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“It would seem that you have no useful skill or talent whatsoever,” he said. “Have you

thought of going into teaching?”

– Terry Pratchett, Mort
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Zusammenfassung

Wikis gelten als besondere Vertreter sozio-technischer Systeme, die zunehmend für

die kollaborative Konstruktion von Wissen und darüber hinaus für individuelles

und kollaboratives Lernen genutzt werden. Das grundlegende Design von Wiki-

Systemen ermöglicht es den Nutzern, Inhalte als Artikel zu generieren und auf

zugehörigen Diskussionsseiten ("‘Talk Pages"’) im Artikelhintergrund über Themen

zu diskutieren. Aufbauend auf bestehenden Theorien und gegenwärtiger Forschung

zum Wissensaufbau mit Wikis, und darüber hinaus aus dem Bereich des comput-

ergestützen kollaborativen Lernens (CSCL), wurden in dieser Dissertation mehrere

Effekte auf Prozesse und Ergebnisse untersucht in Bezug auf zusätzliche ergänzende

Strukturierungsmaßnahmen für wiki-basiertes Lernen. Konkret konzentrierte sich

diese Arbeit auf (1) die Effektivität und Effizienz impliziter Lenkung für Wiki-Talk-

Seiten, (2) die Auswirkungen zweier Ansätze von Kollaborationsskripten als ex-

plizite Lenkung zur Wissenskonstruktion mit Wikis und (3) die Relevanz spezifis-

cher lernbezogener individueller Unterschiede für kollaboratives Lernen mit Wikis.

Insgesamt wurden im Rahmen dieser Dissertation fünf empirische Studien durchge-

führt. Mit Studie 1 wurden die Auswirkungen von visuellen Hervorhebungen kon-

troverser Argumentationen für Wiki-Diskussionen untersucht. Die Ergebnisse des

Experiments zeigten, dass zusätzliche Hervorhebungen für kontroverse Diskussio-

nen sich direkt auf das individuelle Selektions- und Leseverhalten sowie indirekt

und in geringerem Maße auf die Lernergebnisse und die Qualität von Wiki-Beiträgen
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auswirken. In Studie 2 wurde untersucht, ob Visualisierungen von Autorenwis-

sen und Beurteilungen durch die Wiki-Community implizit die Wahrnehmung die

Leser von kontroversen Diskussionen in Wikis beeinflussen. Die Ergebnisse zeigten,

dass, wenn zusätzliche Autoreninformationen visualisiert werden, es wahrschein-

licher ist, dass Leser von Wiki-Diskussionen der Argumentation eines angenomme-

nen Experten folgen. In den Studien 3 und 4 wurden die Effekte zweier unter-

schiedlicher Kollaborationsskript-Ansätze untersucht. Das erste Skript wurde von

Wikipedia abgeleitet, während das zweite Skript ein selbst entwickeltes Skript ist,

das von empirischen Untersuchungen inspiriert wurde. Die Ergebnisse zeigten,

dass der alternative Skriptvorschlag vorteilhafter ist in Bezug auf Perspektivüber-

nahme und Integration widersprüchlicher Belege, sowie für den individuellen Lern-

erfolg und die Qualität kollaborativ bearbeiteter Artikel. Studie 5 untersuchte die

Auswirkungen der Hervorhebungen für kontroverse Diskussionen und des alter-

nativen Kollaborationsskripts im Zusammenspiel mit individuellen Unterschieden

des kognitiven Geschlossenheitsbedürfnisses. Dieses Konstrukt ist relevant für das

Verständnis, wie Menschen zweideutige Informationen verarbeiten, die in kontro-

versen Diskussionen zu finden sind. Die Ergebnisse zeigten, dass Personen mit

einem hohen Bedürfnis nach kognitiver Geschlossenheit in Bezug auf den Lern-

erfolg mehr von den Hervorhebungen für kontroverse Diskussionen als implizite

Lenkung profitieren, während Personen mit einem niedrigen Bedürfnis mehr von

dem Kollaborationsskript als explizite Lenkung profitieren. Diese Studienreihe er-

weitert die empirische Basis der Forschung zu wiki-basierter Wissenskonstruktion

und Lernprozessen um Untersuchungen zu ergänzenden unterschiedlichen Struk-

turierungsmaßnahmen und die Berücksichtigung individueller Unterschiede.
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Abstract

Wikis are a special representative of socio-technical systems that are increasingly

used for the collaborative construction of knowledge and furthermore for individual

and collaborative learning. The basic design of wiki systems enables users to gen-

erate content as articles and as well to discuss about subject matters on correspond-

ing discussion forums in the article background, the so-called talk pages. Build-

ing upon prevailing theories and previous research on knowledge building with

wikis, and more broadly computer supported collaborative learning (CSCL) in gen-

eral, this dissertation investigated several effects of added supplemental scaffolding

measures for wiki-based learning on processes and outcomes. Specifically, this work

focused on (1) the effectiveness and efficiency implicit guidance approaches for wiki

talk pages, (2) the effects of two distinct collaboration scripts as explicit guidance

for knowledge construction with wikis, and (3) the relevance of specific learning-

related individual differences for collaborative learning with wikis. Overall, five

empirical studies have been conducted as part of this dissertation. Study 1 exam-

ined the effects of added controversy awareness highlights for wiki discussions. Re-

sults of the experiment showed that added highlights for controversial discussions

directly affect individual selection and reading behaviour, as well as indirectly and

to a lesser extent the learning outcomes and wiki contribution quality. Study 2 ex-

amined whether visualisations of author expertise and community-rating implicitly

affect the user perception of controversial discussions in wikis. Results showed that

if additional author information is visualised, it is much more likely that readers of
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wiki discussions follow an assumed expert’s argumentation. Studies 3 and 4 both

examined effects of two distinct collaboration script approaches. The first script

was derived from Wikipedia, whereas the second script is a self-developed script

that was inspired by related empirical research. Results showed that the alternative

script proposal is more beneficial for perspective-taking and integration of opposing

evidence, as well as for individual learning success and the quality of collaboratively

edited articles. Study 5 examined the effects of the controversy awareness highlights

and the alternative collaboration script in interaction with individual differences of

the Need for Cognitive Closure. This construct is relevant for the understanding of

how people process ambiguous information that are likely to be found in contro-

versial discussions. Results showed that persons with a high Need for Cognitive

Closure benefit more, in terms of learning success, from the controversy awareness

highlights for implicit guidance, whereas persons with a low Need for Cognitive

Closure benefit more from the collaboration script as explicit guidance. This study

series extends the empirical base of research on wiki-based knowledge construc-

tion and learning processes with investigations of supplemental different guidance

measures and the consideration of individual differences.
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1 Introduction and Overview

Ward Cunningham, the programmer of the first wiki, originally described wikis

as “the simplest online database that could possibly work” (Cunningham, 2002).

The most significant representative of a wiki is undoubtedly the free online ency-

clopaedia Wikipedia. It serves as a platform for the collection and collaborative con-

struction of knowledge. Wikis are web-based platforms that enable collaboration at

virtually any point in time from any place between any person having access to a

web-enabled device (Chen, Jang, & Chen, 2015). They allow one or more persons to

build up a corpus of knowledge in a set of interlinked web pages using a process of

creating and editing pages (Franklin & Harmelen, 2007). Knowledge can be shared

at any time with a whole community without major restrictions, while the focus

of this thesis lays on the learning aspects rather than on the aspect of information

sharing. This is inspired by the constructivist learning theory which assumes that

individuals learn best when they have constructed knowledge on their own (Cole,

2009). Consequently, wiki environments are nowadays widely used in many educa-

tional contexts for collaborative knowledge construction and learning tasks (Notari,

Reynolds, Chu, & Honegger, 2016). Wiki article talk pages are a special kind of dis-

cussion forum that go along with the articles and differ by a considerable extent

from classic online discussion forums. Each talk page is like every other page in a

wiki editable by every user. Replies to a certain contribution are not appended auto-

matically as in threaded discussion forums, they must be integrated within the wiki

structure by the user. It is also possible to change the content of the contributions by
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others, although (semi-)automated measures to prevent vandalism are prevalent in

many wiki systems. It is like with regular threaded discussion forums that authors

and their contributions are directly identifiable by their usernames on talk pages, in

contrast to what is visible in a wiki article. This kind of rather special discussion fo-

rums can provide a fertile ground for controversies and socio-cognitive conflicts to

occur, either between discussants with heterogeneous knowledge and opposing ar-

guments, or between a reader’s observations of controversial discussions and their

own contradictory prior knowledge and viewpoints. Wikis such as Wikipedia or

Wikiversity give a common and widespread opportunity to share user generated

content that emerges from collaborative writing processes. These contents are either

available publicly over the Internet or within closed networks such as universities

that supply wikis for study coursework or learning groups. Prevailing cognitive

theories of writing and knowledge construction of socially shared artefacts help to

identify, understand and effectively use individually different prerequisites of wiki

users. Researchers and instructors should consider several individual differences

before writers can be enabled to effectively collaborate with others in a collabora-

tive knowledge construction environment, since collaboration just does not simply

occur because of the use of a collaborative environment (Notari et al., 2016).

A potential measure to create an added benefit for wiki users is making individ-

ual wiki readers and editors aware of controversial perspectives within discussed

topics that have differing statuses of resolution. This will be addressed in this thesis

in Experiment 1 that will be presented and discussed in Chapter 2. There, an experi-

mental study with university students is presented that investigates potential guid-

ance effects of visual controversy awareness support on discussion threads and anal-

yses of underlying learning mechanisms from an individual learner’s perspective.

If taking Wikipedia as a prime example, over its entire system space an extremely
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high number of discussions about corresponding articles exists (Wikipedia, 2017c).

It has more than 5.4 million articles in the English language version alone, with high-

quality articles that were generated in a relatively brief period compared to tradi-

tional encyclopaedias (Wikipedia, 2017c). For instance, the WikiMedia Foundation

implemented a system of community-based quality reviews in Wikipedia, such as

assigning the label “featured content” to excellent articles (Wikipedia, 2017b). How-

ever, this label reflects exclusively the overall quality of collaboratively constructed

user-generated content. It does not refer to the quality of an individual contribu-

tion to an article or the related discussion that took place in the background of an

article, nor does it reflect the expertise or credibility of an author. In Chapter 3 Ex-

periment 2 will be discussed which addresses potential effects of including social

recommendation information about wiki authors on talk page discussions. Despite

the common and wide dissemination of computer-supported collaborative learning

(CSCL) environments such as wikis, the effective and meaningful use of them can

still be quite challenging for learners (Zheng, Niiya, & Warschauer, 2015). Some

of these challenges for collaboration with wikis can be the abundance of options

and unfamiliar structure. That can make added guidance crucial, because unguided

collaboration does not automatically result in learning benefits for users of such

systems (Dillenbourg, 2002). Thus, one way of supporting individuals in computer-

based collaborative learning environments are explicit instructions to organise their

interactions (Bromme, Hesse, & Spada, 2005). Instructional scaffolding as added

guidance is often needed, so that the full potentials of collaborative learning can

be exploited. Without such guidance, the full potential of wikis with its multiple

layers may not be used, and they are only used as environments for collaborative

article production and development without deeper elaborations (Biasutti, 2017). To
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analyse which type of explicit guidance is most beneficial for learners in wiki envi-

ronments, two experimental studies will be discussed in Chapter 4 where students

had to collaboratively construct knowledge artefacts either in dyads (Experiment 3)

or in larger groups (Experiment 4).

Although wikis in academia are nowadays widely acceptance, their effective-

ness and efficiency for collaborative learning activities are inconclusive due to am-

biguous results. Research on wikis has proposed added scaffolding measures to be

incorporated in wikis to improve the overall quality of writing and coordination

processes (Papadopoulos, Demetriadis, & Weinberger, 2013; Wichmann & Rummel,

2013). Socio-technical environments like wikis offer many opportunities to discuss

any article’s contents on their corresponding talk pages. Essential to the co-creation

of user-generated content are processes of internalizing and externalizing knowl-

edge from an individual into the wiki or vice versa (Cress & Kimmerle, 2008). Within

these processes lay potentials for emerging controversies between collaborators that

are grounded on different opinions or contradictory knowledge. These controver-

sies can induce socio-cognitive conflicts that trigger individual equilibration and

elaboration processes which can be beneficial for learning (Mugny & Doise, 1978).

In earlier research, essentially two types of scaffolds have been successfully eval-

uated both focusing on potential benefits for talk pages: (1) visual representations

as implicit guidance (Heimbuch & Bodemer, 2014, 2017), (2) collaboration scripts as

explicit guidance (Heimbuch & Bodemer, 2015a; Heimbuch et al., 2014). The for-

mer is meant as a minimal invasive modification to make controversial discussions

and their concurrent state more salient by adding visual highlights. Whereas the

latter is proposed to be an alternative to Wikipedia’s Be Bold principle and aims at

fostering deeper elaboration processes by encouraging discussions prior to the ex-

ternalization of knowledge into a wiki. Both types of proposed scaffolds for wikis
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aim at focusing readers and editors towards relevant contents on discussion pages

and by extension provide guidance for content creation and knowledge construc-

tion processes. The present study compares participants’ adoption of both types of

guidance support in two experimental wiki-based learning environments and anal-

yses the individual effects on wiki-related activities. In this thesis, potential benefits

will be discussed when added guidance is supplied to users of wiki talk pages to

make information about controversial discussion and author expertise salient and

also to guide them into the process of discussing planned article changes. When

dealing with controversies and socio-cognitive conflicts that eventually arise out of

this, it can be crucial to focus on individual differences that address the process-

ing of ambiguity in information. There are indications that the effort a learner is

willing to invest in searching for solutions to a problem can be influenced by the

individual’s Need for Cognitive Closure. This cognitive construct stands for a mo-

tivational continuum between the need to get a clear answer in an ambiguous sit-

uation and the avoidance of quick and unambiguous answers. Various empirical

results and discussions illustrate that it can be regarded as a relevant construct in

knowledge creation processes (Webster & Kruglanski, 1994; Heimbuch & Bodemer,

2015b). Although there are close ties between the Need for Cognitive Closure and

inter-individual differences in learning and knowledge construction, there are only

few studies in technology-enhanced learning to address this construct. The inter-

action of effects between the kind of provided guidance for wiki users with the in-

dividual Need for Cognitive Closure will be discussed with an experimental study

(Experiment 5) in Chapter 5. In the following subsections, the previously in-brief

outlined theories and empirical research will be discussed in more detail.
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1.1 Collaborative content creation in wikis

Wikis are collaborative platforms where everyone can add more additional con-

tent and has also the ability to update or edit already existing content (Richardson,

2006). One of the main objectives of wikis is to share knowledge with a community

without levying larger restrictions at any time. Furthermore, wikis as web-based

tools extensively document any changes made to the environment and thus give

permanently the opportunity for valuable insights into processes of collaborative

knowledge construction (Biasutti & EL-Deghaidy, 2012). However, evidence-led

controversies and their underlying arguments can enable multiple perspectives on

a topic and thus be very beneficial. An interested reader can broaden her or his

own knowledge. As a potential new contributor, a user could also provide new

knowledge and insights into a discourse. Other kind of controversies that are ob-

servable in wiki-environments can be on a formal level about the general structures

of articles or on a social interpersonal level between users (Kittur & Kraut, 2010).

As such, wikis have already been used in various educational settings and have

been integrated in many applications and assignments used for teaching (Bartelsen

& Brauer, 2010). Especially in higher education, they can be implemented in al-

most all kinds of degree course programmes, to facilitate collaborative learning of

new definitions and concepts. In addition to a relatively intuitive operation of the

basic functions trying to simplify collaborative learning and working, the underly-

ing structure and mechanisms of wikis can help with learning processes and social

interactions, thereby offering many opportunities for collaborative knowledge con-

struction. From a constructivist’s perspective, wikis inherently have great potentials

for collaborative learning where people learn best when they designed their learn-

ing material by themselves (Cole, 2009).
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User-generated content in wikis like Wikipedia is mainly generated on two dis-

tinct layers of the environment. Built into the social system’s core foundations, there

is an explicit division between an article page and its corresponding talk page con-

sisting of article-related discussion. Wikipedia talk pages include many exchanges

of opposing controversial evidence and arguments on topics that are often not re-

flected in an article, due to the Wikipedia’s neutral point of view (NPOV) guideline

(Wikipedia, 2016). This guideline makes sure that most content is written neutrally

with no obvious controversies in the main article body. If controversies about a cer-

tain topic exist, NPOV requires that they must be clearly identifiable, e.g. under a

dedicated subheading. As a further very fundamental wiki principle, in most cases

there are no exclusion criteria for participation in any activity related to creating and

changing content. In other words, every user has virtually equal rights in the social

systems. Thus, there is the freedom to edit one’s own created content, a third party’s

content or discuss about uncertainties and give feedback to changes performed by

others (Chen et al., 2015). To date, much wiki-related research has predominantly

investigated the article content quality or effects of direct interventions at the arti-

cle level as the primary layer of wiki interaction (Agasta Adline & Mahalakshmi,

2012; Lucassen & Schraagen, 2011; Reiterer, Stettinger, Jeran, Eixelsberger, & Wun-

dara, 2015; Wichmann & Rummel, 2013). In other related research extensive log

data analyses were performed on directly accessible wiki metrics, such as the arti-

cle revision history with the aim of identifying article editing patterns as indicators

of conflict in controversial topics (Flöck, Laniado, Stadthaus, & Acosta, 2015; Rad

& Barbosa, 2012; Suh, Chi, Pendleton, & Kittur, 2007). Regarding wiki talk pages,

social network analyses of editor inter-relatedness have been performed, mainly fo-

cused on analysing discussants as editors in the article creation process (de Laat,
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Lally, Lipponen, & Simons, 2007; Feldstein, 2011; Matschke, Moskaliuk, & Kim-

merle, 2013; Nurmela, Lehtinen, & Palonen, 2000). Thus, there still seems to be an

evident lack of empirical research on processes that occur in the background of the

article creation, namely within the talk pages as a discussion platform. Therefore,

this work’s focus is set on analysing processes and the deployment of interventions

directly aiming at the talk pages of wiki articles.

1.2 Processes of (collaborative) writing

In general, the composition of a text is not necessarily a straightforward structured

task. The required processes differ depending on the goals, the settings, and the in-

dividual writer as learner and thus, do not follow an invariant order of production

stages. In reference to the Cognitive Process Theory of Writing (Flower & Hayes,

1981), writing is defined as a distinctive set of thinking processes. These are organ-

ised hierarchically and can be embedded within any other process (cf. Figure 1.1).

As an example, the goal-setting of a writing task can be redefined multiple times

during all phases of reading, generating, or editing texts and is not exclusively

bound to any specific activity. To successfully achieve one’s individual writing

goals, the writer should activate monitoring processes such as planning what to

write, translating one’s thoughts into written text and reviewing text segments. Sit-

uational and personal conditions influence these three sub-processes of monitoring,

such as the writing task itself, the physical writing environment, individual skills,

and existing prior knowledge related to the writing task.
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Figure 1.1. Cognitive process model of writing. Adapted from Flower and Hayes (1981)

An individual’s writing expertise is closely related to the challenges one might

face in a collaborative writing scenario. Wikis seem to be an ideal platform for re-

search in this area, because they were specifically designed for collaborative knowl-

edge construction that is theoretically supported by an unlimited number of indi-

viduals. Text production and furthermore the revision of a socially shared artefact

can be a challenging task, especially when building and constructing new knowl-

edge within a collaborative setting. Beyond individual strategies and skills for ef-

fectively organising one’s own writing, operating environments for collaborative

writing should provide basic requirements. These include the optional set up of

individual roles (e.g. author, editor, or proof-reader) and activity spaces to enable

monitoring processes on a group level (Posner & Baecker, 1992).
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Research in this area has shown that coordination processes in collaborative writ-

ing settings especially are crucial for the quality of the resulting shared knowledge

artefacts (Erkens, Jaspers, Prangsma, & Kanselaar, 2005). To help with some cogni-

tive processes of writing, most wikis provide substantial functionalities for monitor-

ing the writing processes, such as revision support for text segments. A very basic,

but even until today essential revision technique for monitoring, has been imple-

mented in most popular wiki software (e.g. MediaWiki). This technique provides

direct side-by-side comparisons of two text versions in a revision history. Reviewing

text segments is one of the key monitoring processes in a collaborative writing envi-

ronment. This includes the revision of one’s own text segments as well as reviewing

the externalisations of others’ contributions to the system. For collaborative writ-

ing tasks, Scardamalia and Bereiter (1983, 1985) suggested a self-regulated revision

model. Authors’ main activities are to compare, diagnose and operate (CDO). They

apply these activities to a written text on a sentence by sentence basis in a recursive

cycle. The application of CDO proposes to compare two text representations: the

already written version with a planned revision. This comparison is like the imple-

mentations of side-by-side comparisons in revision histories that can be found in

most wikis.

Several studies showed that the usage of CDO resulted in more revisions than

intended and that higher quality text passages have been produced (De La Paz,

Swanson, & Graham, 1998; Graham, 1997) (Scardamalia & Bereiter, 1983, 1986). The

overall quality of the whole revised texts for CDO users was only higher in a few

studies (De La Paz et al., 1998). Other studies did not find measurable differences in

any direction for the resulting overall text quality while using CDO (Alamargot &

Chanquoy, 2001). Accordingly, CDO is not necessarily considered a distinct family

of theories by itself, but rather as an explicitly scripted procedure for text revision
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performed by an individual in a collaborative setting. Because of the partly contra-

dictory evidence that research gathered for writing outcomes in collaborative tasks,

there seemed to be a further need to analyse measures for individual contributors

in collaborative environments that can also be used for learning purposes.

1.3 Knowledge building and wikis

In its origin, knowledge building was defined as the creation of knowledge as a so-

cial product (Scardamalia & Bereiter, 1994). This original definition suits perfectly

well to the idea of collaborative generation of socially shared artefacts within wikis.

A significant amount of research has been done on how individual learning and

knowledge construction processes can be backed by computer-supported collabora-

tive environments like online discussion forums, blogs or wikis (Ioannou, Brown, &

Artino, 2015; Lai & Ng, 2011; Mayordomo & Onrubia, 2015). Scardamalia and Bere-

iter (2003) explicitly distinguished processes of knowledge construction from indi-

vidual learning. In this earlier tradition of learning and instruction with computers,

learning was defined as an internal and unobservable individual process. In contrast

to that, knowledge construction was clearly delimited and encompassed the cre-

ation or modification of public knowledge, but without the aspects of collaborative

interactions. Dillenbourg, Järvelä, and Fischer (2009) considered social interactions

as the essence of cognitions in computer-supported collaborative learning environ-

ments, because the creation or construction of knowledge can be regarded as a social

product (Vygotsky, 1986). These interactions have been further used to advocate the

restructuring of education in the sense of shared problem-solving (Scardamalia &

Bereiter, 1994). Wikis are representatives of a collaborative platform type that offers

many potentials for shared problem-solving and thus, they have been widely used
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in various educational contexts (Notari et al., 2016). They enable people from all

over the world to relatively simple content creation and editing without the need

for major programming skills (Chen et al., 2015). Moreover, they allow a theoreti-

cally unlimited number of authors and editors to build up a corpus of knowledge in

a set of interlinked web pages (Franklin & Harmelen, 2007). Nowadays, it is easily

possible to measure patterns of mutual influences between individuals and socio-

technical systems for knowledge construction.

1.4 The co-evolution of knowledge

Cress and Kimmerle (2008) extended the original ideas of knowledge construction

(or knowledge building as sometimes used interchangeably) with a social compo-

nent, grounded in a combination of Piaget’s theory of equilibration (Piaget, 1977a,

1977b) and the systemic approach by Luhmann (1984, 1997) where society is de-

scribed as a comprehensive social system that includes all other social systems. The

focus is on a cognitive and social system as well as their mutual influence. The re-

sulting theory of co-evolution describes and explains the interacting processes of

an individual’s cognitive system (e.g. author or editor) with a socio-technical sys-

tem (e.g. wikis), both interacting with each other by processes of internalisation

and externalisation of knowledge into one or the other system through processes of

accommodation and assimilation. These equilibration processes are fundamental to

the co-construction of socially shared artefacts which are prevalent in socio-technical

systems such as wikis. Piaget (1977b identified in his constructivist approach that

a disturbance of the cognitive balance is a prerequisite for the construction of new

knowledge.
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Concretely speaking, in the context of knowledge construction with wikis as

computer-supported collaborative learning environments, an imbalance can be re-

solved by internalising information from the social system into one’s own knowl-

edge or by externalising knowledge from one’s personal expertise into the wiki.

Another possibility of resolving an imbalance would be the restructuring of in-

formation in the wiki or restructuring one’s individual schemata. These processes

match to Piaget’s (1977b) assimilation and accommodation processes to restore an

equilibrium that was disturbed by a socio-cognitive conflict. Within these processes

lay potentials for controversies to arise between two or more collaborating indi-

viduals. Different collaborative learning scenarios often set the focus on conflicts

arising from the clash of different perspectives or differences in prior knowledge

of learners, because in these conflicts lay potentials to create interest and maintain

motivation (Isaacs & Clark, 1987; Johnson, Johnson, & Smith, 2000). Some recent re-

search that has been conducted on confirming the theorised co-evolution processes

has shown promising results by analysing learning outcomes on individual and col-

laborative levels in wiki-based environments. There have been positive effects on

processes of collaborative knowledge co-evolution and individual learning regard-

ing the occurrences of incongruities between different information sources (Kim-

merle, Moskaliuk, & Cress, 2011; Moskaliuk, Kimmerle, & Cress, 2009). Beyond

that, there were positive effects between internal and external accommodation and

assimilation processes (Kump, Moskaliuk, Dennerlein, & Ley, 2013; Moskaliuk et

al., 2009), and also confirmatory results on the polarity of information and redun-

dancy of prior knowledge (Moskaliuk, Kimmerle, & Cress, 2012). These studies

give supportive evidence for the co-evolution of knowledge processes in wiki-based

learning.
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To be more precise, they have specifically addressed the construction of knowl-

edge artefacts on the article level of wikis and not explicitly on the level of talk

page discussions where users directly share their arguments with each other on a

subject matter. Based on different opinions and contradictory or complementary

knowledge, controversies between individuals can be further used constructively

to promote learning outcomes (Johnson & Johnson, 1985; Lowry & Johnson, 1981).

They can trigger deliberation processes to reach a temporary consensus and further-

more lead to the acquisition of new knowledge or broadening and restructuring of

already existing knowledge. Such deliberation processes can finally lead to socio-

cognitive conflicts that induce a reorganisation and restructuring of cognitions and

ultimately manifests in a learning growth for the individual (Bell, Grossen, & Perret-

Clermont, 1985; Bell, 2004). In most of the earlier research settings, the emergence of

socio-cognitive conflicts between the individual’s internal prior knowledge and the

externalised knowledge in the wiki played an important key role (Kimmerle et al.,

2011; Kump et al., 2013; Matschke et al., 2013; Moskaliuk et al., 2009; Moskaliuk

et al., 2012; Papadopoulos et al., 2013; Wichmann & Rummel, 2013; Zheng et al.,

2015). But research so far has not systematically provided support for individuals

when they experience these conflicts. So far, research has neglected processes of

individual information-seeking and selection behaviour on the layer of wiki discus-

sion pages and their potentials for arising conflicts. In the following section, a closer

examination on the significance of socio-cognitive conflicts and their relevance for

learning and knowledge construction will be provided.



17

1.5 Socio-cognitive conflicts

Conflicts between existing knowledge in cognitive systems of individuals and so-

cial systems like wikis do not need to have a negative impact on a learner. Quite

the contrary, it is often the case that the confrontation with opposing information

and further elaboration can lead to conducive learning processes and desirable out-

comes. Such conflicts emerge when a person’s cognitive schemes contradict either

another perspective or knowledge base and as a consequence lead to reorganisation

and restructuring of cognitive processes, if consensus building is requested or re-

quired (Bell et al., 1985). These socio-cognitive conflicts are also of particular signifi-

cance for the field of computer-supported collaborative learning because collaborat-

ing in a group can lead to higher cognitive achievements compared to an individual

working alone (Doise, Mugny, & Perret-Clermont, 1975). Conflicting knowledge

bases of group members can act as a motivational driving force for equilibration

processes in wiki-based environments or similar collaborative writing settings. It is

most beneficial and meaningful for learners when socio-cognitive conflicts emerge

out of content-related discussions that are mainly led by evidence and based on

contradictory information or controversial positions. Learning benefits on the in-

dividual and group level can be evoked by encouraging learners to constructively

discuss controversies (Lowry & Johnson, 1981). Furthermore, controversial opin-

ions and points of view have the potential to direct the focus of attention and foster

interests (Johnson, Johnson, & Tjosvold, 2000) and can lead to longer-term learning

successes by forming and presenting newly acquired lines of argumentation (Doise

et al., 1975; Mugny & Doise, 1978). Even if the learner is provided with incorrect

information that causes a socio-cognitive conflict, restructuring and reassessing pro-

cesses can still be triggered and thus lead to the attainment of higher cognitive levels

(Bell et al., 1985).
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Promoting the opportunities of taking another perspective to discussants while

contributing to meaningful discussions can foster elaboration processes and trig-

ger situational Epistemic Curiosity (Weinberger, 2003; Weinberger, Ertl, Fischer, &

Mandl, 2005). Beyond content-related controversies that are mainly covered in this

thesis, predominantly structural or socio-emotional controversies can also be iden-

tified in social systems like on-line discussion forums or blogs (Bodemer, Gaiser, &

Hesse, 2011; Janssen & Bodemer, 2013). On existing wiki talk pages, a bandwidth

of different conflict types can be found, ranging from socio-emotionally driven dis-

putes to significant evidence-led discussions which comprise hidden potential for

knowledge construction processes. Highlighting the latter kind of controversies in

wiki’s underlying discussion threads might guide interested individuals towards es-

sential learning processes based on socio-cognitive conflicts. It is important to note

that socio-cognitive conflicts by means of the co-evolution of knowledge model do

not inevitably require that individuals must be involved in constant interaction with

each other (Cress & Kimmerle, 2008; Heimbuch & Bodemer, 2017). Even simple in-

teractions of an individual’s cognitive system with pre-existing contents in a social

system that others have generated in a socially shared manner are socio-cognitive

in this model (Figure 1.2). This kind of socio-cognitive conflict becomes especially

clear in asynchronous systems such as wikis where no contributor has a guaran-

tee to receive direct or indirect feedback by others within a narrow time frame or

even at all. Due to the large information mass that can be present on established

wiki talk pages, it is also evident that users can easily be overwhelmed and might

be unable to assess a source’s quality that is involved in a controversy or causing

a socio-cognitive conflict. Consequently, wiki users might feel the need for help to

find out what a reliable information source could be.
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Figure 1.2. Schematic representation of the occurrence of a socio-cognitive conflict, in line
with the co-evolution model. An individual with prior knowledge about Evi-
dence A perceives a controversy between discussants in the social system with
arguments for Evidence A and Evidence B. The reception of Evidence B in the
social system conflicts with the individual’s prior knowledge about Evidence A.

