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Wikis in higher education

1 Introduction

As a teacher, I like wikis, because they are particularly suitable for collaborative

learning, as they allow students to construct, share, and explore information and

knowledge gained from peer-to-peer communication (Haythornthwaite, 2006). And

although I already used wikis to facilitate collaboration, I am dissatis�ed with the

situation, as adopting collaboration in teaching confronted me with two problems:

How can I facilitate collaborative learning in wikis? How can I assess collaborative

learning that has taken place in wikis? Both problems were the research impetus for

this doctoral thesis.

This synopsis introduces results from four studies that investigated how collaborative

learning in wikis can be facilitated and assessed. Together with the four studies, this

synopsis forms a cumulative doctoral thesis. The studies have been documented in

four essays:

• Essay 1: Factors in�uencing wiki collaboration in higher education,

• Essay 2: Students' intentions to use wikis in higher education,

• Essay 3: Facilitating collaboration in wikis,

• Essay 4: Using fuzzy set qualitative comparative analysis (fsQCA) to identify

indicators for wiki collaboration.

Starting with the research impetus to ease the use of wikis in higher education for

collaborative learning, this synopsis denominates research aims that have motivated

the four studies. By highlighting common focal points and the relation between the

four separate studies, I connect my doctoral research to a common cause. Further-

more, the methods and �ndings are brie�y introduced and discussed with regard to

their contribution both to science and to practice.

For many years universities communicated generic graduate attributes (e.g. global

citizenship) their students have acquired after studying. Graduate attributes are

skills and competencies that are relevant for both employability and other aspects of

life (Barrie, 2004). Over the past years and due to the Bologna Process, the focus on

competencies has also found its way into universities' curricula. As a consequence,

curricula were adapted in order to convey students both in-depth knowledge of a

particular area as well as generic competences (Bologna Working Group on Qual-

i�cations Framework, 2005, Appendix 8). For example, students with a Master's

degree should be able to �communicate their conclusions, and the knowledge and

rationale underpinning these, to specialist and non-specialist audiences clearly and
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unambiguously� (p. 196). This shift has been supported by the demand of the labour

market for students that have achieved social and personal competencies, in addition

to in-depth knowledge (Heidenreich, 2011).

On course level, this placed emphasis on collaborative learning, which had led to

�greater autonomy for the learner, but also to greater emphasis on active learn-

ing, with creation, communication and participation� (Downes, 2005). The shift to

collaborative learning has been supported by existing learning theories and models

(Brown, Collins & Duguid, 1989; Lave & Wenger, 1991; Vygotsky, 1978), which

could explain the educational advantages. For example, collaborative learning has

proved to promote critical thinking and communications skills (Johnson & Johnson,

1994b; Laal & Ghodsi, 2012). As Haythornthwaite (2006) advocates: �collaborative

learning holds the promise of active construction of knowledge, enhanced problem

articulation, and bene�ts exploring and sharing information and knowledge gained

from peer-to-peer communication� (p. 10). The term collaboration de�es clear de�n-

ition (Dillenbourg, 1999). In this article, cooperation is seen as the division of labour

in tasks, which allows group members to work independently, whereas collaboration

needs continuous synchronisation and coordination of labour (Dillenbourg, Baker,

Blaye & O'Malley, 1996; Haythornthwaite, 2006). Therefore, cooperation allows

students to subdivide task assignments, work relatively independent, and to piece

the results together to one �nal product. In contrast, collaboration is seen as a syn-

chronous and coordinated e�ort of all students to accomplish their task assignment

resulting in a �nal product where �no single hand is visible� (Haythornthwaite, 2006,

p. 12).

Due to the debate about digital natives (Prensky, 2001) and �students' heavy use

of technology� in private life (Luo, 2010, p. 32), teachers have started to explore

possible applications of modern technology in teaching and learning. Especially

wikis have become popular and gained reasonable attention in higher education.

Wikis have been used to support collaborative learning (e.g. Cress & Kimmerle,

2008), collaborative writing (e.g. Naismith, Lee & Pilkington, 2011), and student

engagement (e.g. Neumann & Hood, 2009). A wiki is a �freely expandable collection

of interlinked Web `pages', a hypertext system for storing and modifying information

- a database, where each page is easily editable by any user� (Leuf and Cunningham,

2001, p. 14; italics in original). Thereby, wikis enable the collaborative construction

of knowledge (Alexander, 2006).

With the intention to take advantage of the bene�ts connected with collaborative

learning, this doctoral thesis focuses on the facilitation of collaboration in wikis to

leverage collaborative learning.
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Wikis in higher education

The research was based on a constructivist understanding of reality. I used Lincoln

and Gubas (1985) constructivist paradigm as an underlying framework, which they

introduced as a counterpart to the positivist paradigm1. Positivists act on the as-

sumption that reality is objective, tangible, and independent from the individual,

whereas constructivists are convinced that reality is constructed in the minds of in-

dividuals and resides in their minds: �They do not exist outside of the persons who

create and hold them; they are not part of some 'objective' world that exists apart

from their constructors� (Guba & Lincoln, 1989, p. 143). Hence, there are multiple,

divergent constructions that are bound to the individual, the context, the method

of inquiry, and some point in time (Guba & Lincoln, 1982). Accordingly, truth is

a �matter of best-informed and most sophisticated construction on which there is

consensus at a given time� (Schwandt, 1998, p. 243). On this basis, the thesis uses

the notion of internal and external consensus. Pörksen (2009) refers to internal con-

sensus as the correspondence between what one communicates to others and what

one holds to be real. External consensus describes the accordance with the others

that they accept one's statement as correct.

As a consequence, constructivist researchers cannot provide the truth, but they can

try to achieve a consensual understanding with other researchers through discourse

within the scienti�c community. An aggravating factor is that knowledge cannot

be transferred easily, because everyone shares his own intangible construction of the

reality, although some degree of co-construction is possible. However, �understand-

ing� the construction of another researcher is not a straightforward process, because

it demands to understand others' understanding (Rusch, 2007). To facilitate un-

derstanding, Guba and Lincoln (1982) provided constructivist researchers with four

criteria for judging � and therefore understanding � the trustworthiness of qualit-

ative research: credibility, transferability, dependability, and con�rmability. Within

the thesis I applied these criteria by comparing �ndings with existing literature, dis-

cussing results with colleagues, and subjecting drafts to peer review processes for

publication. Using criteria for judging about the quality of qualitative research did

not limit myself to �qualitative, constructivist research�.

It is commonly claimed that research methods are bound to paradigms and cannot

be mixed together with methods from other paradigms, because scienti�c paradigms

are incommensurable (Mingers, 2001; Smaling, 1994). According to Smaling (1994),

this thesis does not hold due to the underdetermination of paradigms and methods:

�a research method, certainly a qualitative research method, does not unequivocally

imply a particular paradigm� (p. 242). At best a method is linked to a paradigm

1To ease the understanding, I distinguish between two paradigms: positivism (including
empirical-analytic paradigm, objectivism, functionalism) and constructivism (including subject-
ivism, interpretivism).
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in a kind of �Wahlverwandtschaft� (Weber, 1922 as cited in Smaling, 1994, p. 242).

Rather, it is possible to use a particular method not in its `normal' paradigm, but

within another setting, and to interpret the results in the light of the paradigm in

use (Mingers, 2001).

3 Research areas and focal points

This thesis is focused on the use of wikis in higher education for collaboration.

Within my doctoral research, I narrowed the focus down to the use of wikis in

formal learning processes and took the perspective of a teacher. This research focus

has been studied in di�erent research areas: adoption of IT, computer-supported

collaborative learning, and learning analytics. In the following, I brie�y introduce

each research area. Based on the current state of research in these areas, three focal

points were identi�ed that in�uenced the research aims of this doctoral thesis.

Adoption of IT. Although research on information technology adoption uses qual-

itative research methods to explore new causal relationships, its ultimate goal is

testing causal theories using quantitative research methods. Several theories explain

the process of information technology adoption and use. The theoretical models

most commonly used (Oliveira & Martins, 2011) are the Theory of Reasoned Ac-

tion (Fishbein & Ajzen, 1975), the Theory of Planned Behaviour (Ajzen, 1991),

the Decomposed Theory of Planned Behaviour (Taylor & Todd, 1995), the Techno-

logy Acceptance Model (Davis, Bagozzi & Warshaw, 1989), the Uni�ed Theory of

Acceptance and Use of Technology (Venkatesh, Morris, Davis & Davis, 2003), the

Di�usion of Innovations Theory (Rogers, 1995), as well as the Technology, Organ-

ization, and Environment Framework (Tornatzyk & Fleischer, 1990). These models

have been used to study pre-adoption and post-adoption beliefs on individual, group,

�rm, industrial, and societal level in nearly every �eld. Regarding the adoption of

information technology in education, previous research has focused on analysing de-

terminants of learner's intention to use information technology for learning. In this

vein, established theories have been extended by incorporating new causal relation-

ships to better explain e-learning acceptance (Chen, 2011; Teo, 2010, 2011) or Web

2.0 acceptance of learners (Hartshorne & Ajjan, 2009) as well as faculty members

(Ajjan & Hartshorne, 2008).

Computer-supported collaborative learning. Researchers from di�erent dis-

ciplines like psychology, educational science, sociology, communication science, as
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well as computer science study collaborative learning using unique theoretical per-

spectives and speci�c methods (Strijbos & Fischer, 2007). Research on computer-

supported collaborative learning can be divided into three main areas (Resta & La-

ferrière, 2007): (1) research on the context that focuses on instructor's role (Wallace,

2003), curriculum design (Strijbos, Martens & Jochems, 2004), learning environ-

ment (Kreijns, Kirschner & Jochems, 2002; Stahl, 2006), or learner characteristics

(e.g. Bennett, Maton & Kervin, 2008; Prensky, 2001). (2) research on the process of

computer-supported collaborative learning that focuses on interventions (Pea, 2004),

interactions (Kreijns, Kirschner & Jochems, 2003), collaborative knowledge construc-

tion (Cress & Kimmerle, 2008), assessment (Strijbos, 2011), or the use of distance

learning. And (3) research on learning outcomes (Laal & Ghodsi, 2012; Pearson,

2006).

Learning analytics. Online learning environments provide large sets of machine-

readable data. Although the �eld of learning analytics emerged with the availability

of data, its initial technological focus shifted towards an educational focus. Today,

learning analytics is understood as the �measurement, collection, analysis and re-

porting of data about learners and their contexts, for purposes of understanding and

optimising learning and the environments in which it occurs� (Ferguson, 2012, p.

305). Despite research on data collection, data extraction and data aggregation as

well as research on techniques to handle big data (Baker & Yacef, 2009; Romero &

Ventura, 2007), learning analytics focuses on stakeholders' (e.g. learners, teachers,

system designers) needs by deriving indicators, pro�ling users' behaviour, or assess-

ing users' achievement (e.g. Aviv, Erlich, Ravid & Geva, 2003; Chatti, Dyckho�,

Schroeder & Thüs, 2012; Ferguson, 2012; Wolpers, Najjar, Verbert & Duval, 2007).

Based on my research impetus and a review of the literature in these research areas,

I identi�ed three focal points to be addressed in the doctoral thesis, because they

have been insu�ciently covered by previous research.

Factors in�uencing students' use of wikis. This point was identi�ed based

on the study of literature on adoption of IT and computer-supported collaborative

learning. Wikis are not a new phenomenon in higher education (cf. Guzdial, Rick &

Kehoe, 2001), but there is still uncertainty among teachers on how to integrate wikis

in teaching and promote collaboration e�ectively (Allwardt, 2011; Elgort, Smith &

Toland, 2008; Naismith et al., 2011). And although much has been reported about

how wikis should be used to support collaborative learning, there is no systematic

study (approaches worth mentioning Hartshorne & Ajjan, 2009; Hew & Cheung,

2009) that discloses factors in�uencing students' use nor their intentions to use wikis
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in higher education. As a result, some studies still report negative experiences (Cole,

2009; Ebner, Kickmeier-Rust & Holzinger, 2008).

Assessment of collaborative learning. This point was identi�ed based on the

study of literature on computer-supported collaborative learning as well as on my

experience as a teacher. Without further instructions, students rather split work

than engage in collaborative learning (Alyousef & Picard, 2011). But when students

collaborate, there is the problem to assess collaboration. According to Strijbos (2011)

the assessment of computer-supported collaborative learning faces three challenges:

(1) the level of assessment, that is, should collaborative learning be assessed using

individual grades or group grades, (2) the operationalisation of cognitive outcomes,

and (3) the focus of assessment, that is, should assessment of collaborative learning

solely focus on cognitive outcomes or should social and motivational perspectives

obtain more attention.

Monitoring of collaboration. This point was identi�ed based on the study

of literature on computer-supported collaborative learning and learning analytics.

Evaluating collaborative learning is di�cult and time-consuming in general and in

particular for teachers. As a consequence, the assessment of collaborative learn-

ing is still mostly summative and focused on cognitives outcomes (Strijbos, 2011).

Although students would bene�t from formative feedback on the process of collab-

orative learning, only few studies �involve the teacher by supporting the monitoring

of students' activities� (Chatti et al., 2012) and thus enable teachers to provide

formative feedback � without investing extra time. However, previous studies were

based on large sets of data (Bakharia & Dawson, 2011; Blikstein, 2011; Dringus &

Ellis, 2005), but have not took pedagogical issues into account (Chatti et al., 2012;

Ferguson, 2012).

In the next section, I formulate research aims and questions that address the research

gaps which have been indicated by the focal points.

4 Research aims and questions

This doctoral thesis contributes to three research areas: adoption of IT, computer-

supported collaborative learning, and learning analytics. In order to contribute to

these areas, three focal points have been identi�ed from literature: factors in�uen-

cing students' use of wikis, assessment of collaborative learning, and monitoring of

collaboration. Based on the focal points, I selected research aims and posed research
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questions in order to contribute to both research as well as practice. Therefore, I

have set the following research aims for my doctoral research:

1. Contribute to the existing research on adoption of IT and computer-supported

collaborative learning by investigating students' intentions to adopt and barri-

ers to use wikis in higher education.

2. Contribute to the existing research on computer-supported collaborative learn-

ing by developing and evaluating a method for the assessment of computer-

supported collaborative learning.

3. Contribute to the existing research on learning analytics by mapping educa-

tional objectives onto learning-related data in order to establish indicators for

collaboration.

The research focus was on students' use of wikis in higher education in general.

Thereby, I took the perspective of teachers on the use of wikis in formal learning

processes. Speci�cally, this doctoral thesis investigated how collaborative learning

can be facilitated.

The thesis includes results from four studies that have been described in four research

essays, each contributing to the overall research aims and targeting speci�c research

questions. In the following, I introduce the research objectives or questions of each

study brie�y.

Study 1: Factors in�uencing wiki collaboration in higher education

The �rst study was concerned with factors that in�uence wiki collaboration in higher

education. The study has been documented in Essay 1: Factors in�uencing wiki col-

laboration in higher education. The �ndings in the study addressed the �rst research

aim. The study had the following research objectives:

• Identify factors that in�uence collaboration in wikis within formal learning

processes in higher education and

• Identify actions that have been used in this context to foster collaboration.

Study 2: Students' intentions to use wikis in higher education

The second study was concerned with the analysis of students' intentions to adopt

and use wikis in higher education. The study has been documented in Essay 2:

Students' intentions to use wikis in higher education. The �ndings in the study

addressed the �rst research aim. The study had the following research objectives:
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• Develop a causal model to explain students' intentions to adopt and use wikis

in higher education and

• Test the model to a convenient sample of students studying at a German uni-

versity.

Study 3: Facilitating collaboration in wikis

The third study was concerned with the iterative development of an educational

setting and a method for assessing computer-supported collaborative learning. The

study has been documented in Essay 3: Facilitating collaboration in wikis. The

�ndings in the study addressed the �rst and the second research aim. The study had

the following research objectives:

• Design an educational setting that facilitates wiki-based collaborative learning

to promote critical thinking and communication skills,

• Iterate the educational setting to enhance its suitability to facilitate collabor-

ative learning, and

• Develop an assessment method and evaluate its appropriateness in order to

re�ne it.

Study 4: Using fuzzy set qualitative comparative analysis (fsQCA)

to identify indicators for wiki collaboration

The fourth study was concerned with the derivation of indicators to support the

evaluation of wiki-based collaborative learning. The study has been documented in

Essay 4: Using fuzzy set qualitative comparative analysis (fsQCA) to identify indic-

ators for wiki collaboration. The �ndings in the study addressed the third research

aim. The study had the following research objectives:

• Introduce an approach suitable for the incorporation of educational objectives

into learning analytics and

• Apply the approach to the data collected in Study 3 in order to derive indicators

that can be used to monitor collaboration in wikis.

5 Methods

Although each of the four studies contributes to the general theme of this doctoral

thesis � wikis in higher eduction, each study employed appropriate methods to answer
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its research objectives or research questions. As a result, this doctoral thesis is a

multi-method approach to study wikis in higher education. The methods used in

each study are outlined below, a detailed description of the methods applied in each

study can be found in the corresponding essays (see Essay 1, 2, 3, and 4).

Study 1: Factors in�uencing wiki collaboration in higher education

The study employed the constant comparative method to qualitative data analysis

(Glaser & Strauss, 1967). Instead of using a pre-de�ned provisional start list of codes,

in vivo coding was used to code information chunks of varying size until codes become

stable. The initial codes were then aggregated into higher-level codes and categor-

ies (Miles & Huberman, 1994). Lincoln and Gubas (1985) constructivist paradigm

served as an underlying framework re�ecting the rather subjective character of the

analysis.

The data were generated from a systematic literature review that queried electronic

databases using Boolean searches. The database searches resulted in 550 hits, which

have been narrowed down in three steps. First, search results were limited to articles

in English language, that are peer-reviewed, and published in academic journals or

at academic conferences. Additionally, duplicates were removed. Second, article

abstracts were examined whether they �t the inclusion criteria. To be included in

the analysis, the articles had to report about empirical research on the use of wikis in

courses for group collaboration in higher education. And third, the remaining articles

were examined using the full paper. Finally, 73 articles remained and were included

in the analysis.

Study 2: Students' intentions to use wikis in higher education

The study employed partial least squares (PLS) path modelling to test a theoretical

model explaining students' intentions to use wikis in higher education. The theoret-

ical model was composed of nine constructs. It was based on existing theory (Taylor

& Todd, 1995) and enhanced it by consolidating results from previous studies (Bock,

Zmud, Kim & Lee, 2005; Chen, 2011; Hsu & Lin, 2008; Kang, Kim & Bock, 2010;

Teo, 2011; Venkatesh & Bala, 2008). Thus the character of the study was explanat-

ory and con�rmatory. SmartPLS software (Ringle, Wende & Will, 2005) was used

to assess scales validity and test the theoretical model.

The data were generated from a survey conducted among �rst semester students in

an introductory course in information systems at one of the largest German univer-

sities. The survey consisted of a questionnaire developed from material discussed and
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tested previously and included 27 items to measure the constructs. Participation in

the survey was voluntary. 425 questionnaires were handed out at the beginning of

the lecture and were collected afterwards. 245 questionnaires were returned, at least

partly �lled out. 133 data records remained after discarding incomplete question-

naires.

Causal models are seen as a representation of reality and statistically con�rmed

causal relationships as fact. Correspondingly, partial least square modelling implies

positivism as a theoretical foundation. Essay 2 has been written in a manner that

leaves no doubt to be positivistic and is therefore inconsistent with the theoretical

foundation of this doctoral thesis. But at best a method is linked to a paradigm in

a kind of �Wahlverwandtschaft� (Weber, 1922 as cited in Smaling, 1994, p. 242; see

Section 2). In order to get Essay 2 published, it has been written in the predominant

(positivist) manner. However, the �ndings of Essay 2 have been interpreted according

to the constructivist paradigm in Section 6.

Study 3: Facilitating collaboration in wikis

The study employed action research. Due to its �exibility action research has been

carried out in a variety of areas resulting in di�erent �complex and multifacted�

schools (Cohen, Manion & Morrison, 2007, p. 298 et seq.). Carr and Kemmis (2002,

p. 162) de�ned action research as �a form of self-re�ective enquiry undertaken by

participants in social situations in order to improve the rationality and justice of

their own practices, their understanding of these practices, and the situations in

which the practices are carried out.� Hence, action research is suitable for improving

direct practice. The study engaged in an action-re�ection cycle to improve a learning

arrangement iteratively and, thus, can be positioned as technical action research

according to Grundy's (1982) typology.

The ultimate goal of the action research project was to establish a learning arrange-

ment and to facilitate collaboration among students. Collaboration was characterised

by three criteria: synchronicity, negotiation, and interaction (Dillenbourg, 1999).

The study evaluated the e�ects of actions based on social network analysis and qual-

itative data analysis. Social network analysis was used to evaluate synchronicity

using network density (D) and network degree centralisation (CD) (Harrer, Zeini

& Pinkwart, 2005; Martínez et al., 2006). Negotiation and interaction were evalu-

ated based on interviews. Interviews were semi-structured and lasted between 20-45

minutes each (Dicicco-Bloom & Crabtree, 2006). All interviews were transcribed

and analysed using a pre-de�ned code schema to evaluate collaboration that has

been developed within this action research project.
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In four years the action research project ran through three iterations. In each iter-

ation, data were retrieved from wiki log data using a script �le that pre-processed

the gathered data for social network analysis. Furthermore, seven interviewees were

selected per iteration based on their position within the social network graph in order

to achieve a purposeful sample with maximum variation (Coyne, 1997; Sandelowski,

1995).

Study 4: Using fuzzy set qualitative comparative analysis (fsQCA)

to identify indicators for wiki collaboration

The study employed fuzzy set qualitative comparative analysis (fsQCA) (Ragin,

1987, 2000). fsQCA uses Boolean algebra for solving multiple, conjectural cases.

The ultimate goal of fsQCA is to identify su�cient combinations for an outcome.

For this purpose, cases are represented as sets according to set theory and conditions

(variables) as well as outcomes (dependent variable) are assigned with membership

scores between [0] full non-membership and [1] full membership (Berg-Schlosser, De

Meur, Rihoux & Ragin, 2009). Therefore, a fuzzy membership score re�ects the de-

gree to which a condition belongs to a set. This is particular useful when pinpointing

to di�erent qualitative states of a condition, but is also used for assigning �continu-

ous� membership scores (Ragin, 2009). The assignment of membership scores is

referred to as calibration and allows researchers to conceptualise their understanding

of the research context. Thus, the qualitative nature of calibration re�ects the theor-

etical foundation of the doctoral thesis. However, by using Boolean algebra, fsQCA

bridges the gap between qualitative and quantitative methods (Rihoux, 2003).

Based on data retrieved from the educational setting developed in the third study,

this study applied fsQCA in order to identify su�cient combinations of indices to be

used as indicators for wiki collaboration. Therefore, the same operationalisation of

collaboration was used, which made use of synchronicity, negotiation, and interaction

as de�ning criteria for collaboration (Dillenbourg, 1999). Accordingly, indices from

social network analysis and qualitative data analysis were used to derive conditions

and assess outcomes.

6 Findings

The research object of this doctoral thesis was the use of wikis in higher education

for collaborative learning. I studied the research object from three perspectives that

can be mapped on the process of using wikis for teaching. The process starts with

the clari�cation of (1) determining factors of the use of wikis, which is followed by
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teachers (2) use of wikis to support collaborative learning within an educational

setting. Finally, the process ends with (3) the evaluation of collaboration in wikis.

Each of the four studies contributed to at least one of the research aims. In the

following, the �ndings of each study and their contribution to the research aims are

summarised.

Determining factors of the use of wikis

The thesis aimed to contribute to the existing research on adoption of IT and computer-

supported collaborative learning by investigating students' intentions to adopt and

barriers to use wikis in higher education. Essay 1 describes a systematic literature

review in order to disclose factors in�uencing the use of wikis in teaching. Essay 2

presents a study of students' intentions towards using wikis in higher education.

Student characteristics 
• Learning style 
• IT skills 

Teaching context 
• Deficiency of incentives 
• Task assignment 
• System quality 

Learning process 
• Ownership 
• Publicity 
• Group climate 

Presage Process Product 

Outcomes of 
collaboration 

Figure 2: Factors in�uencing wiki collaboration

The �rst contribution to this research aim was the identi�cation of factors that in-

�uence, or even hinder, collaboration in wikis (see Essay 1). Using Biggs (1989) 3P

model (presage, process, and product; see Figure 2) the factors were classi�ed in

three conceptual categories: student characteristics, teaching context, and learning

process. Student characteristics are directly connected to a person. They comprise

one's prior knowledge, abilities, and skills, but also certain preferences or the motiv-

ation to engage in collaboration. Although student characteristics can be addressed

by teachers, they must not be a�ected immediately. Teaching context contains all

those factors that are in control of the teacher (e.g. the quality of the wiki system).

Learning process incorporates factors, which arise when collaboration takes place

(e.g. group climate). The in�uencing factors are depicted in Figure 2 attached to

their conceptual categories.
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Furthermore, Essay 1 describes actions, which have been taken in previous studies

to in�uence or to overcome these factors (e.g. reduce the e�ect of limited IT skills

by providing wiki training courses).

While Essay 1 delivers an extensive overview about factors that have limited collab-

oration in previous research, Essay 2 investigates students' intentions to use wikis.

