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Understanding how students perceive the role of ideas for their
knowledge work in a knowledge-building environment
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National Chengchi University, Taiwan

This study explored how students viewed the role of ideas for knowledge work and how
such view was related to their inquiry activities. Data mainly came from students’ online
interaction logs, group discussion and inquiry, and a survey concerning the role of ideas for
knowledge work. The findings suggest that knowledge building was conducive to
developing among students a more informed view of ideas that sees ideas as improvable,
real-world objects for collaborative and creative knowledge work, rather than merely as
abstract thoughts for achieving an individual’s own knowledge acquisition. Moreover, it
was found that how a group views the role of ideas was associated with how they improve
the quality of the ideas during their group inquiry.

Introduction

As argued by Reigeluth (2013), the educational paradigm before the 21st century was based on an
industrial model in which standardisation and the mass production of manufacturing is highly valued.
Under this paradigm, educational practice tends to highlight efficiency of individual knowledge
acquisition and accumulation by teaching learners the same content and skills that are predetermined by
strict curriculum guidelines under a precise time frame (e.g., see Adams & Engelmann, 1996; Magliaro,
Lockee, & Burton, 2005). Within such instructional practices, students are seldom given opportunities
and autonomy to engage in self-directed inquiry that requires them to produce and continuously improve
their ideas for knowledge work. However, given the rise of an information-driven and knowledge-based
society (UNESCO, 2005), the industrial age—based educational paradigm is gradually giving way to a
new economic model that favours customisation and a personalised information service (Reigeluth,
2013). As such, conventional educational practice is also shifting to focus more on cultivating competent
and creative citizens who are able to work creatively and collaboratively with ideas for solving urgent
environmental and social issues in service of the public good (Florida, 2002). This is in sharp contrast to
traditional teaching in which ideas are often viewed as irrelevant and disruptive thoughts that interfere
with the pre-specified teaching plan and classroom routines. Students with innovative ideas in class are
sometimes even treated as unruly and misbehaved learners. Unsolicited ideas are especially highly
unwelcome as they forbid teachers from completing their deliberate instructional goal and their assigned
responsibilities for covering more curriculum materials in less time (Papert, 2000). Papert (2000)
described such a situation that is commonly observed in most traditional learning environments as “idea
aversion” (i.e., dislike of ideas). Inculcated with such a deep-rooted belief, it is unlikely for students to be
given any chances of producing their own ideas and working innovatively with these ideas for collective
knowledge advancement. It is also impossible for students to learn to appreciate the importance of ideas
for creating new knowledge and solving real-world problems.

The aim of this study was to improve understanding of how to foster students’ capacity to work
collaboratively and innovatively with ideas and to help them develop a more informed view of the role of
ideas for their knowledge work. The two research questions concerned in this study are (1) whether
engaging students in knowledge building would help them enhance their online performance by working
more cohesively as groups while collaboratively achieving their groups’ knowledge work and (2) whether
students who are more engaged in knowledge-building activities would also be more likely to develop a
more informed view that sees ideas as essential objects for sustained knowledge work.

Literature review
Fostering a design-mode of view for sustained idea improvement
One way to help students develop a deeper understanding and appreciation of “ideas” as essential objects

for knowledge creation may be to engage students in actual “knowledge-building” activities (Hargreaves,
1999; Hong & Sullivan, 2009; Scardamalia & Bereiter, 2006). Knowledge building is defined as a
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collaborative process focused on sustained production and improvement of ideas in a community
(Bereiter & Scardamalia, 2003). As an idea-centred pedagogical approach, knowledge building draws on
Popper’s (1972, 1978) three-world epistemological position of constructivism. In addition to the
physical/material world (world 1) and the psychological world existing in the human mind (world 2),
Popper posited a world 3 reality that is mainly constituted of ideas. These ideas are produced by
knowledge workers (e.g., engineers, scientists, designers, and architects), and, once created, they are
embodied within a social life like tangible, real-world objects that can be further tinkered and
experimented with by other knowledge agents and become more powerful solutions to problems. Under a
world 3 view, therefore, ideas should be treated as tentative knowledge claims and be continuously
subjected to critical scrutiny (e.g., through examination, clarification, and falsification) for further
development. Likewise, in order to develop a successful knowledge-building community, its members
also need to perceive the role of ideas as world 3 improvable objects for collective knowledge
advancement (Scardamalia, 2002), rather than merely treating them as world 2 psychological constructs
for achieving personal knowledge gain. Unfortunately, as cogently argued by Bereiter (1994),
conventional classroom teaching tends to focus on instilling in students’ minds a prescribed body of
knowledge from a world 2 perspective, while neglecting the importance of cultivating students’
competencies to work with ideas in world 3.