1.6 Need for help in wiki-based learning

Seeking help in Web 2.0 environments like Wikipedia is not exclusively bound to a

social level; it can also take place on the level of information. A potentially helpful

source in this case can be either the information itself or a contributor who provides

information (Makara & Karabenick, 2013; Sundar, 2008). When a user assesses in-

formation within talk page contributions, they might also assess the information

provider, namely the author. Makara and Karabenick (2013) presented a model of a

help-seeking process within technology-enhanced learning environments that make

use of forums, blogs, or wikis. The framework encompasses seven steps in this pro-

cess (cf. Figure 1.3), which in full detail are beyond the scope of this thesis.
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Figure 1.3. Framework of the help-seeking process, adapted from Makara and Karabenick
(2013). The stages highlighted in bold represent starting points of guidance mea-
sures for wikis as discussed in Experiments 1 and 2 of this thesis (cf. Chapter 2
and 3, respectively).

Research on wiki-based environments that will be later covered in this thesis (cf.

studies described in Chapter 2 and 3) can be linked to this framework because they

addressed the first two initial steps in the help-seeking framework, i.e. 1) Deter-

mine that a problem exists and 2) Determine that help is needed, by implementing

representations that aid learners by focusing them on relevant discussions that con-

tain various content-related controversies (Heimbuch & Bodemer, 2017). In another

study, subsequent steps in the help-seeking process were addressed regarding the

identification of a reliable information source: 5) Decide whom to ask and 6) Solicit

help (cf. Chapter 5). If a user of a wiki has already determined that help is needed

(“I want to know more about XY, but I’m feeling lost in all these discussions.”) and

decided that help shall be sought, one of the subsequent steps in the help-seeking

process is a source evaluation of whom to ask and potentially approach for solicit-

ing help. ‘Whom’ can relate to either the provided information or the provider of

an information. According to the help-seeking model of Makara and Karabenick

(2013), users of technology-supported sources often use expectancy-value heuristics

for assessing source quality. A user reviewing a wiki discussion could derive the

value of an author through an assessment of the quality of the author’s individual

discussion contributions.
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In this assessment process, this user might have expectations of a source (author)

about how receptive the author would be to requests for help or about the author’s

community-standing as a discussant. community-standing can be regarded as an in-

direct measure of the availability of a possible expert in a specific domain, following

the idea that an author who is highly involved in the community is more likely to re-

ply to individual on-demand requests (Aleven, Stahl, Schworm, Fischer, & Wallace,

2003; Chang & Chuang, 2011). Users as wiki group members seek information on

what is known by others for developing awareness of who knows what (Noroozi,

Biemans, Weinberger, Mulder, & Chizari, 2013). To support the establishment of

such awareness and share the cognitive labour of for example working on an arti-

cle, trust and credibility in what is externalised by others becomes important (Lewis,

2003). During this process, it is necessary to assess whose replies and contributions

are credible and thus valuable for the user and maybe for the rest of the wiki group

as well. Consistently, the conceptualisation of a source’s credibility encompasses

at least the two key dimensions of trustworthiness and perceived expertise (Berlo,

Lemert, & Mertz, 1969; Giffin, 1967; Hovland, Janis, & Kelley, 1953; McCroskey &

Teven, 1999; Whitehead, 1968). It has been argued that the execution of heuristics,

such as the aforementioned expectancy-value heuristic, is preceded and cued by a

subset of affordances which are also relevant for Web 2.0 environments (Makara &

Karabenick, 2013). Sundar (2008) has identified several affordances which he sub-

sumed as modality, agency, interactivity and navigability (MAIN). The assignment

of a specific modality can cue novelty heuristics for visual representations of infor-

mation via the perceptual bandwidth, which can be trigged for example through

textual, visual, aural or audiovisual modalities (Sundar, 2008). In web contexts, the

predominant modalities are text and pictures that are each assigned various levels of

credibility, because they vary in degrees of their potentials for noise and deception.
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Computer-based media sometimes challenge their users with uncertainty about

who or what the true source of information really is. Thus, the agency affordance

comes into play as it is connected to credibility considerations around the informa-

tion source, which can be the content itself, the author as the content creator or the

organisation providing the environment. Assigning agency can cue heuristics like

bandwagon as a form of social recommendation via measures of collaborative filter-

ing (Buder, Schwind, Rudat, & Bodemer, 2015; Metzger, Flanagin, & Medders, 2010;

Winter & Krämer, 2014). In this MAIN model, each component is cueing a number

of different additional heuristics via distinct mechanisms that enable quality evalua-

tions before meaningful judgements of a source’s value can be assessed. Since one of

the research foci of this PhD thesis about wikis lays on the talk page discussions and

on the authors of individual discussion contributions, on specific focus was set on

the affordances of modality, which is tied to the structure of the medium and agency,

which makes the assignment of source in digital media possible. Although interac-

tivity and navigability affordances can be considered as equally relevant, they are

beyond the scope of this thesis, which explicitly addressed modality and agency on

wiki talk pages to support the assessment of information source quality regarding

author credibility and expertise.

1.6.1 Helping to judge an information source

Wikis enable users to perform very influential and drastic changes to the whole

environment and its community-generated shared artefacts (Kimmerle, Moskaliuk,

Oeberst, & Cress, 2015). Controversial discussions can be used as an extended or

supplemental knowledge base to the original article they are related to, but it can

be a Sisyphean task to filter what is a good and relevant contribution for oneself,

due to the ever-growing base of discussion threads and replies. Therefore, it seems
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crucially important that contributors’ expertise be easily recognisable for new users.

Similarly, contributors’ credibility as seen by the wiki community should be visi-

ble. Yet, there are no indications of an author’s expertise in a certain domain or

general expertise represented in wikis. This can become especially relevant if users

perceive controversies that are of potential interest for them and want to assess the

arguments of one or all the parties involved in the discussion. The lack of effective

guidance probably leads a considerable number of users to the decision of leav-

ing the discussion or even the wiki, because they get frustrated with the environ-

ment and therefore do not learn or contribute anything new (Capdeferro & Romero,

2012). Wikis are social media platforms with a distinct focus on creating and pre-

serving knowledge, but there are virtually no social components prevalent except

for showing user names in discussions and revisions and the possibility to maintain

an individual user page. There are no further affordances included in the system

to easily assess individual contributions to socially shared artefacts (Notari et al.,

2016). The establishment of mutual trust through credibility based on expertise can

lead to externalisation of specialised knowledge (Zheng, 2012). It can further enable

users to engage in deeper elaborations on materials and as well challenge the opin-

ions of others (Edmondson, 1999). Such challenges of established schemata can be

desirable for constructive controversies to occur that might induce socio-cognitive

conflicts (Mugny, Butera, Sanchez-Mazas, & Perez, 1995). It is often useful or even

necessary to filter down to what could be most valuable and thus to reduce the com-

plexity of information that computer-based media offer. A valuable addition for not

getting lost in the bulky information space of wiki talks is to generate easily un-

derstandable visualisations based on collaborative filtering mechanisms (Bobadilla,

Serradilla, & Hernando, 2009; Konstan & Riedl, 2003).
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Research has shown that media users prefer low level strategies of finding “best

fits” over high level strategies for the assessment of source credibility, meaning they

often prefer quick and easy solutions over more complex processes of weighing

and comparing (Cheng, Liang, & Tsai, 2013; Flanagin & Metzger, 2000; Lucassen

& Schraagen, 2012). In online media sources, another low level and very effective

filtering strategy is the implementation of social recommendation representations

(e.g., star ratings for product quality) (Winter & Krämer, 2014). While blogs repre-

sent a form of user-generated and participatory websites, they largely differ from

wikis in the kind of content creation. In a blog, a single author writes an article

that others can comment on, while in wikis all content like articles and related dis-

cussions is collaboratively created. An addition of visual support to increase the

salience of users who are experts in a controversial discussion could help the pro-

cessing of one’s own socio-cognitive conflicts and furthermore support the resolu-

tion of a continuing controversy in the form of a consensus. Such supplemental

information could be very valuable for new and inexperienced users since most

wiki contributors are often not experts in the field they are reading and writing

about (Notari et al., 2016). For user-generated content sites like blogs, research sug-

gests that social recommendations can predict which source would be read first and

followed further. Users’ subjective assessments suggested that social recommenda-

tion cues did not guide their source selection preferences (Winter, Metzger, & Flana-

gin, 2016). In contrast to that, objective log data showed that highly recommended

sources are selected earlier, more frequently and read more intensively. These find-

ings consistently suggest that media users are not willing to invest much time and

resources for the validity of an information or source in terms of credibility, trust-

worthiness, and expertise.
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Over-reliance in trust and credibility without effective use of expertise informa-

tion can be counterproductive for members of a community (Zheng, 2012). This

is possible to occur when users are not able to accurately understand the level of

expertise of an individual contributor. In other related research on wiki talk page

discussions, the focus lay on analyses of direct and indirect effects of minimal obtru-

sive representations on learning outcomes and on the quality of wiki contributions.

This research showed promising positive results of representations tacitly guiding

users towards relevant discussions on a subject matter (Heimbuch & Bodemer, 2017;

Trocky & Buckley, 2016). Building on this line of research, interest arose in explor-

ing further variables that are directly related to processes of selecting an appropriate

source and thus are related to further processes of knowledge construction in wikis.

Specifically, the influencing potentials of the Need for Cognitive Closure (Webster

& Kruglanski, 1994) seemed to be an obvious choice for further research. This con-

struct is closely related to information seeking and its processing and above all how

individuals deal with ambiguities, which are prevalent in typical controversial dis-

cussions. People who score high on the Need for Cognitive Closure spectrum tend

to base their decisions on heuristics, while low Need for Cognitive Closure individ-

uals prefer more information in situations of uncertainty (Dreu, Koole, & Oldersma,

1999; Schlink, 2009). The relevance of such heuristics becomes especially important

because of the previously discussed processes in the help-seeking framework and

MAIN model which both describe the prevalence and reliance of certain heuris-

tics when assessing the credibility of information sources. The immediate effects

of additional information about authors’ expertise and credibility are described in

an experimental study that will be presented in Chapter 3. For this experimental

study, visualisations of domain-specific expertise were created as a ranking number

embedded in a badge and community-standing of a contributor was visualised as
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an approval count. There was specific interest in several aspects of how wiki users

perceive and subjectively rate presented controversial discussions and the added

information itself. Both types of supplemental information use the text and picture

modalities that are predominant on web sites, and they were aimed at assigning

agency to the community of wiki users with the potential of cueing heuristics that

are likely to be processed otherwise depending on individual differences.

1.6.2 Influences of individual differences

Besides the individual levels of experience with a subject matter it has been dis-

cussed that individual prerequisites and differences in personal and cognitive vari-

ables should be considered in supporting and analysing learning processes (Heim-

buch & Bodemer, 2017, 2015b). This subsection focuses on individual key variables

that can be very relevant for collaborative learning processes. Because of the versa-

tility of an individual’s preferences to learning and knowledge construction, it can

also be expected that specific key cognitive variables influence how learners handle

controversies in discussions grounded on opposing evidences. The first construct of

interest in this regard has already been mentioned in previous sections, (1) namely

the Need for Cognitive Closure. This construct and its meaning for the research pre-

sented in this thesis will be further elaborated. Furthermore, three other individual

variables of relevance will be discussed in the following: (2) Epistemic Curiosity

which is also closely tied to the Need for Cognitive Closure, (3) intrinsic motiva-

tion, and (4) the prevalence and use of metacognitive strategies. They all are closely

related to the individual processing of new knowledge artefacts and dealing with

ambiguous situations in learning scenarios.
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Need for Cognitive Closure. While socio-cognitive conflicts prompt equilibration

processes in accordance with the co-evolution model, there is little to no indication

of a direction or the intensity of knowledge construction or other cognitive advance-

ments. In terms of the theory of lay epistemology, knowledge emerges by generating

hypotheses that are tested deductively (Kruglanski & Freund, 1983). Under specific

circumstances people tend to freeze (i.e. epistemic freezing) their hypotheses and

do not participate in further testing if they cannot generate plausible alternative hy-

potheses or if they do not find any evidence to the contrary. Transferred to processes

of knowledge construction and learning, the effort a learner is willing to invest in

searching for solutions to a problem during a learning process has been indicated to

be influenced by the individual Need for Cognitive Closure. This cognitive variable

represents a motivational continuum between the need to acquire a clear answer

in an ambiguous situation and the avoidance of simple and unambiguous answers.

Various empirical results and discussions of the construct illustrate that the Need

for Cognitive Closure can be regarded as a relevant construct in knowledge cre-

ation processes (Webster & Kruglanski, 1994; Heimbuch & Bodemer, 2017). The

motivation to generate new alternative hypotheses depends on the need for struc-

ture, fear of invalidity and need for specific conclusions (Kruglanski & Freund, 1983;

Kruglanski & Mayseless, 1987). These motivational determinants have been sum-

marised under the overarching construct Need for Cognitive Closure that can either

be measured as a personality variable or induced in a specific situation (Kruglanski

& Webster, 1996; Webster & Kruglanski, 1994). The individual’s Need for Cognitive

Closure is best described as an epistemic motivation with regard to the processing

and judging information or as a striving for definite and quick answers to a problem

and the avoidance of ambiguity (Kruglanski & Webster, 1996).
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The situational Need for Cognitive Closure rises under circumstances when pre-

dictability or immediate action play an important role and when deeper process-

ing and elaboration of information is required and thus associated with an increase

in cognitive load (Kruglanski & Webster, 1996; Webster & Kruglanski, 1994). The

latter can be the case if a person experiences a task as monotonous and fatiguing.

Such mental fatigue (Webster, Richter, & Kruglanski, 1996) favours a higher Need

for Cognitive Closure induced by the situation. These effects get weaker if a per-

son must justify the results and therefore has a higher fear of invalidity. A high

dispositional Need for Cognitive Closure is closely related to a reduction in the in-

ternal hypotheses building process (Kruglanski & Mayseless, 1987; Kruglanski &

Webster, 1996). Persons with a high Need for Cognitive Closure experience ambigu-

ity as unpleasant and tend to be more reluctant in accepting additional information

that is inconsistent to their current state of knowledge. These persons are gener-

ally more susceptible to cognitive biases such as primacy effects, stereotypes and

anchoring heuristics (Dijksterhuis, van Knippenberg, Kruglanski, & Schaper, 1996;

Dreu et al., 1999; Ford & Kruglanski, 1995; Kruglanski & Webster, 1996), generate

fewer hypotheses and come to final judgements on the basis of easily accessible

information and pre-existing knowledge constructs (Ford & Kruglanski, 1995; Web-

ster et al., 1996). These individuals prefer a definite answer in a judgement situation

(Schlink, 2009). They are more likely to experience the need for reaching cognitive

closure as quickly as possible. Furthermore, it is more relevant to them to maintain

a state of closure as long as possible. Conversely, a low Need for Cognitive Closure

leads to more information seeking in situations of uncertainty and appreciation of

ambiguity (Schlink, 2009). In wiki-based learning, low Need for Cognitive Closure

individuals are more likely to seek purposefully for additional in-depth informa-

tion about a topic in an ambiguous situation. Although this construct is closely tied
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to inter-individual differences in learning and knowledge construction, it has yet

rarely been covered in studies technology-enhanced or computer-supported collab-

orative learning. Therefore, this gap is explicitly addressed in this thesis with two

experimental studies on learning and knowledge construction in wiki-based envi-

ronments supplemented by two distinct kinds of collaboration scripts (cf. Chapter 4)

and another experimental study building upon these studies where the individual

Need for Cognitive Closure plays a key role (cf. Chapter 5).

Epistemic Curiosity. The individual Need for Cognitive Closure can be helpful

to obtain a deeper understanding of how ambiguity is processed during the poten-

tial emergence socio-cognitive conflicts. Beyond that, the individual manifestation

of Epistemic Curiosity may predict information search patterns to further support

even deeper evaluation processes of such conflicts (Berlyne, 1954a). Epistemic Cu-

riosity by itself is not coercively a trait but more likely an actual state. According to

Berlyne (1954b, 1954a), curiosity by itself is a motivational state and is always spe-

cific to finding answers to emerging questions. In these origins, Epistemic Curiosity

essentially encompasses the two dimensions of diversive exploration and specific

curiosity. Specific Epistemic Curiosity is directed towards a defined task or prob-

lem solution that is triggered by a question and can be satisfied by seeking new

information or knowledge artefacts that provide a meaningful answer. In collabora-

tive situations comprising controversies that may induce individual socio-cognitive

conflicts, the level of specific Epistemic Curiosity could predict what kind of infor-

mation a learner would seek to find the best possible solution to a concrete problem.

Persons with a high situational level of Epistemic Curiosity tend to place more im-

portance on the perceived ease of use and enjoyment of a socio-technical system

while searching for new knowledge to solve a problem (Koo & Choi, 2010).
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As a result, Epistemic Curiosity correlates highly positive with a smaller number

of perceived knowledge gaps in individual learners (Litman, Hutchins, & Russon,

2005). In contrast, diversive exploration arises if a person experiences a lack of stim-

ulation or boredom and thus starts seeking any kind of new stimulus material (Lit-

man & Spielberger, 2003). This rather exploratory kind of curiosity arises out of an

information deprivation state and was later termed as D-type curiosity by Litman

(2008) who expanded on the original theories and developed several measurements

of curiosity. Epistemic Curiosity as a construct can be seen as a complement to the

Need for Cognitive Closure where a person with a high need has more likely the

desire for a rather unspecific answer in order to reduce confusion and ambiguity

(Kruglanski, 1990). Both personality variables can be regarded as intentional states

that trigger cognitive processes. Furthermore, they can initiate actions that can be

relevant for learning in general and more specific when persons are collaboratively

participating in knowledge construction with wikis, where controversies and cog-

nitive conflicts are very likely to occur due to its specific structures.

Intrinsic Motivation. The attention of learners can be directed in such a way that

it focuses on the stimuli that promote learning, for example by arousing the curios-

ity in them to discover new knowledge (Berlyne, 1954a) and to actively participate

in shaping it (Scardamalia und Bereiter, 2006). The relevance of a learning task is

determined by the subject matter as perceived by learners. It should be promoted

by concentrating on learning processes rather than results, so that learners are given

the opportunity to learn aspects of knowledge interesting for future tasks together

with others and to take responsibility for their own goals and those of others (Keller,

1987a, 1987b).
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Accordingly, certainty of success contributes to perseverance and learning suc-

cess and can be promoted by teachers by removing the fear of possible failure from

the learner. The learning requirements should be clearly presented by the instructor

and realistically expected by the learner so that the learner feels that he or she has

control over the learning progress and success. Satisfaction with learning outcomes

should be encouraged by stimulating intrinsic rewards through positive feedback

and encouraging the use of newly acquired skills, so that learners do not feel they are

learning and being rewarded for extrinsic, uncontrollable reasons, but feel joy and

pride when they have solved a problem (von Glasersfeld, 1992). To make use of the

potentials collaborative learning offers, collaboration should meet some individual

requirements of learners, including motivational processes. Effective learning de-

pends on intrinsic motivation. According to the theory of self-determination by Deci

(1992), this kind of motivation is high when collaborative tasks meet the optimal

challenges. Furthermore, positive feedback can increase the feeling of competence

and self-determination and thus also the intrinsic motivation. Rewards and com-

petitive thinking can also motivate behaviour, but this motivation is called extrin-

sic. Within the theory’s framework, the need for competence and self-determination

were identified as fundamental prerequisites for intrinsic motivation. Perceived

competence, social affiliation and autonomy in the execution of actions can lead

to the feeling of self-confidence and effectiveness. Consequently, behaviour is likely

to be internalised and thus becoming a part of the person. Too much control inhibits

the perceived sense of autonomy and thus also the motivation (Deci & Ryan, 1985;

Deci & Ryan, 2003). Working with wikis requires great initiative and individual

activity and therefore a high level of self-motivation.
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In recent research on learning and knowledge construction, motivational differ-

ences were discussed as interesting latent construct for different learning scenar-

ios. Results were insofar regardless of the settings whether research was conducted

in face-to-face classrooms or computer-supported collaborative learning situations

(Leppink, 2010; Leppink, van Gog, Paas, & Sweller, 2015). Learner actions that are

motivated intrinsically can be a key to effective learning (Deci & Ryan, 1985; Naka-

mura & Csikszentmihalyi, 2014). Intrinsically motivated persons frequently feel the

need to be socially connected to a community while maintaining high levels of per-

sonal autonomy and self-determination (Deci, 1992). This does not necessarily mean

that intrinsic motivation can only be experienced in isolation, it can also be triggered

by external sources in a formal or informal learning setting (Wilde et al., 2009). In

principle, wikis offer their users open spaces and sufficient leeway regarding self-

chosen thematic foci for intrinsically motivated learning. This in turn requires con-

sistent willingness to show individual initiative which can be initially triggered by

the environment itself (Dillenbourg et al., 2009). The opportunities to introduce own

prior knowledge and experiences into such a social system can increase an individ-

ual learner’s motivation. Highly intrinsic motivated learners can be central actors

in meaningful socio-cognitive discourse that can be beneficial for more elaborated

learning (Rienties, Tempelaar, Van den Bossche, Gijselaers, & Segers, 2009). Moti-

vation in group learning activities is an essential component that is still not well

enough covered in research, equally whether analysing individual or collaborative

learning processes (Järvelä, Volet, & Hana Järvenoja, 2010). Therefore, in wiki-based

learning where students have different degrees of freedom depending on the task,

motivational states can be a relevant influencing factor of successful learning.
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Metacognitive strategies. Closely related to motivational states is the concept of

metacognition which can be defined as reflective and regulative knowledge about

the own knowledge (Efklides, 2008; Flavell, 1979; Kuhn, 2000). Metacognition is of-

ten regarded as an individual and conscious process that can also unconsciously op-

erate on a social level during co-regulation in collaborative settings (Efklides, 2008).

It is connected to first-order cognitions by monitoring and control functions. These

metacognitive functions are helpful for self-regulated learning processes, where self-

motivation and the choice of appropriate strategies become relevant (Zimmerman,

2002). Essentially, two distinct levels of metacognitive processes are considered: the

object- and meta-level. Both levels interact and exchange information via moni-

toring and control functions. The meta-level is informed by monitoring processes

with information about cognitive activities on the object-level (cf. Figure 1.4). Con-

trol functions ensure that meta-level orders reach the object-level (Veenman, Van

Hout-Wolters, & Afflerbach, 2006). Besides these levels, metacognition encompasses

three involved facets: metacognitive knowledge, metacognitive experiences, and

metacognitive skills. Metacognitive knowledge includes explanatory knowledge

about tasks, strategies and goals of others or oneself (Flavell, 1974).

Figure 1.4. In this model representation, metacognitions (meta-level) and cognitions (object-
level) are interrelated with each other, sharing information with each other by
means of monitoring and control processes. Figure adapted from Nelson and
Narens (1990).
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Metacognitive experiences contain everything that a person knows and feels

during the execution of a task (Efklides, 2006). Experience makes the state of cogni-

tions conscious and trigger control processes that serve to the goals of self-regulation.

Both metacognitive knowledge and metacognitive experiences are associated with

monitoring functions. In contrast, metacognitive skills represent knowledge of prac-

tical value that is triggered by the other two facets of metacognition. The use of

metacognitive strategies can be crucial for successful learning, although their effec-

tiveness is not absolutely certain (Berthold, Nückles, & Renkl, 2007). Metacogni-

tive processes such as planning, monitoring and evaluating learning processes is

often regarded as time-consuming and painstaking. As a possible consequence, ex-

istent skills are not used effectively despite the availability of metacognitive strate-

gies (Neuenhaus, Nora, 2011). In wikis, where by default at the very most rather

loose guidance measures for any of these aforementioned metacognitive processes

are implemented, learners with less distinct metacognitive strategies might experi-

ence collaboration with wikis as unpleasant and could create reluctance to partic-

ipate (Capdeferro & Romero, 2012). Thus, all the previously portrayed constructs

will be examined as possible influences and determinants to identify the degree of

additional support a learner needs as potential guidance while observing or being

involved in socio-cognitive conflicts during knowledge construction and learning

within wiki environments.
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1.7 Guiding and supporting learners

Using asynchronous collaborative socio-technical environments like wikis for learn-

ing purposes can be a challenging task for its users. Providing learners with media

and letting them freely collaborate does not automatically promote systematic learn-

ing processes and is dependent on an interplay of numerous variables such as the

task itself, characteristics of the group and its individual members or the under-

lying collaboration media (Stahl, 2006). It has been shown that missing objectives

and a lack of structure is problematic for productive interactions and outcomes in a

collaborative setting (Bromme et al., 2005). Thus, guiding structured learning and

communication processes is essential for the effectiveness of computer-supported

collaborative learning settings (Fischer, Kollar, Stegmann, & Wecker, 2013).

1.7.1 Implicit guidance

As previously mentioned regarding the missing of objectives during wiki-based

learning, several supportive interventions have been designed and evaluated with

a primary focus on the writer’s task environment. Examples include the explicit

setting of a deadline or the definition of specific goals for an individual’s writing

task. Such interventions led to a set of extensions and design principles to facilitate

group writing and constructivist learning processes for students in higher education

(Kasemvilas & Olfman, 2009; Zheng et al., 2015). Regarding the issue of missing

structure, socio-cognitive conflicts are in general well suited for triggering individ-

ual elaboration and collaborative discourse, explicitly by suggesting separate roles

and collaboration processes (Kollar, Fischer, & Hesse, 2006; Heimbuch et al., 2014)

or implicitly by providing representational and informational guidance through sig-

nalling measures (Cashen & Leicht, 1970).
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The latter class of support measures are particularly suited to be embedded

within informal information and learning environments as they do not interfere

with self-regulated learning processes (Beers, Boshuizen, Kirschner, & Gijselaers,

2005; Bodemer, 2011; Dillenbourg, 2002). Representational guidance (Suthers, 2001,

2003) impacts processes and task performance in a collaborative environment by

providing salient cues. It was shown that representational guidance can nudge the

discussion of controversial evidence (Suthers, 2001) and can lead to learning out-

comes of higher quality (Janssen, Erkens, Kirschner, & Kanselaar, 2010). Cogni-

tive group awareness tools that were built upon these principles were evaluated to

be beneficial for learning processes and outcomes in various settings (Bodemer &

Dehler, 2011; Janssen & Bodemer, 2013). They guide collaboration behaviours by

providing individuals information on other learners’ knowledge or opinions. Re-

search on cognitive group awareness tools in online discussions with many contro-

versial topics showed that they can highlight high quality arguments and opposing

points of view which both can lead to an improved perception of minority opin-

ions, a higher frequency of conceptual change and better learning outcomes (Buder

& Bodemer, 2008; Buder et al., 2015). Visualising controversies on different points of

view or contradictory evidence can also support the emergence of socio-cognitive

conflicts which then provide the potential of leading to restructuring processes in

one’s own cognitive system as well as within the socio-technical system which is

used for knowledge construction. However, to gain deeper insights of the under-

lying processes in an individual contributor, it should also be considered that indi-

vidual differences in variables relate to the processing of information and dealing

with conflicts (cf. Section 1.6.2). Wiki talk pages can serve as meaningful sources

of additional knowledge that no author or editor has integrated or referenced in an

article.
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With this thesis, the provision of additional support for externalisation and inter-

nalisation processes of conflicting knowledge shall be analysed. It is believed that

enhancing an individual’s focus on most relevant aspects of a conflict before they re-

vise an existing text can foster the externalisation of more relevant information from

the social system into a cognitive system and subsequently result in learning gains

through optimised internalisation (cf. Chapter 2). Furthermore, in Chapter 3 a first

exploration of general effects of visual credibility information added to wiki talk

page discussions will be provided. The general interest was in how additional in-

formation about author’s expertise and community-standing are perceived by users

on several dimensions from a user experience perspective. Both experimental stud-

ies as presented in Chapter 2 and 3 were designed to address various stages in the

help-seeking framework as previously discussed in Section 1.6 and represented in

Figure 1.3.

1.7.2 Explicit guidance

One of the key components to meaningful interactions between participants in col-

laborative settings is that the interaction is clearly aimed at a specified learning goal

or task. Thus, it can be helpful to predefine and provide certain rules or guidelines

for specific tasks, such as creating or updating wiki articles and their correspond-

ing discussion pages (Bromme et al., 2005). This can be rooted in the observation

that persons working collaboratively on the same document often implicitly take

over separate roles, activities and make use of certain strategies that are not nec-

essarily best suited for effective collaboration (Posner & Baecker, 1992). Especially

in high-level collaboration, a certain level of guidance is necessary to exhaust the

full potentials of collaborative learning (Weinberger, Stegmann, Fischer, & Mandl,
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2007). Such guidance can be provided with collaboration scripts where the activ-

ities of individuals in a social system are coordinated and optimised. A script is

a set of instructions specifying the group formation, modes of interaction and task

management between collaborators that can be distinguished by the level of struc-

turing degree (Kollar et al., 2006). Choosing a desired complexity while designing

a script is a trade-off between effective structuring and over-scripting (Dillenbourg,

2002), which needs to be considered by the designer of collaboration scripts. Posi-

tive evidence could also be found for scripts with a special focus on article editing

and revising. This ultimately led to more coherent articles and less inaccurate or

incorrect articles (Wichmann & Rummel, 2013). Evidence of this research suggests

that additional scripts applied to wikis can improve the overall quality of knowl-

edge artefacts and coordination processes of learners. In other related research, it

has also been shown that a certain level of coercion in the implemented collabora-

tion script is required (Papadopoulos et al., 2013). To make use of the potentials

that participatory learning environments provide to different learner types, individ-

ual prerequisites should be considered when designing learning scenarios that are

aimed at collaboration. Very explicit instructions requesting to externalise mental

representations of learned content and actively participate in the revision process

can be beneficial. This is especially true for novice learners who are less famil-

iar with a domain and thus need more guidance than more experienced learners

(Kirschner, Sweller, & Clark, 2006). Large wikis such as Wikipedia have created

inherent proposals for how to create and revise articles. One specific instructional

set has emerged that can be referred to as a script for collaborative writing in wikis.

