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Abstract The purpose of this study was to design and examine a computer-supported
knowledge building environment and to investigate both collective knowledge-building dy-
namics and individual learning in the context of a tertiary education course in mainland China.
The participants were 102 students in four intact Year one tertiary business classes. Two
classes experienced a knowledge-building environment (CKB) and the other two were taught
using a regular project-based approach (RPBL). Data were obtained from interactions in the
forum, writing quality, group-learning portfolios, and surveys. Quantitative analyses indicated
that the knowledge-building groups outperformed the comparison groups on academic literacy
assessed in terms of conceptual understanding and explanation, and obtained higher scores on
beliefs about collaboration. Within-group analyses indicated that the students’ engagement in
Knowledge Forum was a significant predictor of their academic literacy. Qualitative contras-
tive analyses of high- and low-performance groups identified different patterns of conceptual,
metacognitive and social processes, and showed that student groups engaging in more
collective and meta-discourse discourse moves performed better on individual scores in
academic literacy. The implications of examining both collaborative dynamics and individual
learning and designing computer-supported knowledge building for tertiary students are
discussed.

Keywords Collaborative knowledge building - Computer-supported inquiry -
Academic literacy - Technology-enhanced learning environment - Higher education
Introduction

Over the past two decades, the focus of cognitive research has switched from individual
learning to collective and social processes of learning (Anderson et al. 2000; Bereiter 2002;
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Brown et al. 1989; Stahl 2006). Theoretical advances and the rapid development of Internet
technology provide great potential to scaffold CSCL (Koschmann et al. 2002; Stahl 2002,
2006). Substantial progress has been made in terms of scaffolding collaborative inquiry in
scripting (Fischer et al. 2013), collaborative argumentation (Scheuer et al. 2010), the analysis
of collaborative discourse (Puntambekar et al. 2011; Suthers et al. 2010), and the design of
CSCL technology (Jermann et al. 2004). CSCL has also received increased attention regarding
its applicability to technology-enhanced collaboration in higher education (Strijbos et al. 2004;
Resta and Laferriere 2007). In particular, the notions of group cognition (Stahl 2006) and
collective cognitive responsibility (Scardamalia et al. 1994; Scardamalia and Bereiter 2006) for
collaborative knowledge building provide important theoretical foundations for the develop-
ment of computer-supported collaborative learning (CSCL).

Increased research interest is now being given to CSCL in practice and an issue of interest is
learning across levels, and how CSCL can be designed to enhance collective and individual
learning in complex classroom settings, with emphasis on both processes and outcomes.
Earlier research in educational technology and networked learning has focused on pre- and
post-test differences (Carle et al. 2009) or analyses of student experience (Goodyear et al.
2005), but with limited analysis of collaborative processes. Major progress has been made in
CSCL studies theorizing and identifying collaborative dynamics (e.g., Baker et al. 2007;
Hmelo-Silver 2003; Meier et al. 2007; Suthers et al. 2010) but with less attention to CSCL
instructional effects. While micro-level process studies have illuminated the potential of CSCL
for collaborative knowledge building, they have not addressed whether and how the positive
benefits can be diffused to individuals.

There is now increased interest in examining the relationships between collaborative processes
with individual learning (e.g., Molenaar et al. 2011; Paus et al. 2012; Rummel and Spada 2005;
Weinberger et al. 2005). Although CSCL design has shown positive effects, fewer studies have
investigated how collaborative processes influence individual learning. This study followed this
line of inquiry with a focus on linking design, process and learning, and specifically examining
how CSCL classroom design is related to collaborative processes and individual learning. While
there have been many separate studies examining CSCL design, collaborative dynamics, scaf-
folding processes and tools, more classroom-based research using an integrated approach is
needed to advance CSCL in practice and to address the issue of how to design a CSCL
environment to scaffold collective processes with impacts on individual learning.

The study reported in this paper adopted the knowledge building research framework
(Scardamalia and Bereiter 2006) mediated by Knowledge Forum, a computer-supported
collaborative learning environment that has attracted much attention from CSCL researchers.
In knowledge building, students’ ideas are viewed as conceptual artifacts and objects of
inquiry that can be improved continually via progressive discourse supported by affordances
of Knowledge Forum. Comparing their own models with those of their peers can enhance
students” metacognitive understanding by inspiring questions and providing explanations
through collective inquiry. Although there has been a substantial amount of research, most
of it has been conducted in elementary-level science classes or other K-12 settings. How
tertiary students engage in knowledge-building dynamics, the conceptual, meta-cognitive and
collective processes mediated by Knowledge Forum, and how such collective processes can
impact upon learning, need to be examined. Such investigations seem to be particularly useful
in tertiary university contexts in mainland China, considering the challenges posed by social-
cultural contexts, especially the tensions between collective learning processes and individual
academic outcomes escalated by pressure from society and the job market. This study,
conducted in a non-Western socio-cultural setting, in which students are highly competitive,
may also suggest new questions and possibilities for CSCL.
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Accordingly, this study examined the design of a knowledge-building environment for 82
tertiary students for collective and individual learning. First, we investigated whether the 83
designed environment promoted academic learning and beliefs about collaboration compared 84
to a regular project-based environment; Second, we examined the predictive role of 85
Knowledge Forum participation in student academic learning (e.g., business concept learning 86
and academic literacy); Third, we identified productive collaboration dynamics supported by 87
the knowledge-building environment through contrastive group analyses and, finally, we 88
investigated the relationships between collective processes and individual learning. 89

Perspective of collective knowledge building 90

Knowledge building, as an educational model, emerged in the 1980s, and has developed into 91
an integrated framework of knowledge-building theories, pedagogies, practices and 92
technology-enhanced environments (Bereiter 2002; Scardamalia and Bereiter 2006). Central 93
to knowledge-building theory is the notion that knowledge is a social product, created by 94
members, that adds value to the community (Scardamalia and Bereiter 2003). Bereiter and 95 Q4/Q5
Scardamalia (1996) and Scardamalia (2004) distinguished knowledge building from knowl- 96 Q6
edge acquisition or participation as students create and improve ideas for community advances. 97
Students’ ideas can be examined, tested, refined and improved upon through collaborative 98
inquiry discourse (Bereiter 2002); this focus on the collective advancement of communal 99
knowledge distinguishes knowledge building from other models of learning. While knowledge 100
building emphasizes collective dynamics and advances, students also learn and individual 101
learning such as literacy can be a by-product (Scardamalia and Bereiter 2003; Scardamalia 102
et al. 1994). 103
Knowledge building places emphasis on collective growth; through computer-supported 104
collaborative inquiry, it transforms classes into communities of inquiry to identify gaps in 105
existing communal knowledge, and to design and initiate collaborative inquiries into unknown 106
areas. Through progressive inquiry, participants are expected to create, work on, and improve 107
ideas (epistemic objects), utilize collective problem-solving and inquiry skills (meta-cognitive 108
skills) and advance their communal knowledge base. This goes beyond instructional models 109
that focus on knowledge integration and participation, and aims to transform existing knowl- 110
edge and create new-ideas through progressive inquiry. 111
Informed by knowledge-building theory, Knowledge Forum, a technology-enhanced group 112
learning environment, was designed to provide rich opportunities for objectifying the progress 113
of knowledge building and advancing collective knowledge (Scardamalia 2004). It aims to 114
facilitate the transformation of the traditional classroom into a knowledge-building community. 115
Students contribute or build on computer notes, consisting of questions, explanations, evi- 116
dence, experiments and/or reference materials, to help advance communal knowledge through 117
synthesizing different views to improve collective ideas. Basic Knowledge Forum features 118
include scaffolds that can act as epistemic markers to facilitate metacognition; build-on and 119
rise-above functions, which enhance idea improvement; and graphic views, which present 120
different visual perspectives on the public discourse to affect communal knowledge 121
advancement. 122
The knowledge-building model has been implemented at various levels of educational 123
institutions and workplaces. Over the past two decades, empirical research has indicated its 124
benefits for scientific inquiry (Hakkarainen 2003); conceptual understanding (Lee et al. 2006); 125
vocabulary growth (Sun et al. 2010); and graphical literacy (Gan et al. 2010). Research has 126
also examined the design of knowledge building (Caswell and Bielaczyc 2010; Hewitt and  127Q7
Scardamalia 1998), the nature of knowledge-building and inquiry (Hakkarainen 2003; Lee 128
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et al. 2006), technological development (Scardamalia and Bereiter 2003), and capturing the 129
communal growth of ideas (Zhang et al. 2009). Despite much progress in knowledge-building 130
research, concerns exist as to whether the CSCL knowledge-building model, which focuses on 131
community advances and inquiry processes, will affect both collective and individual learning. 132
While some early knowledge building research did examine evaluation components (e.g., 133
Scardamalia et al. 1994), most recent efforts have been devoted to elucidating the rich 134
dynamics of knowledge-building processes (Zhang et al. 2007, 2009). Stronger empirical 135
evidence, including the use of comparison groups, would be useful for investigating the effects 136
of knowledge-building designs on both learning outcomes and processes. As knowledge 137
building requires an emergent approach, how to design it for higher education settings with 138
various institutional constraints also merits attention. 139

This study set out to design a knowledge-building environment and examined both 140
collective and individual learning: It utilized multiple data sources and multiple 141
analytical methods, including both quantitative pre- and post-test measures, to assess 142
the effect on academic performance and beliefs about collaboration, as well as online 143
qualitative discourse analyses for both individual and communal knowledge advances. 144
Recent studies have posited that student belief and epistemology are critical factors 145
influencing other factors in the ecology of learning innovation (Bielaczyc 2006; Tsai 146
2009). It would be useful to examine whether students working in knowledge-building 147
environments moved towards more sophisticated beliefs. From a theoretical standpoint, 148
there is interest in examining whether CSCL models, focusing on collective processes 149
such as knowledge building, will influence individual student learning. From a 150
practical perspective, there will be educational implications for the feasible implemen- 151
tation of CSCL practice in tertiary classrooms, an area in which few CSCL studies 152
have been reported. Such a preliminary study may provide useful information for 153
optimizing the design to be more appropriate to different social-cultural and educa- 154
tional settings. 155

