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ABSTRACT

User generated content in wikis is mainly distributed on the article view and its corresponding talk page.
Potentials of analyzing and supporting discussants’ knowledge construction processes on the level of
talk pages have still been rarely researched. The presented experimental study addresses this issue
by providing external representations of content-related controversies which were led by contradictory
evidence between discussants to foster awareness on socio-cognitive conflicts which can be beneficial
for learning. Its aim is to investigate how increased salience of controversies can guide participants’ (N =
81) navigation and learning processes. Three conditions differing in their degree of awareness support
were implemented in this study. Results indicate that the implementation of awareness representations
helped students to focus on meaningful discussion threads. Findings suggest that wiki talk page users

can benefit from additional structuring aids.

1 INTRODUCTION

Wikis such as Wikipedia provide a common and
widespread opportunity to share user generated con-
tent that arose from collaborative writing processes
on the Internet. In order to effectively collaborate
together as authors and editors in wikis and simi-
lar environments, some requirements that can be
derived from prevailing theories of writing and col-
laboration should be met. In reference to the Cogni-
tive Process Theory of Writing (Flower and Hayes,
1981), the composition of any text is structured hi-
erarchically and does not follow an invariant order.
According to this model, monitoring of processes
such as planning, translating and reviewing text seg-
ments are required for successfully finishing one’s
individual goals.

Beyond individual premises for effectively or-
ganizing one’s own writing, collaborative writing
systems have to provide basic technological re-
quirements, optional individual roles (e.g. authors
and editors) and activity spaces for monitoring pro-
cesses on a group level (Posner and Baecker, 1992).
Research in this area has shown that especially coor-

dination in collaborative writing processes are cru-
cial for the quality of resulting shared knowledge
artifacts (Erkens et al., 2005). In order to facilitate
cognitive processes of writing, wikis could provide
substantial functionalities that are required for the
monitoring of writing.

Scardamalia and Bereiter (1994) defined knowl-
edge building as the creation of knowledge as a so-
cial product . A significant amount of research has
been done on how learning and knowledge building
processes can be backed by computer-supported
collaborative environments like online discussion
forums, blogs or wikis. Some researchers in this
area were inspired by aspects of knowledge build-
ing processes in wikis grounded on Piaget’s con-
structivist school of thought (Cress and Kimmerle,
2008). According to the Co-Evolution Model of
cognitive and social systems, analogous processes
of internalization and externalization can be found
on the individual as well as on a wiki’s system level
and mutually influence each other. At every level
there are manifold possibilities for conflicts to arise
if either one cognitive system’s knowledge base
dissents the social system or vice versa.



In the last few decades, research has gathered var-
1ous evidence that conflicts do not have to be detri-
mental for knowledge building and learning (Doise
etal., 1975). Socio-cognitive conflicts based on con-
tradictory information of two or more cognitive or
social systems can arise from content-related discus-
sions led by evidence. Promoting to discussants the
opportunities of perspective taking in meaningful
talks, fostering of deeper elaboration processes and
epistemic curiosity is possible. As a consequence,
learning benefits on the individual and group level
can eventuate by encouraging learners to construc-
tively discuss controversies (Lowry and Johnson,
1981).

Wiki talk pages comprise hidden potentials for
knowledge construction processes that can be made
more salient by providing guidance to readers as
learners in the underlying discussion threads. Poten-
tially beneficial content-related controversies led by
evidence can trigger socio-cognitive conflicts which
were considered as meaningful, opposed to pre-
dominantly structural or socio-emotional conflicts
that can also be found in such systems (Janssen
and Bodemer, 2013). With the aim in mind uti-
lizing these discussed potentials to foster learning,
two encouraging approaches of supporting such
socio-cognitive conflicts on meaningful contents
have been examined by recent research.

First, instructional designs through collaboration
scripts have been shown itself as effective in terms
of learning gains in different contexts (O’Donnell
and Dansereau, 1992)(Johnson et al., 2000). In
recent wiki research, explicit instruction sets to
improve collaborative revision processes through
scripting methods have produced promising results
(Wichmann and Rummel, 2013). The successful
implementation of a script for collaboration in a
wiki setting has led groups to produce more coher-
ent texts and to generate less redundant revisions.
But collaboration scripts have to be designed cau-
tiously (Dillenbourg, 2002). The possible genera-
tion of unintentionally high cognitive load through
over-scripting of individuals or groups might lead
to unwanted adverse effects on outcomes.