To address this concern, it is important to distinguish two different modes of knowledge work: belief
mode and design mode (Bereiter, 2002; Bereiter & Scardamalia, 2003). To elaborate, the belief mode
emphasises the ability to evaluate ideas and/or knowledge claims using well-established and accepted true
beliefs. Students’ intellectual life and classroom work in schools is conventionally dominated by such a
mode of thinking. When students” minds are functioning in a belief mode, they are often guided to ponder
questions such as: Is this idea true or reasonable? What are the assumptions on which this idea is based?
In contrast, the design mode of thinking highlights the ability to go beyond the pursuit of truth by
engaging in sustained idea generation and improvement for knowledge advancement. When students are
committed to a design mode of knowledge work, they tend to ask questions such as: What is the value of
this idea? What is it good for? What can it or can it not do? How can it be further improved? While both
modes are needed for knowledge work, a main epistemological difference between the two modes of
view is that the belief mode tends to highlight knowledge acquisition and accumulation by viewing ideas
as knowledge claims to be verified; whereas the design mode intends to facilitate innovative knowledge
work by viewing ideas as improvable objects for knowledge advances (Cross, 2007).

One important thing to note is that engaging in a design-mode of knowledge work is, in essence, a
metacognitive process, as one has to constantly reflect and plan ahead in order to continually advance
ideas. Particularly from the perspective of knowledge building as a social process, the kind of
metacognitive behaviours required for design-mode activities must be collectively (rather than
individually) attained. How a knowledge-building group sees the role of ideas and accordingly exercises
its self-reqgulatory efforts can greatly influence the effectiveness of their knowledge advancement
activities (Hong & Sullivan, 2009). Previous studies have also shown that productive collaborative
knowledge work is greatly related to a group’s regulation activities (e.g., Dehler, Bodemer, Buder, &
Hesse, 2011; Goos, Galbraith, & Renshaw, 2002).

Fostering the process of idea improvement

Hong and Sullivan (2009) proposed an idea-centred instructional framework to illustrate the
collaborative, emergent, and self-regulated process of sustained idea improvement in a typical
knowledge-building environment. This framework illustrates “idea generation”, “idea diversification”,
and “idea elaboration” as three important activities for the process of effective idea improvement.

First, in terms of idea generation, most research literature has considered it as an essential phase for
productive knowledge or design work (e.g., Linsey et al., 2011), and an important line of empirical
research has investigated effective instructional strategies or techniques to help idea generation (Faure,
2004; Miura & Hida, 2004; Mumford, 2001; Paulus & Yang, 2000; Rietzschel, Nijstad, & Stroebe, 2014).
For example, Rietzschel et al.’s (2014) study found that when students were guided to work in a more
narrowed (as contrasted with more broad) problem scope or when they were required to come up with
ideas that were more original (as contrasted with more relevant), they were more likely to come up with
innovative ideas. Hong, Chang, and Chai’s (2011) study found that it is more likely to foster idea
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generation when students are allowed to work on problems of their own interest and when the learning
climate in an environment is perceived by learners as more open and creative.

Second, from a socio-epistemological perspective (Fuller, 1988), idea diversification can be achieved by
means of exchanging ideas or perspectives among members with distributed expertise. Previous research
has suggested that idea exchange is critical to the process of knowledge advancement (Gong, Kim, Zhu,
& Lee, 2013; Hong, Scardamalia, & Zhang, 2010; Perttula, Krause, & Sipild, 2006). For example,
Perttula et al.’s (2006) design experiment found that individuals who exchanged ideas were more likely to
generate more ideas. Kohn, Paulus, and Choi (2011) conducted two experiments to explore the
knowledge sharing process during which ideas are exchanged and/or combined in students’ brainstorming
activities. They found that group endeavour was more effective than individual effort in generating more
novel and viable idea combinations.

Thirdly, from the perspective of evolutionary epistemology (Popper, 1978), ideas can be refined by
community members acting as knowledge workers reflecting collaboratively on the potentials and
limitations of the ideas at issue. Previous studies have investigated ways of collaboration to help further
elaborate ideas (e.g., Chen, Chuy, Resendes, Scardamalia, & Bereiter, 2011; Kipp, Bittner, Bretschneider,
& Marco, 2014) and ways of idea elaboration that may enhance or hinder creative knowledge work (e.qg.,
Kudrowitz & Wallace, 2013; Stark & Perfect, 2008; Verhaegen, Vandevenne, Peeters, & Duflou, 2013).
For example, Kudrowitz and Wallace’s (2013) study found that the systematic use of a metric integrating
three attributes (i.e., novelty, usefulness, and feasibility) as an elaboration means can be helpful in
identifying more innovative ideas.