Analysis of collaborative and knowledge building processes 156

A second theme of the study was to investigate the kinds of collaborative processes and 157
discourse patterns that characterize knowledge-building discourse and to examine how these 158
might contribute to learning outcomes. A wealth of studies on CSCL have focused on 159
analyzing discourse processes and dynamics to gain a deep understanding of how learning 160
and collaboration take place mediated by computer technology (e.g., Baker et al. 2007; Fischer 161
et al. 2013; Hmelo-Silver 2003; Meier et al. 2007; Pifarre and Cobos 2010). Research efforts in =~ 162
coding such patterns are important, as they might illuminate the kinds of collaborative 163
processes in which students engage that may influence their learning and understanding. 164
CSCL research on coding has identified the importance of conceptual, cognitive and social 165
processes. For example, Hmelo-Silver’s fine-grained content analysis (2003), which coded 166
notes turn-by-turn, yielded a multi-faceted coding scheme, characterizing conceptual, cogni- 167
tive and social features of collaborative knowledge construction. Her research adopted 168
multiple-dimensional and multiple-coding approaches to unravel multi-faceted and interwoven 169
learning and collaborative knowledge construction processes. Fischer et al. (2013) developed  170Q8
schemes that identify, from content/concept and functional perspectives, four interwoven 171
collaborative knowledge construction processes, including externalization, elicitation, 172
integration-oriented and social conflict-oriented consensus building. Muukkonen and 173
Lakkala (2009) further characterized collective inquiry into advancing shared objects using a 174
coding framework that identified progressive inquiry processes, and included questioning, 175

@ Springer



E D I T O Rl S PROO F JmIID 11412_ArtID 9188_Proof# 1 - 30/12/2013

Intern. J. Comput.-Support. Collab. Learn.

explicative and theoretical knowledge, meta-knowledge and organization, and communal 176
knowledge advancement. Meier et al. (2007) used a rating scheme in their coding approach 177
to identify different processes and patterns that can be coded with different degrees of intensity. 178

Researchers in the knowledge-building tradition have also employed multiple methods to 179
capture knowledge-building dynamics and processes (see review, Chan 2013). Analyses of 180
Knowledge Forum participation, contribution and interaction have utilized server log infor- 181
mation to characterize the nature of interactive activities. A data analytic software package, 182
Analytic Toolkit (ATK) (Burtis 1998), was developed to provide an overview of the main 183
quantitative indices for contribution, interaction and collaboration, including the number of 184
notes written or read, scaffold uses and note revisions, among others. Studies have also shown 185
that the Knowledge Forum engagement measured by ATK is correlated with students’ 186
conceptual understanding (Lee et al. 2006; van Aalst and Chan 2007). 187

Other analyses of collective knowledge building have examined the epistemic nature of 188
progressive inquiry in terms of the quality of questions asked and explanations provided 189
(Hakkarainen 2003, 2004). These analyses have demonstrated how collaborative inquiry 190
discourse has deepened over time, as students generate higher-level explanation-seeking 191
questions and provide more elaborate explanations. Lee et al. (2006) further characterized 192
depth of inquiry as varying at the question level, from simple and general questions, to those 193
identifying gaps in understanding, to explanation-driven questions, and depth of explanation as 194
varying from simplistic fact regurgitation to more sophisticated explanations synthesizing and 195
taking up different ideas from the community. 196

Given the increased emphasis on social and collective aspects, additional attention must 197
now be paid to analyzing group cognition and collective aspects of knowledge-building 198
dynamics (Stahl 2006). While rich analyses of knowledge-building dynamics have been 199
conducted using inquiry threads (Zhang et al. 2007), it would also be helpful to examine 200
whether collective dimensions of collaboration can be identified in group discourse; for 201
example, recent studies have used portfolios to characterize the collective growth of communal 202
knowledge (Lee et al. 2006). Van Aalst (2009) examined and distinguished between three 203
collective discourse modes: knowledge sharing, knowledge construction and knowledge 204
creation. His study’s identified discourse moves included information, questions, ideas, emer- 205
gence, meta-discourse and social dynamics; the findings provided useful evidence of the role 206
of social dynamics (community) and social processes in advancing collective knowledge. 207

Despite much progress in analyzing knowledge building, fewer studies have linked 208
knowledge-building designs with collective processes and individual gains. As knowledge- 209
building designs that emphasize community advances bring about more collective discourse 210
moves, there is a need to investigate how those moves manifest themselves. Furthermore, there 211
is a need to examine discourse processes associated with individual gains to identify which 212
collective discourse moves yield individual learning gains. Such theoretical questions are 213
worth investigating in different settings, particularly in Asian classrooms, where academic 214
performance plays an important role in a high-stakes testing culture. This study investigated 215
actual collaboration processes for knowledge-building inquiry to unravel how student partic- 216
ipation in a CSCL/ Knowledge Forum environment may manifest metacognitive, epistemic 217
and social activities and processes. 218

Domain and context of inquiry 219
Academic literacy in higher education has been the focus of world-wide research, particularly 220

in universities using English as a medium of instruction (Braine 2002). Research into academic ~ 221Q9
literacy has extended the concept to include far more than simply the language, reading and 222
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writing skills required for academic studies in higher education; recent studies based on socio- 223
cultural approaches have defined academic literacy as higher-order learning/thinking in pursuit 224
of deep collaborative contextual meaning (Lea and Street 2006) in the academic socialization 225
process (Granville and Dison 2005). In this context, CSCL and knowledge building have the 226
potential to promote academic literacy, in addition to enhancing motivation and engagement 227
(Tan et al. 2010). Specifically, students’ academic literacy can be improved through a dynamic ~ 228Q10
and continuous process of advancing communal knowledge and understanding (Scardamalia 229
et al. 1994). Recent research has shown the reciprocal relationship between knowledge 230
building and reading skills in elementary students (Zhang and Sun 2011). 231
While a lot of knowledge-building research emphasizing collective advances (Scardamalia 232
and Bereiter 2006) has been conducted in K-12 settings and science domains, more research is 233
needed on the design, analyses and effects of knowledge building in different educational and 234
cross-cultural contexts, and there is a perceived need to extend the inquiry line to include 235
under-investigated domains in higher education, such as business studies and academic literacy 236
(Yeh et al. 2011). Although emerging goals in business education emphasize knowledge 237
creation, collaboration and life-long learning (Dosi et al. 2000; Eastman and Swift 2002; 238
Hanson and Sinclair 2008), little is known about the effect and process of computer-supported 239
project inquiry in business studies. Despite research evidence suggesting a scaffolding role of 240
the technology-enhanced business project approach on metacognitive and team skills (Ngai 241
2007), few studies have, to date, examined how computer-mediated conceptual learning and 242
collective knowledge advances are interwoven with the metacognitive and social processes of 243
project learning. Moreover, although academic literacy is emphasized as a core competency in 244
higher education, especially in countries where English is a foreign language, there is 245
insufficient research examining academic literacy development embedded in collaborative 246
inquiry processes. 247
With increased interest given to CSCL practice in the classroom, more research 248
attention needs to be paid to CSCL impacts on both the collaborative process and 249
academic learning, and the Asian classroom provides an interesting research context. 250
In light of dramatic changes in educational goals and societal demands for collabo- 251
ration and knowledge creation, Chinese higher education reforms have been 252
confronted with unparalleled challenges when transplanting such novel educational 253
models as CSCL and knowledge building, particularly due to deeply-entrenched 254
impacts of individual testing conventions and escalating competition from the increas- 255
ingly fierce job market. Transforming CSCL pedagogies in Chinese tertiary class- 256
rooms demands full consideration over both the underlying theoretical principles and 257
the perceived prevailing contextual constraints, such as the tensions between collab- 258
oration and competition. Thus, addressing both CSCL processes and learning out- 259
comes tends to be an appropriate approach to inquiring into how CSCL develops in 260
tertiary settings in mainland China. In fact, both theoretical considerations and prag- 261
matic demands call for deep inquiry into the links between collective processing and 262
individual learning. In light of this, this study set out to investigate how conceptual 263
understanding and academic literacy are deepened and promoted by computer- 264
supported knowledge building processes in collaborative business project inquiry. 265
In summary, the study involved designing, implementing and evaluating a knowledge- 266
building inquiry environment for Chinese tertiary business students. Specifically, three re- 267
search questions were addressed: 268

1. What are the instructional effects of the designed computer-supported knowledge-building 269
(CKB) environment on students’ academic literacy and their beliefs about collaboration? 270
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2. What is the role of student participation on Knowledge Forum and specifically how is it 271
related to students’ academic learning after course instruction? 272
3. What characterizes productive knowledge-building discourse patterns; what are the dif- 273
ferences between high- and low-performing groups? How is collective inquiry processing 274

related to individual learning performance? 275

276

Methods 277
Participants 278

This study was part of a larger project to design, evaluate and investigate tertiary 279
students’ learning and collaboration, mediated by the use of technology. The partic- 280
ipants were 102 students (Female=57, Male=45) in four intact Year 1 English for 281
International Business (EIB) classes, part of a joint Sino-British program at a univer- 282
sity in Shanghai. Informed by a pre-teaching investigation, the four classes were 283
similar in achievement levels, instructional experiences and gender composition. The 284
students generally performed at below-average levels, compared with same-year stu- 285
dents in other programs. A quasi-experimental design was employed: two tutors, 286
including the first author, each taught two classes—an instructional class using 287
computer-supported knowledge-building inquiry (CKB), and a regular class using 288
regular project-based learning (RPBL). Another tutor was included to examine wheth- 289
er the designed CSKBI approach could be implemented by other EIB tutors, given 290
appropriate training and scaffolding. 291