Wikipedia’s so-called “Be Bold, Revert, Discuss” (BRD) cycle promotes a high fre-

quency of individual article edits without the need of immediate coordination when

changes are about to be made (Wikipedia, 2017a).
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It was mainly incorporated into Wikipedia as a low-barrier workflow for arti-

cle creation with the aim to engage many individual contributors. But it can also

be used as a collaboration script approach for low-level coordination of knowledge

construction processes. The first step in this BRD script shall encourage content cre-

ators to be bold. It means that they are asked to perform an edit to an existing article

or create an entirely new article, if one feels the desire to do so. The second step

“revert” encompasses guidelines on how to deal with one’s edited or newly added

content being revised by other users. The last step of discussing content revisions

suggests that at least three revisions to one’s edits should be accepted before a dis-

cussion should be initiated. These steps are not necessarily designed to be followed

in an invariant order, although flow chart representations as used in Wikipedia and

alike might suggest a specific order of events. The BRD script encourages primarily

a high participation rate without the need for discussion. In the research conducted

as part of this thesis, it is thought to be quite important to set a focus on discussions

since they provide much potential for learners in terms of beneficial socio-cognitive

conflicts. Thus, in this thesis an alternative approach is proposed with a different

script that is more in line with current research findings of the learning sciences.

It was mainly inspired by wiki-based learning experiments that targeted the im-

provement of writing and more effective coordination (Papadopoulos et al., 2013;

Wichmann & Rummel, 2013). With such an alternative approach to Wikipedia’s

BRD proposal, it was aimed to engage participants to discuss any planned article

edits and revisions upfront before changes to a document will be performed, result-

ing in a script called “Discuss, Deliberate, Revise” (DDR). For both scripts, BRD and

DDR, detailed text instructions were provided in mandatory tutorials to participat-

ing learners as part of the experimental studies (Heimbuch et al., 2014).
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In Figure 1.5 the core stages of both collaboration scripts are represented. The vi-

sual script representations were solely used as permanently visible reminders. The

first step in this DDR script suggests editors to take planned article edits first to

the corresponding discussion space. In the following second step the deliberation

process shall be initiated where the community is sought to find a consensus about

the proposed wiki edits. And finally, in the last step after having reached a tempo-

rary consensus the article revision can be performed. Because of these two differing

script approaches of BRD and DDR, the potentials of these two collaboration scripts

that were designed with different objectives in mind were examined in laboratory

and field settings (cf. studies presented as Experiments 3 and 4 in Chapter 4).

Figure 1.5. Representations of the Be Bold, Revert, Discuss (left) and Discuss, Deliberate,
Revise (right) scripts main steps as used in Experiments 3 and 4 (cf. Chapter4) as
a flow chart. In Experiment 5 only the Discuss, Deliberate, Revise was used cf.
Chapter5.
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1.8 General Research Questions

The main research interest within the framework of this thesis was to investigate

the potentials of additional scaffolds in terms of visual controversy awareness in-

formation and collaboration scripts to influence and guide individual processes and

outcomes in wiki-based learning. During the chain of events of externalising and in-

ternalising knowledge from or to either system can induce socio-cognitive conflicts

between prior knowledge in an individual’s cognitive system and the perceived

controversial exchange of opposing evidence in the wiki as social system. Specifi-

cally, the studies aimed at factors that can facilitate individual learning and knowl-

edge construction within social systems like wikis. All studies had in common that

the core independent variable was some variation of additional guidance for wikis.

In the following paragraphs, the numbering of the research questions refers to the

respective subsequent chapters of this thesis describing the experimental studies.

A general model overview of anticipated influences between specific variables and

overarching constructs that were analysed in a series of five experimental studies

that were conducted for this thesis is summed up after the specific paragraphs in

Figure 1.6 at the end of this section.

Controversies and wiki activities. Research on cognitive group awareness tools

has shown potentials in different contexts to foster learning processes and enable

deeper elaboration (Bodemer, 2011; Buder & Bodemer, 2008; Engelmann, Dehler,

Bodemer, & Buder, 2009; Janssen & Bodemer, 2013). Visualisations of information

that target at the representation of conflicting knowledge constellations or opinions

of particular groups in online discussions can guide learners towards new points of

view or to focus on yet unknown facts (Buder & Bodemer, 2008; Buder et al., 2015).

Although previous research on cognitive group awareness has discussed making
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use of controversies in general, this research did not investigate any visualisations

on the occurrence of controversies and the status of resolution yet.

RQ2.1: Thus, specific interest has grown in answering the question: To

what extent does visual controversy awareness information influence

individually relevant learning-related processes in wiki-based envi-

ronments?

Controversies and learning outcomes. Particularly because of the partly contra-

dictory evidence that research gathered for writing outcomes in collaborative tasks,

there seemed to be a further need to analyse supportive measures for individual

contributors in collaborative environments. Possible interventions could be imple-

mented as additional support to already addressed explicit procedures such as CDO

(cf. Section 1.7). Since wikis already provide the essential functionalities for text re-

vision, one aim could be to support wiki writers as learners with a preceding step

that enables them to focus on the most relevant aspects of their writing task. Cues

to what contents are most relevant could allow writers to perform fewer, but more

efficient and effective comparisons, more purposeful diagnoses by emphasising the

specific kind of problem and thus, finally resulting in a better operation manifested

in higher quality texts. Beyond that, when controversies are grounded on evidence

rather than opinions socio-cognitive conflicts about contradictory opinions can be

induced (Johnson, Johnson, & Tjosvold, 2000; Lowry & Johnson, 1981). The occur-

rence of such conflicts and its confrontation can trigger equilibration processes that

can be beneficial for learners (Bell et al., 1985; Mugny & Doise, 1978). First quali-

tative content analyses of the present data showed promising direct effects on the

quality of individual replies as well as indirect effects on the quality of individually

performed article edits (Heimbuch & Bodemer, 2016a).
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RQ2.2: Therefore, one question to investigate arose: To what extent do

learners us visual controversy awareness information on evidence-

led discussion threads to foster quantifiable learning outcomes?

Expertise and Credibility Wikis enable users to perform very influential and dras-

tic changes to the whole environment and its community-generated shared artefacts

(Kimmerle et al., 2015). Controversial discussions can be used as an extended or ad-

ditional knowledge base to the original article they are related to, but it can be a

Sisyphean task to filter what is a good and relevant contribution for oneself, due to

the ever-growing base of discussion threads and replies. Therefore, it seems cru-

cially important that contributors’ expertise be easily recognisable for new users.

Similarly, contributors’ credibility as seen by the wiki community should be visi-

ble. Yet, there are no indications of an author’s expertise in a certain domain or

general expertise represented in wikis. This can become especially relevant if users

perceive controversies that are of potential interest for them and want to assess the

arguments of one or all the parties involved in the discussion. The lack of effective

guidance probably leads them to the decision of leaving the discussion or even the

wiki, because they become frustrated with the environment and therefore do not

learn or contribute anything new (Capdeferro & Romero, 2012).

RQ3.1: Does the implementation of additional author information about

a discussants’ expertise and community-standing aid readers of wiki

discussion threads in their individual assessment processes?

For user-generated content sites like blogs, social recommendations have been

shown to have some inherent potentials to predict which source of information

would be read first and followed further for in-depth investigations. Subjective
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assessments of users of such participatory sites suggested that social recommen-

dation cues would not guide their source selection preferences (Winter et al., 2016).

In contrast to that, the more objective log data, as recorded by the experimental

environments, showed that highly recommended sources are selected earlier, more

frequently and read more intensively. These findings consistently suggest that me-

dia users are not willing to invest much time and resources for the validity of an

information or source in terms of credibility, trustworthiness, and expertise. Over-

reliance in trust and credibility without effective use of expertise information can be

counterproductive for members of a community (Zheng, 2012). This is possible to

occur when users are not able to accurately understand the level of expertise of an

individual contributor.

RQ3.2: How does additional author information about domain-specific

expertise and community-standing influence the information selec-

tion behaviour of users in wiki discussions?

Since this experimental study was originally designed as being a first exploration

of general effects of novel visual additions to wiki talk page discussions, it was as

well of general interest how a new kind of wiki author information that is added to

the talk pages is perceived by users on several dimensions from a user experience

perspective.

RQ3.4: How do users rate the additional author information implemen-

tations about domain-specific expertise and community-standing in

terms of their personal user experience?

Influences of individual differences. Socio-cognitive conflicts are possible to oc-

cur in wiki-based knowledge construction, both in the individual cognitive system
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and in the socio-technical system through processes of externalisation and inter-

nalisation (Cress & Kimmerle, 2008). General processes of accommodation and as-

similation that are triggered by conflicting knowledge have been identified in both

systems (Kimmerle et al., 2011; Kump et al., 2013; Moskaliuk et al., 2009; Moskaliuk

et al., 2012). In wiki-related research to date, individual differences regarding the

processing of ambiguous information and new perspectives in controversial discus-

sions have not been reported.

RQ2.3: With this study, also the following question should be explored:

To what extent do one’s personal Need for Cognitive Closure and

Epistemic Curiosity affect knowledge construction processes?

Regarding the assessment of credibility and perception of expertise in wikis, ex-

ploring variables that are directly related to processes of selecting an appropriate

source seems evident. Specifically, the influencing potentials of the Need for Cog-

nitive Closure should be analysed. This construct is related to information seeking

and processing and how individuals deal with ambiguities (Webster & Kruglanski,

1994), which are prevalent in typical controversial discussions. People who score

high on the Need for Cognitive Closure scale tend to base their decisions on heuris-

tics, whereas low Need for Cognitive Closure individuals prefer more information

in situations of uncertainty (Dreu et al., 1999; Schlink, 2009).

RQ3.3: How is the perception of controversial wiki discussions influ-

enced by the individual Need for Cognitive Closure when additional

author information is present or absent?

In a further experimental laboratory study, two different collaborations scripts

were to be tested in a wiki-based learning environment – (1) Wikipedia’s proposal
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Be Bold, Revert, Discuss (BRD), in contrast to (2) an alternative proposal Discuss, De-

liberate, Revise (DDR). The former script is directed at externalising as much knowl-

edge from an individual’s cognitive system into the wiki as social system. The latter

script aims at fostering deeper elaboration processes by encouraging discussions

prior to the externalisation of knowledge into the wiki and has already shown to

be beneficial for mentally integrating different perspectives about a topic. To fur-

ther support and extend these findings a follow-up field study was conducted as

a supplement to a lecture on research methods and statistics. It was expected that

collaboratively working on a wiki in an educational context is most beneficial for

students when they are first guided into discussions rather than individual encour-

aged to edit individually without further coordination. In both studies, there was

interest in researching potential direct effects of the collaboration scripts. For the

field experiment, also data on additional influencing variables were collected that

can be related to learning and knowledge construction processes to gain deeper in-

sights about potential indirect conditional effects.

RQ4.1: Does a DDR script have a greater positive impact on learning as

well as on the wiki article quality than Wikipedia’s proposed BRD

script?

While the first research question and hypotheses in this area will be confirmatory,

due to a relatively large body of research regarding collaboration scripts and their

effects, the second research question is of a more exploratory nature (cf. Chapter 4

for the specific hypotheses that are presented in dedicated sections). The body of re-

search in computer-supported collaborative learning is rather small regarding some

variables of interest that were discussed in this thesis, namely the Need for Cogni-

tive Closure, metacognitive strategies, and intrinsic motivation. Consequently, there
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was additional interest in exploring the potential effects of individual differences on

outcome and process variables.

RQ4.2: To what extent do the individual variables influence the effects

on knowledge construction and the frequency of wiki activities in the

talk page discussion forums?

Guidance interacting with the Need for Cognitive Closure. Building upon the

positive results of previous experimental studies, as will be presented in more de-

tail in Chapters 2 and 4, distinct kinds of implicit and explicit guidance implemen-

tations for wiki-based learning environment have already been analysed (Heim-

buch & Bodemer, 2017). Both kinds of guidance showed several positive effects on

knowledge test scores and wiki contribution quality as well as potentials for more

purposeful interactions within the wiki environment. On the one hand, making

controversial discussions more salient to wiki users can be achieved by implicitly

guiding learners towards those contents. It provides the potentials of receiving con-

flicts between other wiki participants as well as to induce socio-cognitive conflicts

in the individual user itself. On the other hand, a more explicit collaboration script

proposal aims at fostering deeper elaboration processes by encouraging discussions

prior to the externalisation of knowledge into the Wiki and has already shown to be

beneficial for mentally integrating different perspectives about a topic.

RQ5.1: How do (1) implicit guidance with controversy awareness high-

lights and (2) explicit guidance with a DDR collaboration script affect

processes and outcomes in wiki groups?

Previous research has also provided several indications that the Need for Cogni-

tive Closure might have an impact on learning-related processes and outcomes. To
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further support and extend on these findings a follow-up laboratory study was con-

ducted to compare the effects of one implicit (controversy awareness status high-

lights) and one explicit guidance (DDR collaboration script) implementation for

wiki environments in interaction with the individual Need for Cognitive Closure

of learners.

RQ5.2: How does the individual Need for Cognitive Closure influence

processes and outcome variables related to learning in the case of (1)

implicit guidance with controversy awareness highlights and (2) ex-

plicit guidance with a DDR collaboration script?

Figure 1.6. In this model hypotheses of the major research questions of the experiments that
were conducted for this thesis are represented. Hypotheses encompassed direct
and indirect (via mediation and moderation) influences of additional guidance
for wikis on process and outcome variables.
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1.9 Remarks on Statistical Methods

In the course of realising and completing this PhD project, a range of different statis-

tical methods have been used to analyse the datasets of the five experiments which

are described in the following chapters. Some methods are to date not that prevalent

in psychological research or represent deviations from defaults as taught in many

textbooks about analysing data in Psychology. The relevant methods are briefly de-

scribed in the following paragraphs. If more details about a statistical method were

necessary, due to specific requirements of an experiment, these details are presented

in the method or result section of the respective experiment. The datasets and study

materials are stored at the Open Science Framework and available for download at

https://osf.io/w9v7g/.

Comparing differences of two or more groups. As a default test for two-group

comparisons, Welch’s t-Tests was applied for the main statistical analyses instead of

Student’s t-Test. Among others, Ruxton (2006) and Delacre, Lakens, and Leys (2017)

showed that Welch’s t-Tests is more robust for smaller and medium-sized samples

and consequent an increased likelihood of not meeting either the assumption of

normality or equal variances. When more than one assumption of parametric tests

was violated (e.g. normality and homoscedasticity of residuals) and/or sample sizes

were very small (Experiment 3), non-parametric statistical tests were used for all

analyses (cf. Chapter 4).

For group comparisons that involved more than two groups, the Brown-Forsythe

test of variances was used as a robust test on the F -distribution, if the data violated

the homogeneity of variance assumption (Brown & Forsythe, 1974). For analysing

multiple dependent variables that were most likely to be correlated by design, mul-

tivariate analyses of (co)variance (MAN(C)OVA) were used. In that case, Wilk’s λ

https://osf.io/w9v7g/
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was chosen to report as an appropriate test statistic that is adequately powerful to

detect statistical group differences when multiple dimensions come to play (Tabach-

nick & Fidell, 2012).

Analysing conditional (mediation and moderation) effects. Conditional effects

of influencing variables on dependent variables (Experiments 1, 2 and 4) (cf. Chap-

ters 2, 3 and 4) were analysed with the PROCESS macro (version 2.16.3) for SPSS

(version 24.0.0.2) by Hayes (2013). For all mediator and moderator analyses, bias-

corrected and accelerated (BCa) bootstrapping with 5,000 samples was applied. Any

level of conditional effects reaching statistical significance on α = 5% are illustrated

by Johnson-Neyman plots using the so-called floodlight method. The common pick-

a-point approach with simple slopes plots was additionally chosen to illustrate ef-

fects that did not meet the criteria of α = 5%, but still are of potential relevance.

For all conditional effect analyses, 95% confidence intervals for the effect sizes are

reported.

Analysing two-group equivalence. Equivalence hypothesis tests (Experiment 5)

were performed with the R package TOSTER (version 0.2.5) by Lakens (2017b).

The underlying two one-sided t-Test (TOST) procedure requires to determine a pri-

ori the smallest effect size of interest (SESOI) for the specification of equivalence

bounds (Hauck & Anderson, 1984; Schuirmann, 1987). Applying the TOST proce-

dure, in conjunction with a t-Test of differences within the null hypothesis signifi-

cance testing (NHST) framework, can yield four possible outcomes for an effect (cf.

Figure 1.7): a) statistically equivalent and not different, b) not equivalent and statis-

tically different, c) statistically equivalent and different, and d) not equivalent and

not different.
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Figure 1.7. Mean differences (black squares) and 90% confidence intervals (horizontal lines)
with equivalence bounds ∆L = -0.5 and ∆U= 0.5 for four combinations of test
results that are statistically equivalent or not, and statistically different from zero
or not. Pattern A is statistically equivalent, pattern B is statistically different from
0, pattern C is practically insignificant, and pattern D is inconclusive (neither
statistically different from 0 nor equivalent). Figure adapted from Lakens (2017a).

Comparing statistical evidence with Bayes Factors. Bayes Factors were computed

with the open source statistics program JASP (version 0.8.2.0) developed by The

JASP Team (2017) and the R package BayesFactor (version 0.9.12-2) by Morey and

Rouder (2015). The addition of Bayes Factors is also suggested when smaller to

moderate sample sizes are present (Experiments 1, 2, 3 and 4) (cf. Chapters 2, 3

and 4) because approximately 50% smaller samples are required for reliable factors

to converge compared to the sample requirements for adequately powered studies

within the frequentist framework (Schönbrodt & Wagenmakers, 2017).

For all Bayesian hypothesis tests that involved two-group comparisons an in-

formed prior distribution of t(0.35, 0.102, 3) was used as discussed by Gronau, Ly,

and Wagenmakers (2017). For general linear model analyses, a default r scale pa-

rameter of r = .5 for ANOVAs and r = .35 for regression models was used (Morey &

Rouder, 2015). When the analyses in the following chapters estimate Bayes Factors
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in favour of the alternative model BF10 > 100, the logarithmic logBF10 will be re-

ported due to better readability. Although Bayes Factors are continuous parameters,

a rough heuristic classification aid is provided in Table 1.1.

Table 1.1

A classification scheme for Bayes Factors as suggested by Lee and Wagenmakers (2013).

Bayes Factor BF10 BF01

> 100 Extreme evidence for H1 Extreme evidence for H0
30 – 100 Very strong evidence for H1 Very strong evidence for H0
10 – 30 Strong evidence for H1 Strong evidence for H0
3 – 10 Moderate evidence for H1 Moderate evidence for H0
1 – 3 Anecdotal evidence for H1 Anecdotal evidence for H0
1 No evidence No evidence

Reporting of effect sizes. Effect size measures that can be represented by propor-

tions of variance (η2, R2) are reported with 90% confidence intervals, for effect sizes

based on standardised means (d, r) 95% confidence intervals are used in case of two-

sided tests and 90% confidence intervals when one-sided directional tests are used

(Steiger, 2004). All confidence intervals have been calculated using the R packages

MBESS (version 4.4.0) (Kelley, 2017) and psychometric (version 2.2) (Fletcher, 2010).
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Part II

Experimental Studies
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2 Controversy Awareness on Evidence-led Discussions

as Guidance for Students in Wiki-based Learning

Wikis mainly distribute user-generated content over the article and

its corresponding talk page. While educational research provides article-

related suggestions for learner’s support, research has rarely analysed

the potentials of supporting learning-related processes at the talk page

level. With the presented experiment, this issue was addressed by inves-

tigating effects of visual controversy awareness information on content-

related discussion threads. Such information can induce socio-cognitive

conflicts which research assumes to be beneficial for learning, particu-

larly when contradictory evidence leads wiki discussions. It was investi-

gated how controversy awareness highlight as implicit guidance directs

students’ (N = 81) navigation and learning processes as well as their in-

ternalised knowledge representations. Results indicate that the imple-

mentation of controversy awareness representations helped students to

focus on selecting meaningful discussion threads. The findings suggest

that wiki talk page users can benefit from additional structuring aids and

increase their learning outcome when being aware of occurring contro-

versies.
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2.1 Method

2.1.1 Design and Participants

For this experimental study, a multivariate between-subjects design was used to in-

vestigate the potential benefits of increased controversy awareness on individual

learning. The single factor representing differing levels of cognitive group aware-

ness support on controversial discussion topics, was subdivided into three levels

(no additional information vs. controversy information vs. controversy + status

information). The underlying Wikipedia-like structure of the talk page and discus-

sion thread contents was identical for all three experimental groups. Participating

students completed the study’s tasks individually at all stages in their own wiki

instance (Figure 2.1).

Figure 2.1. Excerpt of the study’s generated talk page, depicting a discussion thread com-
prising a resolved evidence-led controversy between two discussants in one of
the experimental groups.
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As dependent variables, individual learning outcomes, contribution metrics re-

garding article edits and discussion replies, and log data recorded by the wiki learn-

ing environment were measured. An experimentally controlled setting with indi-

viduals was used to isolate potential effects of the deployed experimental variations

of the wiki instances. Social interactions that normally occur in such a setting would

potentially have led to noise caused by social interactions and diversion from the

intended guidance effects of controversy awareness indication. Thus, with a con-

trolled experiment it was possible to gather evidence about potential cause-and-

effect relationship if changes in the independent variable caused changes in the de-

pendent variables. A total number of N = 81 students took part in this experiment,

mainly recruited from the Applied Cognitive and Media Science program (67.90%)

at the University of Duisburg-Essen (Germany). The students’ age range was be-

tween 18 and 30 years (M = 21,70; SD = 2.76; 58 women; 23 men). All participants

were assigned randomly to one of three experimental groups, resulting in an equal

distribution of 27 participants per group. Due to one-time technical issues, resulting

in a few missing data points, some statistical analyses had to be performed with a

total number of participants of N = 79. At the beginning of the experiment, partici-

pants were asked to assess their interest in the experiment’s topic, prior knowledge,

and confidence about related hypotheses on 6-point scales ranging from “0 = low”

to “5 = high” before the experiment began. The participants’ overall topic-specific

interest was on a medium level (M = 2.86, SD = 1.20) and their self-assessed prior

knowledge about the topic was low (M = 1.36, SD = 1.15). Differences between

groups in topic-specific interest were small to non-existent, χ2(2, N = 81) = 0.36,

p = .836, η2
H < .01, 90% CI [.00, .03], BF01 = 8.52. Likewise, there was no meaning-

ful difference between groups in prior knowledge, χ2(2, N = 81) = 0.83, p = .662,

η2
H = .01, 90% CI [.00, .04], BF01 = 7.44. Moreover, students were also asked to assess
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their confidence about the validity of the topic’s related hypotheses, resulting in low

to moderate confidence ratings (meteorite hypothesis: M = 2.51, SD = 1.47; volcano

hypothesis: M = 1.85, SD = 1.22; other hypotheses: M = 1.63, SD = 1.32).

2.1.2 Material

The subject area that participants worked with for the entire study covered the con-

temporary theories of dinosaur mass extinction during the Cretaceous-Paleogene

(K-Pg) boundary at around 66 million years ago. To provide a common ground

for all participants in the three experimental groups, an initial base article on the

topic was given to them prior to reading any of the talk page discussion threads.

This article was derived from original sections of Wikipedia and adapted for the

study’s purpose. It had a total length of 220 words and was first presented imme-

diately before the discussion’s table of contents. It was accessible for a second time

when participants had the task to edit the article with help of previously read con-

tents on the article’s corresponding discussions threads. From talk page discussions

on the corresponding Wikipedia articles, a total number of twenty-four discussion

threads was generated with the aim of reproducing a genuine wiki talk page envi-

ronment. All threads were made up of at least two discussants and included these

on a wiki talk page to represent existing discussions that directly relate to the main

article. Six of the integrated discussions comprised content-related controversies

with opposing points of view supported by scientific evidence on certain aspects of

the presented mass extinction theory. Peripheral topics were of structural or socio-

emotional nature (e.g. flames) that are also prevalent in most online discussion fo-

rums and were completely task-irrelevant distractors.
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2.1.3 Wiki environment

For the experiment, a structured Wikipedia-like learning environment was created.

All pages in this study were simplified versions of a Wikipedia article and its accom-

panying talk page, with possibly distracting items like navigation panes or logos

removed. Additionally, the talk page was slightly altered from the original wiki de-

sign to enable recordings of several log data on how participants navigate through

the talk page and to examine the effectiveness of the deployed controversy aware-

ness visualisation. For that reason, the discussion threads were integrated into the

page’s table of contents and made them expandable and collapsible by clicking a

desired thread title (Figure 2.2).

Figure 2.2. Excerpt of the study’s generated talk page, depicting a discussion thread com-
prising a resolved evidence-led controversy between two discussants in one of
the experimental groups.
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Two of the three experiment’s groups were provided with additional visual in-

formation on controversial discussion topics. Both experimental groups received

equal explanations about the meaning of the respective coloured indicators in a

mandatory tutorial. Differences between the three groups are briefly described in

the following (cf. Figure 2.3).

No highlight (Control). The representation for the non-supported group was in-

spired by a standard wiki talk page and did not provide any further information on

the contents of a discussion thread on first sight other than its title.

Controversy highlight. For the first experimental group a supplementary exter-

nal representation was added. A single-coloured indicator highlighted discussion

threads on the talk page that comprised meaningful and relevant conflicting points

of view that were primarily led by scientific evidence.

Controversy + Status highlight. In the second experimental group the external

representation was subdivided into two classes of conflict. Two indicator colours

informed participants whether a discussion thread contained unresolved conflicting

points of view (red) or an already resolved conflict or consensus (green).

Figure 2.3. Illustration of a talk page excerpt for all groups: no highlight (top) vs. controversy
highlight (middle) vs. controversy + status highlight (bottom).
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2.1.4 Measurements

Measuring learning success. A post-experimental multiple-choice knowledge test

was developed To measure individual learning success on the study’s topic of di-

nosaur extinction events. Such tests are still widely used to quantify learning re-

sults in collaborative and individual settings (Kent, Laslo, & Rafaeli, 2016). In to-

tal the test comprised fifteen questions on the subject matter. Three of those ques-

tions were answerable with only the information provided in the original base arti-

cle and therefore were solvable without having read any of the discussion threads.

The remaining twelve questions were constructed in a way that each of the exist-

ing six controversial discussion topics were covered by exactly two different ques-

tions. Every question had four answering options comprised of three distractors

and one attractor (Table 2.1). For the subsequent analyses, the test’s overall sum was

used as a general indication of individual learning success about the topic. For fur-

ther detailed analyses, subscores were generated for article and discussion-related

questions. The discussion-related questions were further subdivided into scores for

questions matching unresolved or resolved controversial discussions.

Measuring selection behaviour. The study’s modified wiki environment was able

to record a participant’s topic selection behaviour by measuring individual clicks on

a discussion’s thread title. Clicking on a title was necessary to select and expand a

thread and thus unveil its contents. By design only one topic could be open for

reading at a time and had to be collapsed by clicking again before proceeding to

the next topic of interest. For further processing click counts that triggered only the

expanding/opening events were recorded in the log.
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Table 2.1

Example questions/statements and answers of the 15-item multiple-choice test.

Sample question
or statement

Answer options Relates to

The fact that birds descended
from dinosaurs is an indica-
tion that. . .

(a) . . . a mass-extinction event
could not have happened.
(b) . . . birds cannot directly be
descendants of dinosaurs.
(c) . . . the scientific evidence
is inconclusive with regard
to the origins.
(d) . . . only pterosaurs could
have survived any event of
mass-extinction.

unresolved
controversy

A meteorite impact that trig-
gered a nuclear winter would
have most likely caused. . .

(a) . . . that immediately after-
wards plant eating dinosaurs
(herbivores) were extinct.
(b) . . . that immediately after-
wards meat eating dinosaurs
(carnivores) were extinct.
(c) . . . that immediately after-
wards all plants were extinct.
(d) . . . secondary effects that
could have been responsible
for the final extinction.

resolved
controversy

The following mineralogical
trace is NOT an indicator for
an impact:

(a) iridium
(b) glass
(c) platinum
(d) diamonds

original
article

Note. Answer options in bold print represents the question’s attractors.
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Measuring reading times. Discussion reading times were measured by calculat-

ing the differences between opening and closing times. If a topic was opened and

closed more than once, the environment’s logging system also recorded cumulative

reading times for each discussion thread.

Measuring sequential patterns. For each opened topic the title and index number

of the previously selected topic was recorded and prepared to perform sequential

pattern analyses. If no topic was preceding, it was marked as the initial topic that

a participant has selected first and it was marked as the start of a sequence. For

each experimental group sequence databases were created to perform analyses for

discovering all frequent closed sequential patterns using the CM-ClaSP algorithm

(Fournier-Viger, Gomariz, Campos, & Thomas, 2014).

Learning-related cognitive variables. Need for Cognitive Closure was measured

with the 16-NCCS (Schlink & Walther, 2007). This validated questionnaire com-

prises 16 statements (e.g. “I prefer tasks that precisely define what needs to be done

and how it has to be done.”) that participants had to rate on a 6-point scale ranging

from fully disagree to fully agree. Epistemic curiosity was measured with the Epis-

temic Curiosity Scale (Renner, 2006). This validated questionnaire measures with a

total of 10 items diversive and specific epistemic curiosity. Each subscale consists of

5 statements (e.g. “When I learn something new, I like to learn even more about it.”)

and were rated on a 4-point scale ranging from fully disagree to fully agree.

