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Abstract: This study investigated how collaborative inquindasocial literacy acquisition
took place in a computer-supported collaborativpiiry environment for Chinese tertiary
business students. Participants were 102 Yeasihéss students in four intact classes. Two
classes experienced a principle-based computemsigob environment and two a
conventional project-based approach. Data incletdedey, writing quality, portfolio, focus
group interview and online interactions. Quantitatinalyses indicated instructional groups
outperformed comparison groups on conceptual utate®sg, inquiry processes and
argumentative writing. Interview study charactedizehange dynamics under four
contextual themes-- epistemology, pedagogy, tedgypl community, pointing to
facilitative role of design principles. Micro-levenline discourse analysis characterized
nature of discourse moves and group patterns stigges significant role of
socio-metacognitive and explanatory discourse nediby technology.
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Introduction

This study aims to examine the role of a computpsrted collaborative inquiry (CSCI)
environment premised on knowledge building prirespin fostering collaborative inquiry
and social literacy among Chinese tertiary studeBpecifically, we examined (a) the
effects of the designed CSCI environment on stwderdnceptions of collaboration,
conceptual understanding and academic literacycliange dynamics mediated by the
interplay of contextual factors, and (c) the natofenline discourse to understand how
changes took place mediated by socio-cognitivetactthological dynamics.

Educational reforms in tertiary education now ®om fostering collaborative inquiry
and knowledge creation. Innovative models of leagrand teaching, such as project-based
learning and computer-supported collaborative ingearning have become commonplace.
However, there is still a dearth of contextual ustnding and deep analysis of whether
and how these instructional models scaffold stglelgarning and collaboration in
authentic classroom settings.

Computer-supported collaborative learning (CSCh3 heceived increasing research
attention in higher education. Much research hasnbeonducted on designing new
computer software systems or examining social amghitive processes mediated by
technology (Koschmann, Hall, & Miyake, 2002; Sta2006). However, a major concern
remains regarding how technology can be utilizedrioance learning and collaboration in
complex classroom settings. More specifically, deeptiextual understanding is called for
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of how learning and collaboration are impacted hbtenactions between pedagogy,
technology-mediated design and institutional pcastin higher education.

Premised on the knowledge-creation metaphor ohileg, knowledge building is an
influential model in collaborative inquiry (Paavplaipponen, & Hakkarainen, 2004).
Although considerable research evidence has shtsmole in advancing collective idea
improvement ( Zhang, Scardamalia, Lamon, Messinde&ve, 2007), progress inquiry and
social literate skills (Sun, Zhang, & Scardam&i@10; Zhang & Sun, 2011), the majority of
the research has been conducted in science donsammg school-aged children
(Hamalainen, Manninen, Jarvela, & Hakkinen, 2006ag et al., 2007). Little has been
known about how students co-constructed ideas dwahaed their understanding in other
domains, such as business education, among testiafgnts. Investigating how Chinese
tertiary students construct collective understagdaihbusiness concepts using English as a
foreign language may extend our understanding efrttte of and design for knowledge
building in a different cultural context.

In addition, project-based learning is now advedan tertiary business education
(Brzovic & Matz, 2009; Eastman & Swift, 2002; Rogn2000), yet it is often considered as
task-completion with division of labor. How studerdapproach knowledge building of
conceptual ideas integrated with project inquiril & an important area for examination.

To sum up, this study aimed to examine the roléhefknowledge-building inquiry
environment, to investigate change dynamics indiggned environment, and to further
examine meditational role of technology and socighamics. Three questions were
addressed: 1.What were the instructional effecpetiBcally, did students in the designed
environment perform better than comparison stud@mtsonception of collaboration,
conceptual understanding, and academic literac¥®®. did changes take place mediated
by the interactions with the contextual factorg¢ha designed environment? 3. What were
the discourse patterns distinguishing high- andpexformance groups?

1. Methods
1.1 Participants

The study included 102 Year 1 English for Interoiadl Business (EIB) students from four
intact classes in a University in Shanghai. The tdasses had similar achievement levels,
generally at low-average levels compared with #reesyear students in other programs. A
guasi-experimental design was employed: two tuigach taught one instructional class and
one regular class. 52 students were in CSCI grand<$0 in PjBL groups.

1.2 Design of CSCI environment

The research was conducted in a 12-week core manfulelB to develop students’
understanding of concepts in Total Quality Manag@an(€QM) and research and literacy
skills. This module was originally featured by aowgp project investigating TQM
implementation in businesses in Shanghai. The BjBlups mainly did project work after
class following the project guideline prescribedtitprs in class.

