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Abstract—Conflict emerging from collaboration in wiki can be 
helpful to achieve a better quality of collaborative learning. 
However, few studies have utilized conflict to support 
collaborative learning and wiki systems themselves have 
limitations. This paper proposes to provide visual feedback about 
conflict in wiki based on the “page history” to create a sense of 
audience, psychological ownership and support information 
seeking. Theoretical model is built upon literature, and the 
Partial Least Squares (PLS) results from a survey study (208 
responses) indicate that conflict awareness can motivate students 
to participate, achieve better conflict resolution and improve the 
quality of learning. The results also show that the new design is 
well accepted by students and can significantly enhance the 
influence of conflict awareness on participation and conflict 
resolution. 

Keywords- collaborative learning; wiki; conflict; design; virtual 
collaboration 

I.  INTRODUCTION 
Wiki is a kind of open system which allows everyone to 

collaboratively contribute content. When such open systems 
are implemented on the Internet, they usually have the 
following characteristics [1-4]: 

• The number of participants is large, ranging from 
dozens to tens of thousands or more, and the group size 
is unstable due to high rate of the membership turnover. 

• Mostly unpaid, voluntary and self-organized 
contribution. The amount of contributions usually 
follows a long-tail distribution. 

• Participants interact on a many-to-many basis via 
virtual media as opposed to a one-to-one basis (e.g., 
instant messaging), or a one-to-many basis (e.g., mail 
listing servers) 

• Participants collectively create new content (e.g., text, 
software) to build long-lasting artifacts which have a 
possible value to the larger unknown audience. 

 A prime example of wiki implementations is Wikipedia, 
the largest online encyclopedia. Wikipedia’s English version 
contains words over 50 times as many as Encyclopedia 

Britannica, with a similar rate of serious errors [5]. However, 
behind the sparkling success of Wikipedia, wiki systems are 
suffering from high coordination cost (e.g. back and forth 
editing) [6-8], reflecting intense conflict among participants in 
collaboration. According to statistics about Wikipedia, more 
than 6.7% of the edits goes to restoring other participants’ work 
to previous versions [8], influencing about 34.6% of the edits 
[1], and such kind of maintenance work will continue grow [9]. 

 While wiki technology forms a new model of virtual 
collaboration (named massive virtual collaboration) [4] and is 
extensively used as a knowledge management tool in various 
types of organizations [10], it enables us a new chance to 
support collaborative learning activities. Many studies have 
addressed the feasibility of using wiki system as a powerful 
tool in collaborative learning, and the results show that this 
kind of technology can increase collaboration activities among 
students, facilitate knowledge creation and sharing [11, 12], 
provide dynamic repositories that allow students to learn by 
constructing knowledge based on their own experience in a 
self-directing way [13], and develop a sense of community [13, 
14], etc.  

However, several points have also been figured out, which 
may influence the success of wiki implementations in 
collaborative learning environments. While other issues, like 
class sizes, external awards and culture differences [12, 15], 
cannot be easily altered in real settings, and problems like “do 
not know how to use” [12] can be eased by training, the sense 
of audience (knowing intuitively that that the voice and 
opinions have listeners) is considered as a critical element to 
motivate contribution [16]. Without a sense of audience, 
students may not be willing to contribute or will just contribute 
lots of very low quality content without interacting with each 
other. Furthermore, critics have also stated that such 
collaborative writing platforms (e.g. Wikipedia, Google Doc) 
cannot handle psychological ownership well and cannot 
facilitate generation of content trust and knowledge exchange 
related to the tracking of page logs, which are harmful to the 
collaboration efficiency and retaining participants (e.g. [17-20]).   

In order to solve the issues mentioned above, this study 
raises a critical question: how to utilize conflict to facilitate 
collaborative learning in wiki systems?  
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Figure 1.  Example of wiki “page history” 

In this paper, first, visual feedback functions about conflict 
based on "page history" logs are designed to help the students 
build up the sense of audience and psychological ownership, 
motivate them to contribute and facilitate collaboration in wiki. 
Being an extension of the authors’ previous work [21], the 
design in this study incorporates visualization of conflict 
network, in order to make the hidden conflict relationship more 
obvious. Second, Robey's model of conflict [22] is partially 
modified and is used to explain how important factors 
(participation, personal influence, conflict resolution, conflict 
awareness) related to collaborative learning process interact to 
quality of collaborative learning (e.g. efficiency, quality of 
artifact). And third, comparative group study is considered in 
the model so as to reflect the usefulness of new design.  