Quality of individual contributions. Regarding the quality of knowledge arte-

facts that were externalised by participants into the learning environment in terms

of replies and article edits, results of preliminary analyses have been published in-

dicating promising direct and indirect effects of the provided visual guidance on
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controversy awareness (Heimbuch & Bodemer, 2016a). These analyses presented

first evidence for a causal relationship between the experimental variation, selection

of relevant topics, reading intensity, replying preference and contribution quality of

edits and discussion replies. Qualitative content analyses were conducted (Mayring,

2014; Kuckartz, 2014) on the final edits of the individual wiki articles and on each of

the discussion replies. The finally derived coding schemes and category formations

originated both from deductive and inductive procedures. Wiki article categories

have been assigned deductively in accordance with Wikipedia’s guidelines for eval-

uating an article’s quality. Categories regarding a discussion reply’s content quality

have been formed in an inductive procedure. The quality of article contributions

and discussion replies was measured by means of qualitative content analyses by

coding and categorizing contents. These qualitative measures were also comple-

mented with quantitative non-parametric correlation analyses and serial mediation

models as path analyses where all relevant process variables were included in the

statistical model.

2.1.5 Procedure

The experiment was conducted as an individual setup with up to four participants

at the same time, separated by divider panels. Prior to their wiki tasks students

completed a mandatory tutorial about the environment’s usage and were informed

about the study’s goals, i.e. to learn more about the subject matter and help to (re-

)construct existing knowledge artefacts by contributing to one’s personal instance

of a wiki article and discussion page snapshot. The tutorial introduced to them the

special structure of the wiki-like environment with its distinct layers and had an ex-

ploration phase to familiarise themselves with the environment, especially with the

structure of the modified talk page. In addition to that, both experimental groups



65

received information about the meaning of the coloured indicators corresponding to

their group condition, without further explicit instructions of if or how they should

use these indicators. Before the experimental phase started all groups received the

same instructions about the following pages and associated tasks. The control group

and both experimental groups had the same task of editing an initial Wikipedia-

like base article about the mass extinction of dinosaurs and participating in up to

three of the existing discussions. Since they did not receive any additional mate-

rial regarding the topic, participants received the instructions that the contents of

the discussions contain sufficient material to enrich the original article. So, partic-

ipants could find the whole relevant information basis to fulfil the editing task on

the corresponding article talk page with its twenty-four discussion threads that was

generated as the additional knowledge base. At all experimental stages participants

had mandatory time limits. They had maximum of five minutes for an initial read

of the wiki article and a maximum of ten minutes for selecting and reading threads

on the corresponding discussion page. After reading the article and discussions par-

ticipants had to contribute to the wiki by first replying to three discussion threads

of choice. Participants did not receive any further instructions on what kind of re-

ply they should made for enabling them to solve or start a controversy or any other

kind of possible off-task reaction that typically can be found in online discussions.

Subsequently, participants were asked to work on the original article supported by

the contents of the previously read discussions. In the contribution phase, they

had more loose time limits for editing the article and contributing to the discus-

sions compared to the initial reading stage. The same time limits as in the reading

phase before were suggested and visualised, but instead of forcing them to the next

the wiki environment automatically prompted them when time was up and kindly

asked to finish the task as soon as possible.
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Followed by the contribution and revision stage, the questionnaires to determine

the individual levels of Need for Cognitive Closure (16-NCCS) and epistemic curios-

ity (ECS) were presented. After filling out these questionnaires participants had to

answer a multiple-choice test about the study’s contents. Finally, as an additional

manipulation check, participants were asked to shortly sum up in open text fields

why they have selected certain discussions to comment on and what led to the final

decisions for the resulting article edits (cf. Figure 2.4).

Figure 2.4. Workflow diagram visualising the overall study procedure of Experiment 1 with
its central stages.

2.1.6 Specific Hypotheses to Research Questions

RQ2.1: To what extent does visual controversy awareness information influence in-

dividually relevant learning-related processes in wiki-based environments?

H2.1a: It is expected that by providing awareness information, learners

will make a more focused selection of potentially important topics.
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H2.1b: It is also expected that by providing awareness information, learn-

ers will read potentially most relevant topics more intensively.

H2.1c: Furthermore, It is expected that by providing awareness informa-

tion about the most relevant topics, learners will make more extensive

contributions to the wiki.

RQ2.2: To what extent do learners us visual controversy awareness information

on evidence-led discussion threads to foster quantifiable learning outcomes?

H2.2: It is expected that providing controversy awareness information on

the presence of meaningful controversies will lead to a preferred se-

lection of relevant topics and consequently result in a higher learning

outcome.

RQ2.3: To what extent do one’s personal Need for Cognitive Closure and epis-

temic curiosity affect knowledge construction processes?

H2.3a: It is expected that individuals who are high in Need for Cognitive

Closure and are provided with controversy awareness information

and the status of the controversy’s resolution will show a preference

for resolved conflicts and show avoidance behaviour for ongoing, un-

resolved controversies.

H2.3b: It is also expected that individuals with high epistemic curiosity

and who are provided with controversy awareness information will

seek more information in peripheral topics to find new stimuli.
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2.2 Results

In the following chapters, descriptive and inferential findings of the participants’

activities at different stages of the experimental wiki sequence are presented by

analysing the recorded data for reading and editing the talk page discussions and

the corresponding article.

Discussion topic selections. The discussion thread selection preferences of par-

ticipants were analysed based on recorded click events in the learning environ-

ment. Each participating student selected on average M = 11.86 (SD = 5.27) discus-

sion threads. Analysis of variance using planned comparisons with an orthogonal

Helmert contrast indicates that in the experiment’s unsupported control group, stu-

dents selected on average three discussion threads more on the article’s talk page

compared to both supported conditions, F (2, 78) = 3.80, p = .027, η2 = .09, 90% CI

[.01, .18], BF10 = 2.02. The first comparison between the control and both experimen-

tal groups showed a meaningful difference (Contrast Estimate = 2.76, SE = 1.20,

p = .024), whereas the contrast estimate for the comparison between the two sup-

ported groups differed less (Contrast Estimate = 2.11, SE = 1.39, p = .132). From

all groups, participants in the group with additional controversy status information

where the most focused by selecting the lowest number of discussion threads for

reading.

To further analyse these inferential findings on selection behaviour in the differ-

ent experimental groups, a sequential pattern mining analysis was performed with

SPMF using the CM-ClaSP algorithm (Fournier-Viger et al., 2014). Participants who

did not receive additional awareness information on the discussion type showed

a tendency to follow a top-down reading strategy, beginning by reading the very

first discussion thread on the experimental wiki talk page. In contrast, members of
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both supported awareness visualisation groups primarily focused on selecting the

most relevant topics first. Both quantitative and qualitative analyses support hy-

pothesis H2.1a on a more selective behaviour in either visually supported group (cf.

Table 2.2).

Table 2.2

Most frequent closed sequential patterns discovered by the CM-ClaSP algorithm.

Group Thread sequence Pattern frequency

No highlight (control) 1, 2, 3, 5, 7 14

Controversy highlight 5, 8, 14, 16, 19 14

+ Status highlight 5, 8, 14 16
8, 14, 19 15
5, 8, 19 13

Note. Content-related thread numbers are highlighted in bold print.

In addition to the closed sequential pattern analysis, state transition probabilities

with markov models were calculated for the three studied groups (cf. Figure 2.5).

Participants in the control group without additional highlights always started to

read peripheral threads first, with a likelihood of 1.0. Not a single participant has

selected a controversial topic as an initial thread to read, not even by chance through

randomly clicking on a topic title. For the first experimental group, when a single-

coloured (blue indicator) controversy highlight was added to the discussion thread

titles the likelihood of starting with a peripheral thread was lowered to .67. For

the second experimental group with two-coloured (green and red indicators) con-

troversy status highlights the likelihood of starting with a peripheral thread was

lowered even more to .42. Participants in both experimental groups were attracted

also towards controversial discussion topics as initial choice.
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Figure 2.5. Markov models with state transition probabilities for no highlight (control) (left),
controversy highlight (middle) and + status highlight (right).

Wiki reading times. Overall, each participant spent on average M = 229.01 sec-

onds (SD = 42.52) on reading the original wiki article and M = 488.37 seconds

(SD = 73.13) on reading the corresponding talk page. Regarding the time spent

on the entire discussion page, there was a rather small difference between the three

groups, F (2, 70.72) = 1.13, p = .330, η2 = .03, 90% CI [.00, .09], BF01 = 3.87. More

detailed analyses of categorised reading times relative to the entire discussion page

reception suggest several differences (cf Table 2.3). As one of the study’s main in-

terests, relative reading times were analysed focusing on resolved and unresolved

controversies using Helmert contrasts. There was a substantial difference between

the groups with a large effect, F (2, 71.43) = 21.08, p < .001, η2 = .35, 90% CI [.20,

.46], logBF10 = 12.48. The first comparison between the unsupported group and

both supported groups showed a substantial difference (Contrast Estimate = -0.29,

SE = 0.05, p < .001), whereas the contrast estimate for the comparison between both

supported groups indicates only a negligible difference (Contrast Estimate = -0.05,

SE = 0.05, p = .374).
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Table 2.3

In-depth analyses on the relative reading times of the different discussion thread categories.

Group Category M (SD) F (2, 78) p η2 90% CI

No Resolved .19 (.12)
highlight controversies

Unresolved .19 (.07)
controversies

Peripheral .53 (.17)
14.88 < .001 .28 [.13, .39]

Controversy Resolved .33 (.15)
highlight controversies

Unresolved .32 (.12)
controversies

Peripheral .25 (.22)
8.69 < .001 .18 [.06, .29]

+ Status Resolved .41 (.18)
highlight controversies

Unresolved .29 (.15)
controversies

Peripheral .21 (.19)
21.06 < .001 .35 [.20, .46]

Analyses of pooled absolute reading times on the study’s relevant controversial

topics showed differences in individual thread reading and selection behaviour de-

pendent on the discussion category and whether the participant received additional

awareness information or not. Participants spent less time on reading topics com-

prising any kind of temporary consensus when no additional awareness visualisa-

tion was provided (M = 103.74, SD = 60.21) compared to the controversy highlight

groups (M = 196.26, SD = 84.96), t(69.66) = 5.65, p < .001, d = 1.26, 90% CI [0.90, 1.76],

logBF10 = 9.29. Accordingly, there was a difference in reading times of unresolved

controversial discussions between participants of the control group (M = 102.48,

SD = 38.32) and both of the controversy highlight groups (M = 161.06, SD = 75.10),

t(78.94) = 4.65, p < .001, d = 0.98, 90% [0.68, 1.51], logBF10 = 5.20. Conversely, the
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data suggests that members in the control group (M = 292.37, SD = 107.83) read

peripheral discussions for longer time periods than participants in the controversy

highlight groups (M = 125.94, SD = 113.90), t(54.74) = 6.43, p < .001, d = 1.50, 90%

CI [1.05, 1.96], logBF10 = 14.05. These differences in the data (cf. Figure 2.6) are sur-

prisingly large assuming a true point null hypothesis model. Thus, these findings

are regarded as support for hypothesis H2.1b on more intensive reading of relevant

topics through increased awareness.

Figure 2.6. Distributions of absolute reading times in seconds for the discussion categories.
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Wiki contributions. Participants’ tasks in this study were to comment on discus-

sion threads on the talk page and to revise the original article after reading se-

lected discussion threads. The final article revision lengths ranged from 218 to 434

words (original article: 220 words), with an overall average length of M = 279.89

(SD = 37.13). Control group members wrote the shortest article with an average of

M = 274.88 (SD = 27.39) words. On a descriptive level, the more detailed awareness

highlight participants received, the more additions to the final article were made,

with an average of M = 279.33 (SD = 30.30) words in the group with controversy

highlight and respectively an average article length of M = 285.46 (SD = 50.37) in

the group receiving additional controversy status information. A one-way ANOVA

did not indicate substantial differences between the three groups, F (2, 56.36) = 0.52,

p = .596, η2 < .01, 90% CI [.00, .06], BF01 = 6.06. Hypothesis H2.1c on article length

differences between the groups cannot be supported by these results. Analysing

the amount of time participants took to write comments on up to three self-chosen

discussions using planned comparisons with an orthogonal Helmert contrast, there

was a moderate effect, F (2, 78) = 2.38, p = .099, η2 = .06, 90% CI [.00, .14], BF01 = 1.47.

The first comparison between the unsupported group and both supported groups

showed a difference (Contrast Estimate = -61.41, SE = 29.54, p = .041), whereas the

contrast estimate for the comparison between the two supported groups did not dif-

fer substantially (Contrast Estimate = 22.67, SE = 34.12, p = .508). With regard to re-

plying behaviour, multivariate Helmert contrasts indicate a large main effect for the

groups, λ = 0.67, F (6, 150) = 5.48, p < .001, η2
p = .17, 90% CI [.06, .24]. Detailed con-

trast comparisons are shown in Table 2.4. Participants without visual controversy

awareness information replied more frequently to peripheral discussions instead of

relevant controversial discussions, F (2, 77) = 18.06, p < .001, η2
p = .32, 90% CI [.17,

.43], logBF10 = 10.59.
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Table 2.4

Multivariate Helmert contrast comparisons on replying to discussion categories.

Contrasted groups Replying to Contrast Estimate (SE) p

No highlight vs. Resolved −0.74(0.20) <.001
Controversy highlight Unresolved −0.34(0.20) .084

Peripheral 1.19 (0.21) <.001

Controversy vs. Resolved 0.08 (0.23) .722
+ Status highlight Unresolved 0.14 (0.22) .543

Peripheral −0.24(0.24) .315

Discussion reply quality. By using a tertile split on the categorised discussion

reply data, over all experimental groups and participants, 30.86% of all participant

contributions were rated as lower quality, 58.02% as medium quality and 11.11%

as higher quality contributions. In Table 2.5 the aggregated quality ratings are pre-

sented for reply contributions that are partitioned according to the experimental

groups. These numbers are total aggregates of inductively formed categories asso-

ciated with discussion reply quality. Reply quality was composed of Neutrality (ac-

knowledging both opposing arguments), New aspects (introducing new knowledge

artefacts) and Summarising (integrating summaries of preceding discussion).

Table 2.5

Frequencies (and percentages) of cumulative overall quality ratings of discussion replies.

Overall quality No highlight Controversy highlight + Status highlight

Lower 12 5 8
(44.44%) (18.52%) (29.63%)

Medium 13 19 15
(48.15%) (70.37%) (55.56%)

Higher 2 3 4
(7.41%) (11.11%) (14.81%)
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Furthermore, correlations between three inductively formed reply quality cat-

egories and the replies’ overall quality have been calculated. For each correlation

between a category and overall quality the effects of the corresponding category

have been subtracted from the overall quality rating. For the category of New aspects

there was no measurable effect on the overall discussion reply quality, ρ(79) = -

.03, p = .828, BCa 95% CI [-.25, .19], BF01 = 6.96. The positive effect of categorised

Neutrality on quality was relatively small, ρ(79) = .20, p = .073, BCa 95% CI [-.08,

.45], BF01 = 1.49. Between the category Summarising and reply quality, there was

a moderate to strong positive effect, ρ(79) = .39, p < .001, BCa 95% CI [.14, .59],

BF10 = 80.32. In addition to the analyses of categories, there was also a moder-

ate to large positive correlation between the reply length and the overall quality,

ρ(79) = .47, p < .001, BCa 95% CI [.25, .64], logBF10 = 7.65. In-depth examinations

of the effects of the category Summarising on the contribution quality of discussion

replies with regard to the topic selection behaviour, suggest moderate positive ef-

fects for Replying to Controversial Discussions (ρ(79) = .31, p = .010, BCa 95% CI [.06,

.48], BF10 = 6.83) and a small to moderate negative effect for Replying to Peripheral

Discussions (ρ(79) = -.26, p = .021, BCa 95% CI [-.45, -.02], BF10 = 2.06). Additional

statistical frequency analyses for this category can be found in Table 2.6.

Table 2.6

Frequencies (and percentages) of integrating summaries of the preceding discussion into replies.

Summarising No highlight Controversy highlight + Status highlight

No 8 4 7
(29.63%) (14.82%) (25.93%)

Abstract 3 1 0
(11.11%) (3.70%) 0

Elaborate 16 22 20
(59.26%) (81.48%) (74.07%)



76

A path analysis model in form of a multiple serial mediation was used to analyse

the relevant process variables of the experiment. The group effects on discussion re-

ply quality were analysed with the relevant process variables controversy selection,

controversy reading time and replying to controversies as mediators. There was an in-

direct effect of the controversy awareness group on reply quality, if users followed

the whole process of selecting, reading and replying to controversial discussions,

Effect = .07, SE = .04, 95% CI [.01, .15]. Users who received additional controversy

awareness information via highlights were more likely to select controversial dis-

cussions, consequently they spend more time on reading controversies, followed by

an increased likelihood to reply more frequently to controversies and finally result-

ing in higher quality discussion replies (cf. Figure 2.7).

Figure 2.7. Path analysis on reply quality with process variables (selecting, reading, replying)
as serial mediators. Solid lines represent regressions below an α = .05 threshold,
with bolder lines representing lower p-values.
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Article edit quality. Over all groups and participants, 16.46% of all final articles

were rated as lower quality, 51.90% as medium quality and 31.65% as higher quality

edits. In Table 2.7 the aggregated article quality ratings are presented that are par-

titioned according to the experimental groups. These numbers are total aggregates

of deductively assigned categories based on Wikipedia’s article quality evaluation

guidelines. Article quality was composed of Referencing (using references for article

changes), Structure (fitting into the article’s structure), Neutrality (integrating neutral

points of view) and Relevance (editing is meaningful for the article).

Table 2.7

Frequencies (and percentages) of cumulative overall quality ratings of edited articles.

Overall quality No highlight Controversy highlight + Status highlight

Lower 5 2 6
(19.23%) (7.41%) (23.08%)

Medium 15 16 10
(57.09%) (59.26%) (38.46%)

Higher 6 9 10
(23.08%) (33.33%) (38.46%)

Correlations were calculated between deductively assigned categories and over-

all quality of the resulting articles to gain deeper understanding what types of edits

to an article add the most value. The effects of each category regarding article qual-

ity have been subtracted from the appropriate overall quality ratings. Referencing as

qualitative category is positively associated with the overall ratings of article quality

with a small effect, ρ(77) = .22, p = .048, BCa 95% CI [.70, .94], BF01 = 1.10. For the

relation between Structure and article quality, a moderate to large positive effect has

been found, ρ(77) = .43, p < .001, BCa 95% CI [.22, .58], logBF10 = 5.72. The effect

for Neutrality was large and positively correlated with overall quality, ρ(77) = .53,

p < .001, BCa 95% CI [.34, .68], logBF10 = 10.42. Between the category Relevance and
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edited article quality, there was a large effect that was positively related to the over-

all ratings, ρ(77) = .56, p < .001, BCa 95% CI [.41, .69], logBF10 = 12.17. In addition

to the analyses of categories, there was also moderate positive correlation between

the editing amount (added or changed characters) and the edited article quality,

ρ(77) = .35, p = .002, BCa 95% CI [.08, .57], BF10 = 74.66. As before where analyses on

the discussion reply quality were presented, a corresponding path analysis model

was used in form of a multiple serial mediation for group effects on article edit qual-

ity with the same process variables as mediators. In contrast to the discussion reply

quality model, the indirect effect of the controversy awareness information on edit

quality did not fully transfer to the final article, Effect = .02, SE = .03, 95% CI [-.03,

.09] (cf. Figure 2.8).

Figure 2.8. Path analysis on article edit quality with process variables (selecting, reading,
replying) as serial mediators. Solid lines represent regressions below an α = .05
threshold, with bolder lines representing lower p-values.
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Learning outcome. As one of the central study interests, it was analysed if provid-

ing any kind of controversy awareness support led to a generally positive learning

outcome that should have manifested in a higher knowledge test score. On a de-

scriptive level, all three groups showed only fractional differences with M1 = 9.85

(SD1 = 1.90), M2 = 9.78 (SD2 = 2.17) and M3 = 9.93 (SD3 = 2.32). Multivariate anal-

ysis of variance indicate a small to moderate effect between the three investigated

groups on a global level, λ = 0.93, F (6, 152) = 0.97, p = .447, η2 = .04, 90% CI [.00, .07],

BF10 = 2.80. More details on the learning outcomes about the different categories

of the questions on the multiple-choice test are presented in Table 2.8. Separate in-

dependent ANOVAs did not indicate substantial differences for any question type

reference and no more than small effects.

Table 2.8

In-depth analyses on the number of correct answers in the knowledge test.

Group Questions refer
to

M (SD) F (2, 78) p η2 90% CI

No Original article 2.52 (0.70) 1.40 .252 .03 [.00, .11]
highlight Resolved 2.19 (0.83)

Unresolved 2.26 (0.76)

Controversy Original article 3.85 (0.95) 0.41 .662 .01 [.00, .05]
highlight Resolved 3.70 (1.07)

Unresolved 3.96 (1.13)

+ Status Original article 3.48 (1.28) 0.66 .520 .02 [.00, .07]
highlight Resolved 3.89 (1.25)

Unresolved 3.70 (1.38)

In further analyses with respect to the experiment’s categories of controversial

discussion types (resolved vs. unresolved vs. peripheral), the test scores among the

three conditions were investigated considering the categorised discussion reading

times as mediators in a parallel multiple single-step mediation analysis using Model
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4 within the PROCESS macro for SPSS (Hayes, 2013). The total effect model encom-

passed just a small overall effect, F (1, 79) = 0.46, p = .501, R2 = .01, 90% CI [.00,

.08], BF10 = 1.32. Nonetheless, the analysis indicates an increase in the learning out-

come for those participants receiving controversy awareness information (a2 = 24.20,

p < .001) mediated by spending more time on reading unresolved controversies

more intensively (b2 = 0.01, p < .001) (Figure 2.9).

Figure 2.9. Multiple single-step mediation model on the multiple-choice test results as an
outcome variable. Unstandardised a and c′ weights are measured in seconds.
Unstandardised b weights are measured in number of correct answers.
** p < .01, *** p < .001.

A bias-corrected bootstrap confidence interval (95% CI) for the indirect effect

(a2b2 = 0.21) based on 5,000 bootstrap samples was entirely above zero (0.04 to 0.46).

There was no evidence that the visual representation of controversy awareness in-

formation influenced the learning outcome independent of its effect on reading in-

tensity of unresolved controversies (c′ = -0.10, p = .733). These results in conjunction

with the reported analysis of variance partly support hypothesis H2.2 of increasing

individual learning outcome by providing controversy awareness indicators.



81

Individual cognitive influences. Furthermore, potential influences of the cogni-

tive variables of interest were investigated, i.e. epistemic curiosity and Need for

Cognitive Closure, on topic selection, reading and discussion reply frequency on

unresolved or resolved controversies. For analysing the effect of Need for Cogni-

tive Closure in interaction with the provision of visual controversy awareness sup-

port on reading times of relevant discussion threads, a one-way MANCOVA was

conducted on replying behaviour to the study’s discussion types as dependent vari-

ables and the Need for Cognitive Closure as covariate. The multivariate effect of

the Need for Cognitive Closure on replying behaviour was moderate, λ = 0.93, F (3,

74) = 1.89, p = .138, η2
p = .07, 90% CI [.00, .16], BF10 = 8.92 (cf. Figure 2.10).

Figure 2.10. Multivariate interaction graphs between groups and the individual Need for
Cognitive Closure on replies within the study’s different discussion types (re-
solved vs. unresolved vs. peripheral).
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The univariate effect of the Need for Cognitive Closure on replying to unresolved

controversies was moderate, F (1, 76) = 4.42, p = .004, η2
p = .06, 90% CI [.00, .15],

BF10 = 6.97, indicating that the replies to these topics depend on the individual Need

for Cognitive Closure and the type of provided controversy awareness information.

Univariate effects of the Need for Cognitive Closure on replying to resolved and

peripheral topics were small and trivial with F (1, 76) = 1.73, p = .193, η2
p = .02, 90%

CI [.00, .10], BF10 = 2.15, respectively F (1, 76) = 0.04, p = .848, η2
p < .01, 90% CI [.00,

.03], BF10 = 1.02. For epistemic curiosity, there were several effects for individual

levels of epistemic curiosity and topic selection behaviour as well as for correlations

with reading times of different discussion categories. Overall, there was a small to

moderate effect that the more epistemically curious a participant was, the more ef-

fort was invested in seeking additional information. First, further discussion topics

were selected, r(79) = .26, p = .010, 90% CI [.08, .42], BF10 = 3.83. Second, more time

was spent on reading additional peripheral threads, r(79) = .21, p = .030, 95% CI [.03,

.38], BF10 = 1.53. More detailed correlations, subdivided into the study’s groups of

controversy awareness visualisations and discussion categories are presented in Ta-

ble 2.9 for topic selection behaviour and Table 2.10 for relative discussion reading

times. The results of these analyses on the influencing variables provide some evi-

dence in favour of both hypotheses H2.3a (Need for Cognitive Closure) and H2.3b

(epistemic curiosity).



83

Table 2.9

Correlations between epistemic curiosity and topic selections.

Group Discussion type r(79) p 90% CI

No Overall −0.41 .017 [-.58, -.21]
highlight Controversies 0.16 .212 [-.02, .33]

Peripheral −0.44 .012 [-.58, -.28]

Controversy Overall 0.52 .003 [.37, .64]
highlight Controversies −0.03 .434 [-.21, .15]

Peripheral 0.49 .005 [.34, .62]

+ Status Overall 0.59 .001 [.46, .70]
highlight Controversies 0.09 .327 [-.10, .27]

Peripheral 0.53 .002 [.38, .65]

Table 2.10

Correlations between epistemic curiosity and topic reading times.

Group Discussion type r(79) p 90% CI

No Resolved −0.01 .491 [-.19, .17]
highlight Unresolved −0.11 .302 [-.29, .08]

Peripheral 0.05 .395 [-.14, .23]

Controversy Resolved −0.45 .009 [-.59, -.29]
highlight Unresolved −0.23 .121 [-.40, -.05]

Peripheral 0.46 .008 [.30, .59]

+ Status Resolved −0.45 .009 [-.59, -.29]
highlight Unresolved 0.01 .481 [-.17, .19]

Peripheral 0.31 .057 [.13, .47]
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2.3 Discussion

Knowledge construction and learning within wiki environments presents users as

learners with major challenges. Talk page discussions can become exceedingly long

and due to their special structure as a normal wiki page, instead of classical threaded

discussions in online forums, potentially interested readers or new discussants can

be overwhelmed and feel lost in the amount of potentially relevant or irrelevant in-

formation. Consequently, significant knowledge artefacts could remain completely

undiscovered and unknown to an interested learner, such as deeply elaborated dis-

cussions on controversial aspects of a topic that entirely disappear in the depths of a

talk page. It has been argued that providing cognitive awareness information as im-

plicit representational guidance in the form of supportive visual indications of con-

troversial discussion contents could lead an interested reader to a more focused se-

lection of important knowledge artefacts. Furthermore, a positive learning outcome

for learners was expected by benefiting from the reception of socio-cognitive con-

flicts that are positively associated within collaborative knowledge construction set-

tings. The underlying processes that affect the effectiveness of the investigated guid-

ance mechanisms were expected to be influenced by different inter-individual cog-

nitive variables, that is an individual’s capabilities to deal with ambiguous informa-

tion and personal preferences in information-seeking behaviour regarding epistemic

knowledge gains. To answer this study’s first research question on the potential for

guidance of controversy awareness information on the discussion thread level, the

influences on the working processes in wiki-based knowledge construction were in-

vestigated. Therefore, one specific interest was the investigation whether individual

participants who received any kind of additional visual structuring aids in a private

wiki instance focused more effectively on relevant discussions about meaningful

contents and specifically led by evidence. Analyses of variance of the selection and
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reading behaviour of the experiment’s topics suggested that learners were follow-

ing a desired selection pattern towards the most meaningful discussions. Due to

a lack of structuring aids, participants of the control group were less focused and

selected more talk threads that did not contain any meaningful discussions. Thus,

participants of the control group had less remaining time to seek and identify dis-

cussions that were relevant for revising the article. Therefore, they were not able to

read the content-related meaningful controversies as extensively as participants of

both supported groups. Indications of a more unstructured information search be-

haviour in the control group were additionally supported by analysing patterns of

discussion topic selection. Sequential pattern mining showed that in both supported

groups a focused selection of the most relevant topics occurred in contrast to a se-

quential reading strategy used by the control group, who had no further indications

of what contents were hidden inside a topic’s discussion thread. That means when

wiki learners received additional awareness information about controversies, it was

used by participants and worked as intended, as a structuring aid. Regarding arti-

cle revision, it was expected that members in both supported groups would identify

more relevant evidence to enrich the original article with new knowledge artefacts

and thus produce more text, in accordance to the results found by Wichmann and

Rummel (2013). While quantitative text production does not generally indicate a

higher text quality, in this study’s setting it indicates that learners identified more

important evidence that could extend the article meaningfully. However, the data

suggests only a minimal tendency on a descriptive level that more text is produced

depending on the kind of support. Additionally, it was examined how the quality

of contributions was affected by adding visual controversy information to relevant

discussion threads. First, the immediate effects of controversy awareness informa-

tion on the quality of discussion thread contributions were analysed by deductively



86

categorising participants’ utterances. It was found that the provision of additional

representations can make the occurrence of controversies more salient to users and

direct them to relevant contents. This implicit guidance led to generally more elab-

orate contributions and overall higher reply quality. Contributions of the highest

quality were marginally more frequent when the level of controversy awareness in-

formation was raised by providing additional indication on the resolution status.