In a productive idea improvement process, once the initial ideas are generated, they need to be reified
(e.g., presented as a note or a message and contributed to an online database). Doing so helps transform
these initial ideas from an individual’s mental constructs to become public property recorded permanently
(e.g., in an online database). This is important as ideas conceived only in one’s mind (as world 2) cannot
be treated as tangible objects for collective improvement. Further, the extent of idea diversification and
exchange is a function of how ideas beget more ideas and interact with and relate to one another; and idea
reflection or elaboration is a function of how collaborative knowledge workers try to increase the value of
ideas and deepen their collective understanding of what the ideas can or cannot do to address the problem
they are dealing with. In an optimal situation, idea improvement relies on an emerging process of idea
generation, with idea diversification and idea elaboration serving as two essential social mechanisms
closely intertwined to enable the transformation of initial ideas into more innovative ones (Chen,
Scardamalia, Acosta, Resendes, & Kici, 2013).

Assessing ideas as outcomes of idea improvement

Along with an emerging knowledge-building process, ideas are expected to be transformed into tentative
learning outcomes, including (1) initial ideas that are generated and contributed individually to a
community’s database, (2) diversified ideas that are made possible through sharing/exchanging of or
relating to the initial ideas, to (3) elaborated ideas that are further refined or modified continually by
means of collaborative reflection among community members, and (4) more promising and valuable ideas
that are made possible from opportunistically integrating diversified and elaborated ideas into more
feasible solutions or coherent accounts for addressing a problem. When ideas as outcomes transformed
from an emergent improvement process are to be treated as real-world material objects, it is likely for a
knowledge-building group or class to form a complex collection of ideas (recorded in a database) that
emulates a knowledge community or what Popper (1978) called world 3 reality.

Through gradually improved ideas as tentative outcomes at different knowledge-building phases, it is
expected that students would gradually work out more valuable, feasible ideas. So, the next relevant
question to ask is whether such idea-improvement activities would eventually produce more quality ideas
that are useful to a community for solving the problems concerned. One way to improve the quality of
ideas is perhaps to increase the quantity of ideas. As suggested in Osborn’s (1953) research regarding
idea evaluation, quality ideas are more likely to be produced if an adequate number of ideas can be
generated first. In other words, quantity of ideas represents an effective measure of quality of ideas.
However, other studies (e.g., Connolly, Jessup, & Valacich, 1990; Graham, 1977; MacCrimmon &
Wagner, 1994) also found that the correlation between quality and quantity is often thin or insignificant
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and sometimes even negative. Given this controversy, it would be appropriate to directly measure the
quality of ideas itself as a way of assessing the outcome of idea improvement at the latter knowledge-
building phase. As world 3 objects, the ideas worked on in a knowledge-building community are already
reified and recorded in an online database, idea improvement can therefore be focused on identifying
progressively more innovative ideas posted on the Knowledge Forum (i.e., whether an idea is able to
solve a problem, address an issue, or design a better product) (Chen et al., 2013). Specifically related to
the design of technological products, more innovative ideas are ideas that can make a product become
more useful in people’s daily lives. For example, Brown (2009) offered a set of criteria to assess the
quality of ideas, using feasibility, viability, and desirability. Dean, Hender, Rodgers, and Santanen (2006)
developed the scales for idea evaluation in which the following criteria are employed, including novelty,
“the degree to which an idea is original”; workability, “an idea is workable (feasible) if it can be easily
implemented and does not violate known constraints”; relevance, “[an] idea applies to the stated problem
and will be effective at solving the problem”; specificity, “an idea is specific if it is clear (worked out in
detail)” (p. 663). With proper assessment, community members will be more likely to eventually produce
valuable and promising ideas and to assume the collaborative responsibility of idea improvement for the
overall advancement of knowledge in their community (Scardamalia, 2002).

The present study

In the present study, we investigated the quantity and quality of how students worked innovatively with
ideas as improvable objects and how such improvement were related to how they perceived the role of
ideas during their knowledge-building process.

Previous empirical studies on students’ knowledge-building activities have been mainly focusing on
exploring effective implementation of instructional strategies and design of technological tools to
improve student learning in different subject areas (e.g., Hong, Chai, & Tsai, 2015; Hong, & Scardamalia,
2014; Lee, Chan, & van Aalst, 2006; Oshima et al., 2006; Scardamalia, 2002; Scardamalia & Bereiter,
2010; Scardamalia, Bransford, Kozma, & Quellmalz, 2012; Sun, Zhang, & Scardamalia, 2010; Zhang,
Scardamalia, Lamon, Reeve, & Messina, 2007; Zhang, Hong, Scardamalia, Teo, & Morley, 2011). No
studies have yet been conducted to specifically look into how students perceive the role of ideas and how
such perceptions relate to their knowledge-building practices.

Given the central importance of sustained idea improvement in the knowledge-building process, it is
necessary to explore the quantity and quality of idea improvement activities. Moreover, it would further
advance knowledge in the field of how to improve knowledge-building process with an adequate
understanding of how students’ idea improvement activities may be related to how they view the role of
ideas for their knowledge work. It is posited that when engaged in knowledge-building practices, students
would progressively become more likely to see ideas, not merely as individuals’ mental constructs for the
purpose of personal knowledge achievement, but as improvable objects for the purpose of community
knowledge advancement.