The second promising approach to support po-
tentially positive conflict outcomes originated in

evidence-led controversies has been the deployment
of cognitive group awareness tools. These tools
which gather and visualize knowledge-related in-
formation have been successfully implemented as
implicit measures to structure collaborative learn-
ing processes (Bodemer and Dehler, 2011). Visual
feedback as external representations of group aware-
ness information have been realized as multidimen-
sional graphs or highlighting of specific aspects
of interest. Development and evaluation of cogni-
tive group awareness tools assisting collaborative
writing processes could be further supported by Nat-
ural Language Processing (NLP). Computational
advancements and research on NLP In recent years
yielded into more sophisticated libraries, tools and
frameworks (e.g. DKPro TC) for analyses in wiki-
related contexts (Daxenberger and Gurevych, 2014).
These developments allow researchers to conduct
broader and deeper wiki-based evaluations of text
fragments as shared knowledge artifacts with spe-
cial regards to the identification and processing of
controversies and to possibly enable authors and ed-
itors to manage subpar structured information more
effectively.

Supportive interventions for collaborative writ-
ing in wikis have already been evaluated for the
writer’s task environment, i.e. setting a deadline or
defining different goals of an individual’s writing
task, and led to a set of extensions and design prin-
ciples to facilitate group writing and constructivist
learning processes (Kasemvilas and Olfman, 2009).
Research on the implementation of cognitive group
awareness tools to support controversial discussions
has been conducted on online forums showed that
making contributions more salient could strengthen
a group’s influence on others and foster learning
processes (Buder and Bodemer, 2008). Strength-
ening of a certain position (e.g. a minority group)
could foster potentials to generate more innovative
solutions to a problem by introducing more nov-
elty aspects in contrast to the creation of possibly
unwanted redundancies.

Due to the lack of recent research with regard to
wikis in this area, we were specifically interested
in the mechanisms of action of a cognitive group
awareness tool. Of particular interest has been, if
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the results that have been found by online discus-
sion forum research could be transferred onto wiki
talk pages.Knowledge artifacts on discussion talk
pages shall be made more salient to interested read-
ers and different types of learners. As a result of the
versatility of an individual’s learning preferences, it
was also expected that two cognitive key variables
influence the extent on how controversies grounded
on opposing evidences about the discussed content
were handled. First, the Need for Cognitive Closure
should determine how well an individual learner
manages ambiguity in discussion (Kruglanski and
Webster, 1996). Second, the manifestation of spe-
cific and diversive Epistemic Curiosity should be
another component to predict information search
patterns (Berlyne, 1954). Both variables have to be
examined as determinants to identify the best possi-
ble degree of individually needed support through a
visualization of conflict awareness information.

The resulting research questions can be briefly
summarized as follows:

e To what extent can meaningful evidence-led
conflicts comprising contradictory user per-
spectives be utilized to foster learning pro-
cesses?

e To what extent does the addition of explicit
structuring measures to article talk pages guide
learners and prevent redundancies of knowl-
edge artifacts and facilitate the addition and
integration of novel aspects?

e To what extent do one’s personal need for cog-
nitive closure and epistemic curiosity affect
knowledge construction processes regarding
socio-cognitive conflicts on talk pages?

2 METHODS

An experimental study was conducted in a con-
trolled laboratory setting with students (N = 81)
at the University of Duisburg-Essen, Germany. A
single independent factor with three levels was ran-
domly varied across the study. The topic for this
study’s experimental wiki was the mass extinction
event of dinosaurs, because of the potential for op-
posing point of views and evidence for different

theories. The three experimental conditions reflect
the degrees of additional cognitive group awareness
support on controversy information to the talk page
and will be illustrated in the following:

No support (C1) The control C1 was inspired by
default wiki talk pages and did not provide any
further information on a discussion thread, except
for a title (Figure 1).

Thread Title 1
Thread Title 2
Thread Title 3

No support (C1)

Figure 1. Illustration of a talk page excerpt for
ClI.

Plain conflicts highlighting (C2) In condition
C2 an external representation in the form of a single-
colored indicator was added. The indicators high-
lighted discussions with relevant evidence-led con-
flicting points of view on the article’s topic (Fig-
ure 2).

B Thread Title 1
Thread Title 2
I Thread Title 3

Plain conflicts
highlighting (C2)

Figure 2. Illustration of a talk page excerpt for
C2.

Conflict status highlighting (C3) Experimental
condition C3 utilized two colored indicators. Be-
yond the information of a discussion including
evidence-led conflicts, the indicator informed partic-
ipants whether a discussion contained an unsolved
conflict (red) or solved conflict (green) (Figure 3).

