals, would make students less susceptible to the potential inequities
883and would help them learn and work with many different students. Recently, Zhang et al.
884(2009) used social network analysis to compare three social configurations—fixed groups,
885interacting groups, and opportunistic groups—and found that opportunistic groups best
886diffused new knowledge. In the present study, the decision to form fixed groups was
887intended to limit the number of notes students would need to deal with, but this problem
888could also be addressed by encouraging more reflective discourse with greater attention
889paid to synthesis and rise-above (van Aalst 2006). One thing that this cognitively
890demanding work does is slow down the growth of the database.

891Encourage idea-centered discourse

892The importance of idea-centered discourse is so well established in the literature that it does
893not require further amplification (e.g. Bereiter 2002; Hakkarainen 2003; Scardamalia 2002).
894Nevertheless, in the study students frequently introduced information without generating
895ideas or questions. If this kind of discourse is widespread and consistent within a
896community, it may suggest naïve epistemic beliefs (Schommer 1990). Deeper reflection on
897what makes a valuable contribution to Knowledge Forum may lead students to interpret
898and evaluate information, and to elaborate by providing examples and counterexamples.
899Students could do this even when exploring a new content area, provided that they have
900concepts that can provide a lens for interpretation. Social norms about the quality of
901knowledge to be created could also help students to focus on developing explanations.
902To facilitate developing a set of coherent explanations, it seems important to cultivate rise-
903above as a prominent dynamic of the discourse. Although it can be used late in an inquiry to
904articulate what has been learned, it may also be useful for scaffolding the discourse,
905suggesting how students can contribute next. In studies of portfolio notes in Knowledge
906Forum, the reflections needed to prepare the portfolio notes have also had such a scaffolding
907function (Lee et al. 2006; van Aalst and Chan 2007). Rise-above can produce incomplete
908explanatory frameworks, which may lead to predictions and new inquiry goals. Thus, rise-
909above needs to be a social norm that is in focus throughout the inquiry. This would allow an
910approach whereby students contribute new information and ideas and regularly look for
911opportunities to review progress and identify more new ideas and lines of inquiry.
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912Encourage stronger links between knowledge forum and classroom practice

913The approach taken to the use of technology was typical of what I have seen in work with many
914teachers. The basic features (creating and responding to notes) were demonstrated at the
915beginning of the project, and instructions for creating links between notes were given with the
916instructions for Phase 3. That was not sufficient. We made an implicit assumption that learning
917about Knowledge Forum would not occupy very much instructional time—it was just “a tool.”
918To the contrary, the use of Knowledge Forum needs tomediate the social and cognitive work of
919creation (Cole and Engeström 1993; Hakkarainen 2009); students need to learn to coordinate
920use of its features with use of the concepts of the knowledge-creation model. For example,
921rise-above involves important social skills because the ideas contributed by different students
922are combined and the authors may disagree with how their ideas are used. Technical skills such
923as the ability to create a private view (accessible to a subgroup) and annotations can be helpful
924for temporarily storing copies of notes that are being considered, as well as draft ideas and
925notes before the final result is made public. Thus, rise-above is a social practice that can exist
926only because the technology makes it possible, and it is a practice that needs to be developed.
927It is also worth considering whether Knowledge Forum provides the best medium for
928creating knowledge. At least one group had difficulties using it to reach a consensus about
929priorities and goal setting in Phase 1, and talking face-to-face may have been more
930effective. While asynchronous writing can support reflective thought, reading and writing
931notes is time consuming and should only be used when it provides advantages over more
932social ways of interacting. Some researchers and teachers have developed practices such as
933poster presentations, gallery walks, and whole-class talk, whereby students report and
934discuss the ideas, questions, and challenges they are considering within their groups
935(Kolodner et al. 2003; Zhang et al. 2009). According to Kolodner and colleagues, such
936practices become routines and rituals within the community, and students come to see why
937they are necessary. Zhang et al. (2009) found that students requested “KB talks” to discuss
938the database with each other. These practices provide opportunities for students to be aware
939of their progress, suggest ways of addressing problems, and identify learning needs not
940otherwise recognized. In their absence, work on Knowledge Forum is disconnected from
941the educational culture of the class and feels like a special project. However, research into
942the role of the social infrastructure that supports knowledge creation is still in an early
943phase (Bielaczyc 2006; Truong 2008; Zhang et al. 2009).

944Set long-range goals

945The evidence of meta-discourse in the groups was limited, partly due to the short duration of the
946project but also because it was an intervention. Had we not intended to study their work, the
947students would have been completing individual inquiries. When knowledge creation pervades
948the general approach students take to their schoolwork, long-range effects may become more
949evident. For example, students may discuss how to improve on previous efforts or evaluate
950the evolution of ideas over a substantial period such as an entire school year. Before this can
951happen, their inquiries need to be connected more deeply to the curriculum, and the use of
952technology woven into a set of coherent practices aimed at knowledge creation.

953Coding scheme

954The study provides a coding scheme for analyzing asynchronous discourse, extending
955earlier schemes that emphasized the socio-cognitive aspects of online discourse and
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956drawing from previous work on rating scales on levels of questioning and explanations
957(Chan 2001; Hakkarainen et al. 2002). The main codes can serve as a general framework
958for coding to facilitate comparisons across studies of computer-supported collaborative
959learning. However, if the subcodes are considered as indicators of the phenomena intended
960with the main codes, further research is needed to improve and expand the current set. For
961example, it would be useful to add further subcodes for Questioning, Agency, and Meta-
962Discourse to provide more balance among the main codes and improve the usability of the
963coding scheme for a wider range of research questions. The currently limited set of
964subcodes for some main codes reflects the overall limited evidence of the underlying
965phenomena (i.e., additional subcodes could have been induced from the data had the
966evidence of these main codes been stronger).
967While it is not my intention to fully map the codes onto the knowledge-creation
968principles, the coding scheme may provide a complementary framework useful for
969elaborating several principles. For example, Information is intended to describe different
970levels of information processing, ranging from uncritical sharing to evaluation of a
971collection of sources in the context of the problems under investigation. If one correlates
972frequencies for this code with those relating to working with ideas, a fuller understanding of
973the principle of the constructive use of authoritative sources could be achieved.

974Conclusion

975This paper has elaborated distinctions between three modes of online discourse—knowledge
976sharing, knowledge construction, and knowledge creation—which correspond to theories of
977transmission/naïve realism, cognitive psychology, and interactive learning using shared
978mediating objects. The framework was applied to a case study of four groups of students who
979used Knowledge Forum as part of an attempt to create knowledge about SARS and Avian
980Flu. Through the use of a new coding scheme, one group discourse was indentified as a
981threshold case of knowledge creation, one as knowledge sharing, and two as hybrids of all
982three modes. The study revealed the importance of the social interactions needed for a sense
983of community as one of the leading factors separating the group discourses.
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