As a result, a causal model that explains students' intentions to use wikis was in-

troduced (see Figure 3). The causal model is based on the Decomposed Theory of

Planned Behaviour (Taylor & Todd, 1995), but considers the context of wiki use in

higher education by incorporating students' intrinsic and extrinsic motivation (see

Figure 3 for related constructs perceived enjoyment and anticipated rewards) as well

as by regarding the educational compatibility of wikis to support students' learning.

All causal relationships were tested signi�cant, except hypothesis H8(SN→BI).

Anticipated rewards (AR)

Perceived usefulness (PU)

H2

Compatibility (COM) H4

Perceived enjoyment (PT)

H3

Behavioural intention (BI)

Perceived behavioural 

control (PBC)
Facilitating conditions (FC)

Self-efficacy (SE)

Subjective norm (SN)

H1

H6

H7

H5

H8

Figure 3: Research model

Both Essay 1 and 2 investigate determining factors of the use of wikis in higher

education. Thus in combination, both essays form a multi-method approach to

study the use of wikis in higher education. Although this has not been done with

the intention to triangulate methods, data, and theory (cf. Denzin, 1970), some of the

results are consistent in both studies. For example, the �rst study (Essay 1) identi�ed

students' learning style, which refers to a person's preference for a speci�c approach to

learning, to have in�uence on the use of wikis. This is in accordance with the �ndings

of the second study (see Essay 2), which showed a signi�cant in�uence of educational

compatibility on students' perceived usefulness. As a consequence, �ndings recurring

in both studies �con�rm� each other and hence increase the trustworthiness of both

studies (cf. Guba and Lincoln, 1982; see also Section 2).
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The thesis contributed two theoretical models to the existing research on the adop-

tion and use of wikis in higher education: �rst, a theoretical model that classi�es

factors in�uencing wiki collaboration, and second, a theoretical model that discloses

in�uences on students' intentions to use wikis in higher education.

Using wikis to support collaborative learning

The thesis aimed to contribute to the existing research on computer-supported col-

laborative learning by developing and evaluating a method for the assessment of

computer-supported collaborative learning. Essay 3 describes an action research pro-

ject in which an educational setting has been developed, evaluated, and improved

in order to enhance a method to assess computer-supported collaborative learning.

Indirectly, Essay 1 and 2 contribute to this research aim by identifying factors that

determine the use of wikis in higher education.

Essay 3 presents an educational setting as the result of a four-year-long action re-

search project that ran through three iterations. As a result, a task assignment

was developed that involves all participants in the collaborative construction of a

textbook. Also, a method to assess computer-supported collaborative learning was

introduced and re�ned. To engage all participants in collaboration, the assessment

focused on a group grade for all participants, but ensured individual accountability

(cf. Slavin, 1996) by weighting the group grade with the individual contributions of a

student. The �ndings show that students can be motivated to participate in collab-

oration when individual, extrinsic incentives are set; although participation remains

heterogeneous (cf. Weinberger & Fischer, 2006). At the same time, the assessment

method limits individualistic strategies (e.g. social loa�ng, Latané, Williams and

Harkins, 1979; free rider, Kerr and Bruun, 1983) that undermine successful collab-

oration, as it interweaves task assignment with its assessment.

The thesis contributed to the existing research on computer-supported collaborative

learning in two ways. First, the thesis provides an educational setting that facil-

itates collaboration in wikis and can be used in order to support critical thinking

and communication skills. Second, an approach to assess collaborative learning was

introduced and evaluated.

Evaluation of collaboration in wikis

The thesis aimed to contribute to the existing research on learning analytics by map-

ping educational objectives onto learning-related data in order to establish indicators

for collaboration. Although Essay 3 is mainly concerned with the development of
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an educational setting, it comprises also considerations on evaluating collaboration.

Essay 3 introduces a content analysis coding scheme and investigates the explanatory

power of social network indices to evaluate collaboration. Based on this preliminary

work, a pedagogical perspective has been taken in Essay 4 in order to incorporate

educational objectives in the analysis of learning-related data.

Table 1: Analysis of su�cient conditions for the outcome collaboration

Solution DEN ·DIS + cent ·DEG ·DIS → COLL

Single case coverage 2,6; 4,5,12; 9,10; 11 8; 11

Consistency .956 1

Raw coverage .722 .176

Unique coverage .606 .059

Solution consistency: .959 Solution coverage: .781

Note. DEN � density, CENT � degree centralisation, DEG � median weighted degree, DIS � number

of discussion posts, COLL � evaluation result for collaboration. Con�gurations were separated by

semicolon, cases by comma. The consistency threshold has been set at 0.9. The next highest

consistency score is 0.793. Case 11 is covered by both combinations. Lowercase abbreviation

corresponds to the absence of a condition (0), whereas uppercase abbreviation refers to the presence

of a condition (1).

Evaluating collaboration that took place in a wiki is a time-consuming job. Although

previous research contributed feasible approaches to the evaluation of collaboration

(e.g. Harrer et al., 2005; Martínez et al., 2006), only few studies �involve the teacher

by supporting the monitoring of students' activities� (Chatti et al., 2012) nor does

previous research provide teachers with an easy-to-use evaluation method. Essay 3

contributes a lightweight coding scheme and evaluates social network indices. Essay

4 continues to simplify the evaluation of collaboration by employing an fuzzy set

qualitative comparative analysis (fsQCA) to identify su�cient combinations of in-

dices. These combinations can be used as indicators when implementing a dashboard

to support teachers in monitoring students' interaction. Table 1 depicts the solution

of the fsQCA. The formula describes combinations of indices explaining successful

group collaboration. For example, a high network density (DEN) and a large number

of discussion posts (DIS) was in 60.6% (unique coverage of the term DEN ·DIS) an
indication for successful group collaboration (COLL).

The thesis contributed to the existing research on computer-supported collaborative

learning by introducing a lightweight content analysis coding scheme to evaluate and

indicators to monitor collaboration in wikis. Additionally, fsQCA was introduced

into learning analytics providing researchers with the possibility to connect di�er-

ent academic �elds, thus enabling them to integrate educational objectives into the

analysis of learning-related data.
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7 Conclusions

The doctoral thesis was motivated by the insu�ciencies when using wikis for collab-

orative learning in higher education. Three research aims were proposed in order to

contribute to the solution of these insu�ciencies by (1) investigating students' inten-

tions to adopt and barriers to use wikis in higher education, by (2) developing and

evaluating a method for the assessment of computer-supported collaborative learn-

ing, and by (3) mapping educational objectives onto learning-related data in order

to establish indicators for collaboration. These research aims were addressed by four

studies forming together a comprehensive research project on the use of wikis for

collaborative learning in higher education. Therefore, the doctoral thesis employed

di�erent research methods spanning from qualitative to quantitative as well as pos-

itivist to constructivist research. The studies have been documented in Essay 1, 2,

3, and 4.

The doctoral thesis contributed to the scienti�c discourse in three research areas by

applying as well as advancing theory and methods. Four contributions to research

have been made: �rst, the doctoral thesis contributed a theoretical model that clas-

si�es factors in�uencing collaboration in wikis. Second and complementing the �rst

contribution, a theoretical model has been developed and tested in order to explain

students' intentions to use wikis in higher education. The �rst two contributions

provided the basis for the third contribution, which fostered the understanding of the

use of wikis for collaborative learning by introducing an approach to the assessment

of collaborative learning. Fourth, the fuzzy set qualitative comparative analysis was

introduced to the �eld of learning analytics, thus allowing to incorporate educational

objectives in the analysis of learning-related data.

This doctoral thesis made a contribution to practice, enabling teachers to use wikis

e�ectively and to facilitate collaborative learning. Three contributions to practice

have been made: �rst, this doctoral thesis provided a theoretical model classifying

factors in�uencing wiki collaboration, but also identi�ed actions taken in order to

facilitate collaboration in wikis. Second, a ready-to-use educational setting has been

provided that can be used by teachers interested in engaging their students in col-

laborative learning. Third, indicators for further use in teaching dashboards have

been provided.

Based on the contributions to research and practice, this doctoral thesis forms the

basis for further research in the respective research areas:

• The theoretical model presented in Essay 1 provides teachers with an overview

about factors in�uencing wiki collaboration in higher education. While teachers
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can use the theoretical model as a tool of the trade to facilitate collaboration

in wikis, it facilitates research about the interdependencies between factors. In

particular, further research should investigate the impact of di�erent actions

on di�erent factors.

• The theoretical model introduced in Essay 2 explains students' intentions to use

wikis, but was applied to �rst semester students only. In order to generalise

the �ndings, this research should be replicated with students from di�erent

study courses and semesters. Likewise, the theoretical model can be used as

a framework to study students' intentions depending on di�erent educational

technologies (e.g. blogs, social network services, forums).

• Both, Essay 1 and 2, investigate determining factors of the use of wikis in

higher education. Whereas Essay 1 took a qualitative, constructivist view

on factors in�uencing wiki collaboration, Essay 2 employed a quantitative,

positivist approach. As I do not see both paradigms as incompatible, �ndings

from both perspectives can be used to �correct or complement each other�

(Smaling, 1994, p. 239). Correspondingly, �ndings from Essay 1 not covered

by the theoretical model of Essay 2 can be used to theorise new constructs.

• Essay 3 introduced a method to assess computer-supported collaborative learn-

ing that is mainly focused on cognitive outcomes, but can be enhanced to incor-

porate social or motivational components. The incorporation of social and/or

motivational components would allow teachers to realign the assessment (cf.

Strijbos, 2011) in order to better �t the educational objectives associated with

collaborative learning (e.g. development of communication skills or critical

thinking; cf. Johnson and Johnson, 1994a).

• With fuzzy set qualitative comparative analysis, Essay 4 introduces a method

into learning analytics that enables researchers to incorporate educational ob-

jectives into data analysis. Instead of relying on data-driven analysis like edu-

cational data mining, the method enables researchers to design meaningful

indicators that connect challenging datasets (e.g. demographic characterist-

ics or location-based data). Further research should connect such datasets to

stimulate closer connections between learning analytics and learning sciences.

• Furthermore, the indicators established in Essay 4 should be implemented in

a dashboard supporting teachers in monitoring students' activities in order to

evaluate the stability of the indicators.

This doctoral thesis focused on collaboration in wikis in higher education. It em-

ployed descriptive, but also explanatory and design research and thus comprises of
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multiple methods in order to thoroughly study the research object. As a result, this

doctoral thesis presents �ndings covering the complete process of the use of wikis to

support collaboration and thus provides a holistic view on the use of wikis in higher

education.
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Factors in�uencing wiki collaboration in higher

education

Christian Kummer

Abstract. Wikis are attractive tools for supporting collaboration and are widely

used in higher education. Nevertheless, a collaborative tool does not necessarily

lead to collaborative behaviour. This study addresses this shortcoming by analysing

factors in�uencing the adoption of wiki collaboration in higher education. For this

purpose, literature was systematically selected and analysed using a grounded ap-

proach to qualitative data analysis. As result, a framework that comprises factors

in�uencing and actions fostering collaboration is presented. This allows instructors

to better address obstacles to collaboration.

Note. This essay was published as Kummer, C. (2013). Factors in�uencing wiki

collaboration in higher education. doi:10.2139/ssrn.2208522
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1 Introduction

Wikis are not a new phenomenon in higher education (cf. Guzdial, Rick & Kehoe,

2001), but there is still uncertainty among instructors on how to integrate wikis into

classroom and promote collaboration e�ciently (Allwardt, 2011; Elgort, Smith &

Toland, 2008; Naismith, Lee & Pilkington, 2011; Ramanau & Geng, 2009). Accord-

ingly, instructors who are keen to use wikis for group collaboration cannot bene�t

from an existent body of knowledge, but have to learn by trial and error. As a res-

ult, some studies report negative experiences (Cole, 2009; Ebner, Kickmeier-Rust &

Holzinger, 2008). The purpose of this paper is to identify factors that in�uence col-

laboration and actions that facilitate collaboration in wikis within higher education

classrooms. I addressed the following research questions:

1. Which factors in�uence collaboration in wikis?

2. Which actions foster wiki collaboration in higher education classrooms?

To address the research questions, I selected research articles which report from the

use of wikis in higher education classrooms. I analysed the selected literature using a

grounded approach to qualitative data analysis. My goal was to isolate factors that

hindered wiki adoption and factors that reduced the barriers of adoption. By clas-

sifying factors into Biggs' (1989) 3P model, I provided instructors with a framework

that points to obstacles of wiki collaboration. Additionally, actions were suggested

to overcome these obstacles and to foster collaboration. Thereby, instructors can

bene�t from experience of many others without struggling through contradictory re-

search �ndings. For researchers, the framework lays the foundation to thoroughly

study the interdependencies between actions to foster collaboration and their impact

on factors in�uencing collaboration.

The remainder of this article is structured as follows: within the next section, I

give an overview why wikis are suitable for collaborative learning. Thereafter, I

describe the literature search and selection, the analysis, and measures to ensure

rigour in qualitative research. Afterwards I introduce and discuss my �ndings by

giving examples and pointing out implications for both researchers and educational

practitioners. Finally, I conclude with an outlook on further research.

2 Wikis and collaborative learning

Wikis have become popular with the emergence of Web 2.0 and have gained reason-

able attention in higher education. Wikis have been used to support collaborative
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learning (Carr, Morrison, Cox & Deacon, 2007; Cress & Kimmerle, 2008; Davies,

Pantzopoulos & Gray, 2011; Elgort et al., 2008; Laru, Näykki & Järvelä, 2011;

Wheeler, Yeomans & Wheeler, 2008), collaborative writing (Judd, Kennedy & Crop-

per, 2010; Kessler, 2009; Naismith et al., 2011), and student engagement (Davies

et al., 2011; Neumann & Hood, 2009). A wiki is a �freely expandable collection of

interlinked Web `pages', a hypertext system for storing and modifying information -

a database, where each page is easily editable by any user� (Leuf and Cunningham,

2001, p. 14; italics in original). Thereby wikis enable the collaborative construc-

tion of knowledge (Alexander, 2006), they are known as �intensely collaborative�

(Godwin-Jones, 2003, p. 15). Regarding the use of wikis in higher education, this

has led to �greater autonomy for the learner, but also to greater emphasis on active

learning, with creation, communication and participation� (Downes, 2005). The shift

to collaborative learning has been supported by existing learning theories and mod-

els (Brown, Collins & Duguid, 1989; Lave & Wenger, 1991; Vygotsky, 1978), which

could explain the educational advantages (Judd et al., 2010). As Haythornthwaite

(2006) advocates: �collaborative learning holds the promise of active construction

of knowledge, enhanced problem articulation, and bene�ts exploring and sharing

information and knowledge gained from peer-to-peer communication� (p. 10).

The term collaboration de�es clear de�nition (Dillenbourg, 1999). In this article,

cooperation is seen as the division of labour in tasks, which allows group members to

work independently, whereas collaboration needs continuous synchronisation and co-

ordination of labour (Dillenbourg, Baker, Blaye & O'Malley, 1996; Haythornthwaite,

2006). Therefore, cooperation allows students to subdivide task assignments, work

relatively independent, and to piece the results together to one �nal product. In con-

trast, collaboration is seen as a synchronous and coordinated e�ort of all students to

accomplish their task assignment resulting in a �nal product where �no single hand

is visible� (Haythornthwaite, 2006, p. 12).

Although the debate about digital natives (Prensky, 2001) appears to be a form

of �moral panic� (Bennett, Maton & Kervin, 2008), educators have started to ex-

plore possible applications in teaching and learning due to �students' heavy use of

technology� in private life (Luo, 2010, p. 32; Pence, 2007). With the bene�ts of col-

laborative learning in mind, instructors started to use wikis for collaboration. But

collaboration does not necessarily take place, when using a collaborative tool like a

wiki (Kreijns, Kirschner & Jochems, 2003). As a result, some studies report negative

experiences, where students were either reluctant to use the wiki (Cole, 2009; Ebner

et al., 2008) or subdivided the assignment instead of collaborating (Naismith et al.,

2011; Weaver, Viper, Latter & McIntosh, 2010; Witney & Smallbone, 2011).
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3 Methods

In the following, I introduce my research methods. First, I provide a description of

my literature search and unfold how I selected and how I analysed literature search

results. Additionally, I introduce a descriptive summary of the articles included into

analysis and disclose how I ensured rigour.

3.1 Literature search and selection

Guzdial et al. (2001) have written one of the �rst articles on using wikis in higher

education. Since then, many articles have been published on this topic. Due to

the overwhelming number of articles available, the search for relevant articles was

conducted in a systematic manner. Therefore I queried electronic databases using

Boolean searches with the term wiki* in combination with the terms education*,

university, and teach*. To ensure quality, I limited the result list to display only

articles that are English, peer-reviewed, and published in academic journals or at

academic conferences. As of November 16th, 2011, the database searches revealed

550 hits. The speci�c number of hits per query and database is depicted in Table 1.

The following databases were queried:

• EBSCOHost, with databasesAcademic Search Complete, Business Source Com-

plete, Communication and Mass Media Complete, Library, Information Science

and Technology Abstracts, and PsycARTICLES selected,

• Education Resources Information Center (ERIC), and

• ScienceDirect.

Because I regarded the number of retrieved articles as su�cient to represent the

current state of research, I abstained from using a forward/backward search.

Table 1: Number of hits per query and database

Search queries
Database wiki* AND

education*

wiki* AND

teach*

wiki* AND

university

EBSCOHost 175 167 150
ERIC 192 127 86
ScienceDirect 36 22 24

The selection of articles to be included in the analysis was completed in three stages.

First, I removed duplicate articles (n = 66) and those, which did not ful�l formal
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requirements (n = 45; see above). Second, I examined the remaining 439 article

abstracts whether they �t the inclusion criteria. To be included in the analysis, the

articles had to report about empirical research on the use of wikis in courses for

group collaboration in higher education. In the third stage, the remaining articles

were examined using the full paper. Altogether, at the end of December 2011, 366

articles were discarded because they did not meet the inclusion criteria. 314 articles

were screened out using the abstract (second stage), 52 articles based on the full

paper (third stage). Finally, 73 articles remained and are included in the following

analysis (see Appendix for a complete list of the included articles).

3.2 Analysis of articles

I used a grounded approach to answer the research questions, applying in particular

the constant comparative method to analyse the articles (Glaser & Strauss, 1967).

The basic unit of analysis were information chunks of varying size - phrases, sen-

tences, or a whole paragraph - embedded in a case represented by an article (Miles

& Huberman, 1994, p. 56). The selected articles were analysed and coded using the

qualitative data analysis softwareMaxQDA, version 10. Instead of using a prede�ned

provisional start list of codes, I used in vivo coding until codes became stable and

patterns emerged from the articles (Miles & Huberman, 1994, p. 58/61). The initial

codes were then aggregated into higher-level codes and categories. The coding was

highly iterative. I compared each incident for a category with the previous incid-

ents in the same and di�erent groups coded in the same category (Glaser & Strauss,

1967, p. 106). After analysing the articles, �fteen codes with together 326 codings

remained (for the number of codings per code refer to Figure 3 and Table 3). Fur-

thermore, I generated a code co-occurrence matrix to check for interdependencies

between codes (see Table 2).

3.3 Descriptive summary of the articles

In this section, I summarise the cases in which research on wikis in higher education

classrooms was conducted. The article set comprises of 73 studies that had been

published since 2006 (2006: 2; 2007: 3; 2008: 6; 2009: 23; 2010: 21; 2011: 18). One-

third of the studies was conducted at universities in Europe (35.6%) another third in

North America (32.9%), followed by Australia (13.7%), Asia (12.3%), Africa (2.7%),

and South America (2.7%). If universities had teamed up for a wiki project, the

reporting institution was counted. Some of the articles contained several descriptions

of wiki adoption. This is re�ected in the following descriptive statistics leading to

80 distinctive wiki implementations.
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Past research had been carried out in di�erent disciplines of study: sciences in-

cluding mathematics and psychology, engineering, medical sciences, humanities and

social sciences including economic sciences, computer sciences including information

systems and educational technology, law, and language (see Figure 1). Decisive for

assigning the article to a certain discipline was the course, not the participating

students.

Humanities and 
social sciences (n = 

27); 33.8% 

Computer sciences (n = 
28); 35% 

Law (n = 1); 1.3% 

Language (n = 
15); 18.8% 

Sciences (n = 2); 2,5% 

Engineering (n = 1); 
1,3% 

Medical sciences (n = 
6); 7,5% 

n = 80 

Figure 1: Discipline of study

Nearly three-quarters of the studies were conducted at Bachelor level (n = 53; 66.3%),

followed by courses at Master (n = 21; 26.3%), and PhD level (n =2; 2.5%). Four

wiki implementations (5.0%) could not be allocated, because the study level was not

clearly explicated. In case of mixed levels in one course, the lowest level was applied.

Corresponding to the high proportion of courses at Bachelor level, courses with a

large number of students were predominant (see Figure 2).

3.4 Measures to ensure rigour

Measures for ensuring scienti�c rigour of quantitative research cannot be applied to

qualitative research. As this research was based on a constructivist understanding

of reality, I used Lincoln and Gubas (1985) constructivist paradigm as an under-

lying framework. They suggest alternative criteria to establish trustworthiness for

qualitative research: credibility, dependability, con�rmability, and transferability.
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Figure 2: Distribution of number of students in classroom using wiki

3.4.1 Credibility/internal validity

Credibility relates to the concept of internal validity by positivist researchers (Miles

& Huberman, 1994; Shenton, 2004). According to Lincoln and Guba (1985) cred-

ibility is one of the most important factors in establishing trustworthiness. It can

be achieved by questioning whether a study is an authentic portrait of a research

subject/area (Miles & Huberman, 1994, p. 278).

To achieve credibility I debriefed my �ndings to a colleague in order to examine my

inquiry process (peer debrie�ng, Lincoln and Guba, 1985, p. 301). Although my

coding structure was stable after the iterative analysis of 30 articles, the remaining

articles were coded in order to prolong the engagement with the articles and identify

potential negative evidence (Lincoln and Guba, 1985, p. 301; Miles and Huberman,

1994, p. 271).

3.4.2 Transferability/external validity

Transferability relates to the concept of external validity and is concerned with the

applicability of the �ndings in other contexts (Lincoln and Guba, 1985, p. 124; Miles

and Huberman, 1994, p. 279).

I provided a thick description of my inquiry, my �ndings, and the context (Lincoln

& Guba, 1985, p. 125). I assume that a systematic approach provides a large variety

of cases and thus results in a su�cient sample of the �population of contexts� (p.
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124). Hence, it should lead to transferability. Although this is of limited relevance

for my research methodology, it ensures robustness of my �ndings.

3.4.3 Dependability/reliability

The underlying issue of dependability (in place of reliability) is whether the process

of the study is consistent and would lead to similar results (Miles & Huberman, 1994,

p. 278), �if the work were repeated, in the same context, with the same methods and

with the same participants� (Shenton, 2004, p. 71). Lincoln and Guba (1985, p. 316)

argue that establishing credibility is a precondition for dependability. Therefore, I

provided an in-depth coverage (thick description) to enable readers to comprehend

my research approach (Shenton, 2004, p. 71).

3.4.4 Con�rmability/objectivity

Con�rmability aims at ensuring objectivity (Miles & Huberman, 1994, p. 278). For

establishing con�rmability I followed the advice of Lincoln and Guba (1985, p. 318-

319) and wrote a re�exive journal during analysis to make potential biases clear to

myself.

4 Findings and discussion

The result of the study is a conceptual framework, which can be used to address

barriers to wiki implementation in higher education classrooms. The framework

describes factors that in�uence collaboration and actions that help instructors to

create facilitating conditions and promote wiki collaboration.

Within this section, I introduce the factors in�uencing wiki collaboration by giving

examples and by outlining strategies to facilitate collaboration. Every description of

an in�uencing factor points to possible actions to foster collaboration and concludes

with a recommendation for educational practitioners. Altogether, seven actions re-

mained after analysis that were frequently used by instructors to foster collaboration;

Table 3 gives an overview of the actions.

After analysis, eight factors in�uencing, or even hindering, wiki collaboration re-

mained. I have organised these factors in three conceptual categories on the basis of

Biggs (1989) 3P model (presage, process, and product; see Figure 3): student charac-

teristics, teaching context, and learning process. Student characteristics are directly

connected to a person. They comprise one's prior knowledge, abilities, and skills,

but also certain preferences or the motivation to engage in collaboration. Although
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student characteristics can be addressed by instructors, they must not be a�ected

immediately. Teaching context contains all those factors that are in control of the

instructor. Learning process incorporates factors, which arise when collaboration

takes place.

Student characteristics 
• Learning style 
• IT skills 

Teaching context 
• Deficiency of incentives 
• Task assignment 
• System quality 

Learning process 
• Ownership 
• Publicity 
• Group climate 

Presage Process Product 

Outcomes of 
collaboration 

Figure 3: Factors in�uencing wiki collaboration

Note: Frequencies of codes: learning style (n = 29), IT skills (n = 39), de�ciency of incentives (n

= 7), task assignment (n = 12), system quality (n = 48), ownership (n = 29), publicity (n = 27),

and group climate (n = 18). Total number of codings: 209.

4.1 Student characteristics

Following, I introduce how student characteristics in�uence a student's approach to

collaboration by introducing two factors: student's learning style and his IT skills.

4.1.1 Learning style

A learning style is the preference of a person for a speci�c approach to learning.