A CSCI environment was designed for instructiograups to scaffold collaborative
inquiry and academic literacy. Knowledge-buildingdpgogy was considered in the
instructional design, as it has been evidenced fompte communal conceptual
understanding as well as social-cognitive and $ditgate skills (Zhang & Sun, 2011).
Considering the domain, cultural and instructiscificity of this study, we adapted four
of knowledge building principles as design guidesiras follows:
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1. Collective cognitive responsibilitgreating social structures or dynamics for coiec
knowledge advancement with intentional use of Emgli

2. Epistemic agencyfocusing on ideas, problems and co-constructioknowledge and
deep understanding, rather than on completion@épt tasks;

3. Authentic problems, improvable ideasdentifying authentic problems and
progressively improving ideas in connection witke broader business community; and,

4. Community Knowledgewnorking together with effective communicativeaségies to
allows improved ideas and theories to diffuse thlothe communal knowledge space;

1.3 Data sources

Language ProficiencyStudents’ pre-test English proficiency scores veeidiected.

Conceptual Understanding and Literac$tudents were required to write an essay on
TQM. Essays were analyzed using two rubrics; camegpnderstanding examined TQM
concepts and academic literacy including explanatmrganization and mechanics of
language. Inter-rater reliability was. 80 and @&3&pectively.

Group Learning Portfolio Group portfolios document students’ reflection and
collaborative learning process. The portfolio wated on a 6-point scale ranging from
fragmentary responses to deep collaborative rédlecthe inter-rater reliability was .86.

Collaboration A pre- and post questionnaire survey on conceptadncollaboration
was administered using the Collaborative Onlinerbieg Scale (COLS) (Chan & Chan,
2011). Cronabach’s alpha coefficients of the COle8en79 and .76 for collaboration and
online-learning respectively.

Focus Group InterviewFour successful project groups from both learning
environments each participated in a 40-minute waer. Interview questions were
designed adapted from Bielaczyc’'s social infrastmec framework (2006). Four
dimensions include: beliefs about learning; pedagdgpractices; social-technological
dynamics and connection with community. Exemplégrview questions areCan you say
something about the course design using TQM prdjacttwhat way is it different from
other courses? What did your tutor do differently from those ihet course®” “How do
you like the assessments in this coutsegZan you say something about your knowledge
Forum (KF) activities?™Did you use any computerctenology in doing the project work?
(for RPBL groups ) What role do you think technglptay on your project learnirj

Online KF discussion not&o further examine how collaboration and sociaracy
acquisition took place in the designed CSCI envitent, students’ Knowledge Forum
discussion notes were analyzed quantitatively aritqtively. Following current CSCL
discourse studies of quantifying verbal data anslyBroxel et al. 2000; Hmelo-Sivler,
2003), the online discourse analysis in this stimbk a multilevel and multidimensional
approach, combining both qualitative and quantitaéinalyses to capture both the cognitive
and social processes of collaborative project iryqui

2. Results

2.1 Effects on Conceptual Understanding, Literacy amdlaboration

Descriptive statistics of the COLS, conceptual usidading and academic literacy are
presented in Table 1. The results of MANCOVA asa\ycontrolling for differences in
language proficiency showed significant differenbeswveen groups; univariate analyses

showed significant group differences on conceptuglerstandingK (1, 97) =6.77p<.01,
5#?=.07) and argumentatiof, (1, 97) =8.03p<.01,,°=.08), favoring CSCIL groups.
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Table 1 Means and Standard Deviations (in parenthesis) ttog COLS, the SPQ,
Conceptual Understanding, Argumentation, Organ@atnd Language Use

Collaboration | Onl_lne Conceptua_ll Academic Literacy
earning Understanding
Pre Post| Pre| Post (Max.=100) Exp'n Orgaln Lang'e
RjPBL | 3.49 | 3.47 | 4.03| 3.83 47.98 4759 | 49.51 | 48.11
(n=49)| (.80) | (.56) | (.89) | (.78) (10.49) (10.33)| (9.89) | (10.56)
CSCl | 341 | 397 | 4.02| 4.42 52.28 52.38 | 50.48 | 51.90
(n=53)| (.69) | (.58) | (.84) | (.40) (9.10) (9.40) | (10.24) | (9.40)

Analyses on conceptions of collaboration usingeat@d measures, controlling for
pretest language scores, indicated significantraoten effects. Follow-up analyses
indicated significant interaction effects for omifearning £ ( 1, 98 ) = 8.36p < .01,5°
= .08) and collaboratior(( 1, 98 ) = 10.43p < .01,#* =. 10) favoring CSCI groups. These
results suggest that instructional groups obtaibetler conceptual understanding and
argumentation, and their conceptions of collaboratended to become more sophisticated
over time than their counterparts.