Research context 292

The research was conducted in a core English for International Business module intended 293
to develop deep conceptual and contextual understanding of Total Quality Management 294
(TQM) and basic research and academic literacy skills. The 12-week module originally 295
featured a self-designed group project investigating TQM implementation in real busi- 296
nesses in Shanghai. The project-based learning design, developed by the UK partnership 297
university, was, in itself, innovative, as lecture-based and teacher-led instructional ap- 298
proaches still prevail in Chinese tertiary classrooms. However, our pilot study findings 299
(Zhao and Zheng 2013) revealed that students worked together on project learning mainly 300
to complete the shared task, rather than to advance communal knowledge. The sum of 301
individual work was reported as a major outcome of group learning. Moreover, as the 302
project was conducted in an English-as-a-Foreign-Language setting after class, the use of 303
English appears to be realistically difficult. The students reported that little improvement 304
had been observed in English literacy through PBL learning. Drawing on the previous 305
findings, a knowledge-building environment based on knowledge-building principles em- 306
phasizing collective cognitive responsibility was therefore designed to facilitate changes in 307
learning and collaboration and to promote academic and professional English literacy. 308

The two project-based learning comparison groups mainly followed this original 309
instructional design. The in-class activities included lectures on business knowledge 310
and research methods and student-centered English communicative activities; after- 311
class project work consisted of sequential stage-based tasks following a project 312
procedure prescribed by tutors (see Table 2). 313
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Designing the knowledge-building environment 314

Informed by knowledge-building pedagogy and higher education reforms emphasizing aca- 315
demic literacy and collaborative inquiry, a computer-supported knowledge-building inquiry 316
(CKB) environment was designed. The CKB environment enriched the project-based learning 317
using knowledge-building to foster socio-cognitive dynamics through the principle-informed 318
use of Knowledge Forum. 319

Knowledge-building principles and technological dynamics 320

The CKB environment employs the knowledge-building approach to design, implement and 321
assess knowledge advancement in dynamic collective inquiry. Scardamalia (2004) theorized 322
twelve knowledge-building principles to characterize such dynamics, including real ideas and 323
authentic problems, improvable ideas, epistemic agency, rise-above, knowledge-building 324
discourse, constructive uses of authoritative information, democratizing knowledge; commu- 325
nity knowledge and pervasive knowledge building. Based on the preliminary findings in other 326
Chinese classrooms (Chan 2011; Lee et al. 2006), we adapted three major ones as design 327
principles in this study: epistemic agency, improvable ideas and community knowledge; these 328
three principles have been examined in most knowledge-building classroom studies (e.g., 329
Zhang et al. 2009). The environment’s overarching theme was collective cognitive responsi- 330
bility, which involves creating social-cognitive dynamics to facilitate students’ efforts to 331
advance knowledge collectively through the intentional use of English. 332

Epistemic agency refers to taking on epistemic and meta-cognitive roles to identify 333
inconsistencies in the discourse. The focus is on meta-cognition, reflection and collective 334
regulation for idea-improvement or deep question-explanation discourse, rather than on the 335
simple completion of project tasks; and relying on collective problem solving rather than a 336
division of labor. Scardamalia (2004) noted that students taking on epistemic agency compare 337
different models and work with conflict to spark individual and communal progress. 338

Improvable ideas involve students in viewing ideas as shared knowledge objects that canbe 339
explored, examined and improved upon; synthesizing different perspectives and evidence from 340
multiple sources for collective idea improvement; progressively improving ideas in connection 341
with the broader community; and deepening both conceptual processing and collective 342
problem solving. 343

Community Knowledge involves students working together and using effective communi- 344
cative strategies to allow improved ideas and theories to diffuse through the communal 345
knowledge space; a collective commitment to advancing communal knowledge through 346
technological and language media; working on social dynamics; emphasizing collective rather 347
than individual advances; and using meta-discourse to reflect on knowledge advances. 348

Knowledge Forum was used to facilitate knowledge-building inquiry by engaging students’ 349
in the co-construction of a collaborative workspace. The researchers designed different views, 350
including a “Welcome View’ to organize and navigate the online group inquiry. “Views’ are 351
communal workspaces, wherein participants contribute ‘notes’ (including questions, explana- 352
tion, and sometimes hyper links to other online resources). Lines linking the notes show group 353
connections, such as when other students have made responses, built on to the concept, or 354
referenced to other notes in the database. Writing a new note or responding to others’ notes 355
opens a new window with a self-designated note title; note writing is guided by KF’s 356
embedded scaffolds. 357

One of the key features of Knowledge Forum is scaffolds or epistemic markers (e.g., “I 358
need to understand”, “My theory”, “New information”, “A better theory”, “Putting our 359
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knowledge together”), which can be used flexibly with no fixed sequence to support deeper 360
thinking. These scaffolds have been shown to effectively execute social metacognition in the 361
process of collaborative inquiry (Hakkarainen 2003; Lee et al. 2006). They involve collabo-  362Q11
rative components, as they signal to others what to read and what to search in the communal 363
knowledge base. Summary note writing, considering what the group has discussed and 364
advanced, helps to enhance reflection, synthesis and rise-above in meta-discourse (Lee et al. 365
2006; van Aalst 2009). Based on the theoretical grounding (Scardamalia and Bereiter 2006), 366
and empirical research (Zhang et al. 2007; 2009), we expect that knowledge-building design, 367
supported by Knowledge Forum, can facilitate students to articulate and reframe their ideas as 368
they engage in conceptual processing and raise high-level questions and explanations; they 369
will reflect metacognitively on personal and communal understanding; primarily they will 370
work on pursuing both individual and communal understanding. This study investigated how 371
Knowledge Building designs including scaffolds may be related to academic learning, and 372
how knowledge-building principles focusing on collective responsibility will bring about 373
collective processes and individual learning through analyzing students’ online discourse 374
(see Results section). 375

Implementing knowledge building in Chinese tertiary classrooms 376

Both knowledge-building and comparison classes had a curriculum on Total Quality 377
Management (TQM) with inquiry-based learning and including student groups working on 378
an investigative project examining TQM in the real-world business context. Unlike the regular 379
project-based learning environment, the computer-supported knowledge-building inquiry 380
(CKB) environment was designed based on knowledge-building principles, supported by 381
Knowledge Forum, and the curriculum and teaching activities were designed to facilitate the 382
collective knowledge-building process. Specifically, knowledge building activities were rela- 383
tively unstructured, student-initiated and problem-driven. Design efforts focused on facilitating 384
collaborative inquiry, enhancing collaborative processing of related concepts -scaffolding 385
group inquiry, modeling exemplar collaborative inquiry discourse episodes, and group port- 386
folio assessment—to foster reflection and collaboration. The detailed design of the CKB 387
learning environment, embedding knowledge-building principles and following successful 388
knowledge building models in Asian classrooms (e.g., Chan 2011), is outlined below. 389

Cultivating collaborative inquiry classroom culture As shown in the literature, productive 390
collaborative inquiry is premised on a successfully cultivated collaborative learning culture 391
(Zhang et al. 2009). This appears to be particularly important for Chinese tertiary students, 392
who have been accustomed to a teacher-centered, didactic class culture. Group activities 393
encouraging student participation were designed and used in class to facilitate epistemic 394
agency and active engagement in collaborative learning. In addition, students were asked to 395
form their own inquiry groups with a team agreement on how to advance their knowledge and 396
understanding collectively (see van Aalst 2009). These activities cultivated a favorable climate 397
for collective cognitive growth and fostered deep collaborative inquiry. 398

Scaffolding progressive inquiry and improvable discourse Students started putting forth ideas 399
and engaged in collective inquiry in Knowledge Forum using scaffolds; they posed problems 400
and ideas that emerged from their difficulties in tackling the course materials (i.e., TQM) and 401
these ideas are objects to be improved. The students’ understanding of these ideas was tested 402
by their engagement in project inquiry. In addition to inquiry into key concepts, Knowledge 403
Forum discussion views were set up for each inquiry group, in which the group members 404
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could, after class, post authentic problems, respond to notes and provide useful links to 405
information from different sources. Discussion and inquiry in KF was nurtured as an extension 406
of classroom inquiry discourse in relation to key concept learning or project design. Students 407
were encouraged to develop collective agency by managing their group discussion views and 408
to initiate deeper inquiries by applying business concepts to actual economic or management 409
problems. At this stage, students worked collectively on improvable ideas, intentionally 410
seeking out resources, using embedded scaffolds for concept learning and project inquiry, 411
and participating in online discussions modeling exemplar collaborative inquiry discursive 412
practices. 413

The interaction between classroom events, project inquiry, and Knowledge Forum dis- 414
course was another distinctive design feature. Students’ online inquiries can inform the ways in 415
which tutors design in-class teaching activities. In their KF discussions, the students showed a 416
tendency to present information with little elaboration and to articulate their isolated under- 417
standing of related TQM concepts; for example, at the beginning of one two-week TQM 418
project inquiry, the students were confused by definitions of quality and TQM taken from 419
different sources. To address this problem of superficial conceptual understanding, opportu- 420
nistic teaching took place; a concept-mapping activity was included for the following in-class 421
teaching session, in which project groups were asked to draw and elaborate on a diagram that 422
showed their understanding of quality. This class activity, in turn, facilitated more online 423
discussions and deepened the inquiry discourse. 424

Emerging and deepening inquiry and agency After the initial stage of scaffolded inquiry, 425
students were encouraged to discuss any problems pertaining to concept learning (TQM, for 426
example), project design and implementation, or on-site investigative findings. Ideas were 427
generated and developed around topics that interested the project groups. Teacher scaffolding 428
included encouraging the students to identify themes surrounding a note thread that should be 429
recognized, synthesized and summarized for community knowledge building; in this way, the 430
students could be made responsible for advancements in their collective understanding. At this 431
stage, the teacher’s input faded away, unless a group’s online inquiry was stuck or group 432
dynamics became worrisome. 433

Collective reflection and assessment Assessment is another key design element of the 434
CSCL environment. As in many other studies from social cognitive and social construc- 435
tivist perspectives, or from that of the constructive alignment of learning, assessment and 436
collaboration, assessment serves a mediating role in a computer-supported knowledge 437
building environment (van Aalst and Chan 2007). Students were asked to write notes 438
to reflect and to assess their own project inquiry for metacognitive reflection and 439
collective agency. Online and offline work merged to situate knowledge building in 440
classroom practice. Students worked in groups presenting their understanding and they 441
wrote group portfolios to identify evidence of collaborative learning in project inquiry and 442
online KF discussions, and to identify cognitive and linguistic gains from online collab- 443
orative learning experiences. The students were required to provide evidence of collabo- 444
rative project inquiry, such as the project team agreement, progressive self- and peer- 445
evaluations, selections of KF discussion note clusters indicating collaborative efforts, or 446
records of critical incidents in the collaborative process. 447

To summarize, both CKB and RPBL classes follow the UK partnership curriculum with 448
similar content and assessment standards for quality assurance; and all students had to work in 449
groups to conduct an investigative project situated in authentic business context. While RPBL 450
classrooms emphasize communication, interaction and project inquiry, the CKB classrooms 451
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emphasize collective cognitive responsibility for collaborative knowledge building. Table 1
(below) illustrates the design differences between CKB and RPBL environment.