Matthew, Felvegi and Callaway (2009) state that wiki assignments are di�erent from

individual writing assignments, because students have to be aware of their peers'

contribution. This requires a new way of working from students. As Carr et al. (2007)

cite one student, �it's hard when you have been working alone for three years and

then all of a sudden people want you to work together� (p. 275). Although students

understood, that wikis are used to promote collaboration to engage students in shared

meaning-making, they tend to be reluctant to work collaboratively (Karasavvidis,

2010; Su & Beaumont, 2010), because it is �time-consuming and sometimes not

working� (Lin and Kelsey, 2009, p. 163, excerpt 43). Therefore students often

favour cooperative learning over collaborative learning (Alyousef & Picard, 2011;

Carr et al., 2007). Likewise, they prefer to work alone, because they do not have to
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rely on the contributions of others (Lee, 2010). But following individual strategies

and maximising personal reward has a negative impact on the overall collaboration.

Due to the fact, that collaboration is the joint production of one product, willing

students have to cope with late contributions. Hence, collaboration can barely take

place. As one student put it:

�If people upload their page late (close to the due date) how I can edit

it on time. I found that most of students write their assignment on MS

Word �rst then later they upload it. I might not have enough time to do

it� (Ruth & Houghton, 2009, p. 142).

While learning styles cannot be changed ad hoc (Biggs & Tang, 2007, p. 26), the

choice of a wiki task can have an impact on learners approach to learning. Learners

select their approach to a speci�c task depending on the requirements of the task and

their previous success with a particular approach to this task. Although, learners

do have preferences for one or another approach, the choice depends on the teaching

context (Bennett et al., 2008; Biggs and Tang, 2007, p. 26). Accordingly, the teach-

ing context must enable and promote collaboration. Thereby, learners' approach

to learning could be a�ected positively. First, prior research demonstrates that as-

signments have to be mandatory, otherwise participation is unlikely (cf. Cole, 2009;

Ebner et al., 2008). Second, the assignment has to necessitate collaboration and is

therefore impossible to be concluded by a single person. This can be supported with

guidelines that describe the peer-to-peer interaction.

Recommendation: Promote collaboration through mandatory assignments that ne-

cessitate interaction with peers in order to conclude the assignment.

4.1.2 IT skills

Despite the alleged existence of so called digital natives (Bennett et al., 2008; Pren-

sky, 2001), one major problem is still the lack of IT skills. While today's students

are interested in technology, their IT skills should not be overestimated (Ramanau &

Geng, 2009). Some of the students still lack fundamental technology skills, such as

�enabling cookies, working on shared documents, and clicking the refresh button in

their Web browser� (Matthew et al., 2009, p. 65). As a result, they have problems to

engage in virtual collaborative activities. Problems with IT skills can be subdivided

in three main themes:

1. No prior experience with similar technology: �There are students like me who

are new to wikis. We need time to explore the wiki system. If you want to
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start a new topic, but just don't know how to do it ... you have to go back

to the help menu to refresh your memory on how to use wiki. Because I don't

post messages to wiki very often, I almost need to go to the help menu every

time� (Choy & Ng, 2007).

2. Syntax problems: �At �rst it was hard to get it right. I didn't know how to

write [in the wiki]� (Lin & Kelsey, 2009, p. 157).

3. Lost in hyperspace: �I haven't got used to the wiki's interface. Its structure

seems a bit complicated. I sometimes get lost (don't know where I am)� (Choy

& Ng, 2007).

Prior experience with similar technology a�ects the time required to engage in e�-

cient wiki work (Guo & Stevens, 2011). Additionally, contributing to wikis is di�erent

from normal collaborative software, because markup syntax is used to format text in

most wiki software. Learning the wiki syntax is sometimes a barrier (Naismith et al.,

2011) that results in less intensive collaboration, because students are unable to cre-

ate new content, post comments, or upload images. Familiarity and con�dence with

technology are therefore a precondition for productive collaborative engagement. In

their absence, students waste much of their time to construct the wiki rather than to

engage in collaboration and knowledge work. Previous research on barriers of wiki

adoption refers to this problem as e�ort and time requirements (Karasavvidis, 2010).

Experienced students perceive wiki collaboration as time-consuming, because they

tend to overestimate their skills (Naismith et al., 2011).

Another problem of students who are not familiar with wikis is to be lost in hyper-

space (Conklin, 1987). Students do not know �how [to] get to the one place� (Su &

Beaumont, 2010, p. 420) and are confused by the structure of the wiki. Due to this,

it is unlikely that collaboration will occur.

However, although a lack of IT skills limits collaboration at the beginning signi-

�cantly, it is not a persistent obstacle. Guo and Stevens (2011) state, that most

students learnt how to use wikis in less than a couple of days and only few did not

learn it until the end of the semester. Previous research has shown many ways of

providing students with the necessary skills (Guo & Stevens, 2011). Especially when

the use of wikis is mandatory, su�cient initial training is necessary. This training

should be integrated at the beginning of the course, acquainting the students with

the most important wiki procedures. Furthermore, it is recommended to provide an

experimental wiki installation (sandbox), where students can familiarise themselves

with the wiki in a safe place. This should be supplemented with continuous technical

support and instructional material on how to use wikis. Ideally, the complexity of

the wiki task should be increased with caution to sca�old collaboration.

Factors in�uencing wiki collaboration in higher education

38



Recommendation: Provide initial training, continuous technical support and instruc-

tional material to familiarise students with wiki technology. Increase the complexity

of wiki tasks carefully in order to sca�old collaboration.

4.2 Teaching context

In the following, I introduce three factors that can be controlled by the instructor:

incentives, task assignment, and the system quality of the wiki.

4.2.1 De�ciency of incentives

Although �wikis are intensely collaborative� (Godwin-Jones, 2003, p. 15), they have

to be integrated with the curriculum in a meaningful way. Otherwise, students

will opt to not use them (Judd et al., 2010; Witney & Smallbone, 2011). Past

research has shown that optional use of wikis is not purposeful when collaboration

is desired (Allwardt, 2011; Carr et al., 2007; Cole, 2009; Ebner et al., 2008; Wheeler

et al., 2008). Therefore, instructors have to o�er incentives for participating in wikis,

whether they are intrinsic or extrinsic (Kummer, 2013; Witney & Smallbone, 2011).

This lack of interest can have di�erent reasons. Firstly, students have little interest

to participate in wikis due to the demands of their studies and their working life

(Halcro & Smith, 2011). Secondly, the success of Wikipedia cannot be imitated

in higher education easily. Wikipedians are already motivated for di�erent reasons

(Giles, 2005; Lerner & Tirole, 2002; Nov, 2007), but a comparable motivation has to

be build up in higher education classrooms before collaboration takes place.

One precondition for wiki collaboration in higher education is that wiki assignments

are integrated into the module in a reasonable way. Through mandatory and as-

sessed wiki work, extrinsic incentives can be easily adopted. In comparison, creating

intrinsic motivation is harder. Bonk, Lee, Kim and Lin (2009) have conferred certi-

�cates that certify students as Wikibookians after the end of the course. Others have

tried to create bene�cial tasks by engaging students in the collaborative authoring

of a textbook.

�I enjoyed the experience since it gave me a feeling I am 'teaching' other

users and sharing my knowledge with them� (Ravid, Kalman & Rafaeli,

2008, p. 1920).

�The traditional writing is somewhat boring. You only write for the

instructor. [...] One thing I really liked about wikis is how we wrote

collaboratively for multiple readers. Writing for a broad audience made

me more serious about writing. I actually enjoyed it� (Lee, 2010, p. 265).
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While most of the students found the presence of an audience outside the classroom

already motivating (Baltzersen, 2010), a collaborative endeavour can foster a community-

feeling that is in turn motivating (Bonk et al., 2009).

Recommendation: Integrate wiki assignments carefully into your course by providing

intrinsic and extrinsic incentives.

4.2.2 Task assignment

A precondition for collaboration to occur is that the task assignment requires collab-

oration via wiki. It is not su�cient only to provide a collaborative technology, since

this will not automatically lead to collaborative engagement (Guo & Stevens, 2011;

Kreijns et al., 2003).

�Although wiki can engage students in collaborative work, this course

does not require any collaborative work. If wiki is used in a business

company which requires a group of people to develop something, I believe

people can bene�t from it. But this course does not maximise such a

strength� (Choy & Ng, 2007).

�If there are projects that can have tutors and students develop collab-

oratively, I would think the collaborative aspects of wiki could be max-

imised� (Choy & Ng, 2007).

Hence, tasks have to be designed in such way that they cannot be easily subdivided

and collaboration is therefore required. That stresses the importance of a �t between

task and technology (Zigurs & Buckland, 1998): assignments should be designed for

the use with wikis, as wikis do not necessarily �t traditional approaches (Kear,

Woodthorpe, Robertson & Hutchison, 2010; Ruth & Houghton, 2009).

Nonetheless, students often do collaborate, but without using the wiki's facilities

(Allwardt, 2011; Zorko, 2009). To initiate collaborative activities within a wiki

among students, instructors must sca�old collaboration. This can be achieved by

synchronised, successive tasks (Cole, 2009; Snodgrass, 2011), which foster a �certain

degree of knowledge asymmetry and resource interdependence� (Arnold, Ducate,

Lomicka & Lord, 2009, p. 124). Additionally, clear expectations of the outcome and

guidelines for participating in collaboration have to be formulated.

Recommendation: Design assignment tasks that are di�cult to subdivide into co-

operative tasks. Provide a clear expectation of how students can participate in

collaboration.
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4.2.3 System quality

In contrast to IT skills, the notion of system quality refers to the technical parameters

of an information system like usability, availability, and response time (cf. DeLone &

McLean, 2003). The choice of a stable information system in�uences the e�ciency

of the collaboration, because students with little IT skills experience more problems

in case of poor system quality.

A prerequisite for group collaboration is a stable, easy to access system with no

problems concerning security, availability, or reliability. Although this depends on

the point of view, a wiki should be easy to use by providing students a clean and

usable interface. Otherwise, inexperienced students will get into trouble:

�I disliked the disorganization and the di�culty of editing the pages. The

boxes for entering new texts were somewhat messy and often skewed with

the format of pasted examples� (Ramanau & Geng, 2009, p. 2623).

Beside usability concerns, the wiki syntax is sometimes experienced as �too com-

plicated�, �frustrating�, and �not very standard� (Hughes & Narayan, 2009, p. 73).

Accordingly, wikis are not seen as a �place to write� (p. 73) or as a place to collab-

orate. But this concern could be explained in part by lack of students' IT skills.

Limited functionality can also hinder productive collaboration (Naismith et al., 2011;

Varga-Atkins, Danger�eld & Brigden, 2010). This is especially the case for keeping

up to date about the collaboration process.

�No immediate way of knowing if new messages are present, without

opening the wiki up and searching all the headings - time-consuming.

No history - can't see who is present, who has read the messages - very

frustrating� (Kear et al., 2010, p. 222).

Accordingly, students have to continually screen their classmates' posting to react

or to avoid reposting of information. This limits collaboration as students have to

invest a considerable time and e�ort for gaining information (Baltzersen, 2010).

Also, students often express concern of limited possibilities to communicate in real-

time (�have to wait for the students' feedback�; Alyousef and Picard, 2011, p. 472),

while wikis typically only o�er asynchronous communication via discussion pages.

Accordingly, students avoid the wiki and opt for alternatives (e.g. instant mes-

saging, meeting face-to-face; Allwardt, 2011; Costa and Bondia, 2007). As a result,

collaboration does not take place in the wiki.
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Instructors should therefore carefully choose a system, which is easy to use, stable,

and equipped with all necessary functionalities. To increase the usability for less IT

skilled students, instructors should think about a visual editor, removing the need

to write wiki syntax, and information streams, which automatically inform students

about wiki updates.

Recommendation: Instructors should choose a wiki system which has been proven to

be easy to learn and use.

4.3 Learning process

In the following, I introduce factors which arise during collaboration and can hinder

or facilitate collaboration: the ownership of someone's work, the availability of the

wiki to the public, and the group climate between collaborators.

4.3.1 Ownership

Editing someone's work is a challenge for students. Unless not absolutely necessary,

students avoid to edit or delete contributions of fellow students.

�I think it was exciting to go in and edit something that others have

made, it's not something one often does. I am used to writing texts from

bottom, so going in and changing someone other's texts was demanding.

One wants it to be as good as possible, but it's not so easy to know where

to begin. I didn't either feel competent enough to correct others' work,

I don't necessarily know more about the topic than the one who already

has written about it. One thing is new hyperlinks and pictures, but going

directly into the text and removing and adding was tough� (Baltzersen,

2010, p. 804).

Whilst the students are able to edit others work, they are hesitant out of a feeling of

incompetence (Baltzersen, 2010). Hence, the ability to change others' work makes

some students feel insecure. As a result, students tend to only add minor contri-

butions to the work of �others� (Carr et al., 2007). This can also be in�uenced by

cultural perceptions that regulate social interaction. Therefore, editing or modifying

content created by others is perceived as a major o�ense (Alyousef & Picard, 2011;

Twu, 2009). Additionally, some users do not like their work edited by others.

�I did have one unpleasant experience. I commented on one page and

thought the comment was ok, but when I received an email from the
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owner of the work saying she was getting annoyed and she was happy not

to take any further part, I was disheartened. I didn't want her to lose

marks for not participating. [...] I felt bad and returned the email with

an apology. I also added to my comments on her page. I didn't mean

to o�end and we got on really well afterwards. In a way the experience

has already helped me amend my ways. I have used what I learned in

another situation by being more tactful with my comments instead of

being as subtle as a brick in the face. I looked forward to having my

work scrutinised and edited by my peers and I appreciated the comments

that were left for me� (Weaver et al., 2010, p. 853).

This behaviour can be in part explained by the students' fear that others manipulate

their work inappropriately. A feeling of ownership contradicts collaborative activities

and has to be minimised. Instructors have di�erent possibilities to deal with owner-

ship problems. Firstly, instructors should provide training to introduce students to

wikis, but also communicate clear and concise rules of engagement (Aborisade, 2009;

Costa & Bondia, 2007). Additionally, netiquette guidelines should be published in

order to foster a mutual understanding and resolve di�erences (Augar, Raitman &

Zhou, 2006; Kear et al., 2010).

To promote a good start, collaboration can be sca�olded using mini-tasks that pre-

pare students for the main assessment (Elgort et al., 2008). Once the wiki task was

initiated, the instructor should keep his assistance to a minimum in order to encour-

age peer sca�olding. Consistent with the democratic nature of wikis, the role of the

instructor becomes more that of a facilitator rather than a supervisor. Therefore,

instructors should focus on facilitating collaboration by identifying group problems

and moderating di�erences (Kessler, 2009; Lee, 2010; Matthew et al., 2009; Naismith

et al., 2011).

Recommendation: Sca�old group collaboration by carefully introducing students to

wiki work. Provide guidelines that establish a mutual understanding of ground rules

of engagement. After start, moderate in case of di�culties and do not dominate

group work in order to promote peer sca�olding.

4.3.2 Publicity

Wikis make the process of constructing text visible to everyone engaged in the wiki.

While some students �nd it motivating to write not only for the instructor, others

may feel a little bit scared.

�I am concerned someone will read it and think that it does not make

sense� (Lin & Kelsey, 2009, p. 163).
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�I was a little bit scared to actually write anything. . . 'cause I knew

that there was surveillance. And I don't like to be watched all the time�

(Beames, Klenowski & Lloyd, 2010, p. 56).

Students were hesitant to share work in progress as they feared to expose messy or

incomplete ideas (Beames et al., 2010; de Pedro et al., 2006; Su & Beaumont, 2010).

They wanted to appear professional and did not want to be seen as �stupid� (Varga-

Atkins et al., 2010). This is in conformance with the impression-management theory

by Go�man (1959). According to Go�man (1959), individuals present a front stage

version of themselves in public, if they perceive a hidden audience. Correspondingly,

students could be interested only in presenting their best side, hence not collaborating

via wiki but only uploading the �nal version (Allwardt, 2011; Carr et al., 2007; Zorko,

2009).

To promote collaboration, instructors should o�er careful sca�olding. While students

experiment with new technologies and new learning concepts, they need time to

develop con�dence in a safe environment (Kear et al., 2010; Varga-Atkins et al.,

2010).

Recommendation: Explain the concept of open editing and public domain carefully

to allay students' fears. Provide students a safe, protected wiki to experiment and if

necessary make it step by step public.

4.3.3 Group climate

Reluctance to engage in wiki collaboration can be due to a di�cult group climate. To

collaborate e�ciently, students have to build up trust and familiarity with unknown

group members (Beames et al., 2010). But an unresolved distrust, a lack of a common

goal, and di�erent learning styles can lead to reluctance or individualistic strategies.

�Collaboration was not easy. I think if I hadn't had a reliable partner

that was interested in the same subject or maybe assigned to do the work

together, I'd like to work alone� (Lin & Kelsey, 2009, p. 162).

�I understand and like the idea of working on team projects. The reality

is it is time-consuming and sometimes not working� (Lin & Kelsey, 2009,

p. 162).

While team e�ectiveness is a�ected by team cohesion (Deeter-Schmelz, Kennedy

& Ramsey, 2002), individualistic strategies undermine successful collaboration (e.g.

social loa�ng, Latané, Williams and Harkins, 1979; lone wolf, Feldman Barr, Dixon

and Gassenheimer, 2005; free rider, Kerr and Bruun, 1983).
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System quality has a high number of co-occurrences with almost every other factor.

Problems with the wiki or using the wiki are present in nearly every wiki imple-

mentation. Accordingly, the highest number of co-occurrences has the relationship

system quality - IT skills. Therefore, poor system quality seems to result in a greater

number of problems using the system.

Also interesting is the relationship between task assignment and IT skills. If the

assignment of tasks does not require the students to collaborate via the wiki, they

seem to simultaneously experience problems using the wiki. Assuming that students

are able to learn how to use wikis in a few days (cf. Guo & Stevens, 2011), this can

be interpreted as a missing necessity to learn how to use them.

The strong relationship between prior IT skills and learning style emphasises the de-

pendency of learning style on IT skills. This underscores the importance of exhaust-

ive wiki training and continuous support, if wiki work is mandatory. Hence, diligent

sca�olding is necessary in order to provide students with enough prerequisites for an

e�cient collaboration. This argument is borne by the high-ranking co-occurrence of

the relationships between the codes of student characteristic and learning process.

Su�cient IT skills and a learning style that allows collaboration could therefore be

seen as characteristics that aid collaboration.

5 Conclusion

This paper presents a framework of factors in�uencing collaboration within a wiki

in higher education. Using Biggs' (1989) 3P model, these factors were subdivided

into three categories: student characteristics, teaching context, and learning process.

The framework gives instructors an overview, which factors are in their control,

which ones are not. For example, the category teaching context consists of three

factors that are in the responsibility of the instructor and can therefore be easily

con�gured. In contrast, instructors cannot control student characteristics or the

learning process directly, but in�uence them by taking certain actions such as o�ering

training prior to the wiki assignment. Furthermore, actions to overcome factors that

hinder collaboration were extracted from literature. Thereby, the framework allows

instructors to bene�t from experiences of previous wiki implementations without

struggling through contradictory research �ndings. Therefore, the framework reveals

starting points for interventions to foster wiki collaboration (see Table 3).
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Table 3: Actions to facilitate collaboration

Action Description Applicable to

Community
building

Foster community building by giving students
the chance to build trust and familiarity with
the group. Give them the chance to introduce
themselves to each other.

De�ciency of
incentives,
Group climate

Facilitator Facilitate collaboration, but do not dominate
group work. Instead, point students to
problems, anticipate di�culties, and give
feedback. Focus on enabling peer to peer
support and give control to the students.

IT skills,
Ownership,
Group climate

Incentives Reward collaboration by integrating the task
assignment into your module. Provide a
meaningful task to motivate students
intrinsically. Involve them as much as
possible in construction of the wiki as they
are inherently democratic.

Learning style,
De�ciency of
incentives

Netiquette Provide clear and positive guidelines that
foster a common understanding about how to
engage in collaboration. Assure students,
that editing is not correcting.

Ownership,
Group climate

Roles Consider to assign roles that establish
responsibilities in order to foster
collaboration.

Ownership,
De�ciency of
incentives

Sca�olding Sca�old collaboration by providing a task
that cannot be accomplished alone. Start
with small and easy tasks and increase the
complexity slowly. Provide samples and
templates to make the start easy. Give your
students space to practice wiki work and
collaboration. Give feedback constantly in
order to align collaboration.

Learning style,
IT skills, Task
assignment,
Ownership,
Publicity

Wiki
training

Provide wiki trainings, continuous technical
support, and provide instructional material
that covers how to contribute to the wiki.

IT skills, System
quality

Note: Frequencies of codes: community building (n = 7), facilitator (n = 36), incentives (n = 25),

netiquette (n = 9), roles (n = 8), sca�olding (n = 28), and wiki training (n = 40). Total number

of codings: 153.

While instructors can use the framework as a tool of the trade to foster collaboration

within wikis in higher education, it facilitates research about the connections between

factors that in�uence collaboration and actions that facilitate collaboration. In par-

ticular, further research should investigate the impact of di�erent actions on di�erent

factors. For example, to what extent do instructors have to act as a facilitator to

foster group collaboration? Is it possible to over-facilitate collaboration? Does over-

Factors in�uencing wiki collaboration in higher education

47



facilitation result in less interaction and less negotiation? Furthermore, when should

instructors take actions to overcome a particular obstacle to collaboration: before

the start, at the beginning, or in the meantime?

Furthermore, more research about the interdependencies among the factors that

in�uence collaboration is necessary. The results shown in Table 2 suggest that in-

terdependencies exist. For instance, IT skills appear to be a foundation for e�ective

collaboration within wikis. Although this �nding seems to be obvious, it is well

suited to hypothesise correlations between obstacles based on code co-occurrences.

Do students really have problems with task assignments or do they only lack IT

skills?

While this paper introduced a framework of factors that in�uence collaboration,

it has not considered the success of the wiki assignments in the analysis. Due to

di�erent types of assignment, assessment, and previous knowledge, research about

wikis is hardly comparable with each other. Consequently, I agree with Resta's and

Laferrière's(2007) proposal to use a generic model in order to assess the �added value

of technology support for collaborative learning in higher education� (p. 68). As

Resta and Laferrière (2007), I advise to use Biggs' (1989) 3P model that I have

enriched by factors that in�uence and actions that foster collaboration. Therefore,

I provided a framework that can be used to describe the implementation of a wiki

assignment holistically by incorporating actions that have been used to facilitate

collaboration and by referring to factors that in�uenced collaboration.
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Students' intentions to use wikis in higher education

Christian Kummer

Abstract. Although wikis have gained considerable attention in higher education,

students are often reluctant to use wikis in formal learning processes. Unlike company

employees, students are not often rewarded for their participation in wiki-based as-

signments. Therefore, students seem to be opportunistic and decide to adopt wikis

if they �t their current situation and preferences. This paper adapts the Decom-

posed Theory of Planned Behaviour to examine the situation in higher education

classrooms. To better understand students' decision to use wikis, we introduced an

intrinsic and extrinsic motivation construct. A survey was conducted with 133 �rst

semester students to test the proposed model. The results provide support for the

importance of an intrinsic and extrinsic motivation construct to explain in�uence on

students' wiki use.

Note. This essay was published as Kummer, C. (2013). Students' intentions to

use wikis in higher education. In R. Alt & B. Franczyk (Eds.), Proceedings of the

11th International Conference on Wirtschaftsinformatik (WI2013) (Vol. 2, pp. 1493-

1508). Leipzig.

The underlying research data including the questionnaire, the data �le as well as the

SmartPLS workspace were published as Kummer, C. (2013). Students' intentions

to use wikis in higher education [Article, questionnaire, data �le, and SmartPLS

workspace]. �gshare. doi:10.6084/m9.�gshare.690941.
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1 Introduction

The Web 2.0 has attracted considerable attention over the past few years. Social

networking sites, blogs, wikis, podcasts, and more have changed the way that people

search for, obtain, and share information. This change has had a substantial impact

not only on our private lives but also on higher education (Downes, 2005). Many edu-

cators have started to adapt and incorporate technology into their classrooms. Wikis

especially have become popular with the development of the Web 2.0 and have gained

reasonable attention in higher education. A wiki is a �freely expandable collection of

interlinked web pages, a hypertext system for storing and modifying information � a

database where each page is easily editable by any user� (Leuf & Cunningham, 2001,

p. 14). Wikis have been used to support collaborative learning (Wheeler, Yeomans

& Wheeler, 2008), collaborative writing (Kessler, 2009), and student engagement

(Neumann & Hood, 2009). Although wikis are not a new phenomenon in higher

education (Guzdial, Rick & Kehoe, 2001), there is still uncertainty about how to in-

tegrate wikis into classroom e�ciently. As a consequence, instructors are struggling

with students that are reluctant to use wikis (Cole, 2009; Ebner, Kickmeier-Rust &

Holzinger, 2008). At the same time, there is a lack of empirically tested research

(Guo & Stevens, 2011; Liu, 2010) about the students' perception of using wikis in

formal learning processes within higher education.