2.2 Change dynamics in the learning environment

This part reports briefly about key findings frorocfis group interviews. Analyses
identified the salient contextual dynamics in tlesigned environment that contributed to
student changes. Four interdependent and inteeactmtextual themes in the designed
learning environment have been identified as impgatudents’ changes in learning and
collaboration. As shown in Figure 1, four contextinemes were identified in the learning
environment: 1epistemological beliefs the instructional design; pedagogyincluding
the role of teachers and assessment practicespcd)—technological dynami¢csand, 4)
their connections with the outside business community

First, the design facilitated changes in studestsbedded beliefs about learning and
knowledge from being initial conflict when confredt with uncertainty of knowledge, to
collective constructive use of authoritative infatmon, and then to justification for
advancing communal knowledge. Almost all studentntiwned their epistemological
conflicts at the early stage of project work. Feample, one student related her conflict
over uncertainty about knowledg®rhe difficult part lay in the different definitianof
TQM. At the beginning of the semester, we werd tatafused by so many definitions of
TQM and by the abstract principles. We all expededheone to tell us that this was an
authoritative definition and these were useful piites. What we need to do is just note
them down. You know, the more we read, asked, eardred, the more we felt confused
and hopeless, and had no clear direction for thgjgmt.” (Student #2, Group #2)

However, CSCI students mentioned how their epistegical anxieties about
information processing were lessened by their bolative inquiry on knowledge forum,
which enhanced their justification and changedrtbenception of collaboration. As one
CSCI student pointed out, justification was not whgetting an answer; it was about
advancing communal understandifigalking on Knowledge Forum (KF) helped us view
different information, different perspectives....Bditen discussing the framework for the
investigation, we got different opinions... relatinghe first visit (a pilot investigation) and
the principles from TQM theories, we articulateffetient opinions and tried to convince
others with some evidence, reasons, examples frup In Most cases, there seems no
definite right or wrong idea, but we may have atdretdea after weighing over from
different perspectives...Yes, this enhanced our statating of TQM at that stage. When
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reading back our database, we could see the demadop (of our understanding).”
(Student# 1, Group # 2)

These analyses suggested that the design of T@Q)dgptearning triggered cognitive
conflict and changes in deep-rooted beliefs inavety and authority of knowledge.
Successful students, particularly in CSCI environthevho resolved their emerging
epistemological conflicts, were simultaneously atdeadopt more sophisticated beliefs
about learning and knowledge. The CSCI designifai@d the development of high-level
collective inquiry skills that could be transferréal other academic and work contexts,
including identifying knowledge gaps, making couostive use of information, and
cultivating justification.

Second, changes in pedagogical practices, witicpkar reference to teacher roles and
assessment, were conceptualized as contributingtugent change. Specifically, new
conceptions of teachers as co-inquirers in the kedge-building community rather than
authoritative sources of knowledge may facilitdtarmyes in beliefs about and strategies for
learning and collaboration. Use of alternative,nfative and collective assessment
approaches matures students’ views of assessmaémgy than viewing it as the mastery of
knowledge through rote memorization, they begaset® it as the execution of collective
agency and ownership for communal knowledge advaang thus enhancing their social
metacognitive strategy use in collaborative inquiry

Third, social-technological dynamics scaffoldirttanges in both the process and the
product of project inquiry were unraveled. Desigueéd of technology went beyond mere
communication for knowledge sharing, to a cognijtmetacognitive and collaborative tool.
Technology extended knowledge-building discourseubh integrating concept learning,
project inquiry, and language learning in enharsmmo-technological dynamics.