Data sources and measures

To address the research goals, multiple sources of data were collected, including essay writing
for academic literacy, questionnaire surveys exploring student beliefs about collaboration,
group project learning portfolios, online discussion notes for collaborative processes, and
English academic language scores.

1) Essay writing for academic literacy

To assess academic literacy, both knowledge-building and regular groups were
required to write an essay in Week Six to be completed as an end-of-term course
assessment [Discuss the statement that Chinese businesses should adopt Total Quality
Management (TQM) in order to succeed internationally]. Using writing tasks to
assess academic literacy has been accepted widely in the domains of English for
Academic Purposes (Short et al. 2011; Wen and Zhou 2006). Writing tasks have also
been employed to assess students’ conceptual understanding in knowledge-building
research (e.g., Lee et al. 2006). Essays were analyzed using a four-dimensional rubric
adapted from the prescribed school assessment criteria and informed by the
established rating rubrics (Lundstorm and Baker 2009). Specifically, academic literacy
consists of four subscales including: (a) conceptual understanding (students’ grasp of
key management concepts); (b) argument and explanation; (c) organization; and (d)
use of language. The sum of the four-dimensional scores was used as a measure of
academic literacy. All the essays were blind rated independently by the first author
and another teacher. The inter-rater reliability coefficients, based on Pearson
Correlation, were .80 for conceptual understanding, .82 for explanation, .81 for

organization, and .84 for use of language.

Table 1 Comparison of design of CKB and RPL classes

CKB groups

RPL groups

Classroom talk

Student activities

Group work

Use of resources

Technology

Assessment

Student ideas visible via discussion

Reading and group inquiry to generate
hypotheses/ideas;

Interacting with business community for
hypothesis testing and deep understanding;

Epistemic agency activated; problem-driven
Community advances

Constructive use of resources—elaborating,
reasoning, questioning, rising-above
from discussion.

KF online platform to advance collaborative
inquiry discourse

Use of group portfolio to scaffold collective
and metacognitive reflection and evaluation

Language communication skills-focused
and information sharing

Sequential stage-based tasks Interacting
with business community for information;

Active involvement but for task-completion

Cooperation
Sum of division of labor

Understanding and make full use of resource
to complete tasks

No designed technology or students’ ad-hoc
use of online platform

Use of group portfolio as collection of
individual and co-operative work
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2)

3)

4)

)

6)

Survey on beliefs about collaboration

The study also investigated the effects of the knowledge-building environment on
student beliefs about collaboration by administering a questionnaire survey in a pre- and
post-test manner, using an adapted Collaborative Learning Scale (Chan and Chan 2011).
In the survey, the students rated their agreement with such statements as, “We help each
other to make knowledge advances together”. Cronbach’s alpha coefficients were .87 and
.80 in the pre-and post-tests.
Group portfolio on academic learning

Knowledge building project groups were required to prepare group portfolios, includ-
ing evidence- and analysis-based group reflections on collective inquiry with reflections
on their academic writing process (draft writing, peer review comments, and reflection).
The portfolios, that examine group academic literacy, were rated on a 6-point scale, based
on a coding scheme that measured conceptual understanding, group dynamics, and
reflection. The portfolios assessed students’ academic literacy and collaborative inquiry
and they also served as a basis for identifying contrastive groups for analyses of discourse
patterns.
Analytical toolkit and database participation. The Analytic Toolkit (ATK) for Knowledge
Forum (Burtis 1998) was used to provide an overview of the main quantitative indices for
KF database participation. ATK indices have been employed in various research in
knowledge building to show student participation (Lai and Law 2006; Zhang 2009). In
this case, server log information was analyzed, including the number of notes written,
notes read, scaffold uses and note revisions.
Online Discourse Notes. Students’ Knowledge Forum notes were analyzed to identify
collaborative knowledge-building processes. Different kinds of conceptual,
metacognitive, epistemic and social processes, differing from individual to collective
focus, were identified (see later section on coding).
Prior Academic achievement

The students’ Business English language academic proficiency scores from the previ-
ous year were collected as an indicator of their academic and language ability. The
Business English test, equivalent to the Business English Certificate (BEC) test at the
intermediate level, consisted of three parts: listening (35 %); reading (35 %); and business
English writing (30 %). These test scores that measured students’ academic-language
skills were used as covariates when testing the effects of the knowledge-building envi-
ronment. We use these academic English scores as covariates because they provide
important information on students’ achievement; they are similar to GPA but more
relevant because they are domain-specific scores. Students’ entrance to the programs or
placement into different programs is determined by these English academic-language
proficiency scores. As students wrote on Knowledge Forum in English, it is also
important to ascertain that the variation is not merely due to differences in English skills.

To summarize, the choice of quasi-experimental design together with in-depth dis-
course analyses using multiple methods was to address the research goals that involve
examining both CSCL processes and CSCL effects and their relationships. We used an
increasingly deepening approach examining if there are differences between the designed
versus regular classrooms on learning effects. We next examined the role of knowledge
building design and dynamics, and specifically if Knowledge Forum participation was a
predictor for learning; we then conducted qualitative analyses to identify discourse
patterns and then examined how collective discourse processes were related to individual
learning. Importantly, the study was to understand how students engaged in collaborative
knowledge building and how the discourse patterns contributed to individual academic
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learning. This study also included offline data on student interviews and classroom data as
they were important for the formation of knowledge-building culture in classroom.
However, due to the wealth of data, we have not included them in this paper. We now
present the research framework illustrating the alignment of research goals, research
questions, data sources, and measures, and analysis in Table 2.

Results
Effects of knowledge building environment on student learning

The first research question investigated whether students in the knowledge-building environ-
ment had higher scores on their academic literacy and beliefs about collaboration after
instruction compared to their counterparts.

Instructional effects on academic literacy Academic literacy was assessed using an essay
writing task at the end of the course instruction. The mean scores and standard deviations of
four dimensions of academic literacy are shown in Table 3. To examine the effect of the
knowledge-building environment on academic literacy, a two-way MANCOVA (environment
X teacher) was conducted, controlling for differences in pre-test academic-language scores.
The multivariate results indicated significant main effects on environment - (< (4, 94)=3.36,
p<.05, 1°=.12) indicating that KB group performed better than the comparison group. There
were no teacher effects. The follow-up univariate analyses on different dimensions showed
significant differences in conceptual understanding (F (1, 97)=6.77, p<.01, n*=.07) and
argument-explanation (F (1, 97)=8.03, p<.01, 7°=.08) favoring the knowledge-building

Table 2 Research framework: goals, questions and analyses

Research goals Specific research questions Measures and analyses

1) To examine the instructional
effects of the designed CKB
environment on individual
learning beliefs & outcomes

2. To examine the role of

Knowledge Forum participation
on student learning

3. To identify the collaboration

dynamics supported by the
knowledge-building environment
and to investigate the relation-
ships between collective process-
es and individual learning

Did the CKB students perform
better than comparison students
on academic literacy and beliefs
about collaboration after
instruction?

How is student participation in
Knowledge Forum related to
academic literacy?

What characterizes students’
knowledge-building discourse
patterns and how is collective
processing manifested? What
were the differences between

high and low-performing groups?

How were collective processes
related to individual learing?

Quantitative Analyses: Compare
group differences after course
instruction:

-Essay writing on academic literacy;

survey questionnaires on beliefs
about collaboration controlling
for differences in prior
achievement levels

Quantitative analysis: correlation
and regression analysis:
Knowledge Forum participation
measured by server log data

Qualitative analyses of Online
discourse & contrastive group
analysis: Knowledge Forum
notes from eight selected groups;
Comparison of discourse patterns
between high-low groups; corre-
lation of collective discourse
patterns with academic literacy
scores
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Table 3 Means (standard deviations) for academic literacy and beliefs about collaboration

Academic literacy Beliefs about
collaboration
Conceptual Argument—  Organization — Language Pre- Post-
understanding  explanation test test
Regular (n=49) 47.98 (1049) 47.59 (10.33) 49.51 (9.89)  48.11 (10.56) 3.49 (80) 3.47 (.56)

Knowledge building 5228 (9.10)  52.38 (9.40)  50.48 (10.24) 51.90 (9.40) 3.41(.69) 3.73 (.62)
(n=53)

groups. This result indicates that knowledge-building groups outperformed the comparison
groups in conceptual aspects of academic literacy. No significant differences were obtained in
organization or use of language, the mechanic aspects of academic literacy.

Instructional effects on beliefs about collaboration Students’ beliefs about collaboration were
assessed using a questionnaire at the beginning and end of course instruction. Table 1 shows
means and SD on beliefs about collaboration in the knowledge-building groups and compar-
ison groups at pre-test and posttests. To examine the effects of the knowledge-building
environment on students’ beliefs about collaboration over time, two-way repeated measures
analyses (time x teacher) were conducted. The results indicated significant interaction effects
of time and environment on beliefs about collaboration (F (1, 100)=9.52, p<.01, 1°=.09)
favoring the knowledge-building groups, suggesting that they developed more sophisticated
beliefs about collaboration. There were no interaction effects on teacher factor. These findings,
taken together, suggest that students in the knowledge-building environments obtained higher
scores on academic literacy and changed more in their reported beliefs about collaboration.