The goal of this paper is to address this research gap by exploring factors that in-

�uence students' decision to adopt wikis within formal learning processes in higher

education. Our research is distinctive for three reasons: �rst, we use the Decomposed

Theory of Planned Behaviour (DTPB) (Taylor & Todd, 1995) as a theoretical back-

ground for this study, which has not been previously tested in this context. Prior

research only investigated students' intentions towards the whole software category,

Web 2.0 (Hartshorne & Ajjan, 2009), and is therefore limited. Students' decisions to

adopt particular software depend on the context: e.g. the intention to voluntarily use

social bookmarks in a classroom is di�erent from the intention to write a graded as-

signment in a wiki. Second, we adapt the DTBP to suit the speci�c context of using

wikis within formal learning processes in higher education. This is necessary because

the motivation to use wikis is di�erent from other contexts. Therefore, we included

two constructs that represent the in�uence of intrinsic and extrinsic motivation on

students' intention to use wikis. Based on literature, we integrate perceived enjoy-

ment (Hsu & Lin, 2008) and anticipated rewards (Bock, Zmud, Kim & Lee, 2005).

In combination, these constructs allow us to understand the di�erent motivations

that are crucial for the adoption of a particular technology. Third, by modelling per-

ceived usefulness as an in�uence on behavioural intention and by removing attitude,

we take previously reported substitution e�ects from studies (Teo, 2009; Venkatesh,
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Morris, Davis & Davis, 2003) into account for the DTPB. The revised model was

tested using a survey of �rst semester students in an introductory course on inform-

ation systems. We then examined the proposed hypotheses using the partial least

square approach to data analysis.

The paper is structured as follows: in the second section, we propose an adapted

model of technology acceptance of wikis in higher education. Within the third sec-

tion, we explain the methodology of our study. The results of the study are presented

in the fourth chapter. The �fth chapter discusses the results and shows how instruct-

ors could bene�t from these results. Finally, the next research steps are outlined.

2 Theoretical model

The theoretical framework used in this study is based on the Decomposed Theory of

Planned Behaviour (Taylor & Todd, 1995). The DTPB has its origin in the Theory

of Planned Behaviour (Ajzen, 1991). The TPB asserts that an individual's usage

behaviour is a direct function of perceived behavioural usefulness and behavioural

intention that in turn is a function of attitude, subjective norm, and perceived be-

havioural control. The DTPB extends the TPB by adding further in�uence factors

on attitude and perceived behavioural control, resulting in more explanatory power

(Taylor & Todd, 1995). As this study did not test a particular wiki implementation,

we omitted usage behaviour because it cannot be measured without using a wiki.

Therefore, behavioural intention is used as the strongest predictor of actual use (cf.

Wilhelm, Strahringer & Smolnik, 2012). For this reason, we favoured the DTPB

over the Technology Acceptance Model (TAM) (Davis, Bagozzi & Warshaw, 1989)

because the DTPB allows a better prediction of the behavioural intention than the

TAM (Taylor & Todd, 1995). The proposed model (see Figure 1) can be used to test

in�uences on wiki adoption without relying on a speci�c wiki implementation.

As a consequence, we removed perceived ease of use as an in�uence on perceived

usefulness for three reasons. First, we did not test a particular wiki implementation.

Although di�erent wiki implementations have basis functionality in common, ease

of use is dependent on a particular wiki implementation. Second, today's students

are comfortable with nearly every form of technology (Pence, 2007). Perceived ease

of use is moderated by experience. Therefore, perceived ease of use is not that

important in forming behavioural intention if the users are already familiar with the

technology (Venkatesh, 2000; Venkatesh & Bala, 2008). Third, a wiki is web-based

application. Perceived ease of use did not appear as a signi�cant determinant when

access to a system is provided by a graphical front-end and a browser (Agarwal &

Prasad, 1997). Therefore, we removed perceived ease of use in order to get a model
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Figure 1: Research model

that is as parsimonious as possible, but facilitates the understanding of students'

decision to adopt wikis (Bagozzi, 1992; Taylor & Todd, 1995).

In the following, we introduce an adapted DTPB that is used to study factors in�u-

encing students' behavioural intention to use wikis if they are provided within formal

learning processes in higher education classrooms.

2.1 Perceived usefulness

In contrast to the DTPB, we replaced attitude with perceived usefulness because

attitude is not always a reliable predictor of behavioural intention. Attitude is not

signi�cant if constructs related to performance and e�ort expectancies are included

in the model (Venkatesh et al., 2003). Research results suggest that attitude can be

substituted with perceived usefulness (Teo, 2009; Venkatesh et al., 2003).

Perceived usefulness (PU) is de�ned as the �prospective user's subjective probability

that using a speci�c application system will increase his or her job performance

within an organizational context� (Davis et al., 1989, p. 985). Previous studies

have shown strong empirical support that perceived usefulness positively in�uences

behavioural intention (Taylor & Todd, 1995; Venkatesh & Bala, 2008). In the context

of wikis in formal learning processes, perceived usefulness is viewed as the degree to

which students believe that using wikis will help them learn better. Hence, perceived

usefulness is hypothesised to positively in�uence the behavioural intention.

Hypothesis 1 : Perceived usefulness will positively in�uence students' intentions to

use wikis.
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The situation in higher education classrooms is di�erent than the situation in small

and medium-sized companies, for example. Unlike company employees, students

are often not rewarded for their participation in wiki-based assignments if they are

not mandatory (Ebner et al., 2008). Therefore, students seem to be opportunistic,

and they will decide to adopt wikis in formal learning processes only if they �t

their current situation and preferences. Students choose an approach to learning

by interpreting the �teaching context in the light of their own preconceptions and

motivations� (Biggs, 1989, p. 12). Although the DTPB already takes individual

preconceptions (e.g. perceived usefulness) and context (e.g. facilitating conditions)

into account, motivations to adopt a particular technology are disregarded. The mo-

tivation to use a particular technology depends on their application; e.g. a student's

motivation when using wikis for a graded assignment is probably di�erent from his

motivation when commenting on a lecture via a social network service.

Taking this situation into account, we integrated anticipated rewards (Bock et al.,

2005) and perceived enjoyment (Hsu & Lin, 2008) as new constructs that explain

students' extrinsic and intrinsic motivation. Extrinsic motivation refers to something

that is done because it results in a nameable outcome, whereas intrinsic motivation

refers to something that is done because it is �inherently interesting or enjoyable�

(Ryan & Deci, 2000, p. 55).

Anticipated rewards

Di�erent studies have shown that students do not use wikis unless it is mandatory

or if they are rewarded for their work (Cole, 2009; Ebner et al., 2008). Hence, we

argue that anticipated extrinsic rewards (AR) like graded assignments cause a higher

degree of perceived usefulness of wikis (Witney & Smallbone, 2011). Anticipated re-

wards are de�ned as the �degree to which one believes that one will receive extrinsic

incentives� (Bock et al., 2005, p. 107) for using wikis within formal learning pro-

cesses. Therefore, anticipated rewards re�ect the reward-based superior in�uence on

students' intentions.

Hypothesis 2 : Anticipated rewards will positively in�uence perceived usefulness.

Perceived enjoyment

The variety of motives to contribute to Wikipedia shows (Nov, 2007) that people

do not only participate if they are rewarded. Therefore, there are students who are

intrinsically motivated to use wikis. In formal learning processes, these students

enjoy using wikis because every participant can read their contributions. This gave
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them the feeling of �teaching other users and sharing knowledge� (Ravid, Kalman &

Rafaeli, 2008, p. 1920). These students �enjoy the process and do not perceive it

as being e�ortful compared to those who have less intrinsic motivation� (Venkatesh,

Speier & Morris, 2002, p. 301). Due to its facilitating e�ect, we included perceived

enjoyment (PT) as an intrinsic motivator construct that positively in�uences per-

ceived usefulness.

Hypothesis 3 : Perceived enjoyment will positively in�uence perceived usefulness.

Compatibility

Conformant to the DTPB, we included the compatibility (COM) of an information

system in the theoretical model. Compatibility is generally regarded as the degree

to which an information system is congruous with the potential user's existing val-

ues, previous experiences, and current needs (Taylor & Todd, 1995). In this study,

we used Chen's de�nition of educational compatibility as the degree to which a

wiki �complies with the overall learning expectancy of students, including the cur-

rent learning situation, the learning style, and the preference of conducting learning

activities� (Chen, 2011, p. 1504). Hence, it is expected that an increasing compat-

ibility of the learning style and learning situation with wikis will positively in�uence

the perceived usefulness of wikis in formal learning processes.

Hypothesis 4 : Compatibility will positively in�uence perceived usefulness.

2.2 Perceived behavioural control

Individuals do not have complete control over their behaviour in some circumstances.

Perceived behavioural control (PBC) re�ects the level of control individuals feel they

have over their own behaviour. It is an important determinant of intention because

individuals' behavioural intention is strongly in�uenced by their perception of the

ability to perform it (Ajzen, 1991; Taylor & Todd, 1995). Regarding students' use of

wikis in formal learning processes, perceived behavioural control re�ects the students'

feeling about their con�dence in using wikis and the availability of resources needed

to use them.

Hypothesis 5 : Perceived behavioural control over wikis will positively in�uence stu-

dents' intentions to use wikis.

Facilitating conditions

The �rst component in�uencing perceived behavioural control describes the necessary

resources to engage in a behaviour (Ajzen, 1991; Taylor & Todd, 1995). These
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facilitating conditions (FC) in�uence the behavioural intentions and the actual use

of the technology. In our context, missing resources such as time and technology

hinder the use of wikis for formal learning processes.

Hypothesis 6 : The availability of facilitating conditions will positively in�uence per-

ceived behavioural control.

Self-e�cacy

Self-e�cacy (SE) beliefs can in�uence individuals' behavioural intentions and there-

fore their actions. This describes an individual's con�dence in the ability to perform

a behaviour (Ajzen, 1991; Bandura, 1982). In the context of wikis in formal learning

processes, self-e�cacy de�nes the students' perception of their abilities to use a wiki

in higher education classrooms.

Hypothesis 7 : Self-e�cacy will positively in�uence perceived behavioural control.

2.3 Subjective norm

Subjective norm (SN) is de�ned as the degree to which an �individual perceives

that most people who are important to him think he should or should not use the

system� (Venkatesh & Bala, 2008, p. 277). With regard to wikis in formal learning

processes, the students' perception of the use of wikis can be in�uenced by persons

important to them. In contrast to the DTPB, we have not distinguished between

peer and superior in�uence because previous studies showed no signi�cant in�uence

of superior in�uence on students' intentions and perceptions (Sun, Tsai, Finger, Chen

& Yeh, 2008; van Raaij & Schepers, 2008).

Hypothesis 8 : Subjective norm will positively in�uence students' intentions to use

wikis.

3 Method

To test the model, a survey was conducted to investigate students' intentions to

use wikis in higher education classrooms. The survey consisted of a questionnaire

developed from material discussed and tested previously (Bock et al., 2005; Chen,

2011; Hsu & Lin, 2008; Kang, Kim & Bock, 2010; Taylor & Todd, 1995; Teo, 2011;

Venkatesh & Bala, 2008); see Table 1 for a list of the items. Because this study did

not focus on a particular wiki implementation, the students were told to imagine a

learning scenario where they collaboratively contribute information to a wiki with
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their fellow students. The items were slightly modi�ed to suit the context and

translated into German. We gave the German items to a peer for back-translation

into English to check whether they result in items similar to the originals. Afterwards,

wording and translation changes were included in the questionnaire. Each construct

was measured using a �ve-point Likert scale, ranging from �strongly disagree� to

�strongly agree�.

The study was conducted January 2012 among �rst semester students enrolled in an

introductory course in information systems at a large German university. Participa-

tion in the survey was completely voluntary. 425 questionnaires were handed out at

the beginning of the lecture and were collected afterwards. 245 questionnaires were

returned, at least partly �lled out. 133 data records remained after discarding in-

complete questionnaires. The participants included 76 males (57.1%) and 57 females

(42.9%). Most of the participants were between 18 and 23 years of age (n = 124;

93.2%), and the remaining students (n = 9; 6.8%) were under 29 years of age. The

participants were students of economics with a focus on business administration (n

= 89; 66.9%), business informatics (n = 20; 15%), engineering management (n = 23;

17.3%), or business economics and education (n = 1; 0.8%). The dataset has been

published in a persistent public data repository (Kummer, 2013).

The collected data was analysed using the partial least squares (PLS) path modelling

to assess scales validity and test the hypotheses. This was done using SmartPLS soft-

ware (Ringle, Wende & Will, 2005). PLS is a component-based structural equation

modelling technique that has minimal demands on measurements scales, sample size,

and residual distributions (Chin, 1998). We chose PLS because of its minimal re-

quirements regarding sample size and prediction capability (Gefen & Rigdon, 2011).

However, the �10 times rule� is ful�lled, specifying the minimum sample size as �10

times the largest number of predictors for any dependent variable in the model� (Ge-

fen & Rigdon, 2011, p. A4). As the �10 times rule� is only a minimum requirement,

we calculated the statistical power according to Cohen using G*Power (Cohen, 1988;

Faul, Erdfelder, Buchner & Lang, 2009). The number of cases is su�cient to detect

relationships of a medium e�ect size with a power of 95% (n =119). This statistical

power is regarded as su�cient because the hypotheses were previously tested in other

contexts. It is therefore likely that small e�ect sizes were discovered.

4 Results

PLS path models are interpreted in two-steps process, encompassing (1) the assess-

ment of the reliability and the validity of the measurement model, and afterwards,

(2) the evaluation of the structural model that explains hypothesized causal paths.
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Table 1: Summary of items and factor loadings

Construct Item Loading

Anticipated

rewards (Bock

et al., 2005)

AR1 I will receive a better grade in return

for my participation in wikis.

.93

AR2 I will receive a chance for a better

grading in return for my

participation in wikis.

.94

Behavioural

intention

BI1 Assuming I had access to wikis, I

intend to use them.

.94

(Venkatesh &

Bala, 2008)

BI2 Given that I had access to wikis, I

predict that I would use them.

.97

BI3 I plan to use wikis in my studies if

they are provided.

.97

Compatibility

(Chen, 2011)

COM1 Using wikis is compatible with all

aspects of my learning.

.90

COM2 Using wikis is completely compatible

with my current learning situation.

.93

COM3 I think using wikis its well with the

way I like to conduct learning

activities.

.93

COM4 Using wikis �ts into my learning

style.

.89

Facilitating

conditions

FC1 When I need help to use wikis,

guidance is available to me.

.92

(Teo, 2011) FC2 When I need help to use wikis,

specialized instruction is available to

help me.

.89

FC3 When I need help to use wikis, a

specifc person is available to provide

assistance.

.91

Perceived

behavioural

control

PBC1 I would be able to use wikis. .93

(Taylor & Todd,

1995)

PBC2 Using wikis is entirely within my

control.

.91
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PBC3 I have the resources and the

knowledge and the ability to make

use of wikis.

.94

Perceived

enjoyment

PT1 While participating in wikis, I

experienced pleasure.

.91

(Hsu & Lin,

2008)

PT2 The process of participating in wikis

is enjoyable.

.86

PT3 I have fun using wikis. .88

Perceived

usefulness

PU1 Using wikis improves my learning

e�ciency/performance.

.88

(Venkatesh &

Bala, 2008)

PU2 Using wikis in increases my

productivity.

.89

PU3 Using wikis enhances my

e�ectiveness.

.93

PU4 I �nd the system to be useful in my

tasks.

.82

Self-e�cacy

(Kang et al.,

2010)

SE1 I have con�dence in my ability to

provide knowledge that other

students consider valuable.

.92

SE2 I have the expertise needed to

provide valuable knowledge for other

students.

.94

SE3 Most fellow students think that the

knowledge I transfer is valuable to

them.

.86

Subjective norm

(Venkatesh &

Bala, 2008)

SN1 People who are important to me

think that I should participate in

wikis.

.96

SN2 People who in�uence my behaviour

encourage me to participate in wikis.

.96

4.1 Measurement model

Each construct was measured using re�ective indicators. To evaluate the reliability

and validity of the measurement model, we assessed the convergent validity and the

discriminant validity of the scale items.

Convergent validity was assessed using three criteria: internal consistency, indicator

reliability, and average variance extracted (AVE). To ensure internal consistency,
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Cronbach's alpha αC and internal composite reliability ρc should be greater than .70

(Chin, 1998); both thresholds were exceeded for all constructs, see Table 2. Table 1

lists the constructs, the related items, and the factor loadings. Indicator reliability

can be assumed because each indicator loads high (> .80) on the related construct

(Chin, 1998). Finally, every AVE exceeded the suggested threshold of .50 (Chin,

1998).

Discriminant validity is achieved if the conceptually di�erent constructs exhibit suf-

�cient di�erence. Therefore, the factor loading of each indicator is expected to be

greater than all of its cross loadings (Chin, 1998), and the AVE of a construct

should be higher than the constructs' highest squared correlation with any other

construct (Fornell & Larcker, 1981), as shown in Table 2 (refer to Appendix for

cross loadings). Both criteria satisfactorily ful�lled the requirements, demonstrating

discriminant validity.

The results of the model evaluation demonstrated that satisfactory reliability, con-

vergent validity, and discriminant validity were achieved. Therefore, all scales in this

study su�ciently measured the related constructs.

Finally, we addressed concerns regarding common method bias by using a statistical

approach suggested by Podsako�, MacKenzie, Lee and Podsako� (2003) and by

following a method proposed by Liang, Saraf, Hu and Xue (2007). The average of

indicator variance caused by substantive constructs (0.85) was substantially greater

than the method-based variance (0.01). Additionally, most of the method factor

loadings were insigni�cant. Common method bias is thus not a serious concern of

this study.

4.2 Structural model

The hypotheses were tested with SmartPLS (Ringle et al., 2005). We used the boot-

strapping method to determine the signi�cance of the paths among the constructs.

As recommended, we used the number of valid observations (n = 133) as the number

of bootstrap cases, 5,000 bootstrap samples, and selected the individual sign changes

option (Hair, Sarstedt, Ringle & Mena, 2011). Therefore, we derived signi�cance for

item loadings and path coe�cients β by using the t-statistic.
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Anticipated rewards (AR)

Perceived usefulness (PU) 

(R² = .760)

.198***

Compatibility (COM)  .583***

Perceived enjoyment (PT)

 .289***

Behavioural intention (BI)

(R² = .565)

Perceived behavioural 

control (PBC) (R² = .352)
Facilitating conditions (FC)

Self-efficacy (SE)

Subjective norm (SN)

.495***

.332***

 .355***

 .368***

 -.095

Figure 2: PLS path analysis model (*** p < .001)

The R² values of the endogenous constructs indicate the percentage of variance

explained by the model and therefore give information about the explanatory power

of the structural model. According to the thresholds denoted by Chin (1998), the

R² of behavioural intention (R² = .565) and perceived behavioural control (R² =

.352) is moderate, though perceived usefulness (R² = .760) had a substantial level

(Chin, 1998). All structural paths were found to be signi�cant except one. The R²

values of the endogenous variables and the signi�cance of the modelled paths are

depicted in Figure 2. Additionally, we calculated the e�ect size f², which can be

explored to see the impact of an exogenous variable on an endogenous variable. The

impact at the structural model can be considered a small (f² = .02), medium (f² =

.15), or large (f² = .35) e�ect (Chin, 1998); for e�ect sizes of the paths see Table 3.

The predictive capabilities of the proposed model were tested using cross-validated

redundancy measure Q². Each Q² value was greater than zero; therefore, the model

can be seen to have predictive relevance (Chin, 1998).

As expected, perceived usefulness had a signi�cant and positive in�uence on the

behavioural intention to use a wiki in formal learning processes. The e�ect size

on the intention was medium (f² = .202). Therefore, hypothesis H1 (β = .495; p

< .001) was supported. The proposed positive in�uence of anticipated rewards on

perceived usefulness (H2, β = .198; p < .001) was signi�cant, the e�ect was on a good

small level (f² = .114), and therefore the hypothesis was supported. The proposed

positive in�uence of perceived enjoyment on perceived usefulness (H3, β = .289; p <

.001) was signi�cant and had a medium e�ect (f² = .195). Thus, hypothesis H3 was

supported. The positive in�uence of compatibility on perceived usefulness (H4, β =

.583; p < .001) was supported signi�cantly. Hence, a high compatibility with the
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Table 3: Path coe�cient β, t-statistic and e�ect size f²

Hypotheses β t-statistic f²

H1 PU→BI .495*** 5.586 .202

H2 AR→PU .198*** 3.393 .114

H3 PT→PU .289*** 5.006 .195

H4 COM→PU .583*** 10.405 .497

H5 PBC→BI .368*** 4.072 .166

H6 FC→PBC .332*** 4.162 .114

H7 SE→PBC .355*** 4.223 .128

H8 SN→BI - .095 1.606

Note: * p < .05; ** p < .01; *** p < .001.

students' learning situation increases the perceived usefulness. The e�ect size had a

large e�ect (f² = .497) as well as the highest in�uence on perceived usefulness.

Consistent with the DTPB, hypotheses H5, H6, and H7 were supported. The in�u-

ence of perceived behavioural control on behavioural intention is positive, signi�cant

(H5, β = .368; p < .001), and had a medium e�ect (f² = .166) on behavioural in-

tention. The hypothesised positive in�uence of facilitating conditions on perceived

behavioural control was signi�cant (H6, β = .332; p < .001). However, the e�ect size

was only small (f² = .114). Finally, the proposed positive in�uence of self-e�cacy

on perceived behavioural control was also signi�cant (H7, β = .355; p < .001), but

has only a small e�ect (f² = .128). Unexpectedly, subjective norm had no signi�cant

in�uence on behavioural intention. Hence, hypothesis H8 was not supported.

To ensure that no signi�cant paths have been left out of the model, we compared it

to the saturated model. A saturated model connects all exogenous variables with the

endogenous variable, whereas the theoretical model only includes the hypothesised

paths. Both models were compared with each other in order to verify �(1) that the

signi�cant paths in the theoretical model also remain signi�cant in the saturated

model, and (2) that adding the paths via the saturated model does not signi�cantly

increase the f²� (Gefen & Rigdon, 2011, p. viii). We compared the adjusted R² of the

proposed theoretical model (adjusted R² = .555) with the saturated one (adjusted

R² = .606). All relationships stayed signi�cant, and the e�ect size of the additional

paths was small (f² = .129). Therefore, it is unlikely that any signi�cant path has

been left out in the theoretical model.
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5 Discussion

5.1 Overall results

In this study, we adapted the DTPB to explore the factors that in�uence students'

decision to adopt wikis within formal learning processes in higher education. Con-

sistent with previous research, perceived usefulness (e.g. Davis et al., 1989) and

perceived behavioural control (e.g. Taylor & Todd, 1995) had signi�cant in�uence

on behavioural intention. In conjunction with subjective norm, perceived usefulness

and perceived behavioural control explain 56% of the variance of behavioural inten-

tion. In contrast to previous studies (e.g. Venkatesh & Bala, 2008), subjective norm

had no signi�cant in�uence on behavioural intention. This �nding is counterintuitive

as students are spending a lot of time together while studying. Accordingly, it seems

reasonable to expect them to in�uence each other's attitude towards technology for

learning. However, the argument may not be relevant for �rst semester students, as

there may not have formed personal relationships and learning habits yet. The lack

of mutual in�uence could explain why subjective norm had no in�uence on students'

behavioural intention. Accordingly, instructors' in�uence on �rst semesters should

also be limited.

By integrating anticipated rewards and perceived enjoyment as constructs that rep-

resent intrinsic and extrinsic motivation, the proposed model considers the speci�c

situation in higher education classrooms. The results show that both constructs were

antecedents of perceived usefulness. In conjunction with compatibility, anticipated

rewards and perceived enjoyment explain 76% of the variance of perceived useful-

ness. As hypothesised, anticipated rewards and perceived enjoyment had a positive

in�uence on perceived usefulness. Therefore, students perceive wiki assignments as

more useful if they are rewarded (e.g. with grades) or if they enjoy working with

wikis. Compatibility had a large and signi�cant e�ect on perceived usefulness. This

is consistent with �ndings by Chen (2011), who shows that educational compatibil-

ity is more important than the perceptions regarding technology usage. Therefore,

the larger the compatibility with the learning situation, the larger is the perceived

usefulness.

Consistent with the DTPB (Taylor & Todd, 1995), facilitating conditions and self-

e�cacy both had a small, signi�cant in�uence on perceived behavioural control.
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5.2 Practical implications

The underlying question of this study is what can we do as instructors to explain our

students' lack of motivation? What can we do to engage our students and encourage

them to use wikis? In the following, we outline some implications of the results.

Anticipated rewards, perceived enjoyment, and compatibility were strong determin-

ants of perceived usefulness. The large in�uence of compatibility calls attention to

students' learning preferences and learning style. Instructors have to think carefully

about how wikis can support students' learning styles rather than changing them.

While someone's learning style does not change in a short time, instructors can

accommodate students with a course assignment that �ts their learning situation.

Students use wikis if they �t their goals, whether they are intrinsically or extrinsically

motivated. But in either case, a wiki assignment must �t the learning situation of the

student. Therefore, wikis should be an integral part of the course assignment rather

than just an additional duty. Thereby, it is more likely that students will engage

with a wiki if the course assignment necessitates it. As a consequence, instructors

should ask themselves if a wiki is bene�cial for a certain task assignment � and opt

for an alternative if the task does not bene�t from using a wiki.

While instructors cannot change their students' learning style, they can abet wiki

adoption by targeting students' motivation. One precondition for the students to use

wikis in class is that wiki assignments are integrated into the course in a reasonable

and rewarding way. Otherwise, students will abstain from using the wiki (Cole,

2009; Ebner et al., 2008). Through mandatory and assessed wiki work, extrinsic

rewards can be set easily. Alternatively, instructors can try to motivate students

by conferring certi�cates after taking part in a wiki-based course, instead of forcing

them into wiki use by rewarding them with a grade (Bonk, Lee, Kim & Lin, 2009).