 This paper is organized as follows. Limitations of “page 
history” tool in current wiki systems are introduced in section 2, 
and related studies are reviewed in section 3. Research 
hypothesis is put forward in section 4. Details about design are 
introduced in section 5. Research method is presented in 
section 6. The test of hypothesis is conducted by using survey-
based Partial Least Squares (PLS) analysis (section 7). 
Conclusion of the result and implications are discussed in 
section 8.  

II. PROBLEM STATEMENT 
In original wiki systems, the “page history” tool is the only 

entrance to track the whole revisions of current page and 
display the differences between two selected revisions.  
However, this function cannot meet user’s needs in many cases. 
For example,  

Case 1: Content trust issue [18, 20]. When a reader wants to 
read or use specific piece of information in an article, what 
he/she values most is the quality of information, especially 
when the content is not as similar as he/she expected or the 
information quality cannot be judged by the reader himself 
alone. Wiki only shows the latest version of the article to the 
reader, and it does not offer any information about the 
evolution or the trustworthiness of the content. If the reader 
could know the changes of the content, showing that the 
subsequent edits just enriched the content, rather than modified 
the opinions back and forth, he/she might perceive high 
information quality about the content.  

Case 2: Knowledge exchange issue. When a contributor 
who wishes to improve the quality of the article and discuss 
with others, he/she may be eager to know the whole changes of 
public opinions related to the content, and if necessary, he/she 
may also want to know who hold these opinions and make 
further discussion with them.   

Case 3: Psychological ownership issue [23]. When a 
contributor uploads content to the whole community for the 
purpose of sharing his own ideas/opinions and building sense 
of audience, he/she may be motivated to know how much 
content still belongs to him/her after many times of editing by 
others. Sometimes, one may be very sensitive about the 
changes of content ownership [19].    

In the above three cases, the only way to check the quality 
(case 1), find various opinions (case 2) and identify the 

ownership (case 3) is to use the “page history” tool to track 
modifications (debate among previous contributors) from 
relevant revisions. However, this progress is usually very harsh 
since the user does not know which revisions contain 
modifications on the specific pieces of content. The user needs 
to compare every two revisions to locate the modifications, 
which is very time-consuming and uncomfortable when there 
are too many versions and paragraphs (imagining that the user 
compares every two revisions where there are thousands of 
revisions). 

Take Fig. 1 for example, when a user wants to see the 
history of the specific paragraph in an article and discuss with 
corresponding editors, he/she should use the “page history” 
tool to compare every two revisions in the whole revision list. 
Suppose there are 12 revisions in the list and only 2 revisions 
(No.6 and No.11) are relevant to the paragraph, while other 
revisions are irrelevant (but the user does not know). In an 
extreme case, the user should compare 66 times of comparisons 
to find out the right revisions, and the success rate is 3.03%. In 
regular usage, most users will give up in locating relevant 
revisions in “page history” since the success rate is too low. As 
a result, the needs of checking the quality (case 1), finding 
various opinions (case 2) and identification of ownership 
cannot be fulfilled. 

III. LITERATURE REVIEW 
The phenomenon of conflict has been noticed by 

educational researchers for many years. The themes of this 
research limit the literature review to collaborative learning, 
especially computer-supported collaborative learning (CSCL). 
Since the knowledge exchange process of CSCL is almost the 
same as collaborative work in organizations, relevant 
organizational studies are taken into consideration as well. 

A. Conflict categorization and conflict in wiki 
Conflict itself has many definitions. One kind of definition 

treats conflict as a kind of "awareness", that it is an awareness 
on the part of the parties who involve in discrepancies, 
incompatible wishes or irreconcilable desires [24]. While other 
definitions view conflict as an "event", which is the 



interference by one individual or group in the attempts by 
another individual or group to achieve a goal [25]. No matter 
which kind of definition, conflict shows the differences on 
opinions or goals among parties involved. Prior organizational 
studies have identified three types of conflict: relationship, task, 
and process conflict [26]. Relationship conflict refers to the 
disagreement based on personal and social issues. Task conflict 
is void of the intense interpersonal negative emotions that are 
usually linked with relationship conflict, rather, it is only 
related to conflict about ideas and differences of opinions about 
the task. Process conflict refers to disagreement over the 
group’s approach to the task, its methods, and its group process 
[26]. Although relationship conflict and process conflict are 
harmful to group performance (e.g. collaboration efficiency 
and quality of artifact), task conflict is found to be beneficial 
since it encourages diversity of opinions [27]. However, harsh 
task conflict may trigger relationship conflict and thus 
undermine group performance [28].   