Method
Participants and context

The participants in this elective course were 20 male and 14 female undergraduate students (age ranging
from 19 to 22) from the Faculty of Education in a university in Taiwan. As Asian cultures traditionally
tend to foster more didactic pedagogies, the teaching in the university at issue also tended to emphasise
the importance of knowledge acquisition, as well as learning from textbook knowledge. In this particular
course, however, knowledge-building pedagogy was employed as an innovative pedagogy to foster
students’ creative capacity for knowledge creation.

As the main theme for the course was about technology and design, the participants were required to
design a technological product as the main project in this course. To this end, Knowledge Forum, a
computer-supported collaborative knowledge-building environment (Scardamalia & Bereiter, 2003), was
used as an online problem-solving and discussion space for students to engage in their group knowledge
work. The course lasted for 18 weeks (in a semester), which was further divided into two equal phases
using midterm as a separating point in order to examine students’ online performance. Throughout the
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semester, the main learning task was to solve self-identified technology problems of students’ own
interest by designing a new or better technology product (e.g., by redesigning a more energy-saving toilet
device). To this end, they needed to generate their own ideas and then keep working on these ideas in
order to tackle the target design problems; they also needed to gradually form small groups by explicitly
expressing their individual interest in a certain technology problem and join a particular group. As a
result, there were nine groups gradually formed with each group having 2 to 5 members (M = 3.78; SD =
1.09). Members of each group then have to collectively solve all the emerging problems related to the
design of their intended technology product at issue by continually working with their ideas in the online
Knowledge Forum, using additional after-class hours. Each group also has to assume collective
responsibility and complete their project work independently, and the teacher did not intervene in any
way into students’ group work. The teacher’s main role was to foster a knowledge-building environment,
while students in each group needed to assume the role of knowledge workers and engage in self-initiated
and self-directed group knowledge work. Through sustained work with ideas, members in each group
consequently design a new product or innovate an existing one as their final group project (that is,
concept only, rather than an actual product). Participants’ course performance was mainly assessed based
on the process of how they worked as a group online, for example, the records of online interactions such
as number of notes posted, read, and built on, and the quality of their online inquiry and discussion
(which was content analysed). The final technology product each group designed, however, was not
graded because the main instructional goal was to foster students’ high-level cognitive thinking skills. So
the product was used as a scaffold to engage students in sustained thinking and working with ideas. Also,
the products were only designed in concept rather than real prototypes.

Fostering sustained idea improvement in the Knowledge Forum

As a public space for ideas to exist and grow is essential from a world 3 perspective, the Knowledge
Forum — an online knowledge-building environment — was employed in this study (Scardamalia &
Bereiter, 2003). While the Knowledge Forum enables computer supported collaborative learning (CSCL)
— a widely recognised learning model in the field of learning sciences (Koschmann, 1996) — it is unlike
most CSCL designs focusing only on collaborative learning. Instead, the Knowledge Forum has a unique
focus on fostering sustained idea production and improvement as a way to fulfilling the overarching goal
of community knowledge advancement. As such, the Knowledge Forum encourages community members
to centre all their activities on working with their ideas (Scardamalia, 2002; Scardamalia & Bereiter,
2003). Particularly in order to support sustained idea improvement, a set of customised scaffolds are
provided in Knowledge Forum using sentence starters. These scaffolds are used to facilitate the process of
idea improvement. For example, “my idea is ... ” can be used to foster idea generation; “l need to
understand ...” and “new information ... ” can be used to support idea diversification; “this idea cannot
explain...” and “a better idea is ...” can be used to facilitate idea reflection’; and “putting our ideas
together...” can be used to scaffold idea integration. Overall, the first three scaffolds are more frequently
used to support early-stage inquiry for the development of initial and diversified ideas, while the latter
three scaffolds are used more often to facilitate deeper later-stage inquiry for the development of
elaborated and more sophisticated ideas.

Figure 1 shows a sample Knowledge Forum view and a Knowledge Forum note. To elaborate, a
Knowledge Forum view represents a virtual problem-solving space enabled by community members for
idea-centred knowledge work. Within a Knowledge Forum view, students are able to identify a problem
of inquiry and produce ideas in the form of notes to address the identified problem while using the
customisable scaffolds to guide their inquiry. Progressively, an inquiry topic may emerge, and students
can further improve their ideas within the topic by using all tools provided in the Knowledge Forum (e.g.,
using keyword tool or search tool to relate ideas).
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Figure 1. An illustration of a sample Knowledge Forum view and some tools (such as customisable
scaffolds and keyword tools)

Data sources, instruments, and data analysis

First, descriptive analysis was employed to examine students’ overall online performance, focusing on
major online activities (e.g., number of notes contributed, read, and built on). Then, how students used
scaffolds to work with ideas for online inquiry was assessed. Further, social network analysis (see
Wasserman, & Faust, 1994) was performed to analyse detailed online interactions, focusing on note-
reading and note-linking patterns, in order to examine group dynamics over time, by using the following
two measures: (1) network density (defined as the proportion of note-connections in a network
community relative to the total possible number of note-connections; the higher the value of a network
community is, the stronger the interactions of that network community is implied); and (2) betweenness
centralisation (defined as the degree of variance in a network community; the higher its value is, the
higher degree of variance/decentralisation in a community is implied) (Hanneman & Riddle, 2005).