While only CSCI students had access to the KFerlkarning platform, most regular
project groups reported spontaneous using comgetlnology such as QQ online instant
messaging, MSN Messenger in their project learniAgalyses of interview data
characterized their views of computer technologykmaswledge-sharing and superficial
procedural decision-making. In contrast, In additio seeing technology as a medium for
knowledge sharing or participation, some CSCI sttwleommented on the impact of
Knowledge Forum’s scaffolding role on conceptuatienstanding, collaborative inquiry
and literacy development. Their viewed KnowledgeuRo as: 1) a cognitive tool for
scaffolding thinking and collaborative writing; 2)ocumenting collective knowledge
advancement and enhancing reflection and collectgmitive responsibility; 3) extending
knowledge-transforming space linking concept leagnand project inquiry; and, 4)
expressive space for developing social literacygmndp dynamics. Here are some excerpts:
“Unlike our face-to-face discussions, our KF dissiasis were recorded for future checks
or reflection. At the end of the program, we wellegéad to see our evolving TQM
understandings at the different stages.” (Stude8t &roup# 2); “Writing on KF may help
us think and express ourselves in English. It @dgoractice. ... Reading others’ notes and
responding to others, though sometimes difficsiltyhat we did on Knowledge Forum. We
noticed that some groups just put on new notegbertactions were quite limited. We tried
to respond to, comment on and build on others. ..vdfeed all contributions to the
discussion in democratic atmosphere.” (Student @@up# 2)

Fourth, connections to the business communitylifaigd the development of
students’ beliefs in learning from the simplistickaowledge assimilation and application,
and further to the sophisticated views of knowledgensformation and collective
knowledge building.

All the change dynamics under the four identifiedntextual themes point to
underlying knowledge-building design principles ttwparticular emphasis on epistemic
agency, authentic problems and ideas, collectigmitiove responsibilities, and knowledge
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building discourse. These finding explains why C®@lups experienced more positive
changes than their counterparts in PjBL in conosgstof collaboration, collective advances
of conceptual understanding and academic literabjeanwhile, it identifies
social-technological dynamic as a key contextualmé influencing students’ changes.
Thus CSCI online discourse was examined to unrbgel changes in collaboration and
learning are mediated by the interplay of sociagrstive, technological dynamics.

2.3 Characterizing Discourse Patterns and Processes

To understand how student engagement in compupgrested inquiry-based learning
would promote student's knowledge advances and rstaseling, contrastive group
analyses (group of 5) were conducted; eight grougre selected based on group project
learning performance, yet with a comparable nurobentries. All the computer notes were
analyzed for illuminating collaborative inquiry pesses.

Drawing on the theoretical framework of social @odnitive processes of knowledge
construction in general (Hmelo-Silver, 2003), amfimed by knowledge building notions
of questioning and explanation (Hakkarainen, 2@0®) meta-discourse (van Aalst, 2009),
empirically induced categories were refined. Fivajon themes emerge including: (a)
information-processing in concept learning, (bpmiation-processing in project inquiry,
(c) metacognition, (d) question-explanation ands@ial dynamics (see Table 2). All the
notes from the selected groups were multiple-cdoleskd on the scheme illustrated in
previous section. To obtain inter-rater reliabjligohen’s Kappa was computed. All the
Cohen’s Ks in this study were above.75, indicatingery good coding inter-reliability.

Table 2 Online NotesCoding Categories and Definitions
Coding categories Definition

1.Information processing —
conceptual learning

Knowledge telling Copy and paste from teuth little processing
Elaboration New info treated problematic for elaimm
Collective advance Evaluate information from different perspectives #mvance

collective understanding
2.Information processing -
project inquiry

Surface task-based Take project simply as completiceveral mini-tasks
Information-sharing Provide useful information faoject work
Problem-solving Design project as a problem-drivequiry into a real business
context
3. Epistemic Questioning
Factual / clarification Questions on basic fadterdl meaning of a sentence, for help or for
clarification
Identifying inconsistencies Questions identifying inconsistencies for explaomti
Explanation-seeking Questions raised for deep esmpian or to seek to address the
problem
4. Epistemic Explanation
Simple claim Give opinion without explanation oittwirrelevant cut-and-paste
information
Elaborated explanation Make a claim supported véttsons, evidence, and examples
Meta-Explanation Further explanation synthesiziiffeent view(s) in the previous
discussion
5. Metacognitive Processing
Metacognitive-individual Checking own progress and understanding;
Identifying changes by reflecting on understandingd actions;
Co-regulation Control and adapt strategies as @ltre§ interactions with group

members; learn in context with others
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Collective regulation Check ongoing project prograsd communal understanding;
identify changes and emerging key problems fromdiseussion
discourse; synthesize different ideas and genearate coherent
understanding

6. Social dynamics

Rapport-building Statements for building up rapport
Facilitating discussion Statements to facilitatgcdssion
Making contributions Statements to make suggest@mproject inquiry