In wiki systems, conflicts among opinions are inherent to 
the collaborative process [29]. Everyone has the same rights to 
edit others’ content (except the administrators), to make 
decision on whether certain pieces of text, hyperlink (inter-
page and external resources) or images should be included in 
the articles or not, and how the structure of articles should be 
organized. Each user faces the risk that the information he/she 
contributed, whether good or bad, would be edited or deleted 
by others, with the latest changes immediately visible to 
subsequent visitors [8]. Since each version of the article has 
been confirmed by the corresponding editor before submission, 
conflict thus manifests itself through editing or deleting 
activities showing latent disagreement among users involved, 
implying incompatible goals or interests [30]. Conflict in wiki 
pages is more likely to be task oriented conflict. Most of the 
time, users do not know each other, they modify others’ 
contributions only because there is something improper, not 
due to the hostile relationship existing between these two 
persons [1]. And a content analysis on Wikipedia talk pages 
suggests that most common arguments are about what 
information should be included and how the structure of the 
content should be organized [31].  

The majority of organizational studies on conflict are 
conducted in classic group/virtual collaboration context, 
however, wikis have distinct characteristics such as self-
organized voluntary participation and many-to-many 
communication mechanism that differ from classic 
collaboration [2, 29]. A study on information quality in 
Wikipedia has found that task conflict can lead to higher 
quality of articles [29]. However, there is no finding in other 
wiki implantations (e.g. CSCL), thus extant theoretical 
framework need to be further investigated in different wiki 
contexts.  

Extent studies on visualization conflict (or “page history”) 
in wiki have at least two limitations. First, many visualization 
tools are used for descriptive analysis (e.g. [32]), not for 
utilizing conflict during collaboration. Second, the information 
provided by the visualization tool is not rich enough. For 
example, a history flow visualization tool designed in [33] can 
only reflect the changes of the whole article, and cannot solve 
all the issues mentioned in section 2. The same problem also 

happens in [34], which uses chromo grams to reflect different 
edit actions in time series. And a history tree visualization tool 
designed in [35] can give users detailed information about the 
content evolution, however, it can only partially solve 
knowledge exchange issue (case 2 in section 2) since it points 
out the users who hold different views. An embedded tool 
designed in [34] can give page-level statistics information, such 
as a pie chart which shows the proportion of each editor’s 
contributions. It can partially solve authorship issue (case 3 in 
section 2) since it shows the overall influence of each editor, 
but it cannot tell users when, where and how the content is 
changed. 

B. Robey's model of conflict 
Robey published several papers between 1983 and 1993 to 

build up a comprehensive model of conflict in organizational 
context [22, 36]. In this model, relationships among five 
constructs are established, that participation has positive effects 
on influence and project success; influence has positive effects 
on conflict, conflict resolution and project success; conflict 
negatively influences conflict resolution and project success; 
and conflict resolution positively influence project success.  

The model has been confirmed in some information system 
development studies. However, few studies have tested the 
model in other contexts (e.g. CSCL). Furthermore, this model 
does not distinguish types of conflict but only evaluate the 
consequences of general conflict. Thus, the model needs to be 
refined and tested in different contexts.  

In this study, two modifications are introduced in Robey's 
model. These are, first, "conflict" in the original model is 
replaced by "conflict awareness", in order to avoid potential 
misunderstanding due to different definitions of conflict 
(mentioned previously). Second, the scope of conflict is limited 
to task conflict due to the characteristics of wiki and research 
setting (e.g. anonymity; only content contribution, no 
maintenance work).  

C. Conflict in collaborative learning studies 
It has been pointed out that the adoption of CSCL should 

take conflict into consideration because current meanings 
attached to collaboration are too positive, resulting CSCL 
slowly adopted [37]. However, few studies on collaborative 
learning can be found to investigate the influences of conflict. 
Exceptions like: a study conducted by [38] shows that 
interpersonal conflict is positive associated with learning, 
however, the reason why this result is opposite to previous 
studies is probably because the anonymity of communication in 
the study enable students to insult each other with lower 
interpersonal cost. Another study on project-based 
collaborative learning finds that conflict emerges with a variety 
of reasons (e.g. poor communication, task management, lack of 
responsibility),  and it will undermine performance [39].  