Prediction of knowledge forum participation on academic literacy

The second research question investigated the relationship between Knowledge Forum partic-
ipation and academic literacy, specifically whether students’ online KF participation predicted
their level of academic literacy. Students’ Knowledge Forum participation was examined using
server log information via the Analytic Toolkit (ATK), developed by the University of Toronto
team (Burtis 1998). We selected four indices commonly employed in classroom research on
knowledge building (Lee et al. 2006). The means and standard deviations (in parenthesis) of
the four ATK indices (notes created, percentage of notes read, scaffolds used and notes revised)
were 8.94 (6.2), 25.54 (19.60), 4.95 (6.01) and 2.01 (3.54), respectively.

Correlation analyses were conducted to examine the relationship between Knowledge
Forum participation (ATK) indices and academic learning outcomes. Partial correlation anal-
yses, controlling for pre-test language proficiency, were performed (see Table 4) to identify
which Knowledge Forum engagement activities (e.g. scaffold use and notes created, read or
revised) were related to academic literacy. Of the four KF activities, notes created (r=.30,
p<.05) and scaffold use (r=.44, p<.01) were found to be correlated significantly with
academic literacy.

Regression analyses were then conducted to examine the predictive effect of Knowledge
Forum participation on academic literacy. Considering the relatively small sample size (N=52)
and to make the analyses more coherent, the four ATK indices (scaffold use and notes created,
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Table 4 Partial correlations between KF engagement activities and academic literacy controlling for pre-test
language proficiency (N=52)

1 2 3 4 5
1 Note created -
2 Note read 56" -
3 Note-revision 33" 427 -
4 Scaffold use 75 49 42 -
5 Academic literacy 30" 25 .04 44" -

" p<.05, 7 p<.01, ™" p<.001

read or revised) were combined into a KF participation index using factor analysis, explaining
55.72 % of the variance (Eigenvalue 2.23); such procedures have been employed in other
knowledge-building studies (van Aalst and Chan 2007). Hierarchical multiple regressions
were used to examine the predictive role of participation in Knowledge Forum on academic
literacy. As students’ academic-language ability and beliefs about collaboration may influence
their academic literacy, they were entered in succession, followed by KF participation. The
results of the regression analyses are shown in Tables 3 and 5.

The results showed that pre-test English proficiency contributed significantly to academic
literacy (R*=.36, F (1, 50)=28.11, p<.01). When belief about collaboration was entered, a
small increment of 2 % of the total variance was detected, R*>=.38, F (2, 48)=14.74, p>.05;
(not significant). When Knowledge forum participation was entered, a significant increase of
6 % of the total variance was observed, R*=.43, F (3, 48)=12.17, p<.05. These findings
indicate that, as expected, the students’ pre-test achievement levels were an important predictor
of academic literacy. In addition, our findings also showed that students’ participation in
Knowledge Forum makes further contributions to their academic literacy over and beyond the
effect of prior achievement and beliefs about collaboration.

Characterizing and analyzing knowledge building discourse

The quantitative results showed pre-posttest differences and indicated that Knowledge Forum
participation predicted academic literacy. Further analyses were conducted to investigate what
collaborative knowledge-building processes might explain the observed positive effects.
Research question three investigated knowledge-building discourse dynamics and examined
their relationships with the students’ academic performance. Qualitative online discourse
analyses were conducted to unravel the complex conceptual, cognitive and collaborative
processes of project inquiry and to identify productive discourse moves further. The study
adopted methods commonly used in learning sciences (Chi 2011) and employed in other

Table 5 Regression of language proficiency, belief about collaboration and knowledge forum engagement on
academic literacy

R R’ R’ Change
Step 1: Business language proficiency .60 .36 36"
Step 2: Beliefs about collaboration .61 .38 .02
Step 3: Knowledge forum engagement .66 43 06"

"p<.05 " p<.01
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CSCL studies—contrastive group analysis comparing high and low-performing groups, for 606
example, helped to illuminate differences in knowledge-building processes and dynamics 607
(Hmelo-Silver 2003; van Aalst 2009). Based on the results of the written group portfolios 608
(assessing conceptual understanding, literacy, project-based inquiry and group reflection using 609
a 6-point scale), eight groups of students, each consisting of around 5 students, were identified 610
with four high-performing and four low-performing groups for analyses of online discourse 611
patterns. The selection of groups also took into consideration similar note contribution. We 612
selected groups that had made comparable efforts in engaging in Knowledge Forum in term of 613
the number of note contribution, because our interest was to investigate discourse patterns not 614
just contrasting student groups who worked very hard versus those who did not engage in 615
knowledge-building work. Such selection criteria followed what has been suggested in 616
contrastive analyses in understanding discourse patterns (Hmelo-Silver 2003). 617

Qualitative analysis. Identifying different discourse moves 618

The eight selected groups’ online interactions were analyzed through a combined bottom-up 619
and top-down approach that used students’ computer notes as units of analysis; the processes 620
were coded on a group basis, as collaboration is a group not individual function. The 621
development of the coding scheme and analyses for discourse moves, using both theory and 622
data, helped generate a preliminary set of categories that were refined iteratively until a set of 623
empirically derived categories was identified. The coding scheme drew upon theoretical 624
frameworks for social, cognitive and meta-cognitive processes of knowledge construction 625
(Hmelo-Silver 2003), epistemological questioning and explanation (Hakkarainen 2003), and 626
social dynamics in knowledge building (van Aalst 2009). Five major themes emerged from the 627
analyses: (1) conceptual processing, (2) problem-solving, (3) metacognitive reflection, (4) 628
epistemic inquiry and (5) social dynamics. 629

This study adopted a multiple-coding approach to capture complex, multi-faceted collab- 630
orative inquiry processes in which each computer entry may exhibit more than one discourse 631
characteristic. For example, a note may be coded under both problem-solving and meta- 632
cognitive reflection to capture the multi-faceted processes of collaborative learning (see 633
Hmelo-Silver 2003 for a more detailed explanation of multiple coding). Furthermore, notes 634
were not considered in isolation; when coding a note, its relationship with other notes 635
responding to the same question in a thematic thread was also considered. 636

The five conceptual themes were underpinned by socio-cognitive and collective notions 637
adopted from knowledge-building principles, involving epistemic agency, improvable ideas 638
and community knowledge. Specifically, within each category, the study also identified 639
differences varying from surface-task, individual-oriented processes to more elaborate notions 640
and deeper collective, meta-discourse moves. Whereas many knowledge construction coding 641
schemes include social, cognitive, meta-cognitive or epistemological categories, the key aim of 642
this coding scheme, in line with the theoretical perspective of knowledge-building design, was 643
to identify differences in student engagement in collaboration, from individual towards more 644
collective stances. Table 4 presents the main categories and subcategories of the discourse 645
moves identified following iterative modifications, with definitions and examples. 646

Conceptual processing Computer notes reflecting conceptual processing involved the stu- 647
dents’ efforts to understand the key concepts of Total Quality Management (theme of the 648
course). The responses in this category were classified into three levels: superficial paraphras- 649
ing, without active processing of new information; elaboration, which connects new informa- 650
tion with and explains it in terms of students’ current understanding; and collective processing, 651
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which involves comparing different views and the synthesis of different views to improve 652
ideas and to advance communal understanding. 653

In contrast, with the paraphrasing of TQM definitions taken directly from textbooks [e.g., 654
“TQM is an organization management approach...”], collective processing was coded for 655
statements when students discussed the state of knowledge and discussion (i.e., meta- 656
discourse) and synthesized the views of group members. Primarily, what was presented was 657
not the student’s individual understanding but his/her efforts to capture the collective work of 658

the group, for example: 659
“It seems that each holds a different opinion of TQM. A said TQM is something that 660
exists in one’s own mind. It is a(n) idea and B agreed. C disagreed and insisted that it is a 662
tool...After [considerable] reading and online discussion... we came to [see] that TQM 663
is something that feels like a spirit...it is something mental because. ... (Note #112) gg%

Problem solving Computer notes were coded for the students’ engagement in problem solving 666
for project inquiry, and categorized into three levels: surface task-based, information sharing 667
and collective problem solving. Surface task-based refers to statements reflecting the allocation 668
of project tasks and is similar to division of labor. /nformation sharing was coded for statements 669
when members provided information to each other but without focusing on top-level group 670
goals. Collective problem solving refers to statements reflecting student agency formulatingand 671
solving of problems in a real business context, integrating conceptual understanding with 672
inquiry, rather than treating project as the completion of mini-tasks. In the illustrative example, 673
although the project group was confused by different definitions of TQM, the students engaged 674
in collective problem solving and developed criteria to guide their fieldwork 675

“I [was] totally confused with all the concepts and definitions of TQM. Then we started 676

to thing [think] to visit a company first... but which company should we pay a visit 678
to?... We agreed that this company should at least have a complete management 679
system.. and it would be better it produces real goods not service”(Note #113) gg?