Further correlation analyses on the separate qualitative categories suggest the most

substantial association exists between summarising relevant aspects of preceding

discussions and the overall quality of their contributions. It could also be seen that

when controversy awareness without additional status information was provided

the most contributions of medium quality could be found, as well as the lowest

number of participants who did not summarise relevant preceding discussions. In

a subsequent step, indirect effects of controversy awareness representations on the

quality of final article edits were analysed. Comparable to the discussion reply find-

ings, it has been identified that the greatest number of the highest overall qual-

ity article was present in the experimental group which received the most detailed

level of controversy awareness and status information. All inductively assigned

categories that have been in accordance with Wikipedia’s guidelines on evaluat-

ing article quality, were positively associated with the rated overall quality in this

experiment whereas the strongest effect could be identified for the category Rele-

vance. Since the most relevant additional contents to enrich the article were to be

found in the relevant content-related controversial discussions, this result is in ac-

cordance with the expectations. But there was also a rather positive effect for the

group that did not receive the controversy status information, that is they produced

the smallest number of lower quality articles. Those findings that are in favour of the

effects of the more general information on the mere occurrence of controversies can
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be due to similar effects that have been found in previous wiki-related research on

collaborative knowledge construction. Medium levels of incongruity of information

between the individual cognitive and the socio-technical system have been proven

to be the most beneficial for learning (Moskaliuk et al., 2009) as well as medium

levels of redundancy fostered external accommodation processes (Moskaliuk et al.,

2012). These findings are in line with research that medium levels of supportive

manipulations to scaffold learning processes are beneficially for many collabora-

tors. The results regarding quality analyses show that additional representations of

controversy awareness information can be effective for the resulting socially shared

artefacts, directly on the level were visualisations are implemented and even when

transferred to a subsequent level. It could be shown that contributions to the wiki

were of higher quality, more elaborate and relevant to the subject matter when stu-

dents were provided with guidance. With the study’s second research question,

it was investigated whether visual awareness information on the occurrence of re-

solved and unresolved controversies that can be found inside wiki talk pages lead

to measurable differences in the learning outcome about the subject matter. Two

varying degrees of controversy awareness representations were compared with a

control group that had no further information on the discussions’ contents. Regard-

ing learning outcomes, direct comparisons on a general level did not indicate dif-

ferences between the three groups. Considering the different types of implemented

discussions within the experimental talk page, i.e. resolved vs. unresolved con-

troversies and peripheral topics, a parallel multiple mediation analysis identified

a meaningful effect. Students benefited more in terms of learning success from an

increased degree of guidance towards conflicts arisen from content-related contro-

versies, assuming they spent more time on reading unresolved controversial dis-

cussions more extensively. However, higher reading times of resolved controversial
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topics did not lead to measured knowledge gains, even though both types of con-

troversies had an equal number of test questions. One possible explanation for not

reaching conventional levels of statistical significance on the resolved controversies

path in the mediation model could be that a relative imbalance in the distribution

of the Need for Cognitive Closure in the current student sample, who predomi-

nantly favoured controversial opinions. Another reason for not finding an effect

of the resolved controversy reception could be that presenting information associ-

ated with negativity and conflicts triggers increased cognitive activity (van Marle,

Hermans, Qin, & Fernández, 2009) and elicit more arousal leading to better memo-

risation (Bradley & Lang, 2007) that can be explained by enhanced visual attention

processes (Calvo & Lang, 2004; Nummenmaa, Hyönä, & Calvo, 2006). Nevertheless,

first qualitative investigations of the individual wiki contributions showed some

positive and promising trends in favour of both experimental groups (Heimbuch

& Bodemer, 2016a). Students who received visual guidance on controversial dis-

cussions produced more extensive and more comprehensive discussion replies of

higher quality compared to the control group. Beyond such direct effects of contro-

versy awareness implementations on the talk page, it could also be shown that there

were some positive indirect carry-over effects to the article edits. Students in both

experimental groups performed more extensive and meaningful edits by includ-

ing references, adding, or restructuring knowledge artefacts and keeping a neutral

point of view by equally addressing opposing evidence on the subject matter. To an-

swer this study’s third research question whether cognitive variables that have been

identified as relevant for learning in contexts where socio-cognitive conflicts can oc-

cur, potential influences of these variables on topic selection and replying behaviour

were investigated. Therefore, specific analyses on the influential effects of Need for
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Cognitive Closure were conducted, which is closely related to one’s personal prefer-

ence for or against ambiguity, and the extent of epistemic curiosity, which is closely

related to exploratory information seeking behaviour. Students with a high Need

for Cognitive Closure favoured replying to controversies that were resolved during

the discussions when provided with controversy awareness visualisations. This is

in total accordance with previous research that these individuals prefer to avoid am-

biguous situations and information (Schlink, 2009) as well as being more impatient

to come to more complex conclusions that require extensive information process-

ing capabilities and the analysis of multiple interpretations of facts (Kruglanski &

Mayseless, 1987; Kruglanski & Webster, 1996). As expected, the largest effect for

the Need for Cognitive Closure impact on replying behaviour could be seen for the

experimental group that was provided with visual information on the occurrence of

a controversy and its status. Students with low Need for Cognitive Closure scores

replied equally to resolved and unresolved controversies. When wiki learners did

not receive controversy awareness support, participants replied primarily to periph-

eral discussions, regardless of the personal Need for Cognitive Closure. Regarding

the effects of epistemic curiosity, there were small to moderate effects for selecting

more additional topics as well as small to moderate effects for spending more time

on reading peripheral discussions. In general, when visual controversy awareness

support was provided, the higher a student scored on the epistemic curiosity scale,

the more time they spent in reading additional discussion threads that were not nec-

essarily important to perform best in the study’s revision task. Due to an increased

focus on what is relevant for the writing tasks, students who received awareness

information had more time and resources to engage in further explorations of the

wiki contents.
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Participants with high levels of epistemic curiosity who were in the control group

without controversy awareness were inhibited in their interest to search for new

stimuli in other discussions. In this current study, it could be shown that modifying

wiki talk pages with visual controversy awareness information implicitly guides

readers towards meaningful controversial discussions. Such controversies can be

fruitful sources of information for knowledge construction processes regarding fos-

tering beneficial socio-cognitive conflicts within learners. The study was explicitly

designed for addressing learners in higher educational settings such as universities,

where wikis can be deployed as course-specific closed mandatory group writing

assignments. Therefore, the findings should be treated with some caution if they

should be transferred to different educational contexts or even trying to implement

the presented functionalities of this study into open collaborative platform such as

Wikipedia or Wikiversity. To allow more generalised conclusions for these environ-

ments, quasi-experimental or even field studies with samples of the corresponding

wiki audience would be valuable. Furthermore, this study was conducted as a lab-

oratory experiment with the advantages of randomisation and control of variables,

but with the disadvantages of lacking ecological validity, but not necessarily exter-

nal validity in terms of population validity. Much of this study’s student sample

is typical for numerous student populations. Thus, it is highly likely that the fun-

damental effects of implicit guidance should be replicable in samples from other

student populations because they do not require specific prerequisites tied to cer-

tain selection or sampling criteria. Additional guidance measures as presented can

be helpful to reduce individual cognitive costs of information-seeking and coordi-

nation processes, especially for small learning groups with limited time frames to

fulfil a task.



91

Depending on the degree of time constraints for working on a specific wiki task

assignment, students might not have the minimal required time to develop a shared

mental model that would render coordination as unnecessary (Kittur & Kraut, 2008).

Because of such implicit guidance implementations, individual students could po-

tentially have more free cognitive resources that they can beneficially use for collab-

oration. Regarding the cognitive variables that have been measured, the findings

confirmed that individual variations impact the learners’ seeking and selection be-

haviour and correspondingly have an influence on the final learning outcome. Es-

pecially the analyses on the students’ Need for Cognitive Closure suggest that this

variable should be considered for further research that is focused on the provision

of supporting guidance in collaborative writing environments where controversies

and conflicts occur.

2.3.1 Outlook

Although some promising effects could be identified with regard to learning in this

experimental study and also to higher quality contributions (Heimbuch & Bodemer,

2016a), to date only cautious inferences should be drawn from the current quanti-

tative data analyses that the provision of controversy awareness information leads

to qualitatively better contributions to the wiki article and talk page threads. There-

fore, more detailed content analyses of the produced knowledge artefacts are re-

quired in order to investigate if the additional support regarding the reception of

this study’s controversy types led to substantial differences in text production qual-

ity and elaborations of discussion replies. Furthermore, such analyses should be

conducted in conjunction with the individuals’ personal Need for Cognitive Clo-

sure, which was identified as a meaningful determinant to guide one’s information-

seeking behaviour when dealing with ambiguous contents.
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The presented approach might be enriched by developing and implementing

methods of automating the generation of visualisations representing controversy

status information on wiki talk page discussions with the help of natural language

processing (Bär, Erbs, Zesch, & Gurevych, 2011; Daxenberger, Ferschke, Gurevych,

& Zesch, 2014). Collaborations in this area between computational and psycho-

logical researchers could be fruitful to draft and test cognitive group awareness

tools focused on evidence-led controversies for real-world deployment opportuni-

ties, such as on Wikipedia or Wikiversity talk pages. Beyond usage scenarios in

wikis, it would be interesting to in investigate the potentials of controversy aware-

ness information in other contexts where learning materials can be socially shared

and discussed.
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3 Representations of Authors’ Community-Standing

and Expertise Information on Wiki Talk Pages

Wikis are commonly used to collaboratively create user-generated

content. In the creation process it is likely that controversies between

authors emerge that are further discussed on an article’s accompany-

ing discussion talk page. Research gathered evidence on discussions

with contradictory evidence that can be beneficial for triggering elabo-

ration processes. It has also been shown that many wikis are not di-

rectly suited for new users to easily assess credibility and trustworthi-

ness of provided information and identify relevant actors in a discus-

sion. For this exploratory experimental study (N = 61) additional in-

formation were implemented on authors’ domain-specific expertise and

community-standings as social recommendation on wiki talk pages. Ef-

fects of supplemental information on the perception of controversial dis-

cussions were analysed, in consideration of relevant individual cognitive

differences. The results indicate that it affects the subjective user percep-

tion of controversies, most notably if users have a high desire for rapid

orientation and conclusions.
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3.1 Method

3.1.1 Design and Participants

A two-group randomised experimental study was conducted to investigate the po-

tential benefits of integrating social recommender information into wiki talk pages.

The control wiki group saw the default wiki talk pages with no further modifica-

tions. The experimental group received the same wiki discussions with supplemen-

tal information on domain-specific expertise status and community-based recom-

mendations from Wikipedia users. Dependent variables included measures on par-

ticipant’s perceptions of controversial wiki discussions, the correct categorisation of

different controversies and time spent on each talk page. The experiment took place

at the University of Duisburg-Essen (Germany) in late winter (January – February)

2015. In total, a number of N = 65 participants were invited to this experiment,

mostly recruited from the same university. Participants were randomly assigned

to either the control group (default wiki) or the experimental group (supplemented

wiki). Four data sets were incomplete due to one-time local network issues, leaving

the dataset with a final sample of N = 61 for subsequent analyses. The size of the

control group was n = 29 and the experimental group was n = 32. The final sample

was 78.69% female, 21.31% male and consisted of 95.08% students of various disci-

plines and 4.92 % were employees. The overall age ranged from 18 to 52, with an

average of M = 20.90 (SD = 4.70) with one person being a relative outlier from the

otherwise 18 to 29 age range (M = 20.38, SD = 2.42).

3.1.2 Materials

For this study, a total of fifteen wiki talk pages were created covering discussions

with opposing points of view about diverse topics and domains. Discussion threads
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were extracted from the German Wikipedia and slightly altered them to ensure that

a controversy between two or more discussants was recognisable. The discussions

were equally subdivided into the following three controversy categories, (1) content-

related controversies discussing opposing viewpoints or contradictory evidence, (2)

social controversies dealing with personal matters instead of the article’s contents and

(3) formal controversies discussing article structure rather than its content. For the

discussion headings, neutral names were used such as “Discussion 2” to prevent

priming towards a specific domain or controversy category. The default wiki group

and the experimental wiki group had the exact same talk page contents regarding

the discussions and discussants. The experimental group received modified talk

page views with two additional information representations. The first additional

information represented a discussant’s domain-specific expertise status in the form

of a badge with the discussant’s rank number calculated by positive community rat-

ings per domain (e.g. a user with high community ratings in the domain of genetics

will also have the ranking scores transferred to the related domain of genetic engi-

neering but not necessarily to discussions about cultural anthropology). The second

additional author information called Wikes (a portmanteau of wiki and Likes) rep-

resented the author’s overall user reputation or community-standing as voted by

other wiki users, comparable to well-known measures in other social media plat-

forms where individual contributions are rated (e.g. Facebook’s “Like” or Google’s

“+1”). Since this study was meant to gain first general insights, it was decided that

both types of visual information should point in the same direction, so that domain

experts with the highest ranks had also the highest community-standing. Figure 3.1

shows an excerpt from a modified talk page altered with domain-specific expertise

and community-standing information.
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Figure 3.1. Sample page excerpt from a wiki talk page discussion with additional author in-
formation. Ranking badges reflect domain-specific expertise ratings of authors
and W+ (Wikes) reflect the overall wiki author reputation regardless of the do-
main as rated by the community.

3.1.3 Measurements

The overall interest of this study was to investigate general effects of additionally

provided author information on wiki talk pages. Therefore, several variables were

measured with relations to the processing and perception of talk page discussions.

Reading times. As a process variable, reading times of the individual discussions

were measured as an indicator if additional author information influences. For each

discussion page, once a new page was loaded, the time difference since the previ-

ously loaded page was calculated, and these differences were averaged across pages

for each participant.
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Controversy categorisation. At the start of the experiment, participants were in-

troduced to three controversy categories, 1. Content-related, 2. social, and 3. for-

mal controversies. They were asked to categorise each discussion accordingly. The

number of correctly categorised controversies was extracted and the numbers were

averaged for further processing.

Perceived controversy resolvability. Participants had to judge how difficult they

think a controversial discussion would be to resolve. The resolvability score ranged

on a scale from “0 = very easy to resolve” to “5 = very difficult to resolve”. Again,

an averaged score was used across all pages for further calculations.

Discussion clarity. Each participant rated the overall clarity of a discussion thread

on a scale ranked from “0 = very confusing” to “5 = very clear”. For both groups,

mean clarity scores were calculated over all presented discussions.

Expert agreement. Participants were asked to answer which of the discussants

they agree the most with. This made it possible to compute whether participants

leaned on average more towards low expertise or high expertise discussants.

Conditional effects. As a potential moderator, the participants’ Need for Cogni-

tive Closure was measured. Thus, participants were asked to fill out the German

short scale 16-NCSS (Schlink & Walther, 2007). The questionnaire consists of 16

statements that are rated on a six-point scale about ambiguous situations, with each

item ranging from fully disagree to fully agree.

User experience. To measure acceptance of the implementation of the additional

author information, the User Experience Questionnaire (UEQ) was used (Laugwitz,

Held, & Schrepp, 2008). This measurement was used to assess the usefulness of the



98

deployed additional information on six distinct dimensions, in comparison to the

default wiki experience.

3.1.4 Study Procedure

After welcoming participants and giving them a short briefing, they were first pre-

sented with a few introductory pages to familiarise them with the general structure

of wiki talk pages. This was done to ensure that every participant had at least gen-

eral baseline knowledge about what talk page discussions look like and in what

respect they differ from classic online forums. Subsequently, participants filled out

questionnaires on socio-demographics and previous wiki experience. Before the

presentation and assessment of the discussion threads began, they were given a few

more instructions about the different controversy categories. Subsequently, partici-

pants were shown sample discussions from Wikipedia with additional explanation

on how to categorise either controversy-related, social, or formal controversies be-

tween discussants. Additionally, the experimental group was presented with sup-

plemental information on another introductory page that explained the meanings

of badges (domain-specific user expertise) and Wikes (overall user reputation) that

were implemented on the talk pages. Following this, fifteen discussions were se-

quentially presented without any time constraints. Each discussion thread was fol-

lowed by a short assessment, in which the main dependent variables were measured

(cf. Figure 3.2). At the end of the experiment, participants filled out the Need for

Cognitive Closure questionnaire. Additionally, the experimental group with sup-

plemental information filled out the user experience questionnaire.
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Figure 3.2. Workflow diagram visualising the overall study procedure of Experiment 2 with
its central stages.

3.1.5 Specific Hypotheses to Research Questions

RQ3.1: Does the implementation of additional author information about a discus-

sants’ expertise and community-standing aid readers of wiki discussion threads in

their individual assessment processes?

H3.1: It was expected that when additional author information is present,

this will foster faster and better assessment of controversial discus-

sion threads. In more detail, lower discussion reading times were

expected due to visual cues for a more targeted selection of relevant

actors in a discussion. Hence, It was expected that better controversy

category identification will be fostered due to focused information

search and selection. Furthermore, It was expected that due to this

increased focus, additional author information positively influences

the perception of the resolvability of a controversy and also the per-

ception of overall clarity of discussions.
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RQ3.2: How does an addition of visual author information about expertise and

community-standing influence selection behaviour in wiki discussions?

H3.2: In line with current research on related social media, It was ex-

pected that users provided with additional author information are

more likely to agree with an expert’s line of argumentation than with

a novice’s argumentation.

RQ3.3: How is the perception of controversial wiki discussions influenced by

the individual Need for Cognitive Closure when additional author information is

present or absent?

H3.3: It was expected that when the individual Need for Cognitive Clo-

sure is low, additional information about authors is less influential.

When the Need for Cognitive Closure is high, the influence is ex-

pected to be greater since these individuals predominantly prefer low

level solutions and are more willing to follow visual cues without de-

tailed assessment of content.

RQ3.4: How do users rate the additional author information implementation in

terms of their user experience?

3.2 Results

Wiki expertise . Participants were asked to self-report their wiki usage frequency

and experience. In this sample, passive wiki usage (i.e. browsing and reading con-

tent) was moderate with M = 1.59 (SD = 0.66) on a scale ranging from 0 (very low)

to 4 (very high). The two groups did not differ in their levels of passive wiki us-

age, t(58.99) = 0.71, p = .483, d = 0.18, 95% CI [0.32, 0.68], BF01 = 3.05. Furthermore,
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active wiki experience (i.e. article editing, revising articles, and participation in dis-

cussions) was low and close to zero with M = 0.36 (SD = 0.47). Between the two

groups, there were no meaningful differences, t(58.47) = 0.11, p = .916, d = 0.03, 95%

CI [-0.48, 0.53], BF01 = 3.99.

Expert agreement. As one of the study’s main interests, the potential implicit guid-

ance effects of implemented expertise ranking and community-standing informa-

tion were analysed. When there was no information about discussants’ expertise

and reputation, as was the case in the default wiki, participants were less likely to

agree with an expert’s argumentation (M = 1.69, SD = 1.54) as compared to par-

ticipants in the experimental wiki (M = 3.16, SD = 1.90), t(58.27) = 3.32, p < .001,

d = 0.85, 90% CI [0.41, 1.29], BF10 = 15.00. Within the experimental wiki group there

was a moderate to large effect that participants were more likely to agree with the ar-

guments of high expertise discussants (MD = 1.19, SED = 0.34), t(31) = 3.46, p < .001,

d = 0.61, 90% CI [0.29, 0.94], BF10 = 72.76.

Reading times. As a process variable, potential group differences regarding aver-

age times spent on the wiki discussion pages were analysed when additional author

information was present or absent. Participants in the default wiki spent on aver-

age M = 1.36 (SD = 0.45) minutes on a talk page compared to M = 1.21 (SD = 0.32)

minutes in the experimental wiki. An independent samples test showed a moderate

effect for the difference in overall talk page reading times, t(50.54) = 1.54, p = .066,

d = 0.40, 90% CI [-0.04, 0.82], BF10 = 2.93.

Conditional effects on reading times. There was a small to moderate difference

between wiki groups on single levels of the moderator variables on talk page read-

ing times (Figure 3.3). Higher levels of an individual’s Need for Cognitive Closure
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led to lower reading times when they were provided with additional information,

t(57) = 1.89, p = .063, d = 0.49, 95% CI [-0.03, 0.99], BF10 = 3.41. Furthermore, there

was virtually no difference between groups when the Need for Cognitive Closure

was low, t(57) = 0.03, p = .974, d = 0.01, 95% CI [-0.49, 0.51], BF01 = 8.88.

Figure 3.3. Conditional effects of the Need for Cognitive Closure on discussion reading
times. Dashed lines = default wiki group, solid lines = experimental wiki group.

Discussion clarity. Participants assigned higher ratings in their subjective clarity

perception of discussions when using the default wiki with an average of M = 2.13

(SD = 0.86) compared to M = 1.69 (SD = 0.73) in the experimental wiki. There was

a moderate effect for a group difference on talk page clarity ratings, t(55.28) = 2.11,

p = .040, d = 0.54, 95% CI [0.03. 1.05], BF10 = 1.69.
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Conditional effects on discussion clarity. In the analyses of the Need for Cog-

nitive Closure, there was a conditional effect of the individual Need for Cognitive

Closure on the perceived clarity of a talk page, F (3, 57) = 2.28, p = .089, ω2 = .06,

90% CI [.00, .15]. Participants perceived controversial discussions to be less clear

when additional information in form of badges and Wikes were present, but only

if they had a higher Need for Cognitive Closure, t(57) = 2.19, p = .033, Effect = 0.70

(SE = 0.32), 95% CI [-0.60, -1.34] (Figure 3.4).

Figure 3.4. Johnson-Neyman (JN) conditional effect of social recommendations on perceived
clarity of the talk page discussions moderated by the individual Need for Cog-
nitive Closure. Dashed lines represent the upper limit (ULCI) and lower limit
(LLCI) of the conditional effect’s 95% confidence interval. The grey shaded area
represents the JN region of significance. It is bound between the moderator’s
(Need for Cognitive Closure) relative values of 0.25 and 0.82 (dotted vertical lines)
and below the zero line (dotted horizontal line).
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Controversy categorisation. After each discussion thread, participants were asked

to categorise the talk page controversy into one of three categories, resulting in

M = 10.45 (SD = 1.74) correct controversy categorisation for the default wiki group

and M = 10.31 (SD = 1.42) for the experimental wiki group. The group effect on

correct overall controversy categorisation was negligibly small and not sufficiently

supported by the observed data, t(54.19) = 0.33, p = .629, d = 0.09, 90% CI [-0.34,

0.51], BF01 = 1.48. More detailed analyses for the controversy categories suggest a

small effect for correctly categorising content-related controversies in favour of the

experimental wiki (cf. Table 3.1).

Table 3.1

Welch’s t-Tests on correct controversy categorisation.

90% CI
Controversy t df p d LL UL BF10 BF01

content-related 0.92 57.39 .180 0.24 0.19 0.66 1.12 0.87
social 1.64 58.31 .947 0.42 -0.01 0.85 0.46 2.16
formal 0.42 55.84 .340 −0.11 -0.53 0.32 0.92 1.09

Note. Correct controversy categorisation HA: Default < Experimental

For the experimental group with additional information, a multiple linear re-

gression was performed on the correct overall controversy categorisation with two

predictor variables of agreement scores with either high or low ranked discussants.

There was a moderate to large overall model effect of the expert agreements on

correct controversy categorisation, ω2 = .14, F (2, 29) = 3.43, p = .046, BF10 = 4.29.

Agreement with highly ranked discussants positively predicted a correct categori-

sation with moderate support by the data, β = .33, b = 0.25, t(29) = 1.80, p = .082, 95%

CI [-0.03, 0.52], BF01 = 3.93. Conversely, agreement with low ranked discussants

negatively predicted the correct categorisation with relatively strong data support,

β = .45, b = 0.40, t(29) = 2.47, p = .020, 95% CI [-0.07, 0.72], BF10 = 12.16.
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Perceived controversy resolvability. Participants of the default wiki group rated

perceived difficulty of resolving a controversy minimally higher with M = 2.15

(SD = 0.45) compared to the experimental wiki with M = 2.04 (SD = 0.59), but the

two groups did not differ substantially from one another, t(57.30) = 0.85, p = .198,

d = 0.22, 90% CI [-0.21, 0.64], BF10 = 1.14. The Bayes Factor suggests that neither the

null nor the alternative hypothesis model is clearly supported by the data.

Conditional effects on perceived resolvability. Regarding conditional effects of

the Need for Cognitive Closure on the perceived controversy resolution difficulty,

there were no meaningful group differences on any level of the moderator resulting

in an inconclusive total effect model, F (3, 57) = 0.52, p = .672, ω2 = .02, 90% CI

[.00, .08], BF10 = 1.56. Similar to the previous unconditional analysis, the Bayes

Factor suggests that neither the null nor the alternative hypothesis model is clearly

supported by the data.

User experience. Analysing the six dimensions of the user experience question-

naire UEQ showed that participants in the study’s experimental wiki group rated

the additional information of expert rankings and community-standing on wiki talk

pages as perspicuous, M = 1.12, 95% CI [0.69, 1.55]. To a lesser extent, but still rele-

vant, participants rated the visualisations as slightly efficient, M = 0.38, 95% CI [0.00,

0.77]. On the remaining dimensions of attractiveness (M = 0.09, 95% CI [-0.24, 0.42]),

dependability (M = 0.18, 95% CI [-0.15, 0.51]), stimulation (M = 0.12, 95% CI [-0.29,

0.53]) and novelty (M = -0.22, 95% CI [-0.59, 0.15]), the ratings were inconclusive

with confidence intervals of the mean dimension ratings spanning from negative to

positive values (cf. Figure 3.5).
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Figure 3.5. Scale results of the six dimensions of the user experience questionnaire UEQ for
the additional information (ranking badges and Wikes) as used in the experi-
ment’s modified wiki.

3.3 Discussion

Using social knowledge construction platforms such as Wikipedia as a starting re-

source for finding high-quality content, it can be necessary for an individual user to

assess quality in terms of credibility and expertise of the source. Due to the quantity

of information and the lack of effective default filtering mechanisms, users can feel

lost in the system. Thus, additional guidance seems to be an obvious necessity to aid

in finding and selecting what is relevant and who the most important actors are in

terms of credibility and expertise in the specific domain(s) of interest. Previous re-

search on external representations promoting implicit guidance on wiki talk pages

has gathered evidence for their effectiveness and efficiency in terms of individual

learning and knowledge construction artefacts (Heimbuch & Bodemer, 2017), but

without addressing how credible an author or the provided content was.
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With this presented study it was aimed to gain some insight into credibility as-

sessment processes and the subjective perception of controversies and conflicts oc-

curring in wiki discussions. In analysing the present data, it has been found that

when users had additional information about the community-standing of a discus-

sant in form of rank badges and general community agreement, they were more

likely to agree with an expert’s line of argument. The computed Bayes Factors of

about 15 and 73 for the main analyses represent very strong support for the potential

of the implemented expertise rank and community-standing information to guide

users on wiki talk pages. Further support for benefits of the additional information

was obtained when the data on controversy categorisation was analysed, where

users performed better in correctly categorising a controversy if they followed the

argumentation of the highest ranked discussion expert, and with the adverse effect

on controversy categorisation if they followed the lower ranks. This adds to previ-

ous research on high and low status sources that trigger different modes of social

comparison heuristics when dealing with socio-cognitive conflicts (Baumeister, En-

gelmann, & Hesse, 2016). The expertise and community-standing information aided

participants in categorising controversies especially if the controversy was content-

related. The visualisations also altered their perception of the whole discussion by

causing them to consider controversies to be easier to resolve when one of the dis-

cussion’s experts had been asked for assistance. Regarding the help-seeking process,

this could have the potential to massively ease the decision process of whom to so-

licit help from if one gets stuck in lengthy discussions with contradictory evidence

and opposing points of view (Makara & Karabenick, 2013). Furthermore, users in

the experimental wiki group with additional information spent less time with the

presented discussions. Thus, it is possible that they needed less time for orientation

in the viewed discussion threads.
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Reducing the time that individuals need to get a first overview and focus on

relevant actors of a discussion is desirable since their attention is directed towards

the parts of a discussion that are most valuable to them (Lops, Gemmis, & Semer-

aro, 2011; Marinho et al., 2011). It can be assumed that the expertise status ranks

and community rating information helped participants to focus more selectively on

discussants who might be the most significant actors in a discussion. The more ac-

curately wiki users recognise controversies as constructive and relevant, the more

likely it becomes for meaningful socio-cognitive conflicts to be induced when differ-

ent or prior knowledge about the discussed subject matter exists (Chi, 2008; Mugny

et al., 1995). Because of the prevalence of opposing evidence and opinions in discus-

sions, there was also considerable interest in analysing a cognitive construct related

to ambiguity (i.e. Need for Cognitive Closure) and the role that it plays. The data

suggest that participants with a low Need for Cognitive Closure do not differ in

their judgements about the perceived clarity of a discussion regardless of additional

information. In contrast, when one has a higher one Need for Cognitive Closure,

additional information of expertise alters the participants’ judgements towards a

higher perceived clarity of the discussions. Moreover, users with high levels of Need

for Cognitive Closure spent less time reading discussion threads when the expertise

and community ratings were present. This in accordance with previous research

that suggested that high levels of Need for Cognitive Closure led to the urge for

quick but plausible answers rather than the best possible solutions to a problem or

state of ambiguity (Webster & Kruglanski, 1994). Both types of supplemental in-

formation seem to support the judgement of credibility processes for high closure

individuals, but they show virtually no effect for low closure participants.
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Although findings regarding Need for Cognitive Closure are quite noisy due to

the likelihood of high sampling error of the medium-sized sample, it provides valu-

able insights in further information on the effects of source cues and social recom-

mendation in Web 2.0 environments, going beyond previous research on credibility

(Winter & Krämer, 2014). Finally, regarding the user experience of the supplemen-

tal information, the representations of expertise rankings and community-standing

were not rated as novel by the study participants. This is not much of a surprise

given that participants were recruited mostly out of cohort prolific to the use of

Facebook, Twitter, and similar participatory websites. But users generally valued

the presented information as easily understandable in terms of perspicuity and even

regarded them as slightly efficient. Both information of domain-specific expertise

and community-standing seem to provide quick and unobtrusive tacit guidance to

categorise a controversial discussion and to identify potentially helpful experts in a

discussion, which one could use to seek further advice or be nominated as a poten-

tial mediator to resolve controversies in a certain domain. In conclusion, it seems

that discussions appear clearer and more comprehensible when additional informa-

tion reflecting expertise status of wiki authors is present on discussions, thus mak-

ing them more accessible to a wider audience. Nevertheless, from this exploratory

study it remains unclear which of the information had what strength of guiding

effects. Further studies should aim to disentangle and quantify these effects for

both domain-specific expertise and community-standing information. The results

regarding the assessed influencing variables suggest that further investigations of

individual differences should be considered in future larger scale replications. Fur-

thermore, discussions such as the ones used in this experiment have the potential to

induce socio-cognitive conflicts between the information in the wiki and an individ-

ual’s knowledge and also between diverging knowledge of multiple contributors
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(Cress & Kimmerle, 2008; Heimbuch & Bodemer, 2017). Such conflicts can trigger

elaboration and learning processes which result in more diverse individual knowl-

edge by opening new perspectives for readers and contributors, and thus should be

examined in further research on wikis and similar environments.
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4 Investigating Collaboration Scripts for Learning

with Wiki-Based Environments

Knowledge construction assignments with wikis can be found in var-

ious educational settings, but the environment is not inevitably suited to

facilitate learning and thus requires additional guidance. In this study,

the effects of two collaboration scripts with different objectives were in-

vestigated during a two-week period of knowledge construction with

wikis as a supplement to lectures about descriptive statistics. One script

that is derived from a workflow as suggested by Wikipedia promoted a

high frequency of individual article edits without further coordination.