Besides lacking of studies on evaluating consequences of 
conflict, almost no studies can be found to utilize conflict to 
promote collaborative learning. Thus, conflict and its 
influences, as well as how to cope with conflict are needed for 
further attention. 



Figure 2.  the original wiki and modified wiki in this study 

IV. RESEARCH HYPOTHESIS 
In CSCL context, participation is defined as the extent to 

which students are engaged in activities related to the learning 
process, including activities that are aimed at preparing and 
contributing to the learning project. Personal influence is 
defined as the extent to which students affect the final output of 
the learning process. Conflict awareness is defined as the extent 
to which students feel the degree of intensity about the conflict 
occurring during knowledge exchange. Conflict resolution 
refers to the extent to which the conflict arguments are replaced 
by agreement and consensus. And group performance, which is 
the main reflection of learning achievements, is defined as the 
attainment of group goals, including the quality of artifacts and 
efficiency of the collaboration. The definitions of above 
mentioned variables are in agreement with previous related 
studies [22, 29, 36].  

Student’s participation is positively associated with 
personal influence, since personal influence can only be 
exerted after participation [22]. Clearly, the more opinions a 
student shares, the higher personal influence he/she receives 
from other students. In a virtual environment, the successful 
functioning of a virtual community is impossible without an 
active participation of a substantial part of its members [40].  
Without active participation, there will not be enough materials 
(or opinions) either for sharing or for conducting activities 
aiming at building group artifacts. In previous information 
system studies, positive relationships between participation and 
influence, as well as participation  and group performance have 
been supported [36].  

H1: Participation will have a positive effect on personal 
influence 

H2: Participation will have a positive effect on group 
performance 

Students may not know each other’s opinions and interests 
without the exercise of personal influence. Under the impact of 
personal influence, consensus or compromise can be achieved 
more efficiently and constructive resolution of conflict can be 
put forward [22]. Personal influence reflects social power and 
leadership within the group, which are often found to positive 
influence group performance [41]. Moreover, results from 
previous studies have supported that personal influence 
positively affect conflict resolution and group performance [22]. 

H3: Personal influence will have a positive effect on 
conflict resolution 

H4: Personal influence will have a positive effect on group 
performance 

Unsolved conflict issues are usually found to be detrimental 
to the successful completion of the task [22]. Conflict 
resolution is beneficial for students since group norms and 
communication skills are enhanced when gaining conflict 
resolution. And the knowledge of each student is increased by 
looking at the group artifacts after the group decision about the 
conflict issue has been made. Robey's study has found the 
positive relationship between conflict resolution and group 
performance [22]. 

H5: Conflict resolution will have a positive effect on group 
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performance 

Discussion (task conflict) among students can generate 
more ideas and yield better performance [27], moreover, 
studies suggest that making social norms visible can increase 
the participant's social behaviors[42]. Meanwhile, cognitive 
dissonance theory proposes that people have a motivational 
drive to reduce cognitive dissonance (a discomfort caused by 
holding conflicting ideas simultaneously) [43]. Therefore, 
making conflict events visible can make student aware of 
conflict and incentivize them to participate, since the awareness 
of conflicting ideas will cause one’s discomfort feeling and 
drive him/her to solve the problem. At the same time, 
associated information can help students to find the solution to 
the conflict (e.g. find the most arguable point quickly) and 
achieve better performance.   

H6: Conflict awareness will have a positive effect on 
participation 

H7: Conflict awareness will have a positive effect on 
conflict resolution 

H8: Conflict awareness will have a positive effect on group 
performance 

However, due to different levels of conflict visibility that 
the original wiki system and modified wiki system (new design 
in this paper) give, the degree of awareness may be vary when 
students facing conflict event. When the level of conflict 
visibility is high, the students can quickly notice the conflict 
event and know the arguable points, which will lead to more 
participative activities, effective achievement of resolution and 
good performance. 

H9: The new design will increase the positive effect of 
conflict awareness on participation, conflict resolution and 
group performance. 