In addition, a survey developed by the authors was used to explore change in participants’ epistemic
views regarding the roles of ideas for knowledge work. This survey was administered twice in the
beginning and at the end of the course, using open-ended questions, including:

What is idea?

Where are ideas from?

Why do we need ideas?

What are ideas for?

Can ideas be improved, and if so, how?

Table 1 shows a coding scheme that was developed based on Bereiter and Scardamalia’s (2003)
conceptualisation on two modes (belief vs design) of views for knowledge work as discussed earlier. The
scheme was used to code student responses to the questions mentioned above (Strauss & Corbin, 1990)
Inter-coder reliability was computed as 0.90 by using kappa coefficient (as the data generated is measured
in nominal scale).
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Table 1
Coding scheme regarding students’ preferred mode of knowledge work: belief vs design mode
Code Description Example

Belief-mode  Highlighting ideas as “Ideas are my personal views towards certain things. (S1)

view of ideas  building blocks for “Ideas are theories developed by myself based on my
personal knowledge standpoint.” (S6)
growth; as such, ideas are “Ideas are judgmental thinking derived from one’s human
considered as abstract brain.” (S7)
thoughts residing in one’s  “ldeas are every action in our minds, including fleeting
mind-as-container, as thoughts, sudden flashes of inspiration, considerate decision
one’s subjective opinions ... etc.” (S23)
or viewpoints; or as “Ideas are refined by means of self-reflection.” (S29)
products derived from
personal intellectual effort.

Design-mode  Highlighting ideas as “Ideas can be modified due to the contact and influence of

view of ideas improvable, real-life other people.” (S1)

objects, or public property
for collaborative
knowledge advancement;
or as means to solving
real-world problems.

“Ideas can make our lives better and more convenient.” (S02)

“Ideas originate from our demands, and our needs for solving
problems.” (S06)

“Online discussion has allowed us to contribute even better

ideas or propose some revision comments on existing ideas to

make it more realistic and workable.” (S25)

“By means of wide discussion of group members who have

diverse experiences and perspectives, it is more likely to

identify the weaknesses of an idea and they try to improve

it.” (S39).

Moreover, to evaluate the quality of ideas students worked in this study, we adopted the scales for idea
evaluation developed by Dean et al. (2006). The original scales contain four main dimensions including
novelty, workability, relevance, and specificity; and each dimension further contain two to three sub-
dimensions. Using confirmatory factor analysis, the scales were tested to have high validity (e.g., the
goodness of fit index was 0.95); and using two different problems for idea evaluation, the scales were
also found to have high inter-rater reliability (which was greater than 0.83 among all four dimensions). In
the present study, only the four main dimensions were employed to evaluate the quality of ideas. Table 2
shows the coding scheme, rating criteria, and some examples of students’ ideas that were given four
points based on the rating criteria. In the present study, all ideas recorded in the Knowledge Forum were
evaluated against these four dimensions. The inter-rating reliability was computed to be .96 by using
Spearman correlation (as the data generated is measured in ordinal scale).

Table 2
Scales of idea evaluation

Dimension/Description

Rating criteria

Example

Novelty: The degree to
which an idea is
original.

From 1 point (i.e., common,
mundane, boring) to 4 points (i.e.,
not expressed before, rare, unusual,
and ingenious, imaginative or
surprising; or may be humorous).

“When taking a bus, it would be more
convenient if the back of the bus chair
can have a small screen showing
information about next bus stop” (S39).

Workability: An idea
is feasible if it can be
easily implemented
and does not violate
known constraints.

From 1 point (i.e., radically violates
laws or sensibilities or totally
unacceptable business practice) to 4
points (i.e., common strategies that
violate no norms or sensibilities).

“I plan to design correction pens that
have all different colors instead of just
white color. So not only they can be used
for correction purpose on various colored
papers, but they can be used as
decoration tools, t0o.” (S23).

Relevance: An idea
applies to the stated
problem and will be
effective at solving the
problem.

From 1 point (i.e., intervention is
not stated or does not produce a
useful outcome) to 4 points (i.e.,
solves an identified problem that is
directly related to the stated
problem).

“There are many mosquitoes in our
dormitory. If we can design a mosquito
killer that does not emit light and produce
buzzing noise..., | am sure people can
sleep even better.” (S31).
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Specificity: Anideais  From 1 point (i.e., implication is not “We should design a car which shaped

specific if it is clear stated, even though relevant) to 4 like a ball. This way, the driver’s seat can
(worked out in detail).  points (implication is clearly stated  rotate in all direction. So there will be no
and makes sense). need to park a car backward as the driver

can rotate 180 degree and then drive the
car forward for parking.” (S14).