In contrast to this approach, an alternative script encouraged participants

to discuss any planned changes upfront. Results indicate that a discus-

sion collaboration script proposal encouraged students to participate in

the whole script process, while in Wikipedia’s script proposal only the

first step of article editing was executed. These edits were generally of

slightly lower quality. Learning success was not directly affected by the

scripts, though the data suggests small effects in favour of the discussion

script proposal.
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4.1 General Method of Experiments 3 & 4

Both experiments integrated BRD and DDR script representations in either a self-

developed wiki-mimicking learning environment in Experiment 3 and a Wikipedia-

inspired DokuWiki in Experiment 4. Prior to working on the collaborative wiki writ-

ing tasks, students were introduced to the respective operational sequences of the

BRD and DDR script. In both experimental studies participants were rewarded with

a certificate of attendance needed during their studies. Students were randomly as-

signed to one of the two collaboration script groups in both experiments, as com-

plementary learning partners in groups of two in the first study and individually

in the second study. The primary task in both experiments was to collaboratively

edit existing wiki contents that have either been generated by the experimenters for

Experiment 3 or utilising student-generated wiki contents from a previous study as

a foundation for Experiment 4. Despite all differences in settings and setups of both

studies, participants in both experiments were asked to fill out the 16-NCCS (Schlink

& Walther, 2007), a short questionnaire on the individual need for cognitive closure.

The questionnaire consists of 16 statements to be rated on a six-point scale about

how one deals with ambiguity, each item ranging from “fully disagree” (1) to “fully

agree” (6). Additionally, in Experiment 4 further measurements of influencing vari-

ables have been conducted that were not previously addressed in Experiment 3 (cf.

4.2.3 and 4.4.3).

4.1.1 Specific Hypotheses to Research Questions

The interested research questions, as previously discussed in 1.8, and the tested hy-

potheses of both Experiments 3 and 4 on collaboration scripts are visually repre-

sented in the following Figure 4.1.
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Figure 4.1. Hypothesis model representing which of the experiments (3 and 4) addressed
what effects, dependent variables and influencing variables.

RQ4.1: Does a DDR script have a greater positive impact on learning and the

wiki article quality than Wikipedia’s proposed BRD script does?

H4.1a: A DDR script leads to higher knowledge than a BRD script.

H4.1b: A DDR script leads to a higher participation than a BRD script.

H4.1c: A DDR script leads to fewer article edits than a BRD script.

H4.1d: A DDR script leads to higher quality articles than a BRD script.

RQ4.2: To what extent do the individual cognitive variables influence the effects

on knowledge construction and the frequency of wiki activities in the talk page dis-

cussion forums?
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H4.2a: The script’s effects on the learning outcome are affected by the

leaners’ need for cognitive closure, their metacognitive strategies and

their intrinsic motivation.

H4.2b: The script’s effects on the contributions are affected by the leaners’

need for cognitive closure, their metacognitive strategies and their

intrinsic motivation

4.2 Method of Experiment 3

4.2.1 Design and Participants

To test the hypotheses, the first script study was conducted as a two-group between-

subjects experiment with participants working in dyads. At the start of the labo-

ratory experiment (t1), the sample consisted of N = 28 university students (14 fe-

males, 14 males) with a mean age of M = 23.29 (SD = 5.72). All experiments were

conducted in a research laboratory where participants and were seated at comput-

ers separated by privacy blinds. They were randomly assigned to a BRD or DDR

script group and received further instructions on the computer. Participants rated

their topic-specific interest as medium to high (broader topic: M = 3.50, SD = 1.11;

specific topic: M = 3.14, SD = 1.08) and their self-assessed prior knowledge about

the topic ranged between low and moderate (broader topic: M = 2.00, SD = 1.02;

specific topic: M = 0.25, SD = 0.80) (cf. 4.2.3 for information on the scales used).

Between groups, there were negligibly small to no differences in topic-specific inter-

est (broader topic: U = 62.00, z = -1.71, p = .104, r = -.32, 95% CI [-.62, .06]; specific

topic: U = 73.00, z = -1.12, p = .265, r = -.23, 95% CI [-.55, .28]) or in prior knowl-

edge (broader topic: U = 72.00, z = -1.27, p = .246, r = -.24, 95% CI [-.56, .15]; specific

topic: U = 91.50, z = -0.56, p = .769, r = -.11, 95% CI [-.46, .28]). Two weeks after the
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lab study (t2), participants were asked to take part in an online post-test about the

study’s contents. N = 22 students (12 females, 10 males) accepted to participate in

this post-test.

4.2.2 Procedure and Materials

After being welcomed and declaring their consent, participants were placed in front

of a computer where they received further instructions to start the experiment. First,

they were asked to provide demographic information (e.g. gender and age) and to

rate their interest in and prior knowledge about the study’s controversial topic. The

broader topic was pirates in general and more specifically a historical personality,

namely the alleged pirate Captain William Kidd. Participants then read a wiki ar-

ticle about the Scottish-American buccaneer William Kidd and supplementary ma-

terial that was presented to the participants individually. In each learning dyad,

one participant received (A) evidence that supported the theses that William Kidd

was a pirate and his trial was justified and the other received (B) evidence against

those theses. In a mandatory tutorial, they were then introduced to the phases and

workflows of either the BRD or the DDR script. Detailed instructions were given

as texts and accompanied by graphical representations of the most relevant phases

of the scripts. Following this, representations of the collaboration scripts as work

flow diagrams depicting the most relevant phases were permanently visible in the

learning environment (cf. Figure 4.2). Learning partners were invited into a learn-

ing environment with the collaborative online open source editor Etherpad. Prior

to the experiment’s collaboration phase, participants had the opportunity to famil-

iarise themselves with Etherpad and its functions in a prepared tutorial. The study’s

main task in both groups was to edit a wiki article about William Kidd with the help

of the supplementary materials each participant received.
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Figure 4.2. Wiki-mimicking learning environment with collaboration script representation in
Experiment 3.

In the collaboration phase a basic article about William Kidd was preloaded into

Etherpad. This article was structured in a way to mimic a standard Wikipedia article

and had a total length of 810 words. Because the lab experiment was constrained

in time, Etherpad’s built-in chat functionality was activated by default and worked

as a substitute for the corresponding wiki article talk page. After the collaborative

editing task, participants were again asked to answer questions about their interest

in the study’s topic and the likelihood that they will search for more information af-

ter the experiment. This was followed by a short questionnaire on their individual

need for cognitive closure. As an immediate test of what participants had learned

about the topic, a knowledge test with multiple choice and open-ended questions
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was deployed at the end of the session (t1). Two weeks later participants were in-

vited to participate in a second knowledge test (t2) with a different but comparable

set of multiple choice and open-ended questions. Figure 4.3 shows the overall study

procedure.

Figure 4.3. Workflow diagram visualising the overall study procedure of Experiment 3 with
its central stages.

4.2.3 Variables and Measurements

The main independent variable was the random allocation to either of two experi-

mental wiki-like environments proposing different collaboration scripts. While par-

ticipants of one group were assigned to the collaborative editing workflow proposed

by Wikipedia (BRD), the other group was assigned to the script that was designed

with a stronger focus on upfront discussion and deliberation processes (DDR).
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The learning outcomes were measured at two points in time, immediately at the

end of the experiment (t1) and two weeks later with an invitation-only online ques-

tionnaire (t2). This leads to a 2 x 2 mixed factorial design with one between- and

one within-subjects factor with individuals as unit of analysis, ICC = -.07, F (13,

14) = 0.87, p = .598. In addition to socio-demographic variables (e.g. gender and

age), topic-specific interest and prior knowledge about the study’s topic were as-

sessed. Participants were asked to provide self-ratings on six-point scales ranging

from “not interesting at all” / “no prior knowledge” (0) to “very interesting” / “high

prior knowledge” (5). To measure the impact either collaboration script had on the

knowledge construction processes and learning outcomes, wiki contribution metrics

were recorded by the wiki environment and two knowledge tests were deployed.

Contributions to the wiki were analysed in terms of article length, discussion length

and the number of ideas from the supplementary materials that were incorporated

into the original article. Measures of article and discussion length functioned as

quality indicators, but also as manipulation checks to infer if participants collab-

orated in accordance with the respective script. Between the collaborative writing

task and the first assessment of learning, the personal need for cognitive closure was

measured with the German short scale 16-NCCS. The two knowledge tests to mea-

sure the learning outcomes each comprised ten multiple choice questions with four

alternative answers and two open-ended questions. In each of the multiple-choice

tests, a maximum score of 17 correct answers could be achieved. In the open-ended

questions participants were asked if they think that (1) Captain William Kidd was a

real pirate and (2) if his conviction was justified. These questions were used to assess

whether a participant provided only arguments presented in the individual supple-

mentary material, or if they gave more differentiated statements by integrating the

evidence from their partner’s material.
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4.3 Results of Experiment 3

4.3.1 Direct Group Comparisons

Regarding the participants’ contributions, the article lengths was analysed at the

end of the collaboration, the integration of new evidence from the supplementary

materials as well as individual chat logs. The chat log was also meant to serve

as a manipulation check to infer from the intensity of the discussions if dyads have

followed their respective collaboration script. One dyad was excluded from the chat

analyses because of inappropriate behaviour. Due to the very small sample non-

parametric Mann-Whitney U-tests were performed to analyse relevant differences

between the script groups in the above-mentioned contribution variables.

Article revisions. For the whole sample, the article revisions resulted in a mean

length of M = 1210.50 (SD = 127.27), in comparison to the original article’s length

of exactly 810 words. Comparing revised article lengths of the BRD script group

(M = 1202.57, SD = 99.43) with the DDR group (M = 1218.43, SD = 153.69) the

data did not suggest a meaningful difference between the script groups, U = 96.00,

p = .945, r = .02, 95% CI [-.39, .43], BF01 = 1.06. Participants in the BRD group added

marginally more (M = 9.43, SD = 2.15) additional evidence into the article than the

DDR group (M = 8.43, SD = 2.82), but an analysis of the contribution frequency

difference did not indicate a meaningful effect, U = 120.00, p = .318, r = .22, 95% CI

[-.20, .58], BF01 = 1.60.

Discussions. Regarding the usage of the chat as a substitute for the article’s talk

page, there was a substantial difference between the BRD script group (M = 133.64,

SD = 94.01) and the DDR group (M = 283.08, SD = 186.35) with a moderate to large

effect, U = 58.00, p = .035, r = .41, 90% CI [-.07, .66], BF10 = 2.45.
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Learning outcomes. To gain insights about the effects on learning success, the par-

ticipants’ knowledge was assessed the first time during the experiment after the col-

laborative writing phase (t1). To measure potential differences in the consolidation

of knowledge, a second measurement of the learning outcomes was conducted two

weeks after the original experiment (t2). Overall, participants collaborating with the

BRD script achieved a moderately lower score of M = 23.67 (SD = 2.06) compared

to the average score of M = 25.54 (SD = 3.89) in the DDR script group, U = 32.50,

p = .043, r = .44, 90% CI [-.06, .72], BF10 = 1.43. In greater detail, in the first knowl-

edge test at t1 learners in the BRD scripting group tended to score lower (M = 12.33,

SD = 1.12) than those in the DDR group (M = 13.46, SD = 2.96), U = 66.50, p = .074,

r = .32, 95% CI [-.03, .60], BF01 = 1.17. In the second test at t2 the group difference

was reduced, but still favoured the DDR script (M = 12.08, SD = 1.61) over the BRD

script (M = 11.33, SD = 1.00), U = 40.50, z = 1.26, p = .111, r = .31, 95% CI [-.10, .63],

BF10 = 1.37. In direct comparison, learners working on an article according to the

DDR script achieved higher test scores immediately after the collaboration and this

difference in favour of the DDR script remained relatively stable after two weeks.

Perspective-taking. Regarding the open-ended questions, they were categorised

whether a participant answered these questions by means of one’s own supplemen-

tary material or by integrating evidence from the learning partner’s supplementary

material. For the first question regarding Captain William Kidd’s alleged pirate sta-

tus groups differed largely in their answering behaviour at t1, χ2(1, N = 28) = 7.34,

p = .007, BF10 = 15.19 and remained relatively stable at t2, χ2(1, N = 22) = 2.20,

p = .138, BF10 = 1.32. The odds of incorporating evidence from the partner’s learning

material into one’ own answer was 10.80 times higher at t1 and 4.08 times higher at

t2 if students collaborated with the DDR script (cf. Figure 4.4). In conclusion, when
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measured closely after the collaboration, learners who had worked with the DDR

script were much more likely to provide complex answers using arguments from

their own as well as their partner’s additional materials. This effect was reduced

after two weeks, but the likelihood of providing an answer that integrates two op-

posing viewpoints was still higher for learners who previously collaborated within

the DDR script group.

Figure 4.4. Incorporation of viewpoints of one’s own learning material and the learning part-
ner’s material at t1 (left) vs t2 (right).

Regarding the second open-ended question about William Kidd’s conviction,

there were absolutely no relevant differences in the answering behaviour at t1 and

t2, χ2(1, N = 27) = 0.07, p = .785, BF01 = 2.29 and χ2(1, N = 20) = 0.59, p = .444,

BF01 = 1.59, respectively. The odds of incorporating evidence from the partner’s

learning material into one’s own answer was 0.80 times higher at t1 and 2.14 times

higher at t2 if they collaborated using a DDR script. The differences between an-

swering behaviour on the two open-ended questions can be explained by two fac-

tors. First, the question about the conviction might have been more complex. Sec-

ond, the number of arguments provided in the supplemental materials was lower

for the conviction justification than for the materials concerning the pirate status

discussion.
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4.3.2 Influencing Variables

Need for cognitive closure. To explore the potential effects of learners’ need for

cognitive closure (NCC) on the contribution behaviours and the learning outcome,

Spearman’s rank-correlations ρ and scatterplots were used (cf. Figure 4.5). For the

BRD group there was a negative correlation between the total number of newly

added evidence and the NCC, ρ(12) = -.31, p = .139, 90% CI [-.67, .17], BF01 = 1.02. In

contrast, for the DDR group there was a positive correlation between the NCC and

the amount of added evidence, ρ(12) = .29, p = .155, 90% CI [-.19 .66], BF01 = 1.17.

A similar trend was identified when the correlations between article length and the

NCC were analysed, resulting in a negative correlation for the BRD group and a

positive correlation for the DDR group, ρ(12) = -.34, p = .119, 90% CI [-.69, .14],

BF01 = 1.32 and respectively, ρ(12) = .36, p = .107, 90% CI [-.12 .70], BF01 = 1.05.

Regarding chat frequency, there was a small to moderate correlation for the NCC in

the BRD group, ρ(12) = .25, p = .191, 90% CI [-.23, .64], BF01 = 1.63 and converesely a

small to moderate negative correlation in the DDR group, ρ(10) = -.17, p = .286, 90%

CI [-.61 .36], BF01 = 1.41. The aggregate learning outcome of both knowledge tests

was positively associated with the NCC for the BRD group, ρ(7) = .26, p = .250, 90%

CI [-.38, .73], , BF01 = 2.16 and slightly negatively correlated with the NCC for the

DDR group, ρ(11) = -.14, p = .326, 90% CI [-.58 .36], BF01 = 2.52. The Bayes Factors

for all analyses on the Need for Cognitive Closure give at best anecdotal support

for the null hypotheses of no differences. It is evident that the underlying data of

this fairly small study sample is not sensitive enough to draw any clear statistical

conclusions regarding the Need for Cognitive Closure.
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Figure 4.5. Matrices of need for cognitive closure scatterplots for Be Bold, Revert, Discuss
script (top panel) and Discuss, Deliberate, Revise script (bottom panel).

4.3.3 Summary of Main Findings

The central result of Experiment 3 is that when dyads followed their respective col-

laboration script, the resulting outcomes and processes differed substantially. Stu-

dents in the DDR script group were encouraged to do more coordination and ex-

change more information before proceeding to edit the original article. The articles

themselves did not differ between script groups, neither in text length nor in the

amount of newly added arguments. Regarding the learning outcomes and acquisi-

tion of the partner’s arguments, the students showed some meaningful differences
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depending on their script. Students in the DDR group scored slightly higher on av-

erage in the knowledge tests, but more impressively they were much more likely

to incorporate additional information and arguments from their learning partner’s

material. The correlations of the need for cognitive closure with the dependent vari-

ables did not show any clear patterns, which is likely due to the small sample and

thus a relatively high sampling variability. Overall, put cautiously, it seemed that

the DDR script encouraged students who are high on the need for cognitive closure

scale to be more engaged in the knowledge construction process by writing slightly

longer articles and adding more arguments to the text.

4.4 Method of Experiment 4

4.4.1 Participants and Design

Ninety students in a course on Inferential Statistics for Applied Cognitive and Me-

dia Science were invited to participate in Experiment 4 and completed the pre-test.

Due to attrition, N = 69 of them completed all stages of the experiment. Partici-

pants were aged 18 to 27 years (M = 20.59, SD = 2.02) and consisted of 56 (81.16%)

female and 23 (18.84%) male students. The study’s main collaboration phase was

conducted as a randomised experiment in a natural wiki setting, so that students

could contribute to the wikis from any place at any time. The average pre-test

score in the DDR group was M = 12.91 (SD = 1.36); students in the BRD group

achieved M = 13.39 (SD = 1.71) points on average. The group difference regard-

ing prior knowledge as reflected in the pre-test score was small and not substantial,

t(58.96) = 1.26, p = .211, d = 0.31, 95% CI [-0,17, 0.78], BF10 = 1.95.
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4.4.2 Materials and Procedure

The basis for the wiki materials were created in a previous study, conducted the

previous semester by the same student cohort (Mock, 2017). In that study, students

worked in small groups of two to four people. They initiated ten wiki pages and

wrote nine articles about statistical topics, one topic was left with a blank article

template (Table 4.1). The resulting wiki articles were used as the original articles in

the current experiment.

Table 4.1

Titles and lengths of the original wiki articles that were created in the previous semester.

Topic titles Word count

Measures of dispersion 758
Degrees of freedom 181
Hypotheses 284
Confidence intervals 407
Measures of central tendency 0
Levels of measurement 767
Significance testing 521
t-Test 354
Distributions & z-Transformation 225
z-Test 388

The main task for students in this study was to review and revise these articles

during a specified period. The study was advertised to the students as an optional

supplement to the tutorials of their statistics course. Participants were guided to

expand upon and improve the existing content qualitatively and quantitatively. In

contrast to the previous lab Experiment 3, participants did not receive any addi-

tional learning materials. Instead, they were instructed to use their newly acquired
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and more detailed knowledge gained from the follow-up statistics course in the sec-

ond semester. It was aimed to stimulate subject-related as well as formal conflicts be-

tween students’ previous knowledge and to gain new insights into statistical topics.

The study was divided into three phases: (1) a knowledge pre-test about descriptive

statistics and additional questionnaires including relevant socio-demographics, (2) a

two-week time frame for collaborative wiki revisions and (3) a knowledge post-test

about the same statistical topics (cf. Figure 4.6).

Figure 4.6. Workflow diagram visualising the overall study procedure of Experiment 4 with
its central stages.
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Both groups were provided with the same wiki article contents. To conduct this

experiment with larger student groups, two DokuWiki instances served as exper-

imental wikis in which either the BRD or the DDR script was included. Students

were first led to a start page where they were provided with detailed instructions

about the respective work flows of the collaboration scripts. As permanently visi-

ble reminders of the most relevant steps, graphical script representations appeared

in the header of each wiki page. In addition, the scripts’ main stages were also in-

cluded as textual representations in the wikis’ navigation panes (cf. Figure 4.7).

Figure 4.7. Screenshot of one experimental group’s wiki-based learning environment with
collaboration script representations as used in Experiment 4.
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4.4.3 Variables and Measurements

To measure the learning effect as one of the main dependent variables, two knowl-

edge tests at different points in time were conducted. Prior to the wiki collaboration

all participants received a 20-item knowledge test with five answer choices as the

pre-test (e.g. “Which values are needed to calculate the confidence interval?”). Ad-

ditionally, socio-demographic variables such as age and sex were also surveyed in

the pre-test. After the collaborative writing phase participants answered a 20-item

knowledge post-test that was structurally identical to the pre-test, also with five an-

swer choices each (e.g. “Which conditions have to be satisfied to conduct a t-Test?”).

Each wiki topic was addressed by two questions in both tests. Each question had

one to three correct answer options. It was ensured that question difficulty, content

areas, and the number of correct answer options per item were similar between the

pre- and post-tests to create equivalent question sets. For both tests, the questions

were generated using the original, unedited material in the wikis. The maximum

number of points for both tests was set to the number of questions (20). Participants

could get 0.2 points for both choosing correct answers and not choosing false an-

swers. Although groups of students were surveyed, individuals have been chosen

as unit of analysis, ICC = .07, F (31, 32) = 1.16, p = .342. Beyond that, wiki contri-

bution data was collected by the learning environment, such as number of revisions

per article, number of discussions per article, article word count and number of for-

mal errors (e.g. spelling, grammar). For further analyses, several influencing vari-

ables were measured: need for cognitive closure (again measured with the German

short scale 16-NCCS), intrinsic motivation and metacognitive strategies. To assess

intrinsic motivation, the German short scale of intrinsic motivation (Wilde et al.,

2009) was used, which is an adapted version of the Intrinsic Motivation Inventory

(Deci & Ryan, 2003).
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This scale has a four-dimensional factor structure and consists of the sub-scales

Interest/Enjoyment (e.g., “The collaboration was enjoyable.”), Perceived Compe-

tence (e.g., “I think I was pretty good in the collaboration.”), Perceived Choice (e.g.,

“In the collaboration I could choose on my own how to handle it.”), and Pres-

sure/Tension (e.g., “While collaborating I was tense.”) with three items in each

subscale. Answers were given on a 5-point Likert scale from 1 = “strongly disagree”

to 5 = “strongly agree”. The questionnaire to assess metacognitive strategies was

taken from the inventory for the acquisition of learning strategies in studying (Wild

& Schiefele, 1994). This is a 77-item questionnaire for the assessment of cognitive,

metacognitive and resource-related learning strategies. As this study only focused

on the metacognitive strategies the inventory was reduced to the eleven relevant

items measuring this factor (e.g., “I ask myself questions about the material to make

sure that I have understood everything.”) with answer options scaled from 1 (“very

rare”) to 5 (“very often”).

4.5 Results of Experiment 4

4.5.1 Analytic Procedure

Due to the larger sample as in Experiment 3, more sophisticated statistical methods

could be used to analyse the data. In addition to the direct two-group compar-

isons, moderation analyses were used to provide in-depth analyses of the condi-

tional effects of intrinsic motivation, metacognitive strategies and the need for cog-

nitive closure on contribution frequency during collaboration for both wiki script

groups. If regions of significance were identified by the PROCESS macro applying

the Johnson-Neyman technique, the conditional effect slope and its 95% upper and

lower confidence bands were visualised (Hayes, 2013). Analogous to the analyses of
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contribution frequency, moderation analyses were used to analyse the conditional

effects of the discussed influencing variables on learning outcomes after collabora-

tion for both wiki script groups. As before, if the PROCESS macro identified regions

of significance with the Johnson-Neyman technique the appropriate plots were gen-

erated, otherwise simple slopes are presented for better visualisation purposes. As

a final analytic step, potential links were explored between collaboration scripts and

learning outcomes after collaboration, mediated by wiki contributions frequency.

4.5.2 Direct Group Comparisons

Learning outcomes. On a descriptive level, students in the DDR group performed

higher in terms of absolute gains from the knowledge pre-test to post-test (M = 1.04,

SD = 1.43) compared to the BRD group (M = 0.91, SD = 1.54), but the effect of the

scripting was negligibly small, t(63.94) = 0.35, p = .364, d = 0.08, 90% CI [-0.31, 0.48],

BF01 = 1.14. A paired samples t-Test suggested that students in both groups had

learning gains from the first test (M = 13.13, SD = 1.54) to the second knowledge

test (M = 14.11, SD = 1.53) with a medium to large effect for the time of testing,

t(68) = 5.52, p < .001, d = 0.66, 90% CI [0.45, 0.89], logBF10 = 10.85. Students mostly

benefited from simply working with the wiki for a fixed period. Their learning gains

did not immediately benefit from the collaboration script they were assigned to.

Edits and discussions. Regarding the wiki contributions, students in the DDR

group participated more frequently in talk page discussions than students in the

BRD group, t(36.45) = 7.48, p < .001, d = 1.68, 90% CI [1.17, 2.32], logBF10 = 13.56.

Students in the DDR group contributed fewer edits to the ten wiki articles than the

BRD group, t(63.09) = 2.11, p = .019, d = 0.51, 90% CI [0.10, 0.91], BF10 = 6.70. These
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contribution metrics results show that the collaboration scripts and their represen-

tations induced the intended collaborative knowledge construction behaviour for

both groups. Wikipedia’s BRD proposal promoted a rather high frequency of edits,

whereas the alternative DDR script promoted more active engagement in discus-

sions before meaningful changes to an article were made. Furthermore, it has been

found that the BRD group added more words (Mdn =353.50) to the original arti-

cles than the DDR group (Mdn =105.00), U = 87.00, p = .012, r = .58, 90% CI [.24,

.80], BF10 = 7.79. A positive correlation with a moderate to large effect between

article length and the relative number of formal errors per article was also found,

ρ(18) = .48, p = .018, 90% CI [.12, .72], BF10 = 3.12. These results indicate that the

exhaustiveness of an article does not necessarily reflect its quality and that shorter

articles are potentially more precise and accurate.

4.5.3 Conditional Effects on Contribution Frequency

Need for cognitive closure. There was a moderate to large conditional effect of the

individual need for cognitive closure on the students’ wiki contribution frequency,

F (3, 65) = 2.60, p = .060, R2 = .10, 95% CI [.00, .24], BF10 = 15.79 (Figure 4.8, left). Stu-

dents with a high need for cognitive closure contributed more to the wiki when they

were in the DDR script group. For students with a low need for cognitive closure

the overall contribution frequency was not affected by the wiki script group they

used. The DDR script encouraged those students, who would normally contribute

less due to their disposition, to collaborate more.

Metacognitive strategies. There was a rather large conditional effect of the preva-

lence of metacognitive strategies on the contribution frequency, F (3, 65) = 3.23,

p = .028, R2 = .13, 95% CI [.00, .27], BF10 = 39.44 (Figure 4.8, middle). Students
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who had less pronounced metacognitive strategies contributed substantially more

to a wiki when they were assigned to the DDR script, whereas those with more

pronounced metacognitive strategies did not differ in their contribution frequency

between groups. The DDR script encourages contributions from students who need

more instructions on what to do in a collaborative knowledge construction task.

Figure 4.8. Conditional effects of script group on contributions as functions of influenc-
ing variables: need for cognitive closure (left), metacognitive strategies (mid-
dle), intrinsic motivation (right). Grey area = JN region of significance, dashed
lines = 95% upper and lower confidence bands.

Intrinsic motivation. Finally, the analysis of intrinsic motivation suggests a large

conditional effect on students’ wiki contributions, F (3, 65) = 3.29, p = .026, R2 = .29,

95% CI [.09, .45], logBF10 = 9.39 (Figure 4.8, right). Students in the DDR script wiki

contributed the most when their motivation was high. When motivation was low,

the contribution frequency in the DDR script group showed a slightly reversed effect

resulting in almost equally few contributions as in the BRD script wiki. Motivation

seems to play a more important role for participation in collaborative knowledge

construction activities if the deployed script is more restrictive.
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4.5.4 Conditional Effects on Learning

For all three analyses of the influencing variables on learning gains from the pre- to

the post-test, the Johnson-Neyman floodlight analysis did not identify any regions

of significance. Thus, for the sake of completeness simple slopes as visualisations of

the effects were provided. Analogous to the analyses on contributions conditional

process analyses were performed with the three hypothesised moderating variables.

Need for cognitive closure. The first analysis suggested a small to moderate con-

ditional effect of the need for cognitive closure on learning gains, F (3, 65) = 0.87,

p = .460, R2 = .04, 95% CI [.00, .13], BF10 = 2.87 (Figure 4.9, left). Students who were

high on the closure scale had the largest gains in the BRD wiki and students who

were low on the scale performed best in the DDR wiki. However, for both script

groups and both extremes on the need for cognitive closure scale the average gains

in test scores were relatively small.

Metacognitive strategies. Regarding metacognitive strategies as moderating vari-

able, there was a small conditional effect on the learning gains, F (3, 65) = 0.61,

p = .610, R2 = .03, 95% CI [.00, .10], BF10 = 2.19 (Figure 4.9, middle). Having low

levels of metacognitive strategies does not discriminate much between students of

either wiki script, with a marginal advantage for those in the DDR group. Con-

versely, students who are high on the metacognitive strategy spectrum performed

slightly better when collaborating in the BRD wiki.