Epistemic inquiry: Question and explanation Hakkarainen (2003) discussed epistemic inquiry ~ 682
in terms of questions and explanations; analysis of online discourse has also suggested 683
different levels of epistemic questions and explanations, ranging from low-level questions 684
(asking for basic facts or literal meanings) to questions identifying inconsistencies and seeking 685
for elaborations. We also identified meta-questions that take account of what the group has 686
advanced thus far and that made idea improvement more possible. For instance, the illustrative 687
example shows that the student identified the state of the group discourse (e.g., “I see most of 688
you are talking about the benefits of TQM”) and considered different views (“But is TQM 689
really suitable for China?”...). Specifically, this student questioned the appropriateness of 690
TQM for Chinese businesses, thus deepening the state of the ongoing discourse by challenging 691
its take-it-for-granted epistemology, treating ideas as improvable objects, thus opening up the 692
room for more sophisticated explanations. 693

Students’ responses were also coded in three levels to distinguish their depth of 694
explanation: simple claims, elaborated explanations supported by reason, and meta-expla- 695
nation, a rise-above explanation that takes into account the existing state of discourse. 696
The illustrative example suggests how one student adopted a meta-explanatory perspective 697
by synthesizing and elaborating on key points from previous group discussions—the 698
ideas no longer belonged to an individual student, but emerged from the group as 699
communal knowledge advances. 700
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“As you said you didn’t understand TQM very well, let me explain it according [to] my 702
own words from what we have discussed. First, TQM is a way of management. Second, 703
its aim is to get things right the first time. Then, the difference between TQM [and the 704
traditional method is that] the traditional method [tries] to fix the mistakes but TQM tries 705
to avoid mistakes.” (Note #18, emphasis added) ;89

Metacognitive reflection Metacognitive reflection refers to students reflecting on earlier and 708
current states of understanding or actions. Three different levels of metacognitive strategies 709
were identified: meta-cognitive reflection refers to statements relating to individual meta- 710
cognition (e.g., “Now I see the connection”), including self-monitoring and reflecting, or to 711
individual learning goals. Regulation with others was used to code statements indicating 712
interaction and regulation in a group context (e.g., “I will bring my puzzlement to the group”), 713
while collective regulation refers to statements indicating how students reflected on his or her 714
understanding in light of group discourse. As shown in the example, the student reflected and 715
changed her understanding in light of group knowledge advances; she monitored changes in 716

both communal and individual understanding of TQM. 17
“When I knew about TQM the first time, I thought it is a method of management that 718
shows us how to get things right at the first approach; ...affer...discussion with my 720
partners... TQM [emerged as] a kind of spirit to some extent... Our following inves- 721
tigations in the XX company revealed ...Only in this way can I connect all the things [ 722
learnt together and get a systematic understanding of TQM...and the definition of TQM 723
may differ from one another” (Note # 110, emphasis added) ;g%

Social dynamics Statements reflecting social and community dynamics include building 726
rapport, making contribution, and working to include more ideas to community inquiry 727
(Hakkarainen 2009; van Aalst 2009). These statements usually go beyond mere interaction  728Q14
and suggest a sense of community as students are concerned with bringing in ideas from other 729
members to deepen the inquiry. Social dynamic statements used in the collaborative inquiry 730
discourse also suggested that the collective knowledge building may have led to a harmonious 731
and constructive culture (e.g., “I think we should be one. We need to support each other”). 732
The first author coded all computer entries and to obtain inter-rater reliability, an indepen- 733
dent rater coded 25 % of online discussion notes. Cohen’s Kappa was computed to measure 734
the agreement (De Wever et al. 2005; Krippendorff 2004), yielding values of .77 for concep- 735
tual processing, .78 for problem-solving, .80 for metacognition, .82 for questioning, .77 for 736
explanation, and .86 for social dynamics. 738

Quantitative discourse analysis 739

Differences between high- and low-performing groups A quantitative analysis was conducted 740
to examine group differences in the identified discourse moves. Table 6, 7, and 8 shows the  741Q15
frequencies of the identified discourse moves among high- and low-performance groups. To 742
ensure the valid comparison of discourse moves across groups, the frequency of occurrence 743
was divided by the total number of group notes written to reveal the percentage of notes in 744
which each discourse move occurred. For example, Group 1 contributed a total of 36 notes, of 745
which 28 (77.78 %) coded conceptual processing; 11 (30.56 %) indicated problem 746
solving; 23 (63.89 %) pertained to epistemic questions, respectively etc; Group 747
percentage scores were employed for individuals in the group, based on the notion 748
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Table 8 Means of the frequencies and percentages of the high-level discourse moves between high- and low-
performance groups

High-performance groups Low-performance groups

Frequency Percentage Frequency Percentage
Collective processing 2.84 6.62 .00 .00
Collective problem-solving 10.97 23.65 25 .76
Meta-question 5.26 14.20 2.00 6.78
Meta—explanation 1.58 3.30 .00 .00
Collective regulation 6.58 20.62 1.50 5.50
Social dynamics 11.5 29.37 2.50 7.43

that discourse moves emerge collectively in a group rather than belonging to each
individual (Stahl 2006).

As the goal was to capture collective inquiry and for reasons of coherence, group
comparison analyses were conducted on higher-level discourse moves in the major
categories, namely collective processing; collective problem solving; meta-questions,
meta-explanations, collective regulation and social dynamics. There were four or five
students in each group and they were given the same scores for the computer entries
as these discourse moves belonged to the whole group not the individual. To correct
for different sources of errors, we have set the alpha level at a more stringent level
(.01) for statistically significant differences. Non-parametric tests using Mann-Whitney
U tests comparing high-performing and low-performing groups on percentages of
high-level discourse moves indicated significant group differences on collective pro-
cessing (Z=-4.60, p<0.001), collective problem solving (Z=-5.76, p<0.001), meta-
explanation (Z=-3.67, p<0.01); collective regulation (Z=—5.38, p<0.001), and social
process (Z=—5.38, p<0.001). Group differences on meta-questions were not significant
at 0.01 level. Primarily, the results indicated that high-performance groups employed
more meta-discourse and social dynamics moves than low-performance groups during
collaborative inquiry mediated by Knowledge Forum.

Relationships between collective discourse moves and academic learning Further analyses
were conducted to investigate the relationships between collective processing discourse
moves with students’ individual performances on academic literacy. As the students
were nested within groups, it would be more appropriate to use multi-level modeling
analyses. However, due to problems with the sample size, the students in a given
group were given the same discourse scores, as collective discourse moves emerged
from the group rather than its individual members, an approach that has been
employed in other CSCL studies (e.g., see Jassen et al. 2012). Statistical significant
level was set at a more stringent level of 0.01. Correlation analyses show that
academic literacy was related to collective processing in conceptual learning (»=.48,
p<.002), collective problem solving (r=.45, p<.004), meta-explanation (r=.44, p
<.005), and social dynamics (r=.50, p<001). Correlation of collective regulation
(r=.37, p<.02) was not significant at 0.01 level. Overall, these results indicate that
meta-discourse and social dynamics moves were correlated with individual academic
scores: students working in groups that made more collective discourse moves also
tended to have higher academic scores (Table 9).
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Table 9 Correlations between collective processing moves and academic literacy

1 2 3 4 5 6 7
1. Collective processing -
2. Collective problem- solving 78 -
3. Meta- question 36" 27 -
4. Mea-explanation 88" 67" 63" -
5. Collective regulation 62" 47 21 34" -
6. Social dynamics 69" 4" 73" 78" 49 -
7. Academic literacy 48" 457 17 44" 37 50" -

" p<0.05; " p<0.01

Example of student online discourse

To provide more information on how knowledge building dynamics are manifested, we
examined an example from students’ online discourse on Knowledge Forum. In this example
of collaborative knowledge building inquiry, students were working together to build knowl-
edge concerning Total Quality management (TQM). The teacher did not set prescribed
problems but allowed the students take up agency as they pondered about different theories
and questions. One student started with writing:

(:My theory: maybe it is a good method to avoid quality accident because TQM
guarantees highest quality... (S#6)

S#6 started with posing his idea about TQM; he did not provide a definitive answer but
conjectured a tentative idea to be improved. He employed an epistemic stance using words
such as ‘maybe’ making room for others to build on for improvable ideas.

(Different theory’) I don’t understand it clearly, but I think it is a way to examine the
product. If the product is up to TQM’s standard (see the article attached), the product is
good. (S#7)

S#7 continued and engaged in a metacognitive mode, noting that what he did not know
clearly. He put forth another possible idea and explanation for TQM, and refers to another
source of information to broaden the community resources. The acknowledgement of uncer-
tainty and adding resources reflect epistemic agency and opened up venue for group advances
and idea improvement.

[Allet me explain ((Elaboration”) Hi Sam! As you said you didn’t understand TQM very
well, let me explain it to you according [to] my own words from what we have
discussed. First, TQM is a way of management. Second, its aim is to get things right
at the first time. Third, the difference between TQM [and the traditional management
method is that] traditional methods [tries] to fix the mistakes but TQM tries to avoid
mistakes. (S#8)

S#8 joined the discussion with a sense of community as students saw the need to work
together. S8 was not just concerned about her own understanding but how she could contribute
to others as she took up group ideas. Social and communal elements were important for
knowledge building as the student tried to explain the ideas to others for advancing together.
As the discourse proceeded, the idea of TQM was becoming richer.
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(Different theory’) TQM, to me is an approach to organize all processes. And it needs
each individual at each level to work properly towards the same goal.... (S#9)

The discourse did not stop after this elaborate explanation; another student posed her ideas
provoking further thoughts.

(I couldn’t understandj An approach to organize process? A tool to control quality?
What is it? It is so confused [confusing]. (S#10)

S#10 was taking up what other group members had discussed thus far about TQM as a tool
and as an approach to organize process, and from there, she posed further questions. In this
community, students built on group discourse and they were ready to pose questions and to
acknowledge inconsistency and problems. Students checked their understanding with others’
models, which sparked further advances. Posing questions brings about explanation that opens
room for improving ideas. Another student wrote:

[some fresh thoughts about TQM [:Evidencej Today I read an article and one sentence
caught my attention. “TQM is not a system, a tool or even a process. Systems, tools and
processes are employed to achieve the various principles of TQM.” ((My theory) at the
first time. I thought it is a method of management that shows us how to get things right
at the first approach. So there must be a set of standard TQM system to follow. However,
there is no standard TQM. Afier [some] discussion with my partners, 1 have my own
understanding: TQM is a kind of spirit to some extent...[Elaboration]) It is a spirit
[philosophy] through out the whole organization... from the product assemble line to the
customer service. In the manufacture session, TQM is aimed at producing the goods
with the lowest defects or without defects. In the after-sale session, TQM is targeted at
enhancing customer satisfaction. (Elaboration) Only in this way can I connect all the
things I learnt together and get a systematic understanding of TOM. And the definition
of TOM may differ from one to another.” (S#8)

S#8 used the title ‘some fresh thoughts about TQM’. As students were reading and writing
notes on Knowledge Forum and interacting with others, they articulated and reframed their
ideas. S#8 reflected on her earlier understanding about what TQM is about and then noted
explicitly that after discussion with her partners, she developed new ways of thinking about
TQM. She is engaging in some kind of meta-discourse synthesizing different ideas from her
peers (tools, processes) and rise above to a higher-level idea of spirit (philosophy). She also
mentioned about bringing different ideas together that helped her learn. The example suggests
how individual and collective understanding might evolve together and how epistemic agency
and community dynamics may enhance metacognition and conceptual learning.