Source: Modified from Dean et al. (2006)

Results

Overall analysis of online performance

Pre-post comparisons were made between the early and later knowledge-building phases (using midterm
as a separation point) for online activities (see Table 3). The rationale of using the two phases for analysis
is because these two phases corresponded to the two main idea improvement activities, with the early
knowledge-building phase highlighting more divergent idea-diversification activity and the later
knowledge-building phase focusing on more convergent idea-elaboration activity. Overall, the frequency
of all activities was quite consistent. There were no significant differences between the two phases in
terms of all major online activities, except that there was a significant increase in the number of notes
read in phase 2, which indicates increasing community awareness of group knowledge work (e.g., who
was interacting or collaborating with whom in a group, and what ideas were being improved) towards the
end of the course. Additionally, all the online measures were found significantly correlated with one
another (all r’s > .43, p’s < .05, for all measures in phase 1; (all r’s > .31, p’s < .05, for all measures in
phase 2; and all r’s > .60 p’s < .01, for all measures throughout the whole semester, e.g., see Table 4),
which suggests that the more active the participants were in one type of online activity, the more likely
they would be actively engaged in another type of activity.

Table 3
Online knowledge-building (KB) activities (n = 41)

Early KB phase Later KB phase t-value Cohen’s d

M SD M SD
Notes contributed 13.61 11.28 13.88 12.18 -0.12 -0.02
Notes read 225.44 138.44 319.07 204.69 -3.28** -0.54
Notes built on 11.07 10.98 9.76 12.28 0.61 0.11
Notes with keywords 10.83 9.94 7.39 7.17 2.56* 0.4
Problems worked on 7.93 6.11 5.98 4.99 1.97 0.35
Scaffolds used 10.07 9.52 12.34 14.88 -1.09 -0.18
Lower level
My idea 7.29 7.45 4.02 5.62 -2.83** 0.5
I need to understand 1.53 2.22 1.41 2.98 -0.42 0.46
New information 0.85 1.24 151 2.72 -1.34 -0.31
Higher level
This idea cannot explain 0.24 0.70 2.27 3.70 -3.58*** -0.76
A better idea 0.07 0.26 1.56 2.60 -3.61%** -0.81

Integrating ideas together 0.02 0.16 1.22 1.01 -7.26%** -1.66
Network density

Note-reading 5.33 7.20 2.72 3.81 3.43* 0.45

Note-linking 0.39 0.84 0.16 0.54 2.99* 0.33
Betweenness centrality

Note-reading 5.49 2.78 11.29 8.30 -5.15%** -0.94

Note-linking 29.24 32.90 51.66 83.23 -1.81 -0.35

*p<.05 **p<.01 ***p< 001
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Table 4

Correlations between basic knowledge-building measures
Basic measures 2. 3. 4, 5.
1. Notes created and worked 99** .60** .85** .89**
2. Problems worked on . 81** TT** 59**
3. Notes built on . .89** .60**
4. Scaffold supplies . .66**
5. Notes read

**p <.01

More importantly, based on the comparison between the two phases, it was found that there were some
changes in the use of scaffolds. For lower-level scaffolds highlighting idea generation and exchange,
there was a significant decrease in use of the “My idea ... ” scaffold (t = -2.83, p < .05), suggesting that
more diffused effort and attention for producing diversified ideas was progressively reduced and replaced
by more focused inquiry. In a coherent sense, for the higher-level scaffolds that highlight idea
clarification and integration, there were significant increases in all three scaffolds, indicating that the
participants were gradually more able to engage in deep inquiry activities.

As a main interest of this study is collaborative knowledge building, additional analysis of interaction
patterns was conducted using social network analysis. As shown in the bottom part of Table 3, overall,
there was a descending trend in terms of network density from early knowledge-building to later
knowledge-building phase for both note-reading and note-linking activities. Further, there was an
ascending trend in terms of betweenness centrality from early to later phase (for note-reading only). To
elaborate, relatively lower network density and higher betweenness centrality in the later phase implies
that there were less whole community-based online activities and more focused small group-based
activities. This may be because that the instructional design of this course encouraged students to
progressively form groups and work within groups based on common interest in certain technology
problems. Another explanation is that towards the end of the semester, within-group inquiry became more
essential for completing each group’s final technological product. This is also confirmed by the fact that
there were progressively more idea elaboration and intensive inquiry activities within groups (as shown
by the higher-level scaffold use), rather than merely idea-sharing and shallow inquiry activities within the
whole community and between groups (as shown by the lower-level scaffold use). It is evident that more
frequent use of higher-level scaffolds was found in later knowledge-building phase. Collectively, all these
quantitative online behavioural and interactive measures indicate that students were progressively more
able to focus on their collaborative group work. As an example, Figure 2 (left side) also illustrates an
instance of students’ online knowledge-building behaviours focusing on inquiring how to reduce the
noise produced from typing the keyboard. To address this problem, for example, students discussed
various ideas such as “using keyboard protection sheet to reduce noise,” “writing by using touchpad
instead of typing,” “designing better keyboard by using new materials”. Figure 2 (right side) also shows
the overall behavioural pattern of the frequent interactions among students focusing on note-built-on
activities.
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Figure 2. An instance of students’ online interaction behaviours focusing on inquiring how to reduce the
noise produced from typing on the keyboard (left side) and the overall pattern of interactions among
students focusing on note-built-on activities