Intrinsic motivation. Finally, regarding the conditional effects of intrinsic moti-

vation on individual learning gains the analysis suggested there was a very small

effect close to zero, F (3, 65) = 0.10, p = .960, R2 = .01, 95% CI [.00, .03], BF10 = 1.20

(Figure 4.9, right). For students with high levels of intrinsic motivation it made



134

virtually no difference to which wiki script group they were assigned, resulting in

almost identical learning gains. Students who had low intrinsic motivation for col-

laborating with other students in the wiki performed marginally better when they

were working in the less strictly structured BRD wiki.

Figure 4.9. Simple slopes of script groups on learning gains conditional of influencing vari-
ables: need for cognitive closure (left), metacognitive strategies (middle), intrinsic
motivation (right). Dashed lines = BRD script, solid lines = DDR script.

4.5.5 Mediation of Contributions Between Script and Learning

From a simple mediation analysis conducted using ordinary least squares path anal-

ysis, the provided collaboration scripts indirectly influenced the learning outcome

at the post-test after collaboration (t2) through the students’ wiki contribution fre-

quency. As can be seen in Figure 4.10, students in the DDR wiki made on average

more contributions to the wiki than students in the BRD group, a = 8.55, 95% CI

[1.52, 15.57]. Thus, students who contributed more to the wiki were more likely

to achieve a higher post-test score, b = 0.02, 95% CI [0.01, 0.04]. A bias-corrected
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bootstrap confidence interval for the indirect effect based on 5,000 bootstrap sam-

ples was entirely above zero, ab = .21, 95% CI [.02, .52]. The total effect model for

the unmediated direct effect highlights that the data do not sufficiently support a

direct effect of the collaboration script on learning outcomes in the post-test, F (1,

67) = 0.89, p = .349, R2 = .01, 95% CI [.00, .12], BF10 = 1.29.

Figure 4.10. Effect of collaboration script on learning outcome mediated by the frequency of
contributions to the wikis.

4.5.6 Further Results

Regarding the sentiments towards working with collaboration scripts and wikis,

it was analysed if participants perceived the experimental wikis with their addi-

tional scripts as helpful. 67.57% of participants in the DDR group found that work-

ing with a wiki was generally useful compared to 71.88% in the BRD group, χ2(1,

N = 69) = 0.15, p = .698, BF01 = 3.45. In the DDR group 83.78% of students perceived

their provided script for collaboration with wikis as useful compared to 90.32% of

students in the BRD group, χ2(1, N = 68) = 0.63, p = .428, BF01 = 3.74. In the DDR

group 51.35% stated that they intend to use a wiki also in future works compared to

65.63% in the BRD group, χ2(1, N = 69) = 1.44, p = .231, BF01 = 1.72.
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4.5.7 Summary of Main Findings

The central result of Experiment 4 is that students following different collaboration

scripts in a real collaborative wiki environment show important differences in the re-

sulting outcomes and underlying processes. Following the DDR script encouraged

students to discuss substantial changes to articles before an edit was performed,

whereas the BRD script group discussed virtually nothing and performed changes

to the wiki whenever they felt the need. In most cases, students in the BRD wiki did

not further proceed with the script’s other steps of reverting and discussion. The

script’s aim is to promote many edits to an article; if no objections are communi-

cated via revisions or discussions, it can be assumed that the community reached

an implicit consensus about the performed edits. In contrast to that, in the DDR

wiki it could be observed that many discussions between several students about the

subject matter’s subtopics took place. Accordingly, it can be assumed that the whole

suggested script process was followed by most participants, since the whole process

was observed of proposing an article edit in a discussion, followed by a deliberation

process to reach consensus that finally resulted in a corresponding article edit. On

the one hand, students produced longer articles in the BRD wiki, but on the other

hand there were fewer errors in the DDR wiki articles. The greatest learning suc-

cess at the post-test was most likely to be achieved when involvement in the wiki

community was high, which was especially the case for students in the DDR script

group. In extension to Experiment 3, further in-depth analyses were conducted of

the influencing variables that thought to be related to learning and knowledge con-

struction, namely need for cognitive closure, metacognitive strategies and intrinsic

motivation. It has been shown that it is relevant to consider individual differences

in these constructs when designing instructional aids for collaborative learning en-

vironments.
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4.6 Discussion

Providing learners in technology-enhanced environments with explicit guidance on

how to proceed during collaborative tasks can be highly relevant for more success-

ful individual learning outcomes and collaborative knowledge construction arte-

facts. For the inception of new wiki articles or similar collaboratively created user-

generated content, following an open script as proposed with Wikipedia’s BRD can

be useful. This script proposal encompasses the main stages of performing an article

edit without any discussion (Be Bold), waiting to see if an edit will be reverted by

another community member (Revert), and only take the edit as a topic to the discus-

sion page if it gets reverted multiple times (Discuss). In contrast to that approach,

when there is already a wiki knowledge base which can be built upon, it can be

more useful to follow a script like DDR. That approach explicitly expects learners

to coordinate and seek consensus before changes to the system are incorporated by

promoting a discussion to present any planned edits (Discuss), finding a consen-

sus with the community (Deliberate), and finally editing the article according to the

consensus (Revise). Therefore, it was examined in detail how students work with

either script in dyads and in larger groups. Differences in measurable learning out-

comes were analysed and also the resulting artefacts that students produced in the

experimental wiki environments. In the first experimental laboratory study with

dyads, valuable first insights were gathered and evidence on how learners adopt

different types of collaboration scripts. Moreover, it was examined how this affects

their learning outcomes and knowledge construction in a wiki-like environment.

Although the sample was quite small for reliable statistical inferences, some valu-

able qualitative information could be extracted from the learner’s answers to the

open-ended questions and some descriptive tendencies that provides some motiva-

tion to further explore differences of these two different script approaches.
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For the most part, both scripts worked as intended. Students in the wiki envi-

ronment with the DDR used the chat much more frequently for coordinating and

discussing what content to include into the main article text. It could be seen that

when students followed the suggested DDR script they were much more likely to

incorporate their learning partner’s additional information into more complex and

nuanced answers. Although the number of well-integrated replies decreased over

time, students who previously collaborated with the DDR script were still more

likely to provide more nuanced answers than their BRD counterparts. Thus, col-

laboration with the DDR script caused students to add their own and the learning

partner’s arguments to reach more balanced articles. In the second study, it was

built upon the findings of the first Experiment 3nd set up two real wikis for larger

student groups as a supplement to a statistics lecture. Both collaboration script pro-

posals worked well regarding their intended modes of operation. Students in the

BRD wiki produced many more edits directly to the article than those who were

in the DDR group. The main task in the BRD script is about editing an article and

if no community member has any objections an implicit consensus is reached and

no further script execution is required. In the DDR wiki students discussed most

of their intended changes, whereas in the BRD group there were virtually no dis-

cussions during the experiment’s observation period of two weeks. Students in the

DDR wiki executed all stages of the entire script proposal by initiating discussions,

participating in consensus finding and performing article edits as the last prompted

step. The DDR script encouraged students to discuss on a level that is usually not

present in educational wikis and more likely to be found in threaded online forums

(Biasutti, 2017). It is highly appreciated that the students’ adopted the DDR script

steps as intended and thus resulting in increased knowledge exchanges about the

subject matter in this group.
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In contrast to the first experiment, the second study’s set-up and subject mat-

ter made the occurrence of controversies less likely, making it more difficult to see

learners’ incorporation of complex and nuanced replies. Nevertheless, some impor-

tant differences have been found. The resulting articles of the DDR wiki students

were shorter, but they were more precise and contained fewer errors. In preliminary

content analyses of a random sample of articles, it has been found that the articles

produced in the DDR wiki were of higher overall quality (Heimbuch et al., 2016).

Furthermore, the analyses of the influencing variables suggest that these findings

are important to consider from an applied perspective. Other researchers of col-

laborative knowledge construction environments concluded that students can ben-

efit from reading, connecting, and questioning ideas in an online environment (So,

Seah, & Toh-Heng, 2010). Based on the study findings, it can be regarded as highly

relevant to consider inter-individual differences when designing and incorporating

guidance measures into computer-supported collaborative learning environments.

Considerations of cognitive constructs such as the ones that have been presented can

influence how students make use an online environment and what level of support

might benefit them. In both experiments, effects of the individual need for cognitive

closure were investigated. The results might seem ambiguous at first sight, partially

because although the construct is regarded as a relatively stable disposition, it has

also state component that can be influenced by time pressure (Webster & Kruglan-

ski, 1994). The laboratory experiment had much stricter time limits of 45 minutes for

the collaboration phase, whereas in the field experiment students had two weeks for

collaboration with the wikis. As such, a high need for cognitive closure individual

is likely to act differently under time pressure.
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Regarding the additional two constructs that were assessed in the field experi-

ment, metacognitive strategies and intrinsic motivation, it has been found that stu-

dents in the more restrictive DDR wiki participated more than the average when

they had few metacognitive strategies and were highly motivated. With high levels

of metacognitive strategies, students do not necessarily need very explicit rules for

effective collaboration, because they have already developed skills to easily adapt

to specific requirements (Berthold et al., 2007; Kuhn, 2000). Finally, more intrinsic

motivation can be required in more restrictive environments such as the DDR wiki,

since the individual’s autonomy of what to do is constrained by the suggested work-

flow. The idea of perceived autonomy is more in line with the concept of Wikipedia’s

BRD script which is less coercive and designed to incentivise high participation rates

and many article edits (Nov, 2007; Zhang & Zhu, 2006). In conjunction, both stud-

ies suggest that when students collaboratively create user-generated content in en-

vironments like wikis, it is important to define the aims of collaboration and the

whole setup. If the major goal is to gather as much information as possible in a

short period of time and to fill up an empty knowledge base, open and less coercive

guidance could be more suitable to achieve this. But if there is an already existing

and established stock of knowledge to be improved or revised, it might be more

useful to guide in a more restricted manner and to encourage discussions that are

otherwise found in online forums rather than wikis. Moreover, as can be seen in the

laboratory experiment, a more coercive script can induce more meaningful discus-

sions and exchanges of arguments about opposing viewpoints. In future studies, it

should be investigated how scalable collaboration scripts such as the DDR proposal

are and if there is a critical mass of users that can efficiently make use of this.
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5 The Interaction of the Need for Cognitive Closure

with Implicit and Explicit Guidance in Wiki-based

Learning

One purpose of wikis is the collaborative generation of content. Dur-

ing creation processes, controversies between authors emerge that they

discuss on the article’s talk page. Research suggests that controversies

based on opposing points of view and contradictory evidence can be

fruitful to trigger individual elaboration processes. However, previous

research also showed that many wikis are not necessarily suited to iden-

tify relevant discussion contents and thus users need additional support

as guidance. In an experimental study (N = 181) on wiki talk pages, two

scaffolding measures were investigated in conjunction with the need for

cognitive closure: (1) visual markers to highlight controversy status (im-

plicit) and (2) a collaboration script that directs users towards discus-

sions (explicit). Effects on wiki processes and learning outcomes were

analysed. The results show that both guidance types can affect user be-

haviours and in interaction with the need for cognitive closure there are

also effects on learning outcomes.
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5.1 Method

5.1.1 Design and Participants

It has been decided to use an experimentally controlled laboratory setting with in-

dividual participants. This decision has been made to isolate potential effects of the

experiment’s guidance types in conjunction with the individual Need for Cognitive

Closure from interfering effects caused by social interactions that naturally occur in

wiki environments. Consequently, a between-subjects design was used to investi-

gate the interplay between different guidance types and the Need for Cognitive Clo-

sure in wiki-based learning. The first independent factor was the type of provided

talk page guidance (implicit vs. explicit). The second factor of interest was the in-

dividual Need for Cognitive Closure, which was factorised via median splits into

two levels (low vs. high). For deeper inferential analyses, linear regression models

were specified to make use of the full interval data spectrum. Before conducting the

experiment, two a priori power analyses were performed corresponding to the main

hypotheses. The first power analysis for between-group equivalence was performed

with the R package TOSTER (Lakens, 2017a) for equivalence hypothesis testing with

parameters α = .05 1-β = .90, d = [-0.5, 0.5]. The bounds of d = -0.5 and 0.5 were cho-

sen, because they translated into a raw score difference of approximately 1 point

in the knowledge test, which was considered as the smallest effect size of interest

(SESOI). The second power analysis for interactions of the grouping condition with

the NCC was performed for linear regression designs in G*Power (Faul, Erdfelder,

Lang, & Buchner, 2007) with parameters α = .05, 1-β = .90, f = 0.25. As a result,

the analyses suggested an optimal N = 174 for the equivalence hypothesis tests and

N = 171 for potential interaction effects in a hierarchical linear regression model.
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After approximately five weeks, the recruitment of participants was terminated

when no more subjects were willing to volunteer in the experiment. Finally, it was

possible to sample N = 181 subjects with complete data sets. This sample size pro-

vides sensitivity for minimum equivalence bounds of d = [-0.35, 0.35], which is more

than sufficient for the study’s planned bounds of d = [-0.5, 0.5]. The participants‘ age

range was between 17 and 33 years (M = 20.59, SD = 2.59; nf = 136 female, nm = 45

male). Most of the participants were students recruited from the university’s Ap-

plied Cognitive and Media Science degree program (n = 168; 92.82%). Participants

were randomly assigned on their arrival at the laboratory to one of the two learning

environments, resulting in an equal distribution to both an implicit guidance wiki

(nimp = 91) and an explicit guidance wiki (nexp = 90). The participants’ overall topic-

specific interest was on a medium level (M = 7.35, SD = 3.20) and their self-assessed

prior knowledge about the subject matter was relatively low (M = 3.78, SD = 2.59),

on scales both ranging from “0 = low” to “15 = high”. Differences between both

wiki groups regarding topic-specific interest were very small, U = 3917.50, p = .614,

d = .04, 95% CI [-.13, .21], BF01 = 5.28. Regarding prior knowledge, a small but

meaningful difference between group is suggested by the data, U = 3359.50, p = .033,

d = .18, 95% CI [-.02, .34], BF10 = 2.16. This difference in prior knowledge will be

controlled for in respective analyses of the learning outcomes.

5.1.2 Procedure

The experiment was conducted in an individual setup with up to four participants

at the same time, separated by divider panels. After participants were individually

briefed with written instructions on the computer screen and had given consent to

participate in the study, they were first asked a few basic socio-demographics as
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well as interest in and prior knowledge of the study’s subject matter (forms of en-

ergy). Participants completed all tasks of article editing and contributing to discus-

sions individually in their own private wiki instances. This was followed by a short

mandatory introduction to the self-developed wiki environment. Participants were

asked to click through a mock-up environment with lorem ipsum texts to familiarize

with the general wiki structure. In addition to the general orientation in a wiki, this

tutorial phase also served to familiarize with the specific additions that were added

to the experimental wikis (controversy highlighting vs collaboration script DDR) to

ensure that participants have a common ground about their wiki environment’s me-

chanics. Both groups had the same task of contributing to an initial Wikipedia-like

base article about different forms of energy and participating in up to three of the

corresponding discussions (cf. Figure 5.1).

Figure 5.1. Workflow diagram visualising the overall study procedure of Experiment 5 with
its central stages.
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Participants received the information that the discussions contain sufficient ar-

guments and evidence to enrich the original article, since no additional material

regarding the subject matter was provided elsewhere. No further instructions were

given on how to start their wiki task (e.g. reading the article or any discussion first)

or what kind of reply they should make to a self-selected discussion. This was the

experiment’s main stage where participants had a loose total time limit of 21 min-

utes (three phases of 7 minutes for wiki contributions) for finishing all article edits

and discussion replies. After the time for a contribution phase was up, the envi-

ronment automatically prompted them to finish their contributions in the wiki and

proceed further. Followed by the wiki contribution stage, the questionnaires to de-

termine the individual levels of Need for Cognitive Closure (16-NCCS) and epistemic

curiosity (ECS) were presented. After filling out these questionnaires participants

had to answer a multiple-choice test about the study’s contents. As an additional

manipulation check, participants were asked to sum up briefly in open text fields

why they have selected certain discussions to comment on and what led to the final

decisions for the resulting article edits. Finally, to gain insights about how par-

ticipants rate the additions made to the wikis they were asked to fill out the User

Experience Questionnaire (UEQ).

5.1.3 Materials and Wiki Environments

Participants were confronted with different forms of energy, such as fossil fuels,

nuclear power and renewable energy as the experiment’s subject area. A base article

on the topic was provided as an initial start page to provide a common ground for

all participants in the experimental wikis. This article was derived from original

sections of Wikipedia and adapted them for the study’s purpose, resulting in an

article with a total length of 630 words. From original talk page discussions on the
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corresponding Wikipedia articles, a total number of twelve discussion threads were

generated with the aim of reproducing a wiki-like environment (Figure 5.2). All

threads in the wiki were made up of at least two discussants and included these

on a wiki talk page to represent existing discussions that directly relate to the main

article. Six of the integrated discussions comprised content-related controversies

with opposing points of views about forms of energy and were resolved after the

exchange of a few evidence-based arguments. The other six discussion threads were

open and unresolved controversial discussions where discussants did not reach any

kind of consensus.

Figure 5.2. The implicit guidance wiki with controversy highlights is represented in the float-
ing upper left part of the figure. A DDR collaboration script representation for the
explicit guidance wiki is shown on the right.

Since the DDR collaboration script was designed for discussion and deliberation

of change proposals, it was necessary to simulate this step to a minimal degree for

this individual study. It was decided to shorten the presented discussions for this

group by one reply of a previous discussant and adapt it as boilerplate text for a sim-

ulated bogus discussant. If a study participant in the script group decided to reply

to a self-selected discussion, a pre-selection of decisions was presented with three
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options: (1) “I agree with discussant A’, (2) “I agree with discussant B” and (3) “I

agree with neither A or B / Both replies are equally valid to me.” Depending on the

user selection and the discussion status, one of three pre-defined bogus discussant

replies was presented.

5.1.4 Variables and Measurements

The main independent factor of this study was the kind of additional wiki guidance,

whether it was implicit with visual cues or explicit with a collaboration script sug-

gesting a specific order of events. As another variable that also served for variance

analytic purposes as a second independent factor was the individual Need for Cog-

nitive Closure (NCC). According to the original literature on the scale 16-NCCS that

has been deployed in this study, post-hoc median splits were used for classifying

participants as low or high Need for Cognitive Closure (Schlink & Walther, 2007).

Since median splits should only be used with caution due to false estimations, lower

power and spurious statistical significance (Maxwell & Delaney, 1993; MacCallum,

Zhang, Preacher, & Rucker, 2002), beyond the questionnaire’s original evaluation

protocol also the full continuous data spectrum of the Need for Cognitive Closure

scale has been used within hierarchical linear regression models. On the other hand,

median splits can also be useful to suggest clear recommendations to participants

and to use these categories to build simple adaptive learning environments for dif-

ferent types of students. Thus, the following analytical procedure for process and

outcome variables encompasses (1) analyses with dichotomised variables as well as

(2) analyses with the entire metric data spectrum of the Need for Cognitive Closure

scale.
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Measuring learning success. To measure individual learning success about the

study’s subject matter, a post-experimental multiple-choice knowledge test was de-

veloped. Such tests are still widely used to quantify learning results in collaborative

and individual settings (Kent et al., 2016). In total, the test comprised eighteen ques-

tions about different forms of energy, such as different types of renewable energy

sources (e.g. “What is the efficiency of water?”, “What are the negative effects of

wind turbines?”). Six of these questions were designed to be answerable with only

the information provided in the original base article. Therefore, they were practi-

cally solvable without having read any of the discussion threads. The remaining

twelve questions were constructed in a way that exactly one question covered one

of the controversial discussion topics. Every multiple-choice question had four an-

swering options comprised of up to three distractors and at least one attractor. The

test’s overall sum of correct answer options was used as a general indication for

individual learning success about the study’s subject matter.

Measuring process variables. Both self-developed wiki environments were de-

signed to record participants’ selection behaviour by measuring individual clicks

on the article and discussion tabs as well as on individual discussion thread titles.

On the talk page, clicking on a title was necessary to select and expand a thread and

thus unveil its contents. By design only one topic could be open for reading at a time

and had to be collapsed by clicking again before proceeding to the next topic of inter-

est. For further processing click counts that triggered only the expanding/opening

events were recorded in the log. Furthermore, the environment recorded the times

of events such as time spent on the article page, time spent on individual discussions

and time spent to write a reply to a topic. Discussions’ reading times were measured

by calculating the differences between thread opening and closing times. If a topic
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was opened and closed more than once, the environment also recorded cumulative

reading times for each discussion thread. Correspondingly, for the article page the

environment’s logging system also recorded the overall time spent with the article.

Measuring further potential influences. Individual epistemic curiosity was mea-

sured with the Epistemic Curiosity Scale (Renner, 2006). This validated question-

naire with a total of 10 items measures the two dimensions diversive and specific

epistemic curiosity. Each of the two subscales consists of five statements (e.g. ’When

I learn something new, I like to learn even more about it.’) and had to be rated on

a 4-point scale ranging from “fully disagree” to “fully agree”. In addition to that,

participants were also asked to rate their further experience with wikis in a short

self-developed questionnaire with six items on a 4-point scale ranging from “not

correct at all” to “fully correct”. Items covered questions regarding passive use of

and active participation in wikis.

Measuring user experience. To measure the acceptance of the two guidance im-

plementations which have been implemented in the experimental wikis, the User

Experience Questionnaire (UEQ) was used (Laugwitz et al., 2008). This questionnaire

consists of 26 items measuring the perceived usefulness of user interfaces and their

implementations. The UEQ does not provide a total score of the user experience,

instead the construct is made up of six dimensions that are considered individually.

Overall, values smaller than M = -0.8 are considered negative evaluations, values

between -0.8 < M < 0.8 as neutral and values greater than M = 0.8 as positive eval-

uations of a tool on the respective dimension.
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5.1.5 Specific Hypotheses to Research Questions

RQ5.1: How do (1) implicit guidance with controversy awareness highlights and (2)

explicit guidance with a DDR collaboration script affect processes and outcomes in

wiki groups?

H5.1a: The individual selection and reply behaviour is expected to be

equivalent for both wiki groups.

H5.1b: The individual contribution time is expected to be different be-

tween the guided wiki groups. Due to the nature of the DDR script,

it is expected that participants in the explicit guidance group spent

more time on contributing to discussions in comparison to partici-

pants in the implicit guidance group.

H5.1c: The individual learning success is expected to be equivalent for

both wiki groups.

RQ5.2: How does the individual Need for Cognitive Closure influence processes

and outcome variables related to learning in the case of (1) implicit guidance with

controversy awareness highlights and (2) explicit guidance with a DDR collabora-

tion script?

H5.2a: The interaction of the Need for Cognitive Closure and the imple-

mented guidance in the wikis determines the individual selection and

reply behaviour. It is expected that high NCC participants select and

reply mostly to resolved controversies when their status is visualised

as it is the case in the implicit guidance wiki. For low NCC partici-

pants, it is expected that they behave equivalently in both wikis.
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H5.2b: The interaction of the Need for Cognitive Closure and the im-

plemented guidance in the wikis determines the individual contribu-

tion time. It is expected that high NCC participants spent more time

contributing when implicit guidance is present. For low NCC par-

ticipants, it is expected that they spent more time with contributions

when explicit guidance is present.

H5.2c: The interaction of the Need for Cognitive Closure and the form of

structuring determines the individual learning success. It is expected

that high NCC participants score higher in a knowledge test when

implicit guidance was provided. For low NCC participants, it is ex-

pected that they achiever higher scores when explicit guidance was

present.

5.2 Results

For the following analyses, equivalence hypothesis tests have been used with the

TOST (two one-sided t-Tests) procedure. This testing procedure is very useful when

a null or very small effect is expected and has in general greater statistical power for

gathering evidence for or against the absence of effects. It applies two directional

one-sided t-Tests against a priori specified lower and upper effect size or raw score

bounds (cf. Chapter 1.9). Simultaneously, a classic NHST (Null Hypothesis Signif-

icance Testing) t-Test of differences from a null effect is applied. Within the TOST

framework, the use of confidence intervals is more prevalent than p-values. Highly

simplified, 95% CIs including zero correspond to non-significant p-values, whereas

intervals excluding zero correspond to significant results (Lakens, 2017a).



152

5.2.1 Testing Equivalence between Guidance Groups

Topic selection. Participants in the implicit guidance wiki selected on average

M = 4.21 (SD = 2.75) resolved topics in comparison to M = 4.60 (SD = 2.86) resolved

topic selections in the explicit guidance wiki. The mean selection difference of 0.48

for resolved topics is equivalent in a 90% CI [-1.17, 0.21] and not significant in a

95% CI [-1.30, 0.34] within raw equivalence bounds of -1.40 and 1.40 resolved topic

selections. Unresolved discussion topics have been selected on average M = 4.84

(SD = 3.88) times in the implicit guidance wiki and M = 4.24 (SD = 3.21) in the

explicit guidance wiki. The mean difference of 0.59 topic selections between the

guided wiki groups is equivalent in a 90% CI [-0.28, 1.47] and not significant in a

95% CI [-0.45, 1.64] within raw equivalence bounds of -1.78 and 1.78 unresolved

topic selections.

Topic contribution times. In the implicit guidance wiki participants spent on av-

erage M = 386.46 (SD = 246.55) seconds on contributions to resolved controversial

topics, whereas in the explicit guidance wiki M = 481.11 (SD = 270.70) seconds were

spent on contributing to these controversies. This mean contribution time difference

of 94.64 seconds between both groups is not equivalent in a 90% CI [-158.30, -30.98]

and also statistically significant in a 95% CI [-170.62, -18.67] within raw equivalence

bounds of -129.45 and 129.45 seconds. Regarding unresolved controversial topics,

participants in the implicit guidance group spent M = 436.21 (SD = 298.56) seconds

on contributions. In the explicit guidance wiki they spent M = 341.37 (SD = 228.61)

seconds on contributing to unresolved controversies. The mean difference in contri-

bution times for unresolved controversial topics of 94.84 seconds is not equivalent

in a 90% CI [29.51, 160.17] and also statistically significant in a 95% CI [16.86, 172.82]

within raw equivalence bounds of -132.95 and 132.95 seconds.
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Topic reply frequency. Participants in the wiki with implicit guidance replied on

average M = 1.42 (SD = 0.92) times to resolved controversies. In the explicit DDR

script wiki, they replied M = 1.80 (SD = 0.74) times to these controversial discussion

topics. The mean difference in reply frequency between groups of 0.38 replies is not

equivalent in a 90% CI [-0.58, -0.18] and statistically significant in a 95% CI [-0.63,

-0.14] within raw equivalence bounds of -0.42 and 0.42. Since the number of total

discussion replies was fixed to n = 3, analyses of the reply frequency to unresolved

controversies would be completely redundant. Subsumed, the results regarding the

process variables provide evidence for the first hypothesis about the equivalence of

implicit and explicit guidance wikis.

Knowledge test. In the knowledge test, participants in the implicit controversy

highlight group scored on average M = 15.84 (SD = 3.43) in comparison to an av-

erage score of M = 15.47 (SD = 3.60) in the explicit scripting group. A mean test

score difference between both guidance groups of 0.37 points is equivalent in a 90%

CI [-0.50, 1.23] and not significant in a 95% CI [-0.66, 1.40] within raw equivalence

bounds of -1.76 and 1.76 points (Figure 5.3). This result provides evidence for the

equivalence in learning outcomes, meaning that no group outperforms the other.

Figure 5.3. Equivalence hypothesis test using the two one-sided t-Tests (TOST) procedure
between experimental groups on mean test scores.
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5.2.2 Testing Equivalence between NCC Levels

Topic selection. Low NCC participants selected on average M = 4.39 (SD = 2.59)

resolved topics in comparison to M = 4.51 (SD = 3.04) resolved topic selections of

high NCC participants. The mean selection difference of 0.11 for resolved topics

is equivalent in a 90% CI [-0.81, 0.58] and not significant in a 95% CI [-0.94, 0.72]

within raw equivalence bounds of -1.41 and 1.41 resolved topic selections. Unre-

solved discussion topics have been selected on average M = 4.35 (SD = 2.58) times

by low NCC participants and M = 4.74 (SD = 4.36) by high NCC participants. The

mean difference of 0.39 topic selections between the guided wiki groups is equiva-

lent in a 90% CI [-1.28, 0.49] and not significant in a 95% CI [-1.45, 0.66] within raw

equivalence bounds of -1.79 and 1.79 unresolved topic selections.

Topic contribution times. Low NCC participants spent on average M = 427.15

(SD = 245.71) seconds on contributions to resolved controversial topics, whereas

high NCC participants spent M = 440.11 (SD = 279.94) seconds on contributing to

these controversies. This mean contribution time difference of 12.96 seconds be-

tween both groups is equivalent in a 90% CI [-77.78, 51.87] and not significant in a

95% CI [-90.33, 64.41] within raw equivalence bounds of -131.69 and 131.69 seconds.

Regarding unresolved controversial topics, low NCC participants spent an average

time of M = 409.79 (SD = 298.79) seconds on contributions. High NCC participants

spent M = 367.61 (SD = 235.40) seconds on contributing to unresolved controver-

sies. The mean difference in contribution times for unresolved controversial topics

of 42.17 seconds is equivalent in a 90% CI [-23.83, 108.18] and not significant in a 95%

CI [-36.61, 120.96] within raw equivalence bounds of -134.49 and 134.49 seconds.
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Topic reply frequency. Low NCC participants replied M = 1.65 (SD = 0.86) times

on average to resolved controversies. High NCC participants replied M = 1.56

(SD = 0.85) times to these controversial discussion topics. The mean difference in

reply frequency between groups of 0.09 replies is equivalent in a 90% CI [-0.12, 0.03]

and not significant in a 95% CI [-0.16, 0.34] within raw equivalence bounds of -0.43

and 0.43. Since the number of total discussion replies was fixed to n = 3, analyses

of the reply frequency to unresolved controversies would be completely redundant.

Subsumed for all process variables, the results provide further evidence for the hy-

pothesis about the equivalence for low and high levels of need for cognitive closure.