Such findings were also corroborated with evidence from interview data (to be reported in
another study). Interview data suggested further differences in the environments. A
knowledge-building student said, “In Knowledge Forum, we need to build on each other
[and] the scaffolds and the structure of notes show us how the discussion develops. Good
discussions in our group contained different ideas and useful questions, provoking further
discussion. ” (Student #2, Group #1). In contrast, a student from the project group remarked,
“We usually talked online when we needed to make a big decision or when our leader
informed us of emergencies, such as changed interview times or task deadlines. Decisions
could be made when all the members had presented their opinions and voted on the best
solution. It was very efficient. (Student # 7, Group #4)

The discourse example suggests that students’ epistemic agency putting forth conjectures
for idea improvement, raising questions and acknowledging gaps in understanding; comparing
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different ideas to spark inquiry; contributing to others and engaging in meta-discourse weaving 873
personal and group ideas. Such discourse patterns might facilitate the construction of coherent 874
understanding and explain how they might enhance both community knowledge and individ- 875
ual learning. While CKB students emphasized how Knowledge Forum helped them pursue 876
inquiry and how ideas provoked further discussion, the RPL students also saw computer 877
technology as important. However, their use thereof was superficial, limited to basic knowl- 878
edge sharing, routine decision-making, and communications to enhance work efficiency and 879
group harmony. While this may enhance interaction, it contributed little to deep inquiry and 880
collective growth. 881

Discussion 882

This study examined CSCL design, collaboration and learning and investigated both collective ~ 883
knowledge-building dynamics and individual learning in the context of a tertiary education 884
course in mainland China. Specifically, we examined how principle-based knowledge-building 885
design would bring about knowledge-building collective dynamics that in turn influences 886
individual learning outcomes. The results indicated the benefits of knowledge building in 887
terms of academic learning than those of comparison groups, and that Knowledge Forum 888
participation contributed to academic performance, after controlling for students’ prior 889
achievement. Analyses of discourse moves indicated that high-performance groups engaged 890
in more collective moves than did low-performance groups, and that collective moves were 891
related to individual academic learning. Issues related to CSCL practice pertaining to instruc- 892
tional effects, collective and individual learning, and design implications are discussed in the 893
following sections. 894

Effects of CSCL: Role of knowledge-building environment on academic learning 895

Although project-based learning and computer-supported inquiry learning have been both 896
widely recognized and advocated as useful and innovative instructional approaches in higher 897
education (Helle et al. 2006; Strijbos et al. 2004), there has been a dearth of studies in the 898
extant literature that provide analyses and evidence of both collective process and individual 899
learning effects. This study contributes to CSCL literature in higher education on the alignment 900
of design, collaboration and learning through both quasi-experimental design and discourse 901
analyses. The study used comparison groups, utilizing multiple data sources, to illustrate the 902
benefits of a collaborative knowledge-building design in higher education in mainland China. 903
Analyses of pre- and post-test questionnaires, writing quality and online discourse have 904
provided evidence to demonstrate that the knowledge-building inquiry design fostered the 905
students’ deep cognitive, metacognitive and social processes and enhanced their conceptual 906
understanding and literacy. 907

The effects of knowledge-building designs on academic performance have been demon- 908
strated through analyses across and within groups. In addition to group differences, within- 909
group server-log results have given further support to the role of Knowledge Forum engage- 910
ment—it was not only how many notes the students wrote, but also their use of scaffolds that 911
correlated with academic literacy. The scaffolds helped the students to develop epistemic 912
agency and signal the social intent of the posting to others in the community. This finding is 913
consistent with current knowledge-building literature on the role of scaffolding in shaping 914
knowledge-building discourse and promoting “social meta-cognition” (Scardamalia and 915
Bereiter 2006). Regression results indicated further that Knowledge Forum engagement 916
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contributed to academic literacy above and beyond academic ability and beliefs about collab- 917
oration, while qualitative analyses illustrated that discourse processes and specifically collec- 918
tive moves were correlated with academic performance. This study has moved beyond merely 919
examining the effectiveness of the designed environment in promoting learning and collabo- 920
ration to gain more insights into knowledge building dynamics, as mediated by the design and 921
the use of technology. 922

Extant research on technology use in higher education has often reported gains in motiva- 923
tion, self-confidence, and self-directed learning (e.g. Hmelo-Silver 2004), and CSCL research 924
has made significant progress examining collaboration dynamics (Hmelo-Silver 2003; 925
Muukkonen and Lakkala 2009; Puntambekar et al. 2011; Stahl 2006). This study has 926
suggested that an inquiry design mediated by technology informed by knowledge building 927
principles has the potential to promote both collaborative dynamics and individual learning, 928
including conceptual understanding, explanation-argumentation, and more sophisticated be- 929
liefs about collaboration. These findings also enrich knowledge-building inquiry and CSCL 930
literature, especially in literacy studies (Yeh et al. 2011). While the knowledge building 931
theoretical framework emphasizes collective advances, this study’s findings support the 932
contention of Scardamalia and Bereiter that learning and literacy development can be by- 933
products of collective knowledge building. Earlier research has been conducted largely in 934
science and, occasionally, literacy of elementary students. This study extended the line of 935
inquiry into Chinese tertiary students’ indicating the positive effects of knowledge building on 936
students’ understanding of business concepts and academic literacy development. In terms of 937
CSCL in practice, it is important to demonstrate that CSCL effects can be diffused to 938
individuals; these findings also shed light on potentials of CSCL research examining both 939
processes and effects. 940

Collective knowledge-building discourse moves and individual learning 941

This study examined collaborative processes contributing to individual learning and developed 942
a multi-dimensional scheme, identifying several patterns including conceptual, epistemic, 943
metacognitive and social dimensions. While many CSCL coding schemes have included 944
conceptual, metacognitive and social processes, we have identified elements of collaboration 945
oriented to collective dimensions. Discourse analyses illustrate that student groups vary from 946
surface-moves (disconnected information) to making some elaboration to meta-discourse 947
integrating and examining different ideas arising from the group discourse; ideas no longer 948
belong to an individual, but emerge collectively from within the group. Different levels of 949
conceptual knowledge processing were categorized, ranging from paraphrasing and elabora- 950
tion to collective processing that resemble some rise-above efforts. Similarly, levels of problem 951
solving were identified from surface task division, information sharing to a higher level of 952
collective problem solving. Metacognitive processing and collective regulation suggest that 953
students reflect on and regulate their progress in relation to group advances, and that, they 954
engage in meta-discourse using meta-explanation to bring together different ideas from peers 955
as they move towards a more collective viewpoint. Social dynamics have been described as 956
important in knowledge-creation discourse (van Aalst 2009), and students’ emphasis on social 957
and community elements can facilitate bringing in more diverse ideas for collective inquiry. 958

In comparison with their counterparts, the high-performance groups made more collective 959
discourse moves, including collective processing, collective problem solving, collective reg- 960
ulation, and social dynamics. Contrastive group analyses suggested that the successful groups 961
might have been taking up more collective goals and dynamics rather than working individ- 962
ually or using division of labor in a group context. Meta-discourse that involves taking stock of 963
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what the group has discussed and inquiry into current state of collective knowledge 964
may spark further inquiry. These analyses are consistent with the framework of 965
knowledge-building discourse emphasizing meta-discourse and community knowledge 966
(Scardamalia and Bereiter 2006; van Aalst 2009) and highlight the educational 967
significance of collective dynamics in CSCL. 968
A key contribution is the observed relationship between online collective processing 969
discourse and individual learning performance. Student groups engaging in meta-discourse 970
also scored higher in their individual learning. Analyses of the knowledge building discourse 971
example suggest how students’ work together with sense of group/community contributing to 972
each other’s understanding. Students pose ideas that need improvement conjecturing and 973
pondering and acknowledging difficulties. As they take up each other’s ideas, they weave 974
between individual and group understanding. Apparently, CSCL student teams often explain 975
to each other in online discourse, but here it is explicit in knowledge-building design that 976
students engage in collective cognitive responsibility; they compare and synthesize different 977
ideas, reflect on how group members have contributed, how ideas evolve and how they 978
connect different ideas together. 979
While the students were working collectively, focusing on group goals and communal 980
advances (not just personal learning), they were more likely to engage in co-regulation and 981
become more reflective of knowledge gaps as they monitored their own and group understand- 982
ing. Possibly students might move from fragmented to improvable and collective ideas; they 983
brought together different views from group-mates taking ideas to higher levels; these might 984
necessarily bring about deeper processing, improvable discourse and diffusion of knowledge 985
distributed to individuals in the groups. While substantial studies in CSCL and knowledge- 986
building literature have characterized conceptual, metacognitive and social processes leveraged 987
by technology (e.g. Muukkonen and Lakkala 2009; Pifarre and Cobos 2010), the links between 988
socio-cognitive and collective dynamics and students’ academic performance have not been 989
established clearly empirically, especially in tertiary education settings. This study is one of the 990
few to document the connection between collective processing discourse moves and individual 991
academic gains. It has provided useful evidence that student engagement in knowledge 992
building, and in particular, collective, meta-discourse is related to academic learning. 993
Generally, these findings could contribute to the ongoing discussion on learning across 994
levels in CSCL: There appears to be a need to examine both discourse processes and individual 995
learning to establish that collective CSCL can benefit the latter; and to examine how collective 996
and individual learning evolve. Such theoretical questions seem particularly worthy of inves- 997
tigation in different cultural settings (e.g., Asian classrooms) where academic learning plays an 998
important role. Given CSCL’s ongoing endeavors to develop practice in classrooms, these 999
international endeavors such as pioneering studies in China may help to address the links 1000
among design, process and learning. For design implications, these findings highlight the 1001
importance of scaffolding students to make rise-above and to reflect on the knowledge 1002
advances of the group (community) for improvable discourse and inquiry. Specifically, 1003
students could be encouraged to engage in meta-discourse and reflect on group advances, 1004
noting explicitly what has been discussed and how ideas have progressed. Future investigation 1005
can be conducted to test whether helping students to engage in meta-discourse moves may 1006
enhance collective and individual knowledge advances. 1007