Analysis of group view change and inquiry activities

As a beginning analysis, it was found that there was a significant decrease in ratings from pre-survey (M
=1.86; SD=0.91) to post-survey (M = 1.37; SD= 0.92) in terms of a belief-mode view of ideas (t = -2.39,
p < .05). Students were able to progressively place less emphasis on treating ideas as merely abstract
thoughts, opinions, viewpoints, or mental constructs (residing in one’s mind-as-container) for the purpose
of facilitating individual knowledge work (i.e., personal knowledge growth and accumulation). On the
other hand, it was found that there was a significant increase (t = 2.39, p < .001) from pre-survey (M =
2.20; SD= 1.40) to post-survey (M = 5.00; SD= 1.00) in terms of a design-mode view of ideas in that
students were progressively more able to also view ideas as concrete, real-life objects, or public
properties to be collaboratively shared and improved for the purpose of advancing community or group
knowledge. The findings suggest that through frequent online interactions and open discussion in the
Knowledge Forum to work with (e.g., diversifying, clarifying, and improving) ideas, students were more
likely to use ideas for design-mode, knowledge-creating work than for belief-mode, knowledge-
accumulating work. As this study is mainly concerned with group work, one of the next relevant
questions to ask is whether there is also difference in terms of change of epistemic views between groups
and whether such view change is associated with students’ online group inquiry activities.

Student groups in this course were formed based on individual interest in certain technology problems.
To investigate the general difference in view change between groups, a view-change score of each group
was first computed, by averaging individual students’ scores in each group. Then, all groups were further
divided into high-change group (n = 5 groups, with each group containing 5, 3, 3, 2, 5 members
respectively) and low-change groups (n = 4 groups, with each group containing 5, 4, 4, 3 member
respectively), using the average score of view change (M = 4.88, SD = 2.51) of all groups as a separation
point. As a baseline comparison (see Table 5), it was found that there was a significant difference in terms
of groups’ view-change scores (F = 9.72, p < .05) between the high-change groups (M = 6.61, SD = 2.09)
and the low-change groups (M = 2.79, SD = 1.38). Moreover, when comparing basic online measures, it
was also found that high-change groups tended to spend more time (in weeks) for online group discussion
(M = 6.00; SD = 4.18) than the low-change groups (M = 4.50, SD = 3.00). Similarly, the high-change
groups also posted more notes to Knowledge Forum (M = 31.2; SD = 17.16) than the low-change groups
(M =23.25, SD = 24.07). But the results were not statistically significantly. This implies that the quantity
of inquiry time and note contribution did not really play a key role in groups’ view change.

A further investigation on group activity by looking into the quality of ideas recorded during their online
inquiry was conducted. In particular, using Dean et al.’s (2006) four scales of idea evaluation (see Table 2
above), each note was assessed and given a score. As shown in Table 5, the scores between the two
groupings (i.e. high-change and low-change groups) for an overall comparison (all four dimensions
combined) were significantly different (F = 10.535, p < .01); and in terms of more specific comparisons,
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it was found that there was no significant difference between the two groupings in terms of the novelty
dimension (F = 2.49, p > .05) and the specificity dimension (F = 0.17, p > .05). The reason why
improvement was not significant in the novelty dimension may be that novelty effect gradually wore off
with students over the long period of inquiry in a whole semester. Alternatively, it may be because
students were lack of real work experiences to improve the novelty and specificity of ideas to a
significant level. Nevertheless, it was found that there were significant differences between the two
groupings in terms of the workability dimension (F = 4.97, p < .05) and the relevance dimension (F =
7.97, p < .01). Students with high view-change were more likely to work out on the practicality of their
ideas (workability) and also to identify connections among all ideas they were working with (relevance).
To triangulate the findings, it was further found that there were relationships between groups’ epistemic
views and the quality of groups’ idea improvement activities in these two particular dimensions (p = .45,
p < .01 for workability; and p = .33, p < .01 for relevance), suggesting that online inquiry activities were
somewhat related to the quality of idea improvement in group.