Conflict status Thread Title 1
highlighting (C3) I Thread Title 2
I Thread Title 3

Figure 3. Illustration of a talk page excerpt for
C3.
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For this study, a basic wiki article and 24 talks
were generated. Six of these talks were designed as
topics of interest comprising meaningful evidence-
led discussion with contradictory arguments. Three
of the interested talks contained a consensus at the
end of the discussion, the other three talks ended
in unsolved conflicts. The 18 residual threads con-
tained either discussions on technicalities or off-
topic talks. As dependent variables, data was col-
lected on whole page reading times, individual talk
reading times, talk clicking behavior, article edits
(quantitative and qualitative), discussion participa-
tion (quantitative and qualitative), measures of cog-
nitive variables and learning success with a 15-item
multiple choice test.

Participants were asked to read the basic article
and to edit it at a later stage. Relevant informa-
tion for completing this task could be found inside
the discussion threads on the corresponding talk
page with varying degree of supporting information
on meaningful controversies between experimental
conditions. At all major reading and writing stages,
participants had to comply with compulsory time
limits.

3 RESULTS AND DISCUSSION

Each participating student clicked and viewed on
average M = 11.86 (SD = 5.27) discussion threads.
Analysis of variance using planned comparisons
with an orthogonal Helmert contrast revealed that in
the control condition students clicked significantly
more topics on the article’s talk page compared to
both supported conditions, F (2, 78) = 3.80, p =
027,12 = .09. Detailed analysis on pooled reading
times on the topics of interest showed differences in
individual reading and selection behavior (Figure 4).
These results indicate that the implemented cogni-
tive group awareness information leads readers in
the intended direction and enabling them to primar-
ily focus on relevant contents rather than residual
discussion.

Participants in either of the supported conditions
spent significantly more time on relevant evidence-
led talks about the dinosaur mass extinction event.
The students’ preferences of first selecting the most
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Figure 4. Average accumulated reading times in
seconds of differing discussion thread categories.
*p <05, %* p <.01, ¥* p <.001

relevant topics in both highlighting conditions are
further supported by sequential data mining using
SPMF with CM-ClaSP algorithm (Fournier-Viger
et al., 2014) (Table 1).

In contrast, control group participants showed
the tendency to follow a top-down reading strat-
egy, beginning with the very first thread on the talk
page. This preliminary first look at most frequent
closed sequential patterns underpins the previous
result and conclusion that guidance towards the po-
tentially most important discussion to fulfill the task
worked as intended in both supported groups.

Next, we investigated whether the degree of con-
flict awareness support led to a positive learning
outcome, manifested in a higher multiple choice
test score. Altogether, analysis of variance could
not reveal any measurable difference between the
three investigated groups, F(2, 75) = .03, p = .968,
n? < .01. The pure addition of conflict awareness
support in the experimental conditions did not seem
to affect the test performance at all. Preliminary
analyses of the self-generated multiple choice test
items indicate that several distractors were too easy
and had unsatisfactory discriminatory power. In
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Table 1. The most frequent closed sequential
patterns identified by CM-ClaSP algorithm.

Condition Sequence Support
(thread number) (frequency)
Cl 1,2,3,5,7 14
C2 5,8,14, 16,19 14
C3 5,8,14 16
8.14,19 15
58,19 13
Note.  Controversy thread numbers (resolved

[8,14,19] / unresolved [5,16,24]) are highlighted in
bold print.

consequence, some attractors had a relatively high
probability of guessing the correct answer.

In more detailed analyses, we further investigated
the test scores between the experimental conditions,
considering the different categories of discussion
threads as mediators in a parallel multiple single-
step mediation analysis (Figure 5). It can be shown
in particular that those participants receiving vary-
ing degrees of conflict awareness information spent
more time on reading unsolved conflicts, which re-
sulted in significantly higher scores in the multiple
choice test.
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Figure 5. Multiple single-step mediation model
on the multiple choice test results.
w3 p < 01, ¥ p < 001

Overall, at this stage of analyzing the current
study data, we can conclude that structuring wiki
talk pages by implementing cognitive group aware-
ness representations related to socio-cognitive con-
flicts produced encouraging results. Participants

who received any kind of structuring were more
effectively focused on meaningful discussion con-
tents led by evidence. Furthermore, under certain
circumstances students were able to significantly
benefit from guidance towards conflicts arisen from
content-related controversies in terms of learning
success. These findings should be taken into con-
sideration for further developments and research on
wiki talk page discussions.

However, first analyses of the measured cogni-
tive variables have been conducted to determine the
best possible support for the individual learner and
need to be analyzed in detail. Likewise, content
analyses of the produced knowledge artifacts are
required to investigate if the additional support led
to significant differences in text production quality.
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