Knowledge test. In the knowledge test, low NCC participants scored on average

M = 16.05 (SD = 3.29) in comparison to an average score of M = 15.24 (SD = 3.70) of

high NCC participants. A mean test score difference between both guidance groups

of 0.82 points is equivalent in a 90% CI [-0.04, 1.68] and not significant in a 95% CI [-

0.21, 1.85] within raw equivalence bounds of -1.75 and 1.75 points (Figure 5.4). This

result provides further evidence for the expected equivalence in learning outcomes

when only one factor is analysed in isolation, in this case the dichotomised (median

split) need for cognitive closure.

Figure 5.4. Equivalence hypothesis test using the two one-sided t-Tests (TOST) procedure
between low and high NCC levels on mean test scores.
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5.2.3 Testing Interactions of Guidance and NCC

In the following paragraphs on the analyses of interaction patterns, at first a 2 x 2

MANCOVA was used with the guidance type (implicit vs explicit) as group factor

and the median split NCC (low vs high). Participants’ self-assessed subjective prior

knowledge was used as covariate in all the following analyses because substantial

differences between the experimental groups have been identified. As subsequent

analyses, hierarchical linear regressions were used to account for the full continuous

data spectrum of the Need for Cognitive Closure scale.

Topic selection. In the MANCOVA model, the interaction effect of the experimen-

tal groups and the NCC level on topic selection behaviour was very small to vir-

tually non-existent, λ = .99, F (2, 175) = 0.83, p = .440, η2
p < .01, 90% CI [.00, .04].

The follow-up regression analysis with the full continuous NCC data showed small

effects for the interaction with the grouping variable on the selection of resolved top-

ics with b = 0.02 (SE = 0.04), t(176) = 0.46, p = .644 within a small total effect model,

F (4, 176) = 0.72, p = .583, R2 = .02, 90% CI [.00, .04]. A similar pattern with small

effects was found for the selection of unresolved topics with b = -0.02 (SE = 0.05),

t(176) = -0.47, p = .640 in the total effect model, F (4, 176) = 1.05, p = .385, R2 = .02,

90% CI [.00, .05].

Topic contribution times. For contribution times, the MANCOVA model showed

an extremely small effect for the interaction of guidance type and the NCC, λ = .99,

F (2, 175) = 1.10, p = .335, η2
p < .01, 90% CI [.00, .04]. Follow-up regressions with

the NCC as continuous variable suggest some influence of the NCC interaction on

the resolved topic contribution time with b = 4.58 (SE = 3.61), t(176) = 1.27, p = .206

within a medium-sized total effect model, F (4, 176) = 3.03, p = .019, R2 = .06, 90% CI
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[.01, .11]. A much weaker effect was found for the regression on unresolved topic

contributions time of b = 1.12 (SE = 3.70), t(176) = 0.30, p = .762 that was also in a

medium-sized total effect model, F (4, 176) = 3.07, p = .018, R2 = .07, 90% CI [.01, .12].

The raw data suggests that prior knowledge is primarily responsible for differences

in contribution times for both discussion topic categories.

Topic reply frequency. Due to the limitation of exactly n = 3 replies, instead of a

MANCOVA on two reply variables a 2x2 ANCOVA has been used for analysing the

interaction effect of guidance and NCC on resolved topic reply frequency. The effect

with the dichotomized NCC was very small, F (2, 175) = 1.91, p = .169, η2
p = .01, 90%

CI [.00, .06]. The regression model with the continuous NCC showed virtually the

same pattern with a small effect with b = 0.02 (SE = 0.01), t(176) = 1.32, p = .188

within a rather larger total effect model, F (4, 176) = 6.24, p < .001, R2 = .12, 90%

CI [.04, .19]. As in the previous analysis on contribution times, the raw data sug-

gests that prior knowledge is primarily responsible for differences in the replying

behaviour. In summary, the analyses suggest relatively small to virtually no effects

of the interaction between guidance and the NCC on all the process variables.

Knowledge test. Regarding the potential effects of the guidance type and the NCC

level on the learning outcome, with a 2x2 ANCOVA a small to moderate effect was

found, F (2, 175) = 5.30, p = .023, η2
p = .03, 90% CI [.01, .11]. Using the full NCC data

spectrum with a hierarchical linear regression model, the effect of the interaction

itself was weakened, b = -0.03 (SE = 0.05), t(176) = -0.67, p = .502 within a moderate

total effect model, F (4, 176) = 3.20, p = .014, R2 = .07, 90% CI [.01, .12]. The top

and bottom panels in Figure 5.5 show the interaction diagrams according to the

conducted variance and regression analyses. Both analyses provide evidence for

the directions of the hypothesised effects.
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Figure 5.5. Interaction diagrams of the guidance type with Need for Cognitive Closure
(NCC) on knowledge test scores. First, the interaction is visualised as in a 2x2
ANOVA with the dichotomised (median split) NCC (top panel). Second, the lin-
ear regression slopes are visualised with smoothed standard error areas for the
continuous NCC spectrum (bottom panel).
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5.2.4 Further Measurements

Epistemic curiosity. For the explored Epistemic Curiosity, there was a small pos-

itive direct effect on the knowledge test scores, b = 0.09 (SE = 0.06), t(176) = 1.54,

p = .124. Participants scoring high on Epistemic Curiosity perform minimally better

in the knowledge test. The overall effect model in the hierarchical linear regression

was medium-sized, F (4, 176) = 4.65, p = .004, R2 = .07, 90% CI [.01, .13]. A rela-

tively large portion of the effect is due to differences in prior knowledge. The data

of analysing the interaction of Epistemic Curiosity and guidance suggests a small

positive effect on learning outcomes, b = 0.15 (SE = 0.11), t(176) = 1.40, p = .164.

Participants scoring low on the used curiosity scale perform slightly better with

controversy awareness highlights for implicit guidance. In contrast to that, partici-

pants on the higher end of the curiosity scale perform slightly better with the DDR

script for explicit guidance. The overall effect model of the interaction hierarchical

was medium-sized, F (4, 176) = 3.99, p = .004, R2 = .08, 90% CI [.02, .14]. As before,

some portion of the effect in the overall model is due to prior knowledge.

User experience. Overall, participants in the group with controversy awareness

highlight for implicit guidance rated the status highlights in five out six UEQ dimen-

sions higher than the collaboration script group for explicit guidance rated the DDR

script. The largest difference on all six UEQ dimensions between both groups was

on rating the Efficiency of their respective wiki environment, t(179) = 6.44, p < .001,

d = 0.96. Students in the implicitly guided group rated their controversy status vi-

sualisations as rather positive in terms of efficiency whereas the explicitly guided

experimental group gave even negative scores on the efficiency scale for the collab-

oration script. The only dimension were the explicitly guided group rated their wiki

modification higher was the aspect of Novelty, t(179) = -2.11, p = .037, d = 0.31. The
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detailed comparisons of all six UEQ dimensions between the experimental groups

are shown in Figure 5.6.

Figure 5.6. Mean ratings on the User Experience Questionnaire dimensions for controversy
awareness highlights for implicit guidance implicit (blue) and collaboration script
DDR for explicit guidance (red) implementations.

5.3 Discussion

Regarding the effects of modified wikis on activities, previous studies on implicit

and explicit guidance have shown that such measures can influence behaviours of

learners using wikis as learning environments. Implicit guidance with controversy

awareness highlights can lead to a more focused selection of relevant content-related

topics and explicit guidance with a discussion-centric collaboration script can lead

to more meaningful a-priori discussion of proposed article changes (Heimbuch &

Bodemer, 2015a, 2017). But in those previous research attempts individual cog-

nitive differences of learning-related variables were mostly measured on the side.

Therefore, the focus of this experimental study was laid on one of these constructs

that had been previously identified as potentially relevant for learning scenarios

with ambiguous information, namely the Need for Cognitive Closure (Webster &

Kruglanski, 1994).
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At first, the equivalence of implicit and explicit guidance in the overall sample

was analysed, since there was no reason to believe that one measure in its own right

should outperform the other. The results show that participants do not differ be-

tween the kind of guidance in the test scores. Regarding the process variables, they

did not differ in the selection behaviour, but there were differences in the contribu-

tion times and replying behaviour. Participants with implicit guidance spent more

time for their contributions when they were replying to unresolved controversies

and contributed quicker and less frequent when dealing with resolved controversies

compared to those with explicit guidance. Subsequently, participants were analysed

regarding their individual Need for Cognitive Closure for equivalence with the con-

struct dichotomised in low and high levels (Schlink & Walther, 2007; Schlink, 2009).

There were no meaningful differences between participants in the two categorised

levels of their Need for Cognitive Closure on any of the measured process vari-

ables or in the learning outcome. Finally, the interactions of the presented guidance

measures and the Need for Cognitive Closure were analysed with (M)ANCOVAs

and hierarchical linear regressions. For all process variables, identical patterns have

been found with no differences in either statistical model. But when analysing the

learning outcome, the interaction of guidance type and Need for Cognitive Closure

was following the anticipated pattern. Participants who were high on the Need

for Cognitive Closure scale scored higher in the knowledge test when working in

a wiki enriched with implicit guidance rather than explicit guidance. The pattern

reversed for low Need for Cognitive Closure participants, the scored highest in the

discussion-centric collaboration script as explicit guidance wiki. Within a stronger

statistical framework as with the used regression model the effects are weakened,

but the general pattern remains about the same.
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Persons with a high level of Need for Cognitive Closure have the desire to re-

solve ambiguity as quickly as possible and care less for the best possible solution

and thus tend to rely on simpler heuristics to select and process information (Dijk-

sterhuis et al., 1996; Webster & Kruglanski, 1994). Implicit guidance with the here

user controversy awareness highlights provides them exactly this, a quick possibil-

ity to assess and to decide how to proceed further. In contrast to that, persons on

the low end of the Need for Cognitive Closure prefer to elaborate in discussions

and resolve ambiguity by finding better solutions than just the quickest (Dreu et

al., 1999; Schlink, 2009). Thus, a more explicit guidance like the used discussion-

centric script that tries to motivate the participation in discussion is better suited

for these persons. Although the differences in raw test scores of approximately 1

to 1.5 are descriptively small, they can still be meaningful in the sense that even

such a difference could be relevant for the next highest (or lowest) grade or can be

a decision between passing and failing. Implicit and explicit guidance measures

in socio-technical learning environments can have direct impacts on processes and

even learning outcomes. But this study has shown that it is not necessarily the

case. Other learning-related variables should also be considered to provide a more

suitable and tailored learning experience to the individual prerequisites of learners.

Some evidence was provided that individual differences in cognitive variables such

as the Need for Cognitive Closure should be considered in designing and deploying

learning environments. In addition, it can be noted that students in particular regard

the controversy awareness highlights for implicit guidance on some dimensions as

positive in terms of user experience. The visualisations are easily understood and

their use is generally perceived as efficient. Only in the dimension of Novelty the

explicit guidance through collaboration scripts was rated higher.
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This may be due to the fact that most users are familiar with other visualisations

of information, especially from the context of social media (e.g., Facebook, Twit-

ter, Google+). Contrary to this, most of the participants have been confronted with

collaboration scripts like DDR for the first time within the framework of this exper-

imental study. As with most research conducted in higher education, this experi-

ment was conducted with a very specific student sample of the Applied Cognitive

and Media Sciences at a single university (University of Duisburg-Essen, Germany)

that tends to be rather inclined to digital media. Therefore, it can be concluded that

it would be very likely that the results are replicable within other populations of

more than average technology-affine students. But it would be also very interesting

to investigate the effects in populations that are less proficient with computers and

socio-technical systems and to investigate if similar patterns would emerge.
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Part III

General Discussion
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6 General Discussion

Within the scope of this thesis the main question that was investi-

gated was: “How can learners using wikis as learning environment can

be supported to use the system beneficial for learning with the help of

implicit and explicit structuring?” The research focus was not placed

on the level of the wiki article, which emerges as a visible product of a

collaborative writing and knowledge construction activity. Instead, the

level of the wiki talk pages was examined in more detail, which serves

as a forum in the background for coordination and discourse during the

process of collaborative writing and co-evolution of knowledge. All the

interventions that were analysed in Chapters 2 to 5 were designed and

deployed considering the positive findings regarding implicit and ex-

plicit scaffolding developments in collaborative learning, both in face to

face and in computer-mediated scenarios. One goal in the development,

implementation and analysis of the implicit and explicit interventions

was to make them as compatible as possible with current guidelines of

existing wikis. The structuring aids as researched in this thesis should be

easy to understand and use without the need for much in-depth training.

Learners should be enabled to identify, apply and, at best, benefit from

these measures.
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6.1 Summary of Findings

The central results of all five experimental studies that were conducted during this

PhD thesis project are summarised in the following. This includes a critical exam-

ination of the empirical work as well as the implications of the results for research

and practice. Finally, further research areas relevant to the thesis topic of wiki-based

learning as well as the significance of the results for future investigations will be

discussed. The evidence of all studies’ main findings is represented cumulatively

within the model in Figure 6.1.

Figure 6.1. The direct and indirect influences of additional guidance measures on processes
and outcomes. Light green represents moderate evidence for effects. Dark green
represents stronger evidence for effects. The overall evidence for the constructs
and variables is cumulative over all conducted studies.
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Implicit guidance. It is particularly important to structure the interactions be-

tween learners to support a goal-oriented interaction and as a subsequent step also

learning (Dillenbourg & Fischer, 2007). Within the scope of the experiments for

this PhD project, study participants were directed by means of implicit structur-

ing measures on the wiki discussion forums. In Experiments 1 and 2, and as well

in Experiment 5, the effects of implicit structuring measures on different process

variables were investigated. The analysed process variables were the topic selection

behaviour (Experiments 1 and 5), discussion reading and contribution times (Exper-

iments 1,2 and 5), topic reply behaviour (Experiments 1 and 5). Furthermore, dif-

ferent outcome variables were investigated in the studies, such as learning success

in knowledge tests (Experiments 1 and 5), quality of article and discussion contri-

butions (Experiment 1), subjective assessments of the perception of wiki talk pages

and the expertise of authors (Experiment 2). In Experiment 1, study participants

were directed with the help of controversy awareness highlights towards discus-

sion topics that were relevant in terms of their relation to the article’s content and

provision of additional evidence. Such discussions can lead to socio-cognitive con-

flicts (Bodemer, 2011), which then lead to a more intensive examination of the topic

and can thus be conducive to the learning process (Mugny & Doise, 1978). This

experiment did not provide convincing evidence of directly measurable beneficial

effects on learning outcomes or contribution quality. However, there were some

positive tendencies with regard for the implicit structuring measures in wiki discus-

sion forums. Specifically, when the process variables were examined more closely,

there were some relevant effects of the investigated controversy awareness high-

lights. Participants who were provided with visual highlights were more likely to

be attracted by highlighted discussion topics.
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Because of that they were more likely to read the discussions more intensively

and to reply to those controversial discussions as well. If this intended path was fol-

lowed, higher test scores could be achieved, and higher quality wiki contributions

were made. A different kind of implicit guidance was investigated with Experi-

ment 2, with a study focus on expertise and credibility of wiki authors by means of

social recommendation visualisations added to talk page discussions. There were

no analyses of direct effects on learning outcomes, but of variables that can be in-

directly related to learning processes as well. Credibility and trustworthiness of

information sources can be crucial when people working on groups on the same

product, as it is the case in collaborative knowledge construction (Lewis, 2003). As

the experiment’s results suggest, visualising author information on their expertise

and social recommendations by the community can heavily influence the user per-

ception. Although wiki users subjectively think that they are not influenced by this

kind of information, objective data shows that they are. If expertise and community

ratings are available, they are used as a guide to assess the credibility and validity

of provided information and were helpful to identify content-related controversial

discussions as such. In the two experiments 1 and 2, there were already some in-

dications of possible influences by the individual Need for Cognitive Closure on

knowledge construction processes and outcomes. Built upon these indications, in

Experiment 5 interactions between guidance types and the Need for Cognitive Clo-

sure were examined more closely. An anticipated pattern on learning success could

be found, where high Need for Cognitive Closure individuals who prefer to rely

more on simple heuristics (Dreu et al., 1999; Kruglanski & Webster, 1996). The pro-

vided controversy awareness highlights for implicit guidance suit this need for a

quick and simple measure more than an explicit collaboration script aiming at dis-

cussions and consensus building as it was intended with the DDR script.
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Explicit guidance. Experiment 5 provided also evidence for the other side of the

previously discussed interaction, regarding the interplay of explicit guidance with

the individual Need for Cognitive Closure. When provided with a DDR script that

proposes users to discuss wiki changes prior to their execution, users with a low

Need for Cognitive Closure benefit from collaborating with this workflow resulting

in more positive learning outcomes. These persons prefer to engage in discussions

and enjoy dealing with ambiguity to generate more complex hypotheses and solu-

tions to a problem (Dijksterhuis et al., 1996; Ford & Kruglanski, 1995). Although

smaller in sample sizes, in both experimental studies on collaboration script, there

were already some indications that individual differences in the Need for Cogni-

tive Closure are correlated with differences in processing knowledge artefacts. This

applies on the one hand to collaborative knowledge construction in dyads (Exper-

iment 3), and on the other hand to collaborative knowledge construction in larger

groups in a natural wiki environment that was used as a study course supplement

(Experiment 4). The most remarkable result of the dyadic experiment was that par-

ticipants who worked collaboratively with the DDR script were much more likely to

integrate the evidence from their partner’s additional learning material. The effect

was most apparent when participants were surveyed immediately after the study,

but even after a few weeks the effect remained in a follow-up survey. In Experiment

4, some additional individual differences were in the focus of analyses. There was

some evidence that a more coercive collaboration script, such as the investigated

DDR script, needs a relatively high intrinsic motivation in participants to be ben-

eficial for the contribution quality and learning outcomes. Too many restrictions

imposed by explicit guidance measures such as a DDR script can negatively influ-

ence the perceived sense of autonomy and thus can cause reluctance in participants

(Deci & Ryan, 1985; Deci & Ryan, 2003).
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Additionally, the individual availability of metacognitive strategies can be an-

other relevant determinant for successful collaboration in a wiki as learning envi-

ronment. When already a high degree of metacognitive strategies is accessible for

a learner, then it does not really matter if the wiki collaboration is done after the

rather open BRD script or the more explicit DDR script. These persons already have

a set of elaborate strategies and are highly adaptable to different learning scenarios

(Berthold et al., 2007; Kuhn, 2000). But when the degree of such strategies is low,

which is often the case for novices, then it can be very beneficial for learners to be

guided in more detailed steps through the entire process of knowledge construction

with wikis.

6.2 Theoretical Implications

6.2.1 Implications for the co-evolution model

The presented experiments with a focus on learning and knowledge construction

provide further evidence for processed as proposed in the co-evolution model for

knowledge building (Cress & Kimmerle, 2008). The cumulative results of all knowl-

edge tests support the assumption of internal assimilation to occur as part of indi-

vidual quantifiable learning outcomes. Although the learning outcomes were not

always observable as immediate effects leading back to the deployed interventions

in the wiki environment, the evidence suggests that when learning-related processes

are positively influenced that in the follow-up measurable differences in learning

success can be observed (cf. Chapter 2). Although only one of the conducted studies

explicitly investigated the process of internal accommodation, the evidence should

not be neglected.
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In Experiment 3 where dyads collaborated with contradictory additional learn-

ing materials, the results showed some remarkable differences in integrating and

restructuring of one’s own perspective on controversial aspects of the subject mat-

ter (cf. Chapter 4). When dyads collaborated with the rather open and more advis-

ing than prescriptive BRD script, it was more likely that no internal accommodation

has taken place. Improvements in qualitative individual learning were mostly ob-

servable when dyads collaborated with a DDR script, proposing to discuss more

intensively a priori about planned changes. This positive effect remained relatively

stable when participants were surveyed repeatedly after a few weeks. Both pro-

cesses of external assimilation and external accommodation could be observed in all

presented studies where participants were asked to add new information or had the

task to alter existing articles with evidence found in talk page discussions (cf. Chap-

ters 2,4 and 5). These outcomes of the processes were most remarkably observable

in the field Experiment 4 where larger groups of students collaborated in two real

wiki environments and were either assigned to the BRD or the DDR script (cf. Chap-

ter 4). When students worked with Wikipedia’s proposal of BRD, it was most likely

to observe quantitative knowledge building as external assimilation. They mostly

added new information to the wiki articles without discussions or major restruc-

turing of articles. Students who worked in the DDR script wiki, on the other side,

were much more likely to also engage in qualitative knowledge building as external

accommodation. Students were much more involved in discussing further wiki con-

tributions and consequently these discussions led to shorter but more precise and

less error-prone articles than in the BRD script wiki. The presented results support

assumptions of the processes and effects of the co-evolution of knowledge build-

ing. Yet, they have not been fully systematically studied against the background of
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the effects of implicit and explicit guidance. It remains yet unknown which kind of

guidance measure can support which processes to what extent.

6.2.2 Implications for implicit guidance

Both kinds of implicit guidance measures in this project were focussing on distinct

stages in the help-seeking process, namely stage 1 “Determine that a problem ex-

ists” and stage 5 “Decide whom to ask” (Makara & Karabenick, 2013). Stage 1 was

mainly covered by the research conducted in Experiment 1, where participants were

provided with additional controversy awareness highlights to signal the potential

task relevance (cf. Chapter 2). These kinds of measure acting on the information

as source level can be helpful for users who already have the desire to learn more

about a topic and feel lost in the mass of information that can be found on some

discussion pages. If the information on the controversy of a certain topic is not eas-

ily accessible, except for reading every available discussion, controversy awareness

highlights can be a valuable information to reveal to an interested user that there

is probably more to a subject matter than the wiki article initially suggested. Stage

5 was experimentally investigated in Experiment 2 when the effects of additional

author information about their expertise and community-standing were in the fo-

cus of analyses (cf. Chapter 3). In this study’s scenario the initial situation for a

wiki user was that one was already interested or even involved in a controversial

discussion, but felt the urge to easily assess which arguments a discussant provided

as an information source are trustworthy. When additional information about the

author’s expertise and social recommendations by the community were present in

talk page discussions, this lead users to use this information as primary guide for

assessing the source credibility and consequently provided compelling evidence for

the potentials of using such information as main assessment cues. Further stages
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in the help-seeking framework were not addressed in any of the presented studies,

neither implicitly nor explicitly. This would require more systematic investigations

of the modes of operation of scaffolding measures within the help-seeking process

with educational technology.

6.2.3 Implications for explicit guidance

The investigated scripts BRD and DDR in Experiments 3 and 4 add to the body

of evidence regarding the potential effectiveness of collaboration scripts, especially

when considering differences in script coercion (Papadopoulos et al., 2013; Wich-

mann & Rummel, 2013). A more coercive script such as the here investigated DDR

script with a focus on a priori discussions might be regarded as less desirable by

students, but the evidence shows that it can have beneficial effects for them. The

BRD script leads to more article edits as expected and requires less coordination to

perform any planned changes. Additionally, it also lead to longer articles in com-

parison to those edited within the DDR scripted wiki. The DDR script successfully

promoted discussions between students before wiki changes were performed. This

lead to more condensed articles of higher quality. And consequently, students who

collaborated with the DDR script performed slightly better in a knowledge test (cf.

Chapter 4). Both collaboration script approaches can be valid choices for different

use cases. The BRD script can be an appropriate choice when the task is to create an

entirely new knowledge base. Such an open workflow can promote a high number

of knowledge externalisation, which would be desirable when a wiki is empty at

first. As soon as a critical mass of information is reached in a wiki, it could be more

beneficial for users to switch to a more coercive script like DDR, to further improve

the knowledge base that is already there. But it is yet not clear when a critical mass

is reached and thus would require more systematic research.
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6.2.4 Further implications

When considering these individual differences in collaborative knowledge construc-

tion settings with educational technology like wikis, a proposal for a unified model

of help-seeking (Makara & Karabenick, 2013) and knowledge building with socio-

technical systems (Cress & Kimmerle, 2008) (cf. Figure 6.2).

Figure 6.2. Proposal of a unified model for collaborative knowledge construction with wikis.
Implicit guidance can be used to influence the help-seeking process at different
stages. Going through this process can lead to contributions in the wiki that ar de-
termined by interchanging processes of internalisation and externalisation which
can be influenced by explicit guidance. The effectiveness and efficiency of both
types of guidance can be influenced by individual differences.
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All experimental studies, although to different extents, provided evidence for

the relevance of considering individual differences regarding influencing variables.

Specifically, the relevance of the Need for Cognitive Closure in collaborative knowl-

edge construction was emphasised because of the high likelihood of controversies

and socio-cognitive conflicts to occur out of ambiguous information and during dis-

cussions of opposing evidence about a subject matter. Thus, it seemed inevitable to

consider this individual construct that deals with preference and aversion of ambi-

guity, as states and traits, and is closely related to other constructs like Epistemic

Curiosity that can also be seen as a motivational construct relevant for learning-

related processes like information-seeking and interest. These individual variables

influence the effects of additional guidance measures that are aimed at either sup-

porting collaborative knowledge construction or specific stages of individual help-

seeking for learning with wikis (cf. Chapter 5). There is yet not enough or no data

available on all possible interaction effects of all the assessed individual variables

and guidance types at all process stages that can be tied to collaborative knowledge

construction and learning with wikis, and thus requires more systematic research.

6.3 Practical Implications

For the application of wikis in educational institutions, at work or in private con-

texts, it can be said that wiki platforms can be a suitable medium for supporting col-

laborative learning and knowledge construction. Although the studies conducted

as part of this thesis did not show immediate effects on outcome variables when

thinking of individual learning.
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Some tendencies could be shown at a descriptive level, which speak in favour

of the use of wikis, but also of considering additional structuring measures as scaf-

folds. In educational settings such as in exam situations or graded assignments,

for example, even minor differences of just one or two points can be decisive for

the passing or failing of an individual. It should be noted that both guidance types

were analysed in settings were an already existing knowledge base had to be im-

proved and refined. The appropriate structuring method must be chosen for the

respective learning scenario to achieve positive results and thus the desired effect,

as both structuring modes can be advantageous for the individual depending on

the situation. For instance, rather simple and perspicuous structuring aids like the

controversy awareness highlights for implicit guidance can be more efficient for a

significant number of people, since a general overview of the relevant topics is pos-

sible in the given time and more knowledge could be acquired in a short time. This

can be rather useful for projects where a fixed deadline is set. In terms of qual-

ity, on the other hand, the more complex structuring like a DDR script for explicit

guidance can be more effective for the learning-related outcomes, since the learners

were enabled and called upon to deal more intensively with the relevant content and

thus gain more detailed knowledge about opposing points of view and contradic-

tory evidence, which again had a positive effect on the quality of wiki contributions.

Overall, it can be concluded that additional structuring of wiki discussions as learn-

ing material can have a positive effect on the learning success and the quality of

contributions. With this knowledge, the present studies expand the field of empir-

ical investigations in an educational context. At the same time, however, it points

to a continuing need for research and provides important impulses for subsequent

investigations.
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In order to arrive at well-founded statements about the effect of implicit struc-

turing measures in Wiki-based learning environments, studies with larger numbers

of cases have to be carried out. A further approach could be to focus subsequent

research on the influence of personality variables, which may have an impact on

the learning effect and the quality of contributions. Such approaches could help

to achieve more comprehensive results in the field of educational research and to

derive beneficial strategies for instructional practices.

6.4 Outlook and Future Directions

Based on the results of the studies conducted within the course of this PhD project

and with a view to future research, it can be stated that although it is important to

choose the correct structuring method for the respective learning situation, this does

not necessarily guarantee that the desired effects will occur. An important aspect is

the specialisation of further research on individual variables, which, as can be seen

from the discussed results, can have a decisive influence on the effects depending

on the kind of added structuring. Although some results of the conditional analy-

ses were not always conclusive, some descriptive tendencies were also evident here.

More well-powered studies could help to draw more reliable conclusions about con-

ditional process effects. Future research should therefore pay more attention to the

interaction of these two types of structuring. For practical use, it is important to add

that instructors should ensure that the collaboration meets the individual require-

ments of the learner, including motivational processes and individual differences. It

should also be noted that most of the subjects in all here presented studies were not

regular or usual wiki users.
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The majority of participants was recruited as convenience samples out of a rather

special student population, namely students of the Applied Cognitive and Media

Science from the University of Duisburg-Essen in Germany. This degree programme

is in that regard special because it combines studies of Psychology as well as Com-

puter Science to a similar degree. Therefore, further research would be of interest

to investigate whether actual Wiki(-pedia) users and as well more diverse student

populations from different higher education programmes would benefit from the

here investigated implicit and explicit guidance measures to the same extent.

6.5 Final Conclusion

The prevalent use of socio-technical systems like wikis for learning requires more

advanced understanding of how people make use of these platforms to collabora-

tively construct knowledge and how they can be further supported to use them even

more effectively and efficiently. For this purpose, the research conducted as part of

this PhD project investigated different scaffolding measures of implicit and explicit

guidance in light of the theories of co-evolution of knowledge and framework of

help-seeking for educational technology. A crucial part of this research was whether

wiki users understand, willing to adopt and make use of the deployed measures and

thus can produce better knowledge artefacts and are enabled to learn more about a

given subject matter. The series of five presented empirical studies provides a lot of

compelling and as well some yet rather inconclusive evidence. While the effects on

directly measurable process variables are relatively strong and clear, the effects onto

learning outcomes and constructed knowledge artefacts are less clear. The results

show almost no direct effects of additional guidance measures on outcomes, but

some indications of indirect effects when considering the line of process variables.
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When the guidance was accepted by the user and the intended steps were fol-

lowed, there was some potential of these interventions to be beneficial for the indi-

vidual learner as well as for the quality of the collaboratively constructed knowledge

artefacts in a wiki. The final discussed experiment provides evidence for the inter-

play between learning-related cognitive variables and the kind of guidance measure

that is implemented. Depending on one’s personal level of Need for Cognitve Clo-

sure it can make a difference for the learning success if one has to use a wiki system

with more or less restrictions regarding the knowledge construction process and

more or less intuitive tacit guidance. The findings with regard to the other assessed

influencing variables were less conclusive and raised more questions about their

systematic effects on learning and knowledge construction outcomes. Nevertheless,

the research presented here fits into a series of wiki-related educational psychology

research, which previously focused mainly on effects at the article level of wikis,

while the core of this research was mainly focused on shedding some light on the

background level of wiki article creation, namely the talk pages.
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