Design for knowledge building pedagogy in tertiary classrooms 1008

This study has also shed light on CSCL design and pedagogy. A knowledge-building 1009
environment emphasizing several principles was designed in this study to address the socio- 1010
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cultural and educational context of China. In terms of alignment and fidelity of implementa- 1011
tion, generally, the discourse patterns and analyses derived from this study have provided 1012
evidence to suggest that the students were influenced by the designs and principles; they 1013
displayed collective moves and social dynamics, and were concerned with community ad- 1014
vances in their discourses in Knowledge Forum. Similar to previous studies that test the effects 1015
of scaffolds (Scardamalia et al. 1994), this classroom-based study also show that the use of 1016
scaffolds is correlated significantly with academic learning. Furthermore, analyses of discourse 1017
demonstrated how the scaffolds as epistemic markers support students in pursuing questions 1018
and explanations; how the emphasis on principles of collective cognitive responsibility brings 1019
about meta-discourse as students reflect on both personal and group advances. Such observa- 1020
tions suggest the importance of aligning design with analyses; as the goal of design is 1021
knowledge building, students’ discourse is to be examined from the perspective of collective 1022
moves. More analyses are needed to investigate how novice students develop more mature 1023
practice of knowledge building discourse to inform the future design of the learning 1024
environment. 1025

This study has also suggested how CSCL pedagogy and technology can be designed to 1026
influence student learning and collaboration in higher education settings. Primarily, the 1027
environment was designed informed by principles, its discourse suggesting collective ad- 1028
vances, which might demonstrate a degree of alignment between the way in which technology 1029
is actually used and underlying design principles that emphasize epistemic agency, improvable 1030
ideas, and community knowledge (Scardamalia and Bereiter 2006). This finding supports the 1031
argument that the effective use of CSCL technology in teaching and learning must not rely 1032
merely on technological devices or media, but on pedagogical philosophies and principles 1033
(Scardamalia and Bereiter 2006). Several design implications for knowledge building and 1034
academic literacy development are outlined as follows: 1035

The first is that design work should be directed at facilitating collective cognitive respon- 1036
sibility. This is different from the traditional division-of-labor approach to task completion. At 1037
the preparatory stage, classroom and online activities should be designed to cultivate a 1038
democratic culture in which students may express ideas openly and freely, and respond to 1039
and explain to each other to advance communal knowledge and understanding. For example, 1040
to encourage students to migrate to, engage in and contribute to online inquiry discourse, 1041
specific classroom and online activities, such as online jigsaw reading and writing, could be 1042
used to enhance the diversity of ideas and depth of questions and explanations, and to co- 1043
construct new understanding. In addition, such activities optimize both the input and output 1044
language of the discourse community, which is essential for English literacy development. The 1045
purposes of such scaffolding activities should be explained in full to the students, as this may 1046
promote meta-cognition and collective cognitive responsibility for collaborative inquiry. 1047

The second consideration is that design work should aim to create an environment that 1048
fosters epistemic agency—in this study, for example, students used scaffolds to raise questions, 1049
articulate difficulties, design their own work, and so on. Teachers should believe in and 1050
empower students’ epistemic agency. Design work should focus on ideas and deep under- 1051
standing rather than tasks, form or declarative knowledge. Activities informed by principles, 1052
whether in class or online, should be designed to encourage ideas, questions and inquiry in 1053
order to develop in-depth understanding. Even in the constrained and highly competitive 1054
environments of Chinese tertiary classrooms, this study suggests the possibilities of having 1055
students work collectively towards epistemic agency. 1056

The third design consideration is that the learning environment should involve authentic 1057
problems, real ideas and improvable ideas. Interactions with the outside community, where 1058
authentic problems and ideas are embedded and from which authentic social norms and 1059
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practices can be appropriated, should be encouraged. This provides ample opportunities for 1060
integrating concept learning with project inquiry (similar to fieldwork or experiments in 1061
science) to foster deeper understanding, identify knowledge inconsistencies between theories 1062
and practices, reflect upon knowledge gaps and different models generated by the inquiry 1063
communities, and collectively advance knowledge frontiers. 1064

These principles, focusing on epistemic agency, community knowledge and improvable 1065
ideas mediated by the socio-cognitive and technological dynamics of Knowledge Forum, have 1066
been examined in Western educational systems, often in the context of elementary schools 1067
(Zhang et al. 2007, 2009). Based on its design and the analysis of its findings, this study has 1068
suggested the possibility of examining and fostering a collaborative inquiry knowledge- 1069
building design in the Chinese tertiary education context and other places new to CSCL. 1070

Limitations of study 1071

As do most classroom-based studies, this study faced challenges arising from the complexity 1072
of real-world classroom situations that make it difficult to control variables as strictly as in 1073
laboratory studies (Brown 1992; Collins et al. 2004). The instructional effects observed may 1074
not be attributed to specific key elements of the design, such as the use of forum separately, but 1075
must be attributed to the overall design of the environment underpinned by the design 1076
principles (Scardamalia and Bereiter 2006). This is different from a laboratory study, where 1077
different contributing factors need to be delineated and examined. It is useful to note that while 1078
there may be concerns with teacher biases, all classes (including comparison) work on a joint 1079
program with a UK university with similar assessment standards so high-quality instructionis 1080
required. As noted before, this study goes beyond inter-group comparisons and extensive 1081
qualitative discourse analyses using multiple methods included to explain the effects illumi- 1082
nating the processes. We acknowledge the complexity of classroom research and more 1083
attention can be given to methodology for CSCL classroom research. 1084

A second limitation lies in how close the design is to a strong form of knowledge building 1085
environment. As it was the first time tertiary business students in mainland China had 1086
experienced a collaborative knowledge-building, the design is not very sophisticated and 1087
opportunistic and emerging aspects are clearly lacking, but it is generally relevant to specific 1088
social-cultural contexts. As an initial step in classroom-based design research, this study useda 1089
fixed group design rather than focusing on an emergent and opportunistic knowledge-building 1090
community (Zhang et al. 2009). Considering that the participating students were new to 1091
knowledge-building pedagogy, efforts were made to transform their extant individual learning 1092
culture into a group-oriented collective climate. Further design research could stress fostering 1093
knowledge-building cultural capacity and a sense of community, as well as knowledge- 1094
creation dynamics and discourses. 1095

Another limitation concerns the analyses and sample size. As the study had a specific goal 1096
of examining relations between discourse moves and individual learning, we focused on the 1097
approach of coding individual computer notes identifying meta-discourse moves rather than 1098
going into analyses of how discourse unfolds, but it is important to note that emergent 1099
approaches to analyzing inquiry threads should also be adopted in future for collective 1100
knowledge-building dynamics. We did provide a discourse example that provides glimpses 1101
on how collective and individual understanding evolves but further work is needed to 1102
illuminate such processes. Furthermore, a major limitation is that sophisticated multi-level 1103
modeling analyses would be more appropriate for exploring the relationship between collec- 1104
tive group processing and individual learning outcomes, as the students were nested in groups. 1105
However, due to the limited number of participants, a much simpler analytical procedure had 1106
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to be used. Despite the acknowledged limitation, this study can, nonetheless, serve as a basis 1107
for more sophisticated instructional design and analyses in future, larger-scale studies to 1108
confirm its findings. 1109

While it is important to acknowledge its limitations and difficulties, the study’s methodo- 1110
logical approach aligns with its research objectives of examining both collaborative processing 1111
and individual learning in complex classroom setting. Similar to classroom intervention studies 1112
using technology, where many variables cannot be controlled easily, this study went beyond 1113
group comparison; it addressed the problem of designing and examining the role of the 1114
knowledge-building environment and has raised further questions about the possible links 1115
between collective and individual learning. 1116

Conclusions 1117

In conclusion, this study has several contributions and implications: First, it has furthered our 1118
understanding of CSCL practice providing evidence about both CSCL processes and CSCL 1119
effects with classroom research into CSCL design, collaboration dynamics and learning out- 1120
comes. The study has documented the effectiveness of a principle-based knowledge-building 1121
approach to promote collaborative inquiry and academic literacy among Chinese tertiary students; 1122
multiple methods were employed, highlighting the need to consider both CSCL processes and 1123
effects. Second, this study has contributed to our theoretical understanding in CSCL, providing 1124
some evidence of the links between collective discourse and individual learning. While many 1125
coding schemes include conceptual, collaborative, metacognitive and social dimensions, we have 1126
identified discourse moves oriented to collective dimensions and meta-discourse in the group; 1127
these processes are linked to individual learning and aligned with the goal of collective advances 1128
in the knowledge-building designs. The pedagogical implications are that students can engage in 1129
meta-discourse explicitly reflecting on what the group has discussed and what group advances 1130
have been made for rise-above and further inquiry. Third, this is one of the pioneering CSCL 1131
studies conducted in mainland China; the appropriation of design suggests how CSCL pedagogy 1132
can be transformed, addressing distinctive social-cultural and epistemological practices, to 1133
achieve the educational goals of collaboration and learning among tertiary students. This study 1134
may generate new discursive understandings of how tertiary students may move towards higher- 1135
level collaborative inquiry in a technology-enhanced knowledge-building culture. Many ques- 1136
tions remain to be addressed about CSCL in practice relating to the alignment of design, 1137
collaboration and learning, but these findings may provide researcher, educators, designers and 1138
policy-makers with a useful basis for CSCL classroom innovation in different cultural settings. 1139
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