Table 5
Comparison between high-change and low-change groups for view change, quality of ideas (n = 41)

High-change groups  Low-change groups Fvalue  Cohen’sd

(n =5 groups) (n =4 groups)
M SD M SD
Baseline analysis
View change 6.61 2.09 2.79 1.38 9.72* 2.18
Notes contributed 31.20 17.16 23.25 24.07 0.34 0.38
Duration of discussion 6 4.18 45 3 0.36 0.41
(weeks)
Dimension of idea evaluation
All dimensions combined 10.81 0.93 9.97 0.90 10.54** 0.92
Novelty 2.69 0.11 2.79 0.52 0.67 -0.27
Workability 3.00 0.33 2.51 0.17 29.41*** 1.87
Relevance 2.88 0.22 2.50 0.13 38.55*** 2.1
Specificity 2.24 0.27 2.17 0.08 1.06 0.35

*p <.05 **p < .01 ***p< 001

Discussion

In summary, the findings in this study indicate that engaging students in knowledge building was
effective in enhancing students’ online collaborative and inquiry performance. First, in response to the
first research question, it was found that the participants’ online performance was consistently active
throughout the whole semester. This is perhaps because pedagogically they were allowed to solve
authentic real-world problems based on their learning interest and were also encouraged to continually
improve their ideas for addressing those technology problems at issue; therefore, it is more likely that
they maintained their online inquiry interest in a sustained and self-directed manner. Also, students were
more willing and able to work cohesively as groups to engage in higher level inquiry activity that
supported their collaborative knowledge work. Second, in response to the second research question, the
participants were able to develop a more design-mode view that sees ideas as improvable objects for
collaborative knowledge construction, rather than just viewing them as abstract thoughts for mere
personal knowledge growth and accumulation. Also, it was found that there were some significant
relationships between the groups’ changed views of the role of ideas for more creative knowledge work
and the overall quality of ideas being collectively improved in groups. In general, groups who perceived
the role of ideas as concrete, real-world objects for knowledge innovation from a design-mode view
tended to produce more quality ideas (especially in terms of the workability and relevance of ideas). In
contrast, groups who perceived the role of ideas as mere building blocks for personal knowledge
acquisition from a belief-mode view tended to produce ideas with relatively less quality. A major reason
why students were able to change their epistemic views towards the role of ideas may have to do with the
instructional approach employed in this course, which encouraged students to initially explore divergent
ideas and then progressively move further to engage in convergent idea improvement activity.
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In conclusion, our study suggests that it is possible to transform a traditionally more teacher-centred
learning environment into a more constructivist-oriented knowledge-building environment in a university
setting. This is important, as in a highly teacher-centric learning environment, learning is only an
individualistic effort and the goal for study is usually to pursue personal knowledge growth and
accumulation. As such, the knowledge to be learned is strongly associated with the existing body of
knowledge that is often predefined in curriculum guidelines. However, in a constructivist-oriented
knowledge-building environment, learners are given the opportunity to assume the role of knowledge
workers who need to collaborate as a group to advance their collective understanding of a topic inquired.
As such, knowledge is actively pursued through the production and development of ideas (as the tentative
knowledge claims) that are being continuously improved by learners who act as knowledge collaborators
within a given group or community. As our society is progressively more reliant on a knowledge
economy, the challenge for all knowledge-driven organisations is sustained knowledge creation. Our
education thus needs to cultivate among students the required creative competencies in order for them to
transform ideas into more powerful, coherent, and feasible solutions, products, or theories and to make
our society a better place to live (Scardamalia & Bereiter, 2003). To this end, students also need to
develop a more constructive or creative view that sees ideas as real-world, improvable objects for the
advancement of public knowledge.

Admittedly, there are limitations in this study. First, given the qualitative nature of the study design and
the tool it is based around, it is acknowledged that generalisability and predictability need to be taken into
consideration when interpreting the study outcomes. Although insights derived from analysis of a single
course may still be generalisable in similar contexts (e.g., Cobb, 2001), further studies in more diverse
class contexts are necessary in order to provide more convincing evidence. Second, while pre-post
epistemic view change was found to relate to the quality of ideas during online inquiry, as the
relationships were not very strong, it would be helpful to further examine how other more detailed
intervening factors (e.g., the requirement to produce group outcome, peer interaction, and the degree of
group engagement) might affect the post-survey responses in relation to view change. It would also be
useful to conduct more qualitative studies using alternative methods (e.g., in-depth interview) to further
triangulate the findings and provide a fuller picture of how the students actually function in a knowledge-
building environment. Doing so would also help deepen our understanding of the relationships between
students’ group performance and their epistemic views of ideas. Third, the findings derived from this
study were based on data gathered from students’ inquiry activity in an online learning environment and
thus were not generalisable to face-to-face discussion settings. Further studies may be conducted in face-
to-face learning environments to see whether the same results can be replicated using the same
knowledge-building approach. Fourth, another issue is whether the epistemic change identified among
students in this study is likely to persist. It would be useful if a follow-up longitudinal study could be
conducted in order to answer this question. Finally, the present study was situated in an Asian cultural
context where the teaching pedagogies tend to be more didactic-oriented; it would be beneficial if readers
interpret the findings with some sociocultural understanding of the Asian countries in mind.
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