Ideally, students are motivated extrinsically and intrinsically. Perceived enjoyment

refers to one's intrinsic motivation. As perceived enjoyment had a signi�cant in-

�uence on perceived usefulness, students seem to like the idea of working together

within a wiki. This is consistent with previous qualitative research about the use of

wikis in higher education. Students like the feeling of teaching others and sharing

their knowledge (Ravid et al., 2008). And although intrinsic motivation cannot be

built by instructors, they can design task assignments that stimulate intrinsic mo-

tivation. For example, working for a greater audience can motivate students: like

writing a textbook together that will be publish as an open educational resource.

Independent of students' source of motivation, instructors should consider students'

learning preferences and learning styles by seamlessly integrating wikis into the

course. Thereby, instructors would not only lower barriers of adoption and invite
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students' participation and engagement in the wiki, but would also provide facilitat-

ing conditions. As facilitating conditions and self-e�cacy had a signi�cant in�uence

on perceived behavioural control, accompanying wiki training and continuous sup-

port to lower technology barriers is recommended.

5.3 Limitations and further research directions

From a research perspective, the study results indicate the suitability of the proposed

model to explain the in�uences on the use of wikis in formal learning processes within

higher education by students. However, this study has some limitations.

First, we did not have the opportunity to collect data from a random sample of

students. A convenience sample was used to test the model (�rst semester students

in an introductory course in information systems). In order to generalize the �nd-

ings, this study should be replicated with students from di�erent study courses and

semesters.

Second, the explanatory power of this model regarding the in�uence of subjective

norm on behavioural intention has to be further examined. Although subjective norm

has been proven as a reliable in�uence in various acceptance models (Taylor & Todd,

1995; Venkatesh & Bala, 2008), this was not the case in this study. Perhaps this is due

to the fact that the subjective norm was measured with only two re�ective indicators

and without distinguishing between di�erent in�uence groups (e.g. peer in�uence,

superior in�uence). An alternative explanation is that peers do have little in�uence

on students' intentions and superior in�uence was substituted by anticipated rewards.

Therefore, more qualitative and quantitative research is necessary to explore further

social in�uences on technology adoption in the context of higher education.

Third, we refrained from including wiki characteristics in the model, but provided

contextual information as a preamble to the questionnaire. While some will see this

as a limitation, it facilitates the comparison of di�erent educational technologies by

shifting technology-speci�c characteristics into the background and focusing on the

adoption of a form of technology in a particular setting. Further research should

therefore investigate whether the proposed model yields di�erent results with other

Web 2.0 applications (e.g. social networking services, weblogs).

6 Conclusion

The results of this study provide a foundation for future research about factors

that in�uence student use of wikis in higher education. We show that intrinsic and
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extrinsic motivation plays an important role in students' decision to participate and

engage in wiki assignments. Based on these �ndings, researchers should examine

methods to foster support for student use of wikis, as well as for other Web 2.0

applications. This would enable instructors to better address students' needs and

preferences.
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Appendix

Table A1: Factor and cross loadings

AR BI COM FC PBC PT PU SE SN

AR1 .93 .21 .35 .39 .24 .41 .47 .57 .42

AR2 .94 .20 .35 .44 .26 .27 .50 .38 .45

BI1 .20 .94 .67 .42 .63 .30 .62 .33 .29

BI2 .21 .97 .72 .40 .66 .37 .69 .40 .26

BI3 .22 .97 .69 .41 .65 .36 .69 .38 .28

COM1 .34 .63 .90 .5 .70 .38 .69 .37 .40

COM2 .31 .66 .93 .54 .67 .47 .72 .44 .40

COM3 .39 .68 .93 .53 .70 .50 .76 .46 .48

COM4 .33 .65 .89 .49 .63 .48 .75 .44 .45

FC1 .42 .44 .51 .92 .49 .46 .54 .45 .38

FC2 .41 .33 .47 .89 .39 .47 .50 .43 .49

FC3 .39 .40 .55 .91 .49 .52 .56 .46 .50

PBC1 .23 .66 .70 .51 .93 .34 .64 .44 .24

PBC2 .29 .57 .69 .44 .91 .41 .60 .49 .41

PBC3 .23 .64 .67 .45 .94 .38 .65 .51 .31

PT1 .36 .28 .40 .45 .36 .91 .56 .54 .43

PT2 .29 .27 .41 .47 .29 .86 .54 .51 .43

PT3 .33 .40 .52 .49 .42 .88 .64 .47 .53

PU1 .44 .61 .76 .56 .60 .59 .88 .48 .50

PU2 .51 .54 .67 .45 .53 .60 .89 .50 .48

PU3 .53 .60 .71 .51 .57 .63 .93 .56 .50

PU4 .36 .70 .69 .55 .69 .48 .82 .43 .32

SE1 .40 .36 .43 .42 .48 .49 .53 .92 .36

SE2 .47 .38 .44 .43 .52 .55 .54 .94 .39

SE3 .52 .30 .41 .50 .40 .51 .45 .86 .45

SN1 .48 .28 .47 .49 .37 .57 .53 .49 .96

SN2 .41 .27 .44 .47 .29 .44 .46 .35 .96
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Facilitating collaboration in wikis

Christian Kummer

Abstract. Wikis are widely used in higher education, because they are said to

stimulate collaborative writing and learning. But using a collaborative tool does not

necessarily result in collaboration. Although wikis are not a new phenomenon, edu-

cators are still struggling to facilitate collaboration within wikis. This article reports

from an action research project that examined the in�uence of task assignment and

grading on collaboration. For this purpose, the task assignment and grading of a

Master programme module were altered within three iterations. Collaboration was

evaluated using social network analysis and content analysis. As a result, a learn-

ing arrangement is presented that facilitates collaborative learning and introduces

an approach to the assessment of collaboration that takes group achievement into

account but does not invite social loa�ng.

Note. This essay has been published as Kummer, C. (2013). Facilitating collabor-

ation in wikis. doi:10.2139/ ssrn.2250367
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1 Introduction

For many years universities have communicated generic graduate attributes their

students have acquired after studying. Graduate attributes are skills and competen-

cies that are relevant for both employability and other aspects of life (Barrie, 2004).

Over the past years and due to the Bologna Process, the focus on graduate outcomes

has found its way into universities curricula. As a consequence, curricula were ad-

apted in order to convey students both in-depth knowledge of a particular area as

well as generic competences (Bologna Working Group on Quali�cations Framework,

2005, Appendix 8). For example, students with a Master's degree should be able

to �communicate their conclusions, and the knowledge and rationale underpinning

these, to specialist and non-specialist audiences clearly and unambiguously� (p. 196).

This shift has been supported by the demand of the labour market for students that

have achieved social and personal competencies, in addition to in-depth knowledge

(Heidenreich, 2011).

In 2009 the curricula at my faculty were restructured to meet the requirements

formulated by the framework for quali�cations of The European Higher Education

Area (Bologna Working Group on Quali�cations Framework, 2005). I was involved

in the planning of a Master's programme module. Part of this module is a project-

based course, in which I wanted to engage students in collaboration, as collaborative

learning is well-suited to promote critical thinking and communication skills (Johnson

& Johnson, 1994b; Laal & Ghodsi, 2012). In order to prepare my students for

the labour market, I simulated a collaboration situation based on a report that

documents a best practice (Bukvova & Kalb, 2010).

In this article, I introduce how I developed a learning arrangement within a four-

year-long action research project that ran through three iterations. I report how I

established a learning arrangement that facilitates collaboration and how I evaluated

my e�orts to assess collaborative learning. The result of my research is a ready-to-use

learning arrangement that facilitates collaborative learning.

In the following section, I describe how I focused my research to suit my situation, be-

fore I introduce my research method. Afterwards, I detail every project iteration and

report from the development of the learning arrangement. After discussing themes

that emerged through iterations, I provide a description of the learning arrangement

and point to limitations of this research. Finally, I conclude with an outlook on

further research.
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2 Context and focus

I am a researcher and lecturer in the �eld of economics at a German university. As

part of the Bologna Process, Bachelor and Master degrees were introduced at my

university in 2009. Curricula had to be restructured in order to be comparable and

compatible with the framework of quali�cations of the European Higher Education

Area. The quali�cation framework describes generic learning outcomes and com-

petences for each quali�cation cycle (e.g. Bachelor, Master, Doctorate) (Bologna

Working Group on Quali�cations Framework, 2005, Appendix 8). At this point, my

faculty realigned existing courses to focus more on competences than before.

I was involved in the planning of a Master programme module on knowledge manage-

ment that consists of three parts: a lecture, an exercise course, and a project work.

Lecture and exercise course are assessed together in an oral exam, the project work is

graded separately. The lecture comprises of case study work in groups accompanied

by an electronic lecture, the course work focuses on the application of knowledge.

After the �rst half of the semester, the lecture course �nishes and groups are remixed

for project work using jigsaw puzzle. A detailed description of the module design

has been published in Bukvova, Meyer and Schoop (2010; for jigsaw puzzle refer to

Aronson, 1978; Pozzi, 2010).

Complementary to lecture and course work, the project work should allow students

to collaboratively construct new knowledge and solve complex problems in order

to facilitate the constitution of graduate skills. I wanted to incorporate collabor-

ative learning into project work, because �collaborative learning holds the promise

of active construction of knowledge, enhanced problem articulation, and bene�ts

exploring and sharing information and knowledge gained from peer-to-peer commu-

nication� (Haythornthwaite, 2006, p. 10). The bene�ts of collaborative learning

have been well documented (Johnson, Johnson & Stanne, 2000; Laal & Ghodsi,

2012; Slavin, 1996): among others, �perspective-taking, interpersonal attraction, so-

cial support, friendships, reduction of stereotypes and prejudice, valuing di�erences,

psychological health, self-esteem, social competencies� (Johnson et al., 2000, p. 3).

Therefore, collaborative learning is well suited to convey the competences deman-

ded by the labour market (Heidenreich, 2011) and the framework of quali�cations

of the European Higher Education Area (Bologna Working Group on Quali�cations

Framework, 2005).

But the term collaboration de�es clear de�nition (Dillenbourg, 1999; Haythornthwaite,

2006). In this article, collaboration is seen as a synchronous and coordinated e�ort

to create one �nal product. In contrast, cooperation �refers to a more �xed divi-

sion of labour generally made explicit at the outset� (Dillenbourg, 1999, p. 8). As
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I particularly wanted to promote social skills, I focused on collaborative learning

as it necessitates continuous synchronisation, negotiation, and interaction (Dillen-

bourg, 1999, p. 8). Thus, to reach project work's goals, that is, convey competences,

collaboration is better suited than cooperation.

To facilitate collaboration and shared knowledge construction, I wanted to integrate

a wiki assignment into the project work, because wikis are said to be �intensely col-

laborative� (Godwin-Jones, 2003). Although wikis have been widely used in higher

education to support collaborative learning (e.g. Carr, Morrison, Cox & Deacon,

2007; Cress & Kimmerle, 2008; Davies, Pantzopoulos & Gray, 2011; Elgort, Smith &

Toland, 2008; Laru, Näykki & Järvelä, 2011; Wheeler, Yeomans & Wheeler, 2008),

lecturers are still struggling to facilitate collaboration within wikis (Choy & Ng, 2007;

Cole, 2009; Ebner, Kickmeier-Rust & Holzinger, 2008). This can be explained par-

tially by two reasons: the little consensus on how to facilitate collaborative learning

within wikis (Allwardt, 2011; Cubric, 2007; Elgort et al., 2008; Ramanau & Geng,

2009) and the problem on how to assess collaborative learning in general (Strijbos,

2011) and for wikis in particular (Naismith, Lee & Pilkington, 2011; Miyazoe &

Anderson, 2010).

Because I consider wikis to have great potential to facilitate collaborative learning,

I started to investigate how wikis can be successfully integrated into classroom to

facilitate collaboration. As I struggled to engage students in wiki collaboration in

previous courses, I drew on a literature review that identi�ed factors in�uencing

collaboration in wikis (Kummer, 2013). The factors are categorised in student char-

acteristics, teaching context, and learning process using Biggs' (1989) 3P model (see

Figure 1). Every factor of the category teaching context can be controlled by the

lecturer, but the other categories contain factors that are not in lecturer's control

and can therefore be in�uenced at best (e.g. by giving training courses to improve

students IT skills). Therefore, I concentrated on category teaching context, which

consists of three factors that can be modi�ed to facilitate collaboration: system

quality, de�ciency of incentives, and task assignment.

System quality refers to problems that arise when wiki systems are not usable, not

accessible, or slow in their reaction on user input (Kummer, 2013). I have not focused

on system quality, as I was not limited to use a particular wiki system. Therefore,

in case of any problems that arise from poor system quality, the wiki system can be

replaced with another one that �ts the needs.

De�ciency of incentives. One precondition for collaboration within wikis is that they

are integrated into courses in a meaningful way and provide students with intrinsic

(e.g. community-feeling) and extrinsic (e.g. mandatory and assessed assignments)

incentives (Kummer, 2013). Otherwise, students will opt to not use wikis (Ebner
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Student characteristics 
• Learning style 
• IT skills 

Teaching context 
• System quality 
• Deficiency of incentives 
• Task assignment 

Learning process 
• Ownership 
• Publicity 
• Group climate 

Presage Process Product 

Outcomes of 
collaboration 

Source: Adapted from Kummer (2013)

Figure 1: Factors in�uencing wiki collaboration

et al., 2008; Judd, Kennedy & Cropper, 2010). In my case, this was not the problem

as the project work on knowledge management had to be graded. More interesting

is the connection between grading and task assignment.

A precondition for collaboration are task assignments that necessitate collaboration

(Kummer, 2013). But at the same time, the assessment of collaboration must assure

individual accountability (Slavin, 1980). As a consequence, each student should re-

ceive an individual grade. In contrast, group grades should never be used (Kagan,

1995), because they violate individual accountability and therefore invite limited in-

dividual e�orts like social loa�ng (Latané, Williams & Harkins, 1979) and free-riding

(Kerr & Bruun, 1983). Although these problems are evident, there is no generic set of

acknowledged indicators that can be used to assess collaborative learning (Strijbos,

2011). Strijbos (2011) infers from previous �ndings that the assessment of (computer-

supported) collaborative learning faces three challenges: (1) the level of assessment,

that is, should collaborative learning be assessed using individual grades or group

grades, (2) the operationalisation of cognitive outcomes, and (3) the focus of assess-

ment, that is, should assessment of collaborative learning solely focus on cognitive

outcomes?

I wanted to contribute to the solution of these problems by exploring a new approach

to the assessment of collaborative learning within the project work. I had two aims:

�rst, I wanted the students to collaborate with each other. Second, I wanted to ensure

individual accountability and consider collaboration by taking group achievement

into account. By doing so, I suggested an approach that contributes to the solution

of the challenges, which the assessment of collaborative learning is facing.

Based on Johnson and Johnson (1994b) who argue that collaboration takes only

place when students perceive individual accountability and feel themselves respons-
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ible to achieve group's goals, my idea was to interweave the task assignment with its

grading by assessing it in two steps. Firstly, the quality of the collaborative product

(see Section 4 for criteria that have been used to evaluate the quality of the collab-

orative product), secondly, the quantity of individual contributions measured with a

point system. Individual grades were calculated by weighting the group grade with

the proportion of the amount of individual contributions to the average amount of

contributions (see Equation 1).

GradeIndividual = GradeGroup ·
ContributionIndividual

ContributionAverage
(1)

Thereby, individual accountability was achieved by taking the number of individual

contributions into account, whereas personal responsibility was considered by using

the group grade as a basis for assessment. As a consequence, participants cannot

rely on their own contributions, but must contribute to the group's goal in order to

meet their personal goals (Slavin, 1996; see also Johnson and Johnson, 1994a, who

introduced individual grades based on group performance).

Summarised, the ultimate goal of this action research project is to implement the

approach outlined above in order to develop a task assignment that facilitates col-

laboration. Before I introduce how I implemented and improved the task assignment

during three iterations, I disclose my research method.

3 Methods

I used action research as the underlying research method and chose the constructivist

paradigm by Lincoln and Guba (1985), assuming that reality is constructed in the

minds of individuals and bound to the individual. Therefore, objectivity does not

exist and truth cannot be achieved, but consensus between what others accept as

correct can be reached (Pörksen, 2009).

3.1 Action research

My research project is embedded within the context of reorganisation of the cur-

riculum structure at my faculty. My research project can therefore be positioned

as technical action research according to Grundy's (1982) typology, because it was

aimed at making a situation more e�cient and e�ective.1 Nevertheless, I re�ected

1Because I adjusted and improved my interventions and the learning arrangement iteratively, my
research could have been classi�ed as design-based research. Anderson and Shattuck (2012) referred
to design-based research as �research through mistakes� (p. 17) and outline the similarities to
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my own behaviour in facilitating collaboration (re�ection-on-action; Schön, 1983)

and changed it in following iterations when necessary. Hence, this research project

had also impact on my development as a teacher.

There is much emphasis on action research as being a cooperative or collaborat-

ive activity (e.g. Hult & Lennung, 1980), because individualism would �destroy the

critical dynamic of the group� (Kemmis & McTaggert, 1992, p. 15). However, re-

lating action research to Stenhouse's (1975) notion of a teacher as researcher, it

can be an individualistic matter as well. In Germany, educational action research

in higher education is often carried out by a single person, because most of the

university employees do both researching and teaching students. This particularly

re�ects my research situation. Whitehead (1989) mentioned statements in form of

an action-re�ection cycle which help teacher-researchers to improve their practice:

�I experience problems when my educational values are negated in my practice; I

imagine ways of overcoming my problems; I act on a chosen solution; I evaluate the

outcomes of my actions; I modify my problems, ideas and actions in the light of

my evaluation... (and the cycle continues)� (p. 43). While I already introduced my

problem and an idea of overcoming it (see previous section), I will describe in the

following how I evaluated my e�orts to implement the solution. For the description

how I modi�ed my actions during the cycles see Section 4.

3.2 Evaluation

The overall goal of this research project was to implement a task assignment that

facilitates collaboration. Dillenbourg (1999, p. 5) describes collaboration as a �situ-

ation in which particular forms of interaction among people are expected to occur,

which would trigger learning mechanisms, but there is no guarantee that the ex-

pected interactions will actually occur.� In my case, the situation is designed by

the educational setting, mainly de�ned by the task assignment, whereas interaction

can be characterised by three criteria: synchronicity, interaction, and negotiation.

In contrast to hierarchical situations, collaboration is characterised by synchronous

work (synchronicity) and negotiation of procedure, which results in mutual a�ection

of participants' cognitive processes (interaction) (Dillenbourg, 1999). To evaluate

collaboration, I concentrated on these three criteria.

action research. Finally, Sein, Henfridsson, Purao, Rossi and Lindgren (2011) introduced a research
method called action design research that combines both research methods (see also Cole, Purao,
Rossi & Sein, 2005). As they introduced very strict principles for their method to di�erentiate
themselves from action research, design research and design-based research, I refrained from using
their method. However, the term action design research describes well the orientation of this
research.
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Figure 2: Collaboration as co-authorship between two participants

Previous research had shown that social network analysis in combination with in-

terviews is appropriate to study collaboration (Harrer, Zeini & Pinkwart, 2005;

Martínez et al., 2006). Based on this approach, I evaluated synchronicity using social

network analysis. Although social network indices provide an insight into collabor-

ation, it is only a quantitative one that cannot di�erentiate between collaboration

and cooperation. For this reason, I interviewed participants to further investigate

the manner in which they worked with other students within the project work. Fur-

thermore, I invited voluntary and anonymous feedback. Results from the analysis

of both interviews and feedback were used to investigate synchronicity, negotiation,

and interaction.

Data collection

Data were collected from wiki log data using a script �le that pre-processed the data

for social network analysis. Participants that authored a wiki article together were

treated as co-authors (see Figure 2). Therefore, I hypothesised co-authorship as col-

laboration. By analysing every article, an indirect co-authorship network (Martínez

et al., 2006) emerged from the log �les that maps collaboration.

Based on their position within the social network graph and based on actor-based

social network indices, I selected participants to achieve a purposeful sample with

maximum variation (Coyne, 1997; Sandelowski, 1995). Therefore, each sample con-

tained students with a peripheral, an average and a central position within project

work (see Figure 3). As participation in an interview was voluntarily, I asked each of

the selected students whether he/she wants to participate in an interview. Everyone

I asked agreed to participate. I interviewed seven participants after the second and

after the third iteration. The interviews lasted between 20-45 minutes each and were

semi-structured (Dicicco-Bloom & Crabtree, 2006).
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Additionally, I invited students to send me feedback via e-mail, but also provided

them with a link to an online service where they can give feedback anonymously. I

received six times feedback (partially anonymous); once for the �rst, twice for the

second, and three times for the third iteration. Furthermore, I surveyed discussion

pages, but they were not included into qualitative data analysis. Instead, I used

discussion pages to back up my interpretation of the social network indices.

Data analysis

The data retrieved from the wiki were analysed with Pajek version 3.10, a software

for network analysis and network visualisation. I used network density (D) and

network degree centralisation (CD) following Martínez et al. (2006) as indicators to

assess if collaboration took place.

Mathematically, the densityD is the average of the standardised node degrees (d(ni))

with values between [0, 1]. The degree represents the number of connections a net-

work node (in this case the student) has with other nodes. Correspondingly, the

density is the proportion of possible connections of a network to the connections

that are actually present in a network (Wasserman & Faust, 1994). Therefore, a

high value of density provides an indication for collaboration among students. Fur-

thermore, I took network degree centralisation CD into account to investigate the

overall activity within the wiki. Centralisation CD is a group-level index that �records

the extent to which a single actor has high centrality, and the others, low centrality.

It also can be viewed as a measure of how unequal the individual actor values are.

It is (roughly) a measure of variability, dispersion, or spread� (Wasserman & Faust,

1994, p. 176). With values between [0, 1], a high value of centralisation would mean

that a low number of students were active, whereas a moderate value indicates that

some students acted as a hub. Therefore, a low value of centralisation indicates

a balanced collaboration among students (cf. Martínez et al., 2006; Wasserman &

Faust, 1994, p. 177).

All interviews were transcribed and analysed with the qualitative data analysis

software MaxQDA version 10 by applying constant comparative method (Glaser &

Strauss, 1967). Following the �all is data� paradigm (Glaser, 2001), feedback data

were included in the qualitative data analysis. Problems regarding the design of

the task assignment were coded in vivo and afterwards connected to stable problem

sets through iteration. In contrast, a pre-de�ned code schema was used to evaluate

collaboration (refer to Appendix B for a description of the codes). A situation was

assessed as collaborative if it was synchronous and characterised by an interactive

communication in which participants a�ected their cognitive processes mutually by
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Figure 3: Network visualisation of the selection of interviewees for the 2nd iteration

Note: Size of nodes represents betweenness centrality of an actor CB(ni) and therefore indicates the

importance of the actor for communication in the project (Wasserman & Faust, 1994, pp. 188-191).

White coloured nodes mark interviewees. Only edges with a minimum weight of 10 (wij ≥ 10) are

depicted. The thickness of edges indicates the strength of co-authorship between participants.

negotiating meaning. The unit of analysis were in both complete arguments that

could comprise single sentences or even several paragraphs.

4 Process

In the following, I describe the three iterations of my action research project and

disclose how I directed and in�uenced the project work. After each iteration, I

evaluated my goals and planned modi�cations for the next iteration. I assessed the

success of an iteration based on

1. Values of the social network indices (see Table 2),

2. Results from the analysis of the interviews,
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3. Observation of collaboration on discussion pages and wiki articles, and

4. Quality of the collaborative outcome.

Values of social network indices and qualitative analysis were used to evaluate col-

laboration based on three criteria negotiation, synchronicity, and interaction (see

Section 3.2 and Appendix B for the codebook). In addition to the results from data

analysis, I used my observations to interpret the results. In conclusion, I evaluated

the quality of the collaboration based on collaborative outcomes. In my understand-

ing, the quality of the outcomes of collaboration re�ects the quality of collaboration

between participants (Kreijns, Kirschner & Jochems, 2002). Related to wikis, collab-

oration is re�ected in articles that are without mistakes with regards to content, share

a consistent form, and are granular and not redundant to each other. Furthermore,

all articles are covered by a consistent conceptualisation of the subject.

4.1 Iteration 1

The �rst iteration took place during the transition from Diploma to Master degree

programmes at my faculty. Accordingly, composition of participating students were

di�erent to following iterations. Meaning, the majority of students were enrolled

in the Diploma programme. Additionally and in contrast to following iterations,

I accompanied the project work as an observer only. For a brief summary of the

iterations refer to Table 1.

Table 1: Descriptive data of the project iterations

Iteration
1 2 3

Year 2009 2011 2012

Project duration
total 11 weeks 9 weeks 10 weeks
self-directed 11 weeks 5 weeks 5 weeks

Participants
students 17 29 38
teacher 2 1 1

Gender
female 4 18 22
male 15 12 17

Degree programme
Diploma 12 5 1
Master 5 24 37
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Design

In the �rst iteration of the project work2, I wanted my students to extend an existing

knowledge base about knowledge management. The knowledge base was implemen-

ted as a wiki within the university's learning management system.3 The wiki was

private and only accessible to the participants. Furthermore, I provided a forum that

could be used for communication. The existing content had been created by students

from former courses and needed improvement with regard to quality and coverage

of the topic. The students' task was to collaboratively improve and extend content

in order to create a knowledge base that is easy to use, motivating, and informative

for people (e.g. students, practitioners) interested in knowledge management. The

students were free to add any information to the wiki that contributes to the main

objective. Apart from some examples of possible contributions, I abstained from

giving initial structure and guidance. Therefore, the students were responsible for

the organisation of content creation.