V. DESIGN OF VISUAL FEEDBACK ABOUT CONFLICT 
The new design in this study is based on four assumptions. 

First, by providing paragraph-based revision history, the user 
can focus on the specific part of content and reduce the time 
and effort spend on locating relevant revisions from a huge list 
of revisions; second, by providing complete edit history of the 
content, the user can know exactly the evolution of opinions 
and corresponding editors to communicate with; third, by 
providing visualization of edit relationships among editors, the 
user can know the inner interpersonal structures (conflict 
network) behind the editing of content; and forth, by providing 
word-based text-ownership, the user can know the personal 
influence inside the community and be motivated to contribute 
in order to enlarge his/her influence. 

There are three functions in the new design, which is 
implemented by using PHP, JAVA-based web service, Lucene 
and jQuery. The design is performed as an embedded tool in 
the main page of each article, which would save users’ time 
and efforts spent on switching pages between the “page” tab 
and “page history” tab (see Fig. 2). 

As it is shown in Fig. 2, when a user moves the mouse over 
a paragraph, a hyperlink named “View History” will be 

displayed. A dialog will be triggered after the hyperlink is 
clicked. There are three functions jointly shown in this dialog, 
which are described as follows:  

The first function (design 1) is paragraph-based revision 
history, and it highlights the added/deleted content between 
every former revision and later revision (the revisions can be 
sorted in ascending and descending orders). It also shows 
information about corresponding editors to facilitate further 
communication (click the name of editor will trigger the 
navigation to the editor’s talk page) and shows the degree of 
conflict (popularity) of this paragraph. Moreover, in order to 
avoid displaying a long list of tiny and useless edits, the 
revisions can be hided or displayed by detecting whether the 
size of changes reaches a specific threshold. 

The second function (design 2) is visualization of conflict 
network of this paragraph. Each node is represented as an 
editor and each directed edge shows that the content of the 
editor on arrow side has been modified/deleted by the other 
editor. The thickness of each edge is decided by the amount of 
conflict existed between the two nodes (editors). Note that if an 
editor just adds content without modifying others’ content, 
there would be no conflict. Click the node will trigger the 
navigation to the corresponding editor’s talk page.  

The third function (design 3) is word-based text ownership. 
When the user moves the mouse over the words, it will show 
the author of the words.   

VI. RESEARCH METHOD 
The lab experiment consists of two steps: survey study and 

descriptive analysis of usage logs.  

In survey study (see Fig. 3), all participants were required 
to do three rounds of discussion (each round lasts about 7 days, 
followed by a 7-day break). And in each round, the whole 
group was randomly divided into two sub-groups with almost 
equal size, namely controlled group (use original wiki) and 
experimental group (use modified wiki). Before the discussion 
started, there was a 10 minutes speech to make the participants 
fully understand how to use the wiki system. The definition of 
conflict is further introduced in another 10 minutes speech to 
help the students distinguish different types of conflict, since 
this study only focuses on task conflict.  

The participation was anonymous, which could reduce the 
probability of generating relationship conflict. No maintenance 
work on policies is necessary since the participants could not 
change the policies in wiki, thus reducing generation of process 
conflict.  



TABLE I.  DETAILS ABOUT QUESTIONNAIRES 

Constructs ID Description 

Conflict 
Awareness 

CA1 During collaboration, how much conflict did you 
feel among students? 

CA2 To what extent were any issues debated among 
other students and yourself? 

CA3 How much disagreement on opinions were you 
directly involved in? 

CA4 How soon did the student who holds conflicting 
opinions respond to you (in any way)? 

Participation 

PA1 What would you estimate was the amount of time 
spent by you in preparing for this topic? 

PA2 How much content did you contribute comparing to 
others? 

PA3 How frequently was your content contributions 
(add, edit, delete) in Wiki system for this topic? 

Personal 
Influence 

IN1 How would you assess your influence over the 
collaboration with others? 

IN2 How successful were you in asserting your opinion?
IN3 To what extent were you able to have your opinions 

actually considered by others? 
IN4 Overall, how would you rate your personal 

influence? 

Conflict 
Resolution 

RE1 To what extent were differences of opinions 
resolved to satisfy all students involved in the 
conflict issues? 

RE2 To what extent were conflicts resolved to your 
satisfaction? 

RE3 How soon were mutually agreeable solutions 
reached when there was disagreement between you 
and any other students? 