To generate deeper understanding of productiveodise moves and online social
cognitive dynamics, contrastive analysis was cotetlbetween high-performance (HP)
and low-performance (LP) groups. Quantitative asedywere conducted, based on the
coding scheme for discourse moves, to examine tibigpg’ differences in the identified
discourse moves. To ensure valid comparison ofodis® moves across groups, the
frequency occurrence was divided by the total nunobgroup notes written to reveal the
percentage of notes in which each discourse momaried. Due to limited sample size and
for coherence, the group comparison analyses welte aonducted on the higher-level
discourse moves for the major categories, namelieative advance in conceptual
information processing, problem solving in projenguiry information processing,
higher-level epistemic questioning (a combinatibmwestions of identifying consistency
and explanation-seeking), higher-level epistemiplaxations (including both elaborate
explanation and meta-explanation), collective ragoh in metacognition and making
contribution in social dynamics.

Analyses were made by assigning each individsabhher group percentage score for
the various high-level discourse types. Group peege scores were employed based on
the notion that discourse moves emerge collectivedygroup rather than belonging to each
individual (Stahl, 2006). Mann-Whitney U tests we@nducted to examine differences
between HP and LP groups on the above-mentioneatigigurse moves. Significant group
differences were detected in collective advance=(-4.83,p <0.01), problem-solving
inquiry (Z = -4.22,p <0.01), higher-level epistemic questioning, higlesel explanation (

Z =-4.83,p<0.01), collective regulatiorZ(= -4.83,p <0.01), and making contributiod €
-4.83,p <0.01).

The results indicate that HP groups more actirelglved in knowledge construction
and in collaborative project inquiry than were LBups. HP groups used more individual
and social metacognitive strategies to advancealoothtive inquiry. During the inquiry
process, they showed a higher level of collectpistemic agency by posing explanatory
guestions and providing elaborated explanationgneta-explanations. Moreover, they
demonstrated lively social dynamics conducive ttective knowledge building.

3. Discussion and Conclusion

The study examined the role of CSCI environmentpfmmoting collaborative inquiry in
the context of project-learning and identified tiagure of change dynamics interacted with
social-metacognitive, pedagogical and technologiaaetors and the scaffolding role of
principle-based use of technology.

Earlier work related to this research project regm the observed effect of the
designed CSCI environment on changes in learnipgoaghes, conceptual understanding
and literacy skills. The study extended the inquimg by identifying the design effect on
changes in student conceptions of collaboratioawidlrg on focus group interview data, it
provided deeper analysis on the change dynamicseruriie four contextual
themes-epistemology, pedagogy, technology and camtyauMore important, all the

165



dynamics reflected the importance of knowledgeedng principle-based design
emphasizing collaboration. Similarly, online discs study corroborated evidence
highlighting students’ engagement in high-levelisanetacognitive discourse moves and
meta-explanation contributes to collective advareenof communal understanding and
higher-level collaborative inquiry strategy useesé findings from different data sources
converged that student changes in CSCI environmaeatconsistent with knowledge
building model and epistemology. CSCI design infednby knowledge building principles
is evidenced to foster students’ development imsticated conceptions of collaboration
and epistemological beliefs as well as higher-lesadlaborative inquiry strategy and to
cultivate meta-explanation discourse that advanbeth individual and collective
conceptual understanding.

This study contributes to current literature oforpoting student learning and
collaboration in CSCL environment in higher edumatby investigating both the impact of
innovative instructional practices and the changeacdhics in relation to the innovative
learning experience. Moreover, the study highligthie alignment between design,
cognition, technology and context. Drawing on knedge-building principles, this study
designed a CSCI environment using Knowledge Fomuemhance collaborative knowledge
building inquiry, examined the design effect orrihélag and collaboration, and investigated
contextual change dynamics through analyzing stuebgrerience and online collaborative
inquiry discourse.

This study has important pedagogical implicatidhdocuments the effectiveness of a
principle-based knowledge-building approach to gigisig an innovative model within the
social cultural context of higher education in Ghifedagogically, it sheds light on how
social constructivist learning theories can begdfamrmed to promote changes in conceptions
and strategies of collaboration and achieve botlividual and collective gains among
Chinese tertiary students. It provided an exampl&nowledge building with positive
effects in a different domain of business studyainnew cultural context. Further
investigation will include deep analyses of conadd{F discourses at different phrases to
unravel how collective conceptual understanding ahsanced and academic literacy was
appropriated mediated by social-technological, dognand linguistic dynamics.
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