At the beginning of the project, the students were informed that the knowledge base

will be assessed as a whole and graded according to quality. Individual grades were

calculated by weighting the group grade with the proportion of the amount of indi-

vidual contributions to the average amount of contributions (see Equation 1). Every

student was free to contribute when, what, where and how much he wanted. At the

same time, almost everything could be a contribution: revisions of existing content,

new content, an idea for future improvement of the wiki, etc. Each contribution had

to be recorded in a document. This was necessary because wiki and forum provided

insu�cient capabilities to retrace contributions per student. The protocols were used

to check the extent and quality of the contribution as each contribution was rewarded

with a point.

Evaluation

In contrast to subsequent iterations, I evaluated whether students collaborated based

on my observations and data retrieved from anonymous feedback, discussion forum,

and wiki. The network shows a high network density (D = .971) for the complete

network and a distinctive di�erence when separating articles (DA = .965) from

discussion threads (DD = .532) into dedicated networks. Refer to Table 2 for an

overview of the network indices across iterations.
2This section contains �ndings from the �rst iteration that were previously published as Kalb,

Kummer and Schoop (2011).
3The learning management system OPAL (Online Plattform für akademisches Lehren

und Lernen) is the central platform for several Saxon universities. It is available at
http://bildungsportal.sachsen.de/opal/dmz/.
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Table 2: Network indices and wiki statistics

Iteration
1 2 3

Network density D .971 .929 .927
Articles only DA .965 .926 .923
Discussion pages only DD .532 .211 .281

Network degree centralisation CD .033 .076 .077
Articles only CDA .039 .079 .081
Discussion pages only CDD .034 .217 .314

Wiki pages (incl. �les, categories, etc.) 209 585 628
Articles only 165 201 146
Discussion pages only 44 121 142

Page edits 1,510 5,596 8,212

The high value of density D indicates that students collaborated intensely, especially

when compared to densities of other asynchronous learning networks reported in

other studies (Aviv, Erlich, Ravid and Geva, 2003, D ∈ [.150, .360]; de Laat, 2002,

D = .570; de Laat, Lally, Lipponen and Simons, 2007, D ∈ [.360, .460]). Therefore,

almost everybody edited at least one article with any other participant. This is

supported by a network degree centralisation (CD = .033) at a low level, meaning

that the amount of work invested is balanced between participants. The moderate

value for DD can be interpreted as a sign for collaboration also, as it means that

every participant discussed with every second participant.

Whilst working on this project, students met each other weekly at the accompanying

exercise courses. Due to the relatively small number of participants (n = 17), students

took advantage of their meetings to coordinate their e�orts. Finally, one student was

coordinating nearly all tasks and acted as a leader within a student-agreed hierarchy.

Consequently, they specialised in particular tasks or worked independently on an

article. However, the e�orts invested by the students are remarkable, resulting in

a collaborative product of high quality with regard to form and content. Due to

the hierarchical coordination, all wiki articles are perfectly integrated within one

conceptualisation of the subject area.

Although students worked synchronously, they limited interaction to a minimum.

From my observation and the analysis of discussion forum, there is little evidence for

negotiation of meaning as students limited their collaborative e�orts e.g. to agree

upon a standard template for wiki articles. As a consequence, the good values for

CD and D must be put into perspective. Although they indicate intensive group

work, they are of limited suitability to provide evidence for collaboration. As a

consequence, researchers cannot rely on good social network indices. However, CD

and D are well-suited to indicate the intensity and balance of group work. Therefore,
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I continued to use them in the following iterations to get an impression how intense

collaboration was.

Apart from the evaluation of collaboration, some issues with the task assignment

needed to be taken into account for the next iteration. First, although students

started early to coordinate themselves, most students did not start editing until the

�rst half of the project was over. Students had di�culties to understand their task.

They were used to have a quanti�able goal (e.g. a ten-page term paper), but not

the complexity to have a goal that is bound to quality. Students could hardly accept

that they will not know if they had done enough. Therefore, it needed an additional

presentation and discussion to clarify project's objective and questions arisen.

Second, the assessment of the contributions was di�cult as the granularity of the

protocols di�ered. To ensure that all students were treated equally, they were stand-

ardised by the lecturer. Therefore, from case to case, it was necessary to reward two

contributions with just one point, or the other way around.

With regard to my aims, this project was a �rst step in creating a task assign-

ment that facilitates collaboration. Surprisingly, most students were comfortable

with being assessed based on their engagement. But although students coordinated

themselves, they seemed to have worked together more than in comparison to tra-

ditional paper-based assignments. However, students divided work and refrained

from negotiating and interacting with each other. Therefore and apart from the

good project outcome, in terms of form and content, this project holds potential

for improvements, as students avoided to challenge each others opinion, but simply

ran for a solution that must not necessarily be the best solution. As a consequence,

it is unlikely that they bene�ted from di�erent viewpoints, exhausting discussions,

and subsequent light-bulb moments, or summarised, they potentially developed less

competencies (e.g. social skills) from collaboration than possible.

However, the idea to interweave task assignment with its grading seems to have

facilitated collaboration. Therefore, I followed this approach and identi�ed need for

modi�cation.

Need for modi�cation

In the following, I derive changes to the task assignment from the evaluation in order

to re�ne the task assignment to necessitate collaboration.

First, I had not expected students coordinating themselves so rigorously that they

did not have to rely on others assistance. The possibility to meet weekly, the small

number of participants, and the project duration could have been reasons for the

development of a more or less hierarchical structure. To prevent the emergence of
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hierarchical coordination, next iterations should complicate consensual coordination

and division of labour in order to necessitate negotiation of meaning. This could be

facilitated by taking various action (Kalb et al., 2011):

1. Increasing the number of students in order to make the coordination of timetables

and decisions di�cult.

2. Reducing the project time to circumvent the evolution of a hierarchy.

3. Restricting communication to electronic media by task assignment or locally

dispersed participants.

4. Increasing the complexity of the task assignment in order to make it impossible

to be subdivided into smaller tasks.

Second, at the beginning, students had di�culties to understand what they were

expected to do. Sca�olding tasks could prevent problems and ease collaboration

at the beginning, as sca�olds reduce the cognitive load. Increasing the complexity

slowly will allow students to adapt to new challenges regarding collaboration easily

(Rienties et al., 2012).

Third, the point-based assessment system was insu�cient and too simplistic. Stu-

dents' motivation to deal with larger tasks was limited as smaller tasks were rewarded

with the same number of points. Therefore, the point system should di�erentiate

between tasks by rewarding them according to their complexity.

4.2 Iteration 2

At the time of the second iteration, transition from Diploma to Master degree pro-

grammes was completed. As an e�ect, only a few of the participating students were

enrolled in the Diploma programme, but the number of Master students has increased

clearly (see also Table 1).

Design

Before the second iteration, I modi�ed the task assignment in order to improve it.

In the �rst iteration, students were asked to enhance and extend an already exist-

ing knowledge base. Di�erent than I expected, students concentrated on a super-

�cial make-over by harmonising format, layout, and language instead of extending

it. Therefore, the task assignment did not necessitated collaboration, or to put it

practically, allowed the identi�cation and division of tasks.
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For this reason, I increased the complexity of the task assignment for the second

iteration. Students were told to create a wiki about knowledge management that

can be linearised into a textbook structure. Therefore, students had to start with an

empty wiki and were forced to agree upon a shared conceptualisation.

As a textbook is also worthwhile for students after �nishing the course, I was hoping

that students will be motivated by co-authoring it. For the purpose of linearisation,

I switched to MediaWiki, whose Collection4 extension is capable of providing PDF

export functionality. Additionally, I introduced a WYSIWYG5 editor to alleviate

the editing of wiki articles.

With 29 participants for the second iteration, the number of participants had nearly

doubled, which made it more di�cult for the participants to coordinate themselves

in a hierarchical manner, as the evolution of a hierarchy needs time. Additionally, I

reduced the time to work self-directed to �ve weeks. As this is a short time period

to collaborate e�ectively, I sca�olded collaboration by adding a phase in which stu-

dents will have the chance to make themselves familiar (1) with each other, (2) with

the wiki, and (3) with the new type of assignment. Within this phase, I increased

the complexity of the tasks slowly to reduce the initial cognitive load (Rienties et

al., 2012; see also Sweller and Chandler, 1991, for cognitive load theory). Within

two-and-a-half weeks, students were obliged to log into the wiki, create a pro�le

page with at least one image, a short note about oneself, and a hyperlink (see e.g.

Hughes, 2010 for the importance of digital pro�les in virtual learning environments).

Students could have done this task on their own or guided within an optional course

that introduced wiki's functionality. Additionally, I installed a second wiki that gave

students the chance to play with wiki functionality in a safe place without fearing

to �destroy� something by mistake. The second task within this sca�olding phase

was to familiarise with each other. Divided into groups, students were asked to

create a table of contents from a set of approximately 50 knowledge management

terms. Again, I provided students with material, this time from the �rst iteration,

to reduce cognitive load at the beginning. Students were familiar with most of the

concepts from module's lecture and exercise course. They were free to make im-

provements to the given set by narrowing down complex concepts into less complex

terms. Distinguishing concepts and classifying them into an outline, requires stu-

dents to negotiate a shared understanding. Although only one outline was chosen as

the table of contents for the textbook, every student was accustomed in discussing

terminology.

4Extension Collection: http://www.mediawiki.org/wiki/Extension:Collection.
5WYSIWYG: what you see is what you get; a WYSIWYG editor displays the content on screen

like its appearance when printed.
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After this sca�olding phase, all students worked �ve weeks toward �lling the textbook

with content. The role of the groups was to write an answer to a real-life knowledge

management problem (e.g. One of your employees will leave your company in the

near future: How do you save his knowledge?). By this, I did not reduce the wiki

to a content management system for a textbook, but preserved the bene�ts of using

a wiki by providing di�erent pathways to explore it. Although students stuck to

their groups, they were responsible for themselves (Johnson & Johnson, 1994a). As

the point-based assessment system was insu�cient in the �rst iteration, I enhanced

the point system. Within the �rst iteration, students were not motivated to engage

in larger tasks, because tasks were not di�erentiated according to their complexity.

Therefore, I introduced a point system that takes the complexity of a task into ac-

count. Writing an article was a complex task as prior research is necessary before

the article can be written, formatted, categorised and linked to other wiki articles.

Hence, writing an article was rewarded with 10 points. In contrast, small corrections

(e.g. misspelling, formatting) are not complex, but necessary and are therefore re-

warded with 1 point. Some of the tasks were thought as a motivation for students

to collaborate. For example, instead of rewarding only complete articles, I set mo-

tivation to enhance other's articles by adding content (e.g. new citation, 2 points;

illustrative �gure, 5 point) or by peer reviewing an article (10 points; e.g. pointing

to similarities with or redundancy to other articles, proposing improvements). For a

description of the point system refer to Appendix A.

In the �rst iteration, students started late with their assignment. As self-coordinated

work lasted only �ve weeks, I introduced a rule to continuously engage students in

collaboration. Students were obliged to make 20 points per week minimum.

Evaluation

Evaluation was based on data retrieved from interviews and the wiki as well as

on my observations and invited anonymous feedback. In comparison with the �rst

iteration, the network density was slightly lower (D = .929). The relation between

network densities when separated into article (DA = .926) and discussion network

(DD = .211) is similar, but larger compared to the �rst iteration. In conjunction with

network degree centralisation CDD (.217), a small density DD indicates a moderate

debate on the discussion pages that is balanced among all participants, meaning

that no participant dominated the discussion. The high density DA reveals that

group work took mainly place on article pages and was balanced among participants

(CD = .076).

As shown in the �rst iteration, social network indicators cannot be used to eval-

uate collaboration without further analysis. Accordingly, the good values have to
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be set into perspective after qualitative analysis of interactivity, synchronicity, and

negotiation. While students agreed that they have worked synchronously towards a

common goal and felt themselves as part of a larger community, they admitted that

they have worked more in an individualist than in a collaborative manner.

�I liked the collaboration because I could do something independent from

the others. I was not always dependent on the others. In normal project

work we have often the problem that one half of the group is not coming

to meetings and the other half has not been prepared. In this project, I

have indeed done something in the team, but I could also do a lot alone.

This was very positive for me because I could divide my time better.� 6

�Some have worked only for themselves without paying attention to the

others or their contributions. The motivation to collaborate is simply

di�erent.�

�In part, it was so that an article, which I have begun the day before,

was �nalised on the next day. That was amazing.�

Although students worked synchronously, they did not negotiate procedure and

meaning. As a consequence, collaboration took only place by chance or in small

groups of students who already knew each other. Accordingly, students negotiated

their work not or very rarely with their friends or within their groups.

�I have worked with only a few others that I already knew. We told us:

look at that, there can be made something, or, I have now started there,

can you contribute something?�

�I have not communicated that much. At best when peer reviewing oth-

ers' article or receiving others' peer reviews.�

�I �nd it easier to work alone than to work in a group. In this project, it

was di�cult too, because group members have not communicated with

each other.�

Consequently, students have not perceived group work as interactive, that is, working

within this project has not in�uenced students conception toward the subject area

or wiki collaboration.

The quality of the collaborative product was quite good. Articles were accurate in

form and content, granular, and shared a consistent conceptualisation of the subject

6All quotes were translated by the author, according to their meaning, from German into English.
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area. However, some redundancies were not dissolved and students failed at linear-

ising the articles into a textbook structure. This could be due to e�orts necessary to

agree upon one structure.

Apart from the evaluation of collaboration were some issues with the task assignment.

In contrast to the �rst iteration, the sca�olding phase of this iteration ensured that

each student had the possibility to get familiar with the wiki, his/her group, and the

task assignment. Students had no di�culties to understand the task assignment, but

were irritated about the point system. Students were unsure how many points they

will receive for certain activities. Overall, students liked the point system as it gave

them the possibility to keep track of their progress and enabled them to compare

their own e�orts with the e�orts of other students. Students accepted the obligation

to add 20 points minimum per week, but were unsure how many points they have to

make each week.

�The point system and assessment formula made me a litte unsure. I did

not know, whether 20 points per week are su�cient, or how many points

the others are doing, and how many points I should do to get a good

grade. So I think I have made more points than were necessary. But I

found the project so perfectly.�

�At �rst I was skeptical about the grading system. But looking back, I

must say that it has promoted motivation de�nitely. In any case, for me

personally.�

�Withouth the 20-points-rule I would have postponed the project work,

because you have indeed many other things to do during the semester.�

But using a di�erentiated point system had also negative e�ects. Some students

acted strategic and tried to maximise their own bene�ts.

�The point system also had a negative e�ect. Some have produced a lot

of crap. Some mistakes were made on purpose to be later repaired for

points. I thought that was stupid.�

�Some had the strategy `quantity, not quality', that is, maximise the own

number of points without paying attention to the big picture.�

Students had di�erent strategies to gain points. Some students focused on producing

articles of high quality, others just copied content from Wikipedia or from the previ-

ous iteration that was made available to the students. And yet others concentrated

on formatting and hyperlinking articles. Some students complained that some have

not added anything substantial, as they focused on easy tasks like formatting.
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Independent from issues related to the point system, I noticed that students dog-

matically stuck to sample material or to answers I gave to questions, which arose

during self-coordinated work. This was not intended. For example, although stu-

dents perceived the need to agree upon a standard layout for wiki articles, they were

too hesitant to create wiki pages that can be used for coordination.

Although students were sceptical at the beginning, most of them liked the task as-

signment afterwards, as they bene�ted from project work for the preparation of their

oral exams. Independent from the issues outlined above, students edited the wiki

5,596 times, created 201 articles (see Table 2), and therefore developed a textbook

about knowledge management that comprises of 135 pages (in its linearised form).

Therefore, I followed this approach up to facilitate collaboration and identi�ed need

for modi�cation.

Need for modi�cation

In the following, I derived changes to the task assignment from the evaluation in

order to re�ne the task assignment to necessitate collaboration.

First, I had not expected students to maximise their reward by neglecting quality.

Therefore, future task assignments should prevent such behaviour. This could be

facilitated by taking various action:

1. Adapt grading in order to assess one's contributions with regard to content.

2. Simplify the point system to prevent strategic behaviour.

3. Limit content from previous iterations that was made available to facilitate

content production.

Second, although students got into a synchronous way of working together, following

iterations should try to facilitate more negotiation and interaction between students.

In relation to this task assignment, further iterations should sca�old collaboration

to a lesser extent than within this iteration to provide less structure and necessitate

negotiation about procedure and goal. Furthermore, the teacher should minimise

his engagement in order to allow self-coordination. Thus, students could perceive a

�sense of autonomy in performing a task or action�, which could also have a positive

impact on students intrinsic motivation (Rienties et al., 2012; as this is in line with

self determination theory, see Ryan and Deci, 2000).
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4.3 Iteration 3

Design

Before the third iteration, I adapted the assessment in order to prevent strategic

behaviour that maximises individual rewards. Within the second iteration, some

students maximised their rewards by contributing content of low quality, or even

making mistakes intentionally to correct them afterwards. The rationale behind my

approach was to assess a collaborative artefact with a single grade. To calculate an

individual grade, the relation of the individual amount of points is set in proportion

to the average number of points (see also Equation 1 on page 6). Therefore, indi-

vidual contributions were independent from quality. In the third iteration, I split the

grade into two components: one half of the grade will be calculated like in previous

iterations, whereas the other half will be based on the quality of student's contri-

butions. The grade for the quality of student's contribution will be based on the

articles initiated and the reviews written by the student. Additionally, I adapted the

point system (see Table A1) to complicate individual strategies by removing points

for actions that have been used to maximise the number of points in the second

iteration.

With 38 participants for the third iteration, at the beginning students had the op-

portunity to get familiar with the wiki. Therefore, they were obliged to log into the

wiki, create a pro�le page with at least one image, a short note about oneself, and

a hyperlink. Students could have done this task on their own or guided within an

optional course that introduced wiki's functionality. I refrained from installing a sep-

arate sandbox wiki, as it has not been used by a single student within the previous

iteration.

After getting familiar with the wiki, students engaged in self-directed work. Divided

into groups, students were asked to create a textbook that comprises of concepts

from module's lecture and exercise course. I highlighted that the linearisation of

the content (using MediaWiki's Collection extension) will be the foundation for the

group grade. Therefore, the project group's task was the structuring of the textbook.

Like in the second iteration, each group had to write a group essay that answers a

real-life knowledge management problem (e.g. How can knowledge-intense processes

be identi�ed, supported, and measured?). This was intended to provide an indication

for the structuring of the textbook. Additionally, this was meant to make bene�t of

wiki functionalities by providing di�erent pathways to explore wiki contents. Beside

the group task, each student had to initiate at least two articles and had to write

two reviews. I did not provided students with material from previous iterations to

force students to study the subject area on their own.
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In contrast to the second iteration, I provided a community portal within the wiki

that could be used for discussions with the whole group. At the same time, I limited

my online presence in the wiki to create a need for negotiation.

The project work was bound to the accompanying lecture and started afterwards.

As the lecture was delayed due to cancellation, the project work overlapped with

exam time. Students complained about the overlap. For this reason, I decided to

extend the duration of the project work to ten weeks, but committed students to

participate �ve weeks minimum. Correspondingly, students were free to chose the

weeks within which they wanted to participate.

Evaluation

Evaluation was based on data retrieved from interviews and the wiki as well as

on my observations and invited anonymous feedback. The network indices di�er

negligible from the second iteration (see Table 2). Network density (D = .927) and

network degree centralisation (CD = .077) were slightly weaker compared to the

second iteration, except the density (DD = .281) and centralisation (CDD = .314)

of the discussion network that were slightly greater. Therefore, the group work on

discussion pages was little more intense. This indication can be backed up by the

results of the qualitative analysis. Interviewees refer more often to negotiation than

in the previous iteration. Students also worked in a synchronous manner, but with

little cognitive in�uence on each other (dimension interaction, see Appendix B).

�The fewer is given, the more you will have to discuss, and the harder it

is to come to a solution. In the project, few was given, but this was not

bad. This had the advantage that you are very free in the way you work,

but the disadvantage that it takes longer to coordinate.�

�I have worked with 3-4 people at random intervals. We have tried to

come to an understanding about issues and ideas, but we rarely discussed

e�ective enough to make a decision. After all, you usually put your

own idea. I thought that was a pity, because a wiki should be used to

incorporate the ideas of others.�

Although students reported from negotiation, discussion led to small achievements

only. This can be explained by two reasons. First, although this project work had

38 active participants (see Table 2), only a few participated in discussion about pro-

cedure. Most students limited their collaborative e�orts to their group's task, but

the majority kept away from general discussion about, for example, the structuring

of the textbook, consistent formatting criteria, or resolution of con�icting articles.
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Second, the few students who engaged in discussion, had a problem with decision-

making. Collaboration demands decision-making by consensus, but participants did

not got beyond exchanging ideas. Coming to a decision is a laborious process that

needs discussion and negotiation. As nobody felt responsible to moderate the discus-

sion, students dropped out of discussion and decided on their own. This was partly

due to an overlap of the project with the exam time. As students were obliged to

participate �ve weeks only, not all students were active at once. This complicated

decision-making for students. This had also e�ects on the outcomes of the project

work. Although students discussed (142 discussion pages; see Table 2 for details) and

edited wiki pages more frequently (8,212 page edits) than in previous iterations, the

quality of the wiki was weaker: the wiki contained page con�icts (e.g. two articles

of the same topic), was not structured consistently, and missed granularity of the

topics, at least partly. In summary, students were unable to cope the complexity of

negotiating about every organisational aspect. This is also re�ected by the fact, that

more students produced less content (146 articles) than in previous iterations.

Regarding the modi�cations I made to the task assignment, I rated this iteration as a

success. The incorporation of a qualitative assessment resulted in fewer students with

strategies that maximise individual reward. However, one problem emerged from the

task assignment. With every iteration, the task assignment got more sophisticated.

As a consequence, communicating the task assignment was a tough job. Students

felt overwhelmed by regulations and were anxious that they have to work more than

rewarded (within the credit point system).

Irrespective of minor problems, the task assignment facilitated collaboration, but not

thoroughly, namely without creating interaction that had an in�uence on students

cognitive processes. However, the interviewees revealed that the project work was a

new and intensive experience for most of the students.

Need for modi�cation

In the following, I derive changes to the task assignment from the evaluation in order

to re�ne the task assignment to necessitate collaboration. After an analysis of this

iteration, two main problems were identi�ed.

First, although project work had collaborative qualities, students failed at discussing

topics and decision-making. Interviewees reported that this was due to missing

incentives to participate in discussion. As students' contributions accounted for

one half of the grade, students undervalued the overall task to create a textbook

and concentrated on their individual contributions. Therefore, following iterations

should question the high proportion of individual contributions or should create
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incentives for students to participate in discussion. Furthermore, the teacher should

provide facilities that support students in negotiation and decision-making as well

as explicitly advise students that they have to engage in negotiation in order to

accomplish project's goals.

Second, the outcome of this iteration was of lower quality in comparison to previous

iterations. While students edited the wiki frequently and discussed a lot, it seems

that students lost potential in negotiating shared norms and practices. Therefore,

following iterations should provide students with pre-de�ned practices and tools to

support collaboration in order to eliminate the need to agree upon every single aspect.

5 Discussion

In the following, I will discuss �ndings of project iterations with regard to my research

aims. I had two aims: �rst, I wanted students to collaborate with each other; second,

I wanted to ensure individual accountability and emphasise collaboration by taking

group achievement into account.

Within three iterations, I improved the task assignment in order to facilitate col-

laboration better. Although the learning arrangement appears to have changed fun-

damentally over iterations, I adapted two dimensions only: task assignment (see

Section 5.1) and assessment (see Section 5.2).

In contrast to the previous section, which had laid open how I adjusted the learning

arrangement, I will discuss in Section 5.1 how changes to the task assignment a�ected

my aim to facilitate collaboration. Afterwards, I will discuss the suitability of my

new approach to assess collaboration (see Equation 1). Therefore, I will discuss

in Section 5.2 whether intrinsic and extrinsic incentives were considered through

the task assignment in order to overcome obstacles to collaboration (see Section 2).

Finally, I will point to limitations of this research (see Section 5.3).

5.1 Task assignment

In the following, I discuss the modi�cations to the task assignments and evaluate

their in�uence on collaboration.

Project duration

Although project duration changed with each iteration, it cannot be evaluated without

looking at the surrounding circumstances. During the �rst iteration, the project
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work took place as an assignment within the exercise course and was not coupled

with the lecture. After the �rst iteration, degree programmes of my faculty were

changed over to Bachelor/Master degrees. Starting with the second iteration, the

project work was coupled with the lectures. The lecture comprises of case study

work in groups, whereas these groups are remixed in project work using jigsaw (for

a detailed description of the educational setting see Bukvova et al., 2010).

During the third iteration, the coupling of lecture and project work caused an overlap

of project work with the exam time, which resulted in a prolonged project duration.