Group 
Performance 

PE1 The efficiency of group operations 
PE2 The amount of work the group produced 
PE3 The quality of work the group produced 
PE4 The group’s adherence to the schedule 
PE5 Effectiveness of the group members’ interactions 

 

TABLE II.  DEMOGRAPHIC DATA FOR PARTICIPANTS 

Items Number of students 

Grade 2nd year 72 (100%) 

Age 19~22 72 (100%) 

Previous 
experience with 
online courses 

YES 17(23.6%) 

NO 55(76.4%) 

Previous 
experience with 
Wikipedia 

No experience 28 (38.9%) 

Only as audience 25(34.7) 

Contributed at least once 9(12.5%) 

Administrator in Wikipedia 0 (0%) 

Daily Internet 
usage 

<=1 hour 13(18.1%) 

>1 hour, <= 3 hours 32 (44.4%) 

>= 3 hours 27 (37.5%) 

Note: Information about gender is not collected due to anonymity. 

 

The two groups shared the same wiki database, which 
means they discussed on the same wiki article page in each 
round and the only difference between these two groups is 
whether the participants could see the new design or not. The 
three topics of discussion were all about computer ethics which 
could maximally arouse students' motivation to argue and 
exchange knowledge. The names of these topics were pirated 
software, computer related occupational disease and online 
gaming. 

Immediately after each round of discussion, the participants 
were required to fill questionnaires about their usage 
experiences. The content of questionnaires can be found in 
table 1, and these questions are mainly adopted from [22] with 
minor modifications due to the research context (CSCL), 
however, the keywords and meanings of the original questions 
are remain unchanged. The analysis of survey data was 
conducted by using PLS method. PLS was selected since it did 
not need large sample size. 

In order to better reflect the usefulness of new design, 
descriptive analysis of usage logs was presented. The quality of 
each group’s contributions could not be easily judged since 
they worked on the same wiki articles. Instead, the number of 
contribution, and average length change of each edit were 
calculated to reflect the differences between two groups. 

VII. RESEARCH METHOD 

A. Survey study 
Seventy-two (72) undergraduate students were invited to 

participate in this lab experiment. Detailed information about 
the demographics of the sample can be seen in table 2. These 
students came from every department of a university, and they 
usually did not know each other. They were all enrolled in a 
university-level course. 

Three rounds of online collaborative discussion were 
conducted and the ANOVA test results show that there is no 
significant difference on demographic data between two groups 
in each round. 208 valid questionnaires (100 from control 
group and 108 from experiment group) were gained. The 
response rate was 100% because the questionnaires were filled 
online and controlled by a program which did not allow 
missing questions. However, there were 8 invalid responses 
since the students asked for temporary absence due to personal 
issues. 

The PLS analysis is conducted by using WarpPLS3.0, a 
partial least squares (PLS) software. PLS is selected because it 
does not require large sample. The number of questionnaires 
has met the requirement of PLS.  

The measurement model is tested by examining: (1) 
individual item reliability, which is reflected by the loadings of 
the measures on their corresponding construct; (2) discriminate 
validity ,which is mainly reflected by average variances 
extracted (AVE) of each construct; and (3) internal consistency, 
which is reflected by composite reliability and Cronbach’s 
alpha coefficient of each construct. The result of measurement 
model test is shown in table 3. 
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Figure 4.   Result for the structural model 

TABLE III.  RESULTS FOR THE MEASUREMENT MODEL 

Items Mean S.D. 
Factor 
Loading
(>0.5a) 

C.A. 
(>0.7a) 

C.R. 
(>0.7a)

AVE 
(>0.5a)

Conflict 
Awareness    0.890 0.924 0.753 

CA1 4.952 1.311 0.869    
CA2 5.394 1.195 0.895    
CA3 4.630 1.316 0.805    
CA4 5.231 1.226 0.898    

Conflict 
Resolution    0.835 0.901 0.753 

RE1 5.197 1.268 0.867    
RE2 4.659 1.342 0.836    
RE3 5.111 1.275 0.898    

Participation    0.883 0.928 0.811 
PA1 5.226 1.126 0.870    
PA2 4.894 1.215 0.917    
PA3 4.803 1.177 0.913    