However, if the surrounding circumstances were not taken into account, the modi�c-

ations to the task assignment were limited (see Table 3).

Table 3: Modi�cations to the task assignment

Iteration
1 2 3

Course structure and content
Duration of
self-directed
collaboration

10 weeks 5 weeks 5 weeks

Duration of
sca�olded
collaboration

No sca�olding ∼3 weeks ∼1 week

Tasks completed
during
sca�olding

Not applicable

Familiarisation
with the wiki;

structuring for a
textbook

Familiarisation
with the wiki

Amount of
material
provided at the
beginning

Wiki with
pre-existing
content that
should be
revised

Content from
previous

iteration could
have been used;
pre-de�ned set

of terms

No content
provided

Assessment

Point system
One point per
contribution

Di�erentiated
point system

Di�erentiated
point system

Individual grade
Calculated with
regard to group

grade

Calculated with
regard to group

grade

Calculated with
regard to group

grade plus
individual
component

Obligation to
contribute every
week

No Yes Yes
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The length of the time that students should collaborate with each other changed

once. After the �rst iteration, I shortened the duration of the project in order to

complicate hierarchical coordination. However, the duration of the project seems

to have had limited impact on the outcome of project work. Although students of

the �rst iteration could have worked 10 weeks on the project work, they started

editing the wiki late, resulting in an e�ective working time of �ve weeks only. As a

consequence, the time students have worked on the project can be assessed as similar

for all three iterations.

Summarised, �ve weeks of self-direct collaboration were su�cient to engage students

in collaborative learning, given the number of students and the size of the task. And

although work load was quite fair, students perceived the project as very intense due

to the novel and demanding task assignment. However, these �ve weeks should be

complemented with a well-balanced sca�olding phase.

Sca�olding

Problem solving becomes ine�ective when learners are not su�ciently experienced

(Kirschner, Sweller & Clark, 2006; Rienties et al., 2012). Especially at the beginning

of the project work, I made many demands on students. I sca�olded collaboration

to reduce cognitive load and to facilitate an e�cient beginning. For this reason, I

provided students with (1) wiki trainings, (2) pre-existing content, and (3) tips how

to approach problems.

Contributing to wikis is not always easy. Many students struggle at contributing

to a wiki, as editing often requires them to use wiki text (e.g. Lin & Kelsey, 2009).

Wiki text is a simple markup language that is used to format text. For this reason,

I provided a WYSIWYG editor to ease editing. Unexpected, students opted for the

plain text editor and used wiki text, as it gave them more control.

�I have not used the text editor, but instead wikitext. It requires you to

read in for half an hour, but gives you more control.�

This is consistent with previous research, which has shown that wikis are easy to

use and required skills are acquired within few days (e.g. Guo & Stevens, 2011).

However, students valued the optional wiki trainings, even a few voted for mandatory

wiki trainings, because they demanded that all participants achieve the same skills

in using wikis. This request is interesting as it points to a problem that instructors

are facing when facilitating collaboration in classrooms: although students' IT skills

have limited e�ect on the outcomes of collaboration, missing IT skills hinder e�cient

collaboration (Kummer, 2013). Therefore, IT skills appear to act as a hygiene factor
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(Herzberg, 1987) � when absent, problems arise, but when present, they do not add

to success.

Providing structure, either in terms of pre-existing content or sca�olded collabora-

tion, had a positive e�ect on the quality of the project outcome. In the �rst and

second iteration, I provided students with material from previous projects. As a

consequence, students could focus on quality with regard to contents. In the second

iteration, this was even more facilitated by sca�olding collaboration and moderating

project work. As a result, the quality of the wiki in the �rst two iterations was

better in form and content than in the last iteration. In the third iteration, I have

not provided material. Consequently, students had to invest more time to negotiate

rules of interaction, formal requirements, and structuring of content. As a result,

the project outcome of the third iteration was poorer with regard to contents than

in previous iterations. Although this seems to be an argument for providing struc-

ture, this must be seen in connection with the learning objectives of the underlying

learning arrangement. In this case, the goal of the project work was to facilitate

collaboration in order to take advantage of the bene�ts of collaborative learning.

Therefore, engaging students in interaction could be rated as a success.

However, students rated interactions only as successful, if they had the feeling that

they achieved in-depth knowledge of the subject area. In contrast, students underval-

ued the bene�ts of critical re�ection and interaction with others. As a consequence,

they have not bene�ted from discussing di�erent viewpoints and engaging in collab-

orative knowledge construction.

�The wiki is a help, it's short and sweet. The breakdown of essential

knowledge management issues has helped me gaining an overview about

the knowledge.� (2nd iteration � central position)

�The link between individual issues has not helped me as much as I would

have expected.� (2nd iteration � peripheral position)

Interviewer: �Has the wiki helped you, to put topics in relationship?�

� Interviewee: �I could not put topics into relationship better. In this

sense, the wiki had no bene�t for me.� (3rd iteration)

Figure 4 shows six visualisations of the co-authorship network �ltered according to

the weight of an edge wij , that is, number of articles co-authored by two students.

Within this �gure, each edge represents collaborative activities between two parti-

cipants, whereat the frequency of these activities is indicated by the thickness of the

edge. Using the example of the second iteration, this �gure depicts the heterogeneity

of participation, that is, the unequal participation of learners (Weinberger & Fisc-

her, 2006). The visualisation shows that students' participation is heterogeneous.
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This is re�ected by the decrease of connections between learners when comparing

the un�ltered network wij ≥ 1 and the network with edges wij ≥ 10. While few col-

laborated intensely wij ≥ 20, that is, these few have worked together on minimum 20

articles, the whole group failed at collaborating as a wiki community. Interestingly,

this participation behaviour seems to be similar to the inequality of participation in

online communities, also known 90-9-1 principle � �90% of contribute never, 9% of

users contribute a little, and 1% of users account for almost all the action� (Nielsen,

2006). However, interviewees that had a more central position within the network

seem to have bene�ted more from project work, in terms of a holistic understanding

of the subject area, than peripheral interviewees.

wij ≥ 1 wij ≥ 5 wij ≥ 10

wij ≥ 15 wij ≥ 20 wij ≥ 25

Figure 4: Heterogenity of participation within the 2nd iteration

Note: Size of nodes represents betweenness centrality of an actor CB(ni) and therefore indicates the

importance of the actor for communication in the project (Wasserman & Faust, 1994, pp. 188-191).

The thickness of edges indicates the strength of co-authorship between participants based on the

weight of an edge wij .

Summarised, the degree of structure provided re�ects the educational alignment of

the project work. Low structured projects will probably result in self-guided collab-

oration, whereas high-structured projects are more likely to result in over-scripted

collaboration (Kollar, Fischer & Hesse, 2006). Personally, I see my learning arrange-
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ment at the borderline between self-guided and scripted collaboration. The �rst

iteration followed more or less a laissez-faire policy, which resulted not in collabora-

tion, but in hierarchical coordination. In the subsequent iterations, I chose to provide

more structure, but have not found the right mix yet, to leave students enough space

for self-organisation and engage them in collaboration.

Regardless of the degree of structure provided, the task assignment got more and

more sophisticated. And although I got better in guiding students, how to start

collaboration, it took me more and more time to prepare students for collaboration.

This problem was due to the point-based assessment (e.g. How many points do I

receive for ...?) or regulations to foster collaboration (e.g. 20-points-per-week-rule).

5.2 Incentives

The key component of the learning arrangement was the point system that gave

students an incentive to contribute to the project work, and as a consequence, gave

them a reason to engage in collaboration. Although the point system and assessment

system, or rather the extrinsic incentives, changed over the iterations, intrinsic mo-

tivators stayed the same. Independent from the iteration, students were motivated

by creating a resource on knowledge management that will be used in future courses.

Beginning with the second iteration, I added the possibility to linearise the wiki to

allow students to create their own textbook on knowledge management.

�I was fascinated by the idea. The motivation was to create something

that remains at the end. The motivation was created by the task or by

the whole project itself.�

Although not all of the participants were that enthusiastic as the one quoted above,

feedback on the task assignment were positive. Students appear to have liked the task

assignment due to its novelty (this is in line with previous research on collaborative

learning; see Laal and Ghodsi, 2012). For this reason, I adjusted the extrinsic rewards

during the three iterations only.

By interweaving task assignment with its grading, I wanted to ensure individual

accountability and consider collaboration by taking group achievement into account.

Associated with the point system and the assessment of the group achievement were

two problems:

1. Students prioritised achieving points over contributing high-quality material or

engaging in time-consuming collaboration.

Facilitating collaboration in wikis

110



2. Finding accurate indicators for the assessment of group achievement is di�cult,

in particular when the outcome of the collaboration is a wiki.

In the �rst iteration, students complained about the unfair, unbalanced point sys-

tem that rewards complex contributions with only one point. In retrospective, and

surprisingly, the point system of the �rst iteration was the most robust. Although

students complained about unrewarded tasks, they handled them. With the second

iteration, I introduced a point system that rewarded tasks according to their com-

plexity. Therefore, small tasks that can be dispatched easily were rewarded with

points (e.g. creating a hyperlink, 1 point; see Table A1 for a complete list of re-

warded tasks). Unfortunately, some students acted strategical and maximised their

personal reward by concentrating on tasks with a pro�table ratio of time and e�ort to

points rewarded. Although I adjusted the point system in the third iteration to avoid

strategic behaviour, the point system incited students to prioritise points over quality

slavishly. By introducing the 20-points-per-week-rule (see Section 4.2), I ampli�ed

this e�ect. Nevertheless, I kept with this rule, because it fostered continuous activity

in the wiki and therefore facilitated collaboration.

�I think it would have been few in the wiki after free weeks without the

20-points-rule. However, if nothing stands in it, nobody else can add

something.�

�I simply knew, do more than 20 points a week, and then it's okay.�

As the quote above reveals, the 20-points-per-week-rule gave students an idea of my

expectations towards an average amount of points per week. However, the amount

of points achieved by students spread strongly. This was a severe problem, because

individual grades were dependent from the average number of points of all students

(see Equation 1). Students who contributed less than average were not the problem,

but the few students who engaged heavily in project work distorted the average

amount of points considerably. This had two consequences, (1) students with an

average amount of points were penalised and (2) the calculation failed for students

with a superior amount of points.7 I solved this problem by excluding outliers to

the top from the calculation of the average number of points contributed that were

the basis for the calculation of individual grades. If the calculation still yielded

some impossible grade points, I cut them o� by the best grade that was possible.

However, this is a mathematical problem, that is accompanied with the inequality

of participation, but not a problem with the underlying pedagogical rationale.
7Supposed that the average amount of points of all students is 100 points, the group grade is

90 grade points and students can achieve 100 grade points at best. Given a student will have 150
points, the student would receive 135 grade points (135 = 90 · (150/100); see Equation 1 for the
calculation formula), which is out of the grade scale.

Facilitating collaboration in wikis

111



The second problem, to �nd accurate indicators to evaluate the group achievement,

was complex. The assessment of group's achievement depends on the educational

objective of the course. In this case, students should deepen their expertise in know-

ledge management by collaboratively creating a resource on knowledge management.

Therefore, the project work should also foster the development of graduate skills. For

example, information literacy, communication skills according to the generic gradu-

ate attributes policy introduced by (Barrie, 2004). But the main objective was on

in-depth knowledge in knowledge management. But over the iterations, I started to

incorporate indicators that re�ected collaboration.

The �rst two iterations were based on a group grade that assessed the quality of

the whole wiki. But what is the quality of a wiki? I communicated to students

that the grade for the wiki will be based on its granularity, its internal structuring

(e.g. through categorisation), the interconnectedness of its articles, and of course,

based on the quality of its articles in form and content. As a consequence, evaluation

was limited to an assessment of the cognitive outcomes from collaboration. There-

fore, assessment lacked constructive alignment (Biggs & Tang, 2007), meaning that

processes and outcomes associated with collaboration played no role in assessment

(Boud, Cohen & Sampson, 1999; Strijbos, 2011). Nonetheless, by calculating indi-

vidual grades based on students' individual contributions, I took student's share on

the collaborative product, and implicitly on collaborative processes, into account.

However, assessing the quality of the wikis was di�cult, as they were not homogen-

eous in terms of quality. For example, how to assess a wiki with some pages that

are plagiarised? Victimise innocent students for one black sheep? In the �rst two

iterations, I struggled with myself how to cope this situation. Because outcomes

of both iterations were quite impressive, I abstained from disciplining students for

plagiarism and valued their e�orts. In the third iteration, I changed the calculation

of individual grades: 50% of the grade were calculated based on the quantity of stu-

dent's contributions to the wiki, the other 50% were based on the quality of student's

contributions to the wiki. As this focused even more on cognitive outcomes than in

previous iterations, I refocused the grade, that was given for the wiki, on collabor-

ative outcomes only. Therefore, the quality of (1) the structuring of the textbook

and of (2) the wiki articles became the basis for the assessment. Against my ex-

pectation, students undervalued the group grade and concentrated on contributions

of high quality or on a high number of contributions. As a result, the structur-

ing of the textbook was of average quality, meaning inconsistencies in structuring

as well as redundant and overlapping articles. I gave a benevolent group grade to

avoid penalising students for participating in a learning arrangement that is still in

development. However, future research should investigate whether a more weighted

group grade increases the incentive to contribute to the overall result. An alternative
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explanation for insu�cient group achievement is a potential lack of awareness with

regard to the quality of the wiki. Accordingly, providing participants with formative

feedback could increase their e�orts (Shute, 2008).

Summarised, the assessment based on an individual grade that is calculated according

to the overall grade and students' average amount of contributions has prevented

students from social loa�ng or free-riding, but has ensured individual accountability.

5.3 Limitations

From a research perspective, this study introduced a novel learning arrangement to

foster collaboration, which was continuously improved over three iterations. How-

ever, this study has some limitations.

First, research based on interventions is rarely completed, as there is �always room for

improvements in the design and subsequent evaluation� (Anderson & Shattuck, 2012,

p. 17). Therefore, this research is on a preliminary stage; thus the ��nal� learning

arrangement is stable after three iterations, but has still room for improvements.

Second, the combination of social network analysis with interviews is problematic to

study collaboration. This is not in line with previous research (Harrer et al., 2005;

Martínez et al., 2006). Social network indicators are of limited explanatory power, as

they are only capable of indicating intensive group work (see Section 4.1, subheading

Evaluation).

Hence, qualitative analysis was the key component for the evaluation of collaboration.

Therefore, I introduced three codes (see Appendix B) to evaluate collaboration based

on three dimensions: negotiation, synchronicity, and interaction (Dillenbourg, 1999).

Although the codes allow to evaluate collaboration, they cannot be used to measure

di�erent degrees of collaboration; i.e., a situation can be evaluated as collaborative

or not collaborative.

Third and connected to the previous limitation, I evaluated collaboration based on

the assumptions of interviewees. As a consequence, only explicit comments could

have been taken into account when evaluating collaboration. This is in particular

limiting, when examining the a�ection of cognitive processes (see code interaction in

Appendix B; for more sophisticated content analysis schemes see de Wever, Schellens,

Valcke and Van Keer, 2006; Strijbos, Martens, Prins and Jochems, 2006). However,

this was a pragmatic decision to reduce time needed for evaluation, as teacher and

researcher were the same person.
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6 Conclusion

This article reported from a four-year-long action research project that iteratively

developed a learning arrangement. Although I have not �nished my action research

yet, a stable learning arrangement evolved from an initial idea that can be used to en-

gage students in collaboration. As a result, I completed with a learning arrangement

that facilitates collaboration for most of participating students and very intensive

work for all others. Based on my action research project, I compiled my �ndings in

a description for the fourth iteration (see Appendix C). This description can also be

used by other teachers to provide an established learning arrangement that facilitates

collaboration, prevents social loa�ng and free-riding, and assures individual account-

ability. Furthermore, the learning arrangement is outcome-oriented in three ways.

First, the result of the learning arrangement is a wiki that can be linearised into

a textbook. Second, the learning arrangement fosters the development of graduate

skills (e.g. social skills, IT skills), as de�ned by the framework for quali�cations of

The European Higher Education Area (Bologna Working Group on Quali�cations

Framework, 2005) or as demanded by the labour market (Heidenreich, 2011). Third

and connected to second, the learning arrangement is also well-suited to teach in-

depth knowledge, as students will discuss the topics of the regrading subject area

intensely.

For these reasons, I rate my e�orts to design a learning arrangement that engages

students in collaboration as a success. But although I achieved my aim to facil-

itate collaboration, future research is necessary to continue improving the learning

arrangement. Future research should investigate alternative approaches to assess col-

laboration, as the point-based assessment system is vulnerable to strategic behaviour.

Related to the problems identi�ed in Section 5.2, I see two research directions.

First, as students undervalue the impact of a group grade on their individual grade,

future research should investigate ways of establishing an awareness for the actual

quality of project work. Possibly, student tutors could point students to open prob-

lems, de�ciencies, or inconsistencies and provide them with strategies to solve their

problems. Therefore, students would perceive further possibilities that could have

an in�uence on the quality of the project outcome. Beside this, student tutors would

reduce e�ects that are due to a superior in�uence of an instructor, as student tutors

are more on a par with students (Dolmans et al., 2002).

Second, instead of optimising a point-based reward system, an alternative could be

to assess based on peer-rewarded grades. That would allow students to evaluate

others' e�ective contribution to an collaborative assignment.
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Despite issues related to assessment, future research is necessary to ease the evalu-

ation of collaboration, as the combination of social network analysis with qualitative

data analysis based on codes is not reliable enough. Instead of re�ning codes, an

alternative could be to adjust metadiscourse markers to map collaboration (Alyousef

& Picard, 2011; Hyland, 2005). This approach would have the potential to computer-

supported wiki analysis. Although this would not enable automatic assessment of

collaboration, results from automatic analysis could be used within a learning dash-

board that can direct lecturers to problems in collaboration.
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Appendix A

Point system. Within each iteration, the point-based assessment was improved.

The number of points per task is listed in Table A1 for the second and third iteration.

The point system had two purposes. On the one hand, it was used to measure

students' contributions, on the other hand, it set incentives to collaborate. For

example, by reviewing other students' articles, students get into contact with each

other.

Within the �rst iteration every contribution was rewarded with one single point and

were not further subdivided into speci�c tasks. For this reason, the �rst iteration

was not described in Table A1 as the speci�c tasks did not apply to it.

Table A1: Point system

Task Iteration

2 3

Create new page 0.5 -
Small correction (e.g. spelling mistake,
formatting)

1 1

Transferred article 1 -
New link 1 1
Larger correction (e.g. substantial correction of
spelling mistakes or formatting)

2 5

New citation 2 1
Idea 2 2
Transferred and revised article 5 -
New paragraph 5 -
Graphic 5 5
Review 10 5
Complete new article 10 10
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Appendix B

Collaborative learning takes place in situations where people interact in a particular

form (Dillenbourg, 1999). Within these situations people work together, are at the

same level, take similar actions and share a common goal. The type of interaction

that constitutes collaboration can be characterised as interactive, synchronous, and

negotiable. Using these attributes, I operationalised collaboration with three codes.

The de�nition of the operational criteria were took from Dillenbourg (1999) and

adapted to suit this research's context. In the following, I de�ne the codes and give

information on how to use them.

Codebook

Code INTERACTIVE

Brief de�nition Mutual in�uence on cognitive processes

Full de�nition The interactivity of a collaborative situation is characterised by �the

extent to which these interactions in�uence the peers' cognitive processes�

(Dillenbourg, 1999, p. 8).

When to use Apply this code to all text passages that report from a change in

someone's understanding of a thing (e.g. conception of a theory) due to

interaction with someone else.

When not to use Do not use this code for reference for negotiation of procedure.

Example �In my group, we have phoned, we have written emails, we have chatted

via video, simply because we had to, but also because we wanted to. It

was a very collaborative process, stronger than I would expect from a

conventional project now. There I would not do that.�

Code SYNCHRONOUS

Brief de�nition Doing something together

Full de�nition While doing something synchronously is often referred to as a tech-

nical attribute (e.g. wikis as a mean for asynchronous communication),

that is, doing something at the same time, a synchronous e�ort is the

mutual process of working together towards a common goal.

When to use Apply this code to all occurrences that report from joint work on the

project.
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When not to use Do not use this code for reference for discussions.

Example �Some articles have really developed. Someone has written a section, then

someone else has reviewed it. There were people who were specialized

to begin new sections. And then there were people who could extend an

article well.�

Code NEGOTIABLE

Brief de�nition Negotiate meaning or procedure

Full de�nition Collaborative interaction a�ords negotiation of meaning, procedure,

and goals. In contrast to hierarchical decision making, collaborators have

to discuss, to negotiate, and to argue in order to create a shared concep-

tualisation.

When to use Apply this code to all occurrences that report from situations where

collaborators negotiate procedure.

When not to use Do not use this code for reference for negotiations about peer

reviews.

Example �I have worked with only a few others that I already knew. We told us:

look at that, there can be made something, or, I have now started there,

can you contribute something?�
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Appendix C

In the following, I disclosed my design for a fourth iteration of the learning arrange-

ment that will take place in the summer semester of 2013. First, I introduce design

changes, second, I present a step-by-step guide that will enable other teachers to use

this learning arrangement.

Design

Following the criteria de�ned within Table 3, I have not changed the duration of the

self-directed project work (5 weeks) nor the duration of preliminary sca�olding (3

weeks). But as participants of the third iteration had problems to coordinate internal

processes, I modi�ed the tasks to be completed within project work preparation. As

in each iteration, the �rst task will be to familiarise with the wiki software. Therefore,

students will be told to register for the wiki, to create a pro�le page, and to connect

to group members. I will keep also up voluntary wiki trainings wherein students will

get a short introduction in using MediaWiki.

Within every iteration, students had many questions (e.g. how to quote references

in an article) and many problems (e.g. how to linearise all wiki articles into one

textbook structure). Answering these questions and helping students to solve their

problems was every time a balance between guidance and instruction. On the one

hand, I held back, as I wanted students to take responsibility, on the other hand, I

wanted to facilitate the creation of a well-crafted wikibook. For this reason, I wanted

to raise students awareness for problems that have to be solved within a collaborative

project. Therefore, each group will be responsible to negotiate an approach to solve

one of these problems that will be binding for the whole project group. Groups will

discuss a solution for the following points:

Structuring of the textbook Create a preliminary structuring for a textbook on

knowledge management. Create guidelines for wiki articles in terms of granu-

larity, freedom of redundancy, and disambiguation.

Formatting guidelines Create formatting guidelines for wiki articles including

rules for references, pictures (e.g. copyright), links (e.g. frequency of links),

and categorisation of articles.

Peer review Create a peer review policy that regulates how articles go into peer

review, which criteria are reviewed, and how feedback has to be considered.
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Point system Create criteria for the awarding of points (e.g. minimum require-

ments for an article). Also, if necessary, introduce new rewarded task in co-

ordination with teacher.

Negotiation procedure Create rules which enable participants to discuss a prob-

lem and to decide about this problem.

Netiquette Create a netiquette that regulates social conventions within wiki work

(e.g. tone of the reviews, revising articles vs. discussing possible article revi-

sions).

Each group will communicate their proposal in order to allow the community to

comment. Furthermore, each group will help the community at implementing these

guidelines during project work and to mediate in case of problems.

Regarding the point system, I will remove small tasks that have been rewarded with

one or two points only, as they invited strategic behaviour in previous iterations.

Step-by-step instruction manual

As the project work is part of a complex educational setting (see Bukvova et al., 2010

for a detailed description of the setting), the project work is planned to be carried

out with six groups. In best case, each group consists of 6 members, but this can be

adjusted to the number of participants.

Plan the project work

• Organise students into six groups.

• Assign each group a problem area (see previous section, e.g. formatting

guidelines).

• De�ne the subject area of the textbook.

• Develop a question for each group that can be used to make the topic accessible

to beginners, practitioners, and researchers within the respective subject area.

For example, the following question can be used to open up the subject area

knowledge management: �One of your employees will leave your company in

the near future: How do you save his knowledge?�

• Plan project schedule including introductory course, wiki tutorials, and due

dates.
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• Prepare an introductory course on the project work that brie�y introduces

group membership, assessment (calculation of individual grade, point system,

assessment criteria), and general conditions (20-points-rule, record keeping).

• Prepare a wiki tutorial that introduces major wiki concepts and gives students

the opportunity to practice oneself in wiki functionalities and wiki text syntax.

Install MediaWiki software

• Install a WYSIWYG-editor.8

• Install extension Collection9 for providing export functionality.

• Allow the sign up of new users and require them to enter their e-mail address.

Limit the display of wiki articles to registered users only.

Prepare the wiki for project work

• Create a category named Organisation and provide information about project's

schedule and students' group membership on the category page. In the follow-

ing, assign every article that contains information about the project work with

category Organisation.

• Create an article per group that contains information about group's tasks.

• Create an article that describes how project work will be assessed and introduce

assessment criteria for the individual grade as well as for the group grade.

� 50% based on an individual grade

� 50% based on a discounted group grade using the assessment formula (see

Equation 1) and the point system

• Create an article that introduces the point system: larger correction (substan-

tial revision; 5 points), new citation (2 points), graphic (5 points), new article

(10 points).

• Create an article that describes general conditions.

� Minimum requirements: 20 points per week (in the following: 20-points-

rule), two new articles, and two reviews.

8E.g. Extension WikiEditor: http://www.mediawiki.org/wiki/Extension:WikiEditor
9Extension Collection: http://www.mediawiki.org/wiki/Extension:Collection
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� Keep records of own activities and self-award points based on the point

system.