Personal 
Influence    0.890 0.925 0.755 

IN1 4.813 1.133 0.859    
IN2 4.995 1.024 0.933    
IN3 5.120 1.007 0.905    
IN4 4.813 1.100 0.771    

Group 
Performance    0.794 0.860 0.554 

PE1 5.072 1.333 0.819    
PE2 4.389 1.162 0.638    
PE3 4.841 1.285 0.850    
PE4 4.745 1.440 0.746    
PE5 4.101 1.527 0.644    

Note: a. Indicates threshold values of corresponding indices; S.D.: Standard deviation; C.A.: 
Cronbach's alpha; C.R.: Composite reliability

 

For individual item reliability, the factor loading of about 
0.7 or greater is recommended, whereas the value below 0.5 
shows low trait variance [44]. Thus, the cut-off point is set at 
0.5. As table 3 shows that all factor loadings exceed 0.5. 

AVE is the average variance shared between a construct 
and its measure. All values of AVE shown in table 3 are greater 
than the  recommended threshold (0.5), suggesting that the 
latent constructs account for the majority of the variance in 
their indicators on average [45]. Furthermore, table 4 shows 
that the square roots of AVEs are all larger than corresponding 
correlations. Thus, discriminate validity is observed. 

Composite reliability and Cronbach’s alpha are both used 
for evaluating the internal consistency of the constructs, and 
0.7 is recommended threshold for both indices. It can be seen 
from table 3 that all constructs have met the criterion.  

TABLE IV.  RELIABILITY AND INTER-CONSTRUCT CORRELATIONS 

Constructs 1 2 3 4 5 6 7 

1.Participation 0.900       

2.Personal Influence 0.577 0.869      

3.Conflict Resolution 0.640 0.526 0.868     

4.Conflict Awareness 0.640 0.588 0.605 0.868    

5.Group Performance 0.458 0.529 0.555 0.681 0.745   

6. Group 0.031 -0.105 -0.002 -0.057 -0.030 1.000  
7. Group* Conflict 
Awareness 0.253 0.179 0.277 0.158 0.126 0.004 0.867

Note: Square roots of AVE shown on diagonal; Except the italicized values, all correlations are 
significant at p<0.001 level

 

In the test for structural model, three model fitness indices 
are provided in WarpPLS, which are APC (average path 
coefficient), ARS (average R-squared) and AVIF (average 
variance inflation factor).  Kock suggest that the significant 
levels for both the APC and ARS should be lower than 0.05, 
and the recommend value for the AVIF is lower than 5 [46]. In 
this study, the value of APC is 0.295, and the value of ARS is 
0.430, with both values are significant at p<0.001 level, 
suggesting a good model fit. The value of AVIF is 1.530, 
showing that there is no serious multi-collinearity among 
measurement items. 

Fig. 4 shows the results for the structural model. The results 
suggest that participation has a positive influence on personal 
influence (β=0.58, S.E=0.057), but the influence on group 
performance is insignificant, thus, H1 is supported but H2 is 
rejected. Personal influence is found to have positive effects on 
conflict resolution (β=0.24, S.E=0.065) and group performance 
(β=0.18, S.E=0.078), thus, H3 and H4 are supported. The 
results also show that conflict resolution positively influence 
group performance (β=0.23, S.E=0.086) and H5 is supported. 
Conflict awareness is found to positively influence 
participation (β=0.62, S.E=0.050), conflict resolution (β=0.44, 
S.E=0.057) and group performance (β=0.51, S.E=0.088), thus 
H6, H7 and H8 are supported. Moreover, the percentage of the 
variance explained (R2) of participation, influence, conflict 
resolution and group performance are 43%, 33%, 44% and 
52%, respectively. 

For moderating effects, the PLS results shows that the 
moderator (group) can significantly moderate relationships 
between participation and conflict awareness (β=0.16, 
S.E=0.060), conflict awareness and resolution (β=0.16, 
S.E=0.069), but fail in moderating relationship between 
conflict awareness and group performance, thus, H9 is partially 
supported.  

B. Descriptive analysis of usage logs 
The numbers of contributions in three rounds of discussion 

were 642, 461 and 628. The lengths of final versions of 
discussion articles, measured by number of characters, were 
77762, 89304 and 81207.  

 



TABLE V.  STATISTICS OF USAGE DATA 

 Experiment Group Control Group 

Round 1 2 3 1 2 3 
Number of 
Contributions 415 251 384 227 210 244 

Average change of each 
edit (in characters) 210.2 330.5 247.5 189.7 116.9 210.1

 

As it can be seen from table 5, students in experimental 
group contribute much more times than students in control 
group. And for each edit, students in experimental group 
contribute more content. In all, the statistics of usage logs 
shows that the new design can increase participants’ 
contribution activities. 

VIII. CONCLUSION AND DISCUSSION 
Through the implementation of collaborative learning on 

wiki, this study has at least two contributions. First, it 
highlights the importance of conflict in collaborative work and 
figures out the pair-wise relationships among relevant factors. 
Conflict awareness is found to positively influence 
participation, conflict resolution and group performance. 
Meanwhile, participation is found to positively influence 
personal influence. However, the relationship between 
participation and group performance is insignificant, this result 
is not in agreement with Robey's model of conflict, but it is, to 
some extent, in consistent with other studies [47].  Furthermore, 
personal influence positively affects conflict resolution and 
group performance, and conflict resolution positively affects 
group performance. These results are almost consistent with 
prior studies (e.g. [22]) and the authors' previous work [21] , 
reflecting that the findings are stable across various contexts 
and samples. Second, in order to utilize conflict, this study puts 
forward three new functions, including paragraph-based history 
list with text comparison, visualization of conflict network and 
content ownership. These functions give users detailed 
evolution history of the content, points out arguable pieces of 
content, shows hidden conflict network, and fulfill the needs of 
psychological ownership. The results have supported the 
usefulness of the new design, indicating that the functions can 
significantly enhance the influence of conflict awareness on 
participation and conflict resolution. However, one of the 
results in the previous work [21], which shows that the design 
could significantly reduce the influence of conflict awareness 
on group performance,  cannot be found in this study. 

One point should be mentioned that, with the help of 
students' anonymously participation and characteristics of wiki, 
the authors are able to limit the scope of conflict to task conflict, 
develop and verify new design based on conflict. Thus the 
results are unable to explain the consequences of other types of 
conflict (relationship conflict and process conflict).  

This study also has some limitations. First, it only uses 
undergraduate students as sample. Although undergraduate 
students represent the majority of users in collaborative 
learning, disregarding other kinds of user (e.g. middle school 
student) can cause variance in the final result. Second, the new 
design still needs to be improved. While advanced visualization 
technologies (e.g. social network) have been widely developed 

in many studies (e.g. [48]), this study only applies text-
comparison algorithm and basic social network visualization 
method. Any future improvement in the design will affect the 
students’ motivation to participate, which may yield different 
result. Moreover, current version of this design is implemented 
by using external programs. Future deployment may be limited 
unless it can be re-programmed as wiki plugin. Third, this 
study jointly measures three new functions as a whole, since 
they are represented in one dialog. Future studies are suggested 
to investigate the effects of these three functions separately.  

For researchers, first, it is suggested to include more 
variables in future study, for example, gender, personality and 
task type. Since male and female students have different ways 
of using e-learning systems [49], the perception of design in 
this study may not be same across gender. Moreover, due to 
different backgrounds (e.g. socio-economic status, age), 
students may have different personalities, such as 
conscientiousness, openness, extraversion, agreeableness and 
neuroticism (Big Five model) [50]. The reactions to the design 
may also be different across personalities. For example, 
students who with openness personality may be very glad to 
see the changes of his content, while this design may enlarge 
the feeling of infringement by student who with neuroticism 
personality. Second, the insignificant relationship between 
participation and group performance suggests that deeper 
investigation should be conducted, especially task type. 
Comparing to routine task (e.g. collaboratively translation), 
complex task (low task routineness) for students requires more 
cooperation activities and higher knowledge threshold. Such 
different types of task may yield entirely different model 
results.  And third, since there is different result between this 
study (three functions) and previous work (two functions, no 
network visualization) [21] on how the design affects the 
influence of conflict awareness on group performance, future 
work will be conducted to find out whether the network 
visualization cause this difference or not.  

 In practice, trust and reciprocity has been used to motivate 
users’ participation in designing e-learning system [48]. The 
new design in this study offers a relative new idea to motivate 
users to participate by using conflict. Conflict management is 
very important because collaborative work is naturally a kind 
of negotiation among participants and cannot get rid of conflict. 
We suggest in the future, more human-centered functions 
should be developed to display conflict, for example, using 
different background colors to display degrees of conflict, and 
using dialogs to notify user which parts of content are the most 
conflicting and need attention.  
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