� Every article of the resulting wiki has to be peer reviewed and, if necessary,

revised.

Project schedule

Week 1

• Give an introductory course on the project work and a wiki tutorial.

• Give students the task to register for the wiki and to create a pro�le page that

includes at least a picture, a short bio, and a hyperlink. This task is due to

second week.

• Give students the task to provide a proposal for their problem (e.g. formatting

guidelines). This task is due to third week.

• The 20-points-rule is ine�ective until week 3.

Week 2

• Close wiki registration.

• Provide �problem� groups with tips and point them to possible problems that

can take place in collaboration.

Week 3

• Point groups to open topics or �aws within their �problem� proposals.

• Give students the chance to comment group's �problem� proposals.

Week 4-8

• Harmonised proposals turn e�ective.

• Self-directed work starts, the 20-points-rule turns e�ective.

• Give weekly feedback and answer questions.
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Using fuzzy set qualitative comparative analysis

(fsQCA) to identify indicators for wiki collaboration

Christian Kummer

Abstract. The evaluation of collaborative learning is often di�cult and time-

consuming. As a consequence, teachers' assessment of collaboration is mostly sum-

mative and focused on cognitive outcomes. Based on data that was gathered from

a project-based, unscripted course, collaboration was evaluated using social network

analysis and qualitative data analysis. In order to support teachers in monitoring

of students' activities and enable them to give formative feedback on the collabor-

ative process, this article introduces how fuzzy set qualitative comparative analysis

(fsQCA) can be used to derive meaningful indicators. As a result, indices have been

derived that can be used to point teachers to groups that experience problems in

collaboration.
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1 Introduction

As a teacher, I like wikis, because they are particularly suitable for collaborative

learning, as they allow students to construct, share, and explore information and

knowledge gained from peer-to-peer communication (Haythornthwaite, 2006). And

although I already used wikis to facilitate collaboration, I am dissatis�ed with the

situation, as adopting collaboration in teaching confronted me with a problem: how

to assess collaborative learning? Assessing collaboration that took place in wikis is

a time-consuming endeavour, reconstructing the collaborative process by looking up

page revisions, hyperlinks, and reading the �nal result. As in my case, assessment

of collaboration is mostly summative and focused on cognitive outcomes (Strijbos,

2011). But as students bene�t from the process of collaborative learning (Brown,

Collins & Duguid, 1989; Lave & Wenger, 1991; Vygotsky, 1978), and not from a

�nal grade, I would like to give formative feedback on the process. But so far, I

refrained from giving formative feedback due to the time and e�ort necessary for

feedback. This was the impetus for this research that questions how teachers, like

me, can be supported in evaluating group collaboration within a wiki. Consequently,

the ultimate goal of this article is to derive meaningful indicators that can be used

to provide teachers with dashboard functionality and support them in monitoring

students' collaborative activities.

Prior studies have shown that a mixed method using social network analysis (SNA)

and interviews can be used to study collaboration (Harrer, Zeini & Pinkwart, 2005;

Martínez et al., 2006). But evaluating collaboration is di�cult and time-consuming in

general and in particular for teachers, as teachers still lack tools that signal problems

in collaboration. Only few studies �involve the teacher by supporting the monitoring

of students' activities� (Chatti, Dyckho�, Schroeder & Thüs, 2012), but these studies

(Bakharia & Dawson, 2011; Blikstein, 2011; Dringus & Ellis, 2005) rely primarily on

large sets of learning-related data and do not take pedagogical issues into account

(Chatti et al., 2012; Ferguson, 2012).

Starting from an educational objective, this paper introduces a case-based approach

that takes pedagogical issues into account and allows researchers to derive meaningful

indicators. Based on data that was gathered from a project-based, unscripted course

on master level (Kummer, 2013), I evaluated the educational objective of this course.

The educational objective of this course was to engage students in collaborative

learning in order to promote critical thinking and communications skills (Johnson

& Johnson, 1994; Laal & Ghodsi, 2012). In this article, collaboration is seen as a

synchronous and coordinated e�ort to create one �nal product. In contrast to that,

cooperation �refers to a more �xed division of labour generally made explicit at the

outset� (Dillenbourg, 1999, p. 8).
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To prove whether students engaged in collaborative learning, I employed SNA to ana-

lyse indirect co-authorship networks (Martínez et al., 2006) and used a pre-de�ned

list of codes to analyse discussion pages qualitatively (Kummer, 2013). Indices from

both quantitative and qualitative analysis were used to employ a qualitative com-

parative analysis (QCA) using fuzzy sets (fsQCA) (Ragin, 1987). As a result, su�-

cient combinations of these indices were identi�ed that indicate group collaboration.

Subsequently, I show how su�cient combinations can be used to provide lecturers

with dashboard functionality and point them to deviating groups that might have

problems collaborating with each other. As the goal of this research is to deliver

actionable data about learners for the purpose of understanding their learning, this

research can be situated within the research area of learning analytics.

My research is distinctive for three reasons: �rst, with QCA, I introduce an approach

that has not been used before in learning analytics, but is capable of working with

challenging combinations of datasets (e.g. demographic characteristics or location-

based data). Second, starting with an educational problem, I take a pedagogical

issue into account, instead of relying on an approach that is driven by data. As a

result, I present indicators that are su�cient to provide evidence for collaboration.

Third, by showing how these indicators can be used to support teachers in evaluation,

I focus on perspectives of learners, as reduced time and e�ort for evaluation could

�realign work on grading and marking, moving it away from summative assessment�

(Ferguson, 2012, p. 314). In a nutshell, in this paper I address three out of four

current challenges of learning analytics (Ferguson, 2012): (1) �develop methods of

working with a wide range of datasets in order to optimise learning environments�

(p. 313), (2) �build strong connections with the learning sciences� (p. 312), and (3)

�focus on the perspectives of learners� (p. 313).

In the following, I present my approach to identify su�cient combinations of indicat-

ors for collaboration. Therefore, I detail how I employed fsQCA. Afterwards, I show

how results of this approach can be used to constantly monitor group collaboration

in wikis. Finally, I conclude with limitations of this study as well as with an outlook

on further research.

2 Methods

I chose the constructivist paradigm by Lincoln and Guba (1985), assuming that real-

ity is constructed in the minds of individuals and bound to the individual. Therefore,

objectivity does not exist and truth cannot be achieved, but consensus between what

others accept as correct (Pörksen, 2009).
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Finding meaningful indicators is one of the challenges that learning analytics is facing

(Chatti et al., 2012). Based on data gathered in a project-based course, this research

used qualitative comparative analysis with fuzzy sets (fsQCA) to identify indicators

linked to a desired outcome. My goal was to identify meaningful indicators for

collaboration that can be used to support teachers in evaluating group collaboration.

In the next section, I detail the educational setting and describe how I collected data

and pre-processed it, using SNA and qualitative data analysis (QDA), for fsQCA.

As fsQCA is currently nearly unrecognised within the �eld of Information Systems

(Wendler, Bukvova & Leupold, 2013), I give a brief introduction into fsQCA to ease

the understanding of the method and its requirements. Afterwards, I introduce how

I evaluated collaboration using indicators derived from SNA and QDA and I describe

how I used these as explanatory factors for collaboration.

2.1 Setting and data collection

This paper is based on data gathered from an educational setting that facilitates

collaboration within a wiki. Subsequently, I describe the educational setting brie�y,

for a detailed description refer to Kummer (2013).

The educational setting is part of a Master programme module that consists of a

lecture, an exercise course, and a project-based course. The goal of the project work

is to engage students in collaboration and shared knowledge construction with the

educational objective to facilitate the development of competencies like communic-

ation skills (Johnson & Johnson, 1994; Laal & Ghodsi, 2012). While students are

divided into groups of six, all of them are responsible to work towards one common

goal. Students' task is to collaboratively construct a wiki on the topic of knowledge

management that can also be linearized into a textbook. Apart from that each group

has to write an article and �nd a solution to a current knowledge management issue

(e.g. One of your employees will leave your company in the near future: How do you

save his knowledge?).

Data was collected from two iterations of the project-based course that took place

in the summer terms of 2011 (29 participants; 18 female; 11 male) and 2012 (38

participants; 22 female; 16 male). All participants were enrolled in a Master's degree

programme at the faculty of economics of a German university. Only wiki data was

collected, i.e., log data and entries in discussion pages, as results are to be used as

indicators for group collaboration that can operate on the basis of wiki data. Data

was retrieved from the wiki in two ways. First, I wrote a script that queried the wiki

database, pre-processed information about co-authorship in groups, and exported

one dataset for each group that can be read using the SNA software Pajek, version
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3.10. As a result, 12 datasets comprising information about 12 groups resulted from

data collection. Second, discussion pages were copied by hand into one document

per group for further QDA.

The qualitative comparative analysis is well suited for addressing questions about

outcomes resulting from multiple and conjectural cases (Ragin, 1987). For this

reason, I selected QCA for this research, as I wanted to explore factors that can

be used to explain group collaboration based on two cases with six groups per case

as embedded units of analysis. Correspondingly, this research can also be seen as an

exploratory case study (Yin, 2009).

2.2 Qualitative comparative analysis (QCA) and fuzzy set QCA

In this section, I introduce QCA and fuzzy set QCA in order to give a bit of back-

ground before going into the topic in depth, but due to space restrictions I describe

basic concepts only. However, the application of fsQCA regarding this research is

detailed within the next section (see Identifying Su�cient Conditions for Collabor-

ation Using Fuzzy Set QCA). Readers interested in a comprehensive description of

the method may be referred to (Ragin, 1987, 2000).

QCA as a technique was developed by Charles C. Ragin in the 1980s, but its lo-

gical foundations trace back to the work of John Stuart Mill (Berg-Schlosser, De

Meur, Rihoux & Ragin, 2009; Ragin, 1987). Originating in the �eld of Comparative

Politics, it has been applied also in Sociology, Management Science, Business and

Economics, among others. Lately QCA has been introduced in Information Sys-

tems/Wirtschaftsinformatik (Wendler et al., 2013). QCA uses Boolean algebra for

solving multiple, conjectural cases. The ultimate goal of QCA is to identify su�cient

combinations for an outcome. For this purpose, conditions (variables) are dichotom-

ised into 0 (false or absent) or 1 (true or present), and cases are represented as sets

according to set theory and are assigned with an outcome (dependent variable) coded

as 0 or 1 (Berg-Schlosser et al., 2009). Based on dichotomised (raw) data, a truth

table has to be constructed that displays a list of all possible con�gurations (combin-

ations). A con�guration is the combination of conditions with a particular outcome,

which may be represented by several of the observed cases. In the following step, the

Boolean expression that consists of the description of the truth table is reduced to

the minimal formula. This step is called Boolean minimisation and reveals regular-

ities within the data that can be interpreted by the researcher (Rihoux, 2006). For

an introduction in QCA that includes a detailed example see Rihoux and De Meur

(2009).
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QCA combines several strengths from qualitative and quantitative research; for ex-

ample, familiarity with cases, complex causality, generalisation based on small-N

(Ragin, 1987; Rihoux, 2006). However, dichotomisation of data limits the applic-

ability of QCA, as some data cannot be dichotomised in an appropriate way (e.g.

think of a meaningful threshold to code temperature into cold [0] and hot [1]). As

a consequence, several con�gurational comparative methods have evolved as an al-

ternative to QCA (also referred to as crisp set QCA), namely multi-value, fuzzy set,

and temporal QCA.

Fuzzy set QCA extends conventional Boolean sets by permitting membership scores

between [0] full non-membership and [1] full membership. Therefore, a fuzzy mem-

bership score re�ects the degree to which a condition belongs to a set. This is

particular useful when pinpointing to di�erent qualitative states of a condition, but

is also used for assigning �continuous� membership scores (Ragin, 2009). For ex-

ample, a country (e.g. Iran) might receive a membership score of 0.6 within a set of

democratic countries, when it shares several characteristics with other democracies

(e.g. right to vote for every citizen), but also has non-democratic characteristics (e.g.

no freedom of press). Membership scores are not assigned according to their com-

parative rank, but guided by the use of theoretical and substantive knowledge. This

process is called calibration and de�nes �three qualitative breakpoints: full member-

ship (1), full nonmembership (0), and the crossover point, where there is maximum

ambiguity regarding whether a case is more in or out of a set (0.5)� (Ragin, 2009,

p. 90). After calibration, fuzzy membership scores are dichotomised for Boolean

minimisation. Based on the frequency of a con�guration, that is, number of similar

cases, and the consistency of the con�guration, the researcher decides upon their

inclusion within Boolean minimisation (Ragin, 2009). The complete application of

this procedure is detailed in the next section (see Section 3).

In the next section, I introduce explanatory factors for collaboration. Explanatory

factors are causal conditions that were used to describe an outcome. In this case,

I used indices from social network analysis and qualitative data analysis. In the

subsequent section, I show how indices have been calculated and were used to explain

the outcome.

2.3 Explanatory factors for collaboration

Dillenbourg (1999, p. 5) refers to collaborative learning as a �situation in which par-

ticular forms of interaction among people are expected to occur, which would trigger

learning mechanisms.� According to Dillenbourg (1999) a collaborative situation has

three de�ning characteristics: synchronicity, negotiation, and interaction. A situ-

ation is synchronous, when participants do more or less simultaneously something
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together. In addition to that a collaborative interaction is also characterised by equal

participants that negotiate procedure based on their point of view. As a consequence,

collaborative interaction should in�uence peers cognitive processes. With regard to

this research, two questions arise. First, how can be evaluated whether a group has

collaborated or not using these characteristics? And second, which indicators seem

to be suitable to re�ect the characteristics?

Previous research has shown that a mixed method approach using SNA and qualit-

ative analysis of interviews is appropriate to study collaboration in groups (Harrer

et al., 2005; Martínez et al., 2006). In the following, I illustrate how I adapted this

approach to evaluate collaboration. Additionally, I propose indices for further use as

explanatory factors for collaboration in fsQCA. Ragin (2009) suggests to select three

to eight causal conditions. I selected four indices from SNA to be used as causal

conditions to describe the dimension synchronicity. The dimensions negotiation and

interaction are integrated in the outcome � collaboration � and are introduced in the

next section (see Section 2.3.2).

2.3.1 Social network analysis

I examined synchronicity (see next section for negotiation and interaction) using

wiki log data, as log data reveals how students communicated through discussion

threads. Data was collected from the wiki using a script that pre-processed wiki

log data by creating one dataset per group. Each of these datasets contains group's

discussions. Connections between group members were constructed by hypothesising

co-authorship of discussion pages as collaboration (see Figure 1). As a result, an

undirected co-authorship network emerged from the log �les (Martínez et al., 2006).

As groups were obliged to write at least one article collaboratively in order to pass

the assignment, I included discussion pages only. Thereby I reduced a potential bias

in values of social network indices. Including every type of wiki page (e.g. article,

discussion, and category) would have resulted in perfectly interlinked group members

due to their co-authored group article.

Previous research used network density (D; DEN) and network degree centralisation

(CD; CENT) as indicators for collaboration (Aviv, Erlich, Ravid & Geva, 2003;

Harrer et al., 2005; Lally & de Laat, 2002; de Laat, Lally, Lipponen & Simons, 2007;

Martínez et al., 2006). As both indices have proved value for evaluating collaboration,

I used them as explanatory factors for collaboration.

Mathematically, the density D is the average of the standardised node degrees d(ni)

with values between 0 and 1. The degree represents the number of connections a

network node (in this case the student) has with other nodes. Correspondingly, the
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Co-Authorship

Figure 1: Collaboration as co-authorship of participants

density is the proportion of possible connections of a network to the connections that

are actually present in a network (Wasserman & Faust, 1994, p. 178). Therefore, a

high value of density provides an indication for collaboration among students, as it

shows how group members worked together. For example, in case 12 from Table 1,

the density DEN is 1, that is, all group members are perfectly connected with each

other. Consequently, it is likely that they collaborated with each other.

Furthermore, I took group's degree centralisation CD into account to investigate the

group activity. Centralisation CD is a group-level index that �records the extent to

which a single actor has high centrality, and the others, low centrality. It also can be

viewed as a measure of how unequal the individual actor values are. It is (roughly)

a measure of variability, dispersion, or spread� (Wasserman & Faust, 1994, p. 176).

With values between 0 and 1, a high value of centralisation would mean that only few

of the group members contributed in group's assignment. In contrast, a low value

of centralisation indicates a balanced collaboration among students (Martínez et al.,

2006; Wasserman & Faust, 1994, p. 177). For example, in case 12 from Table 1, the

centrality CENT is 0, indicating that no single member of group 12 dominated the

group, but instead all group members have made equal e�orts and thus collaborated.

Exact values for both indices are speci�ed for each group in Table 1 within columns

DEN and CENT under raw data. Beside these established indices, I propose another

index to be used as an explanatory factor: the median weighted degree (DEG) (see

Table 1). The weighted degree extends the node degree d(ni), which is the number of

links attached to a node, by the weight of the links attached to this node. Therefore,

the median of weighted node degrees (d̃(ni) , DEG) is an indicator for the intensity

of collaboration within a group. A high median of weighted degrees is therefore a
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sign that group members discussed on various pages with each other, whereas a low

value indicates that the group has limited discussion to the absolutely necessary.

Table 1: Raw and calibrated data

Case Raw data Calibrated data

DEN CENT DEG DIS COLL DEN CENT DEG DIS COLL

1 .500 .417 3 16 1 .100 .104 0 .417 .700

2 1 0 5 25 2 1 1 0 .792 1

3 1 .583 2 6 1 1 0 0 0 .700

4 1 0 10 56 2 1 1 1 1 1

5 1 0 9 32 2 1 1 .833 1 1

6 1 0 6 21 1 1 1 .250 .625 .700

7 .048 .167 0 8 0 .100 .417 0 .083 .100

8 .400 .300 12.500 20 1 .100 .250 1 .583 .700

9 .667 .500 5.500 24 1 .700 0 .125 .750 .700

10 .667 .200 5.500 33 1 .700 .375 .125 1 .700

11 .619 .300 12 27 2 .700 .250 1 .875 1

12 1 0 7.500 39 1 1 1 .583 1 .700

Note. DEN � density, CENT � degree centralisation, DEG � median weighted degree, DIS � number

of discussion posts, COLL � assessment of collaboration.

2.3.2 Qualitative data analysis

Although previous research introduced sophisticated methods to analyse collabor-

ative processes (Strijbos, Martens, Prins & Jochems, 2006; de Wever, Schellens,

Valcke & Van Keer, 2006), I preferred an easy to use code scheme that operational-

izes collaboration with the aid of three dimensions: synchronicity, interaction, and

negotiation (Kummer, 2013). As the key focus of this research is not the in-depth

study of collaborative processes, but the incorporation of an educational objective

in order to provide meaningful indices, I regarded the evaluation of collaboration (=

outcome) using this code scheme as su�cient.

For the same reason, I refrained from interviewing group members, but analysed

group discussion pages to evaluate collaboration. The selected discussion pages were

coded using QDA software MaxQDA, version 10. Using the pre-de�ned list of codes,

information chunks of varying sizes � sentences, a paragraph, or a whole discussion

post � were used as the basic unit of analysis embedded in a case that was represented

by a document covering all discussions of a group. I coded negotiation and interaction

only, as I already analysed synchronicity using SNA. Table 1 illustrates the results

of my evaluation of collaboration per group. Due to the task assignment, all groups

have worked together in a synchronous manner on at least one article. Therefore,
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I evaluated collaboration based on the coding of negotiation and interaction only,

as all groups met my criteria for a positive evaluation for synchronicity. In Table 1

(column COLL under raw data) the occurrence of one dimension is re�ected by 1

and of both dimensions by 2. Finally, a 0 indicates that groups worked synchronous,

but discussion pages showed no accordance for codes negotiation and interaction.

Apart from the evaluation of collaboration, I propose another index to be used as an

explanatory factor: the number of discussion posts per group (DIS) (see Table 1).

Negotiating procedure and meaning is a complex and time-consuming tasks when

relying on wiki-based communication (Lin & Kelsey, 2009). Consequently, it should

necessitate a large number of discussion posts to come to a mutual agreement. And

although a large number must not necessarily indicate collaborative activities, it

provides an indication for it. For this reason, I counted the number of discussion

posts per group.

3 Identifying su�cient conditions for collaboration using

fuzzy set QCA

In the previous section, I described how I evaluated collaboration (COLL) using

the density (DEN) and the degree centralisation (CENT) of a network together

with QDA. Additionally, I proposed two other indices as explanatory factors for

collaboration: the median weighted degree (DEG) and the number of discussion

posts (DIS). Summarised, I used four conditions (= explanatory factors) to describe

an outcome (= collaboration).

In the following, I describe how I applied fsQCA with R, version 2.15.2. Speci�cally, I

used R's package QCA (Thiem & Du³a, 2013), version 1.0-4, to (1) calibrate raw data

into fuzzy set membership scores, (2) to construct the truth table, (3) to reduce the

Boolean expression to a minimal formula, and to (4) test for necessity and su�ciency

of the conditions.

3.1 Data calibration

The process of transforming raw data (= base variable values) into fuzzy membership

scores is referred to as calibration. There are two methods of assigning fuzzy mem-

bership scores: direct assignment and transformational assignment (Thiem & Du³a,

2013, p. 51). On the one hand direct assignment is used when fuzzy membership

scores refer to qualitative states. On the other hand transformational assignment is

used when di�erentiation in qualitative states is di�cult. This is the case for continu-

ous base variables that are assigned fuzzy set membership scores based on speci�c
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Table 2: Calibration of data into fuzzy set membership scores

Transformational assignment based on end-point concept

Full membership (1) Crossover point (0.5) No membership (0)

CENT 0 .100 1
DEG 10 7 5
DIS 30 18 6

Direct assignment

DEN µDEN(x) =





0.1 if xi < 0.6

0.7 if xi < 1

1 if xi = 1

COLL µCOLL(x) =





0.1 if xi = 0

0.7 if xi = 1

1 if xi = 2

functions (e.g. linear, logistic) that make use of three qualitative breakpoints: no

membership (0), the crossover point (0.5), and full membership (1) (Ragin, 2009;

Thiem and Du³a, 2013, p.55). In this study, I employed both methods (see Table 2).

Following, I disclosed the rationale for calibration of raw data into fuzzy set mem-

bership scores. The calibrated data is depicted within Table 1

I calibrated the density of groups' network (DEN) and evaluation of groups' collabor-

ation performance (COLL) using direct assignment with a three-value fuzzy set (see

Table 2). Three values were possible for COLL: 0, 1, and 2. Based on my conceptu-

alisation of collaboration, a zero re�ects that a group worked together on an article,

but has not engaged in a wiki-based discussion in order to negotiate procedure or

meaning. Therefore, the group limited their collaborative e�orts to a minimum �

this is re�ected by a membership score of 0.1. In contrast, a two indicates that the

discussion indicated signs of negotiation and interaction, that is, all three dimensions

are present that is re�ected by a full membership (1). As negotiation and interaction

are either indicating activities or consequences that are connected with intensive col-

laboration, I rated the appearance of one of these codes with a membership score of

0.7.

The density was also assigned a membership score based on a three-value fuzzy

set. DEN refers to the synchronicity of group work and is therefore regarded as a

precondition of e�ective collaboration. Consequently, I assigned a membership score

of 0.1 if the density dropped belowD < 0.6. However, densities greater-than-or-equal

to D = 0.6 and below D = 1 were assigned a membership score of 0.7. Thereby, I

considered groups that engaged in collaboration, but had to deal with unresponsive

peers. For example, if only one group member refrained from collaboration, the

density dropped clearly (see DEN of case 9-12 in Table 1, column raw data). But if
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all group members took an active part in collaboration, the density is equal to one.

Consequently, I assigned a full membership (1) if density is D = 1.

The network degree centralisation (CENT) per group, the median of weighted degree

(DEG), and the number of discussion post per group were assigned a fuzzy set

membership score using transformational assignment. As CENT is a standardised

index and was transformed using a negative end-point concept with 0 and 1 as

endpoint. Collaboration is characterised by working together having equal rights.

Consequently, full membership is awarded for low CENT, as low values for CENT

indicate networks with balanced participation among group members. I selected a

low crossover point (0.1) in order to assign a low membership score to groups that

have been dominated by one group member.

DEG and DIS were assigned fuzzy set membership scores based on a positive end-

point concept. In both cases, I selected the crossover point based as well as the

membership on educational considerations. For example, the crossover point for

DEG is 18, that is, in �ve weeks each group member posted three times only, as each

group consisted of 6 group members. Accordingly, the value for full membership (1)

represented my expectations towards group activities.

3.2 Boolean minimisation

In the following, I introduce how I constructed a truth table using the calibrated

data and applied Boolean minimisation. Prior I analysed for necessary conditions

that could be removed before constructing the truth table (Ragin, 2009). Given a

minimum su�ciency inclusion score (0.965) and a minimum coverage (0.6) none of

the potential 3k − 1 combinations showed an inclusion score that was su�ciently

high to indicate necessity. Therefore, all conditions were involved into truth table

construction (Ragin, 2000). Based on the fuzzy membership score, each case's con-

ditions are dichotomised. With four causal conditions (e.g. DEN), the truth table

lists the 24 (= 16) con�gurations that refer to the fuzzy set corners (see Table 3).

In contrast to crisp set QCA, each of the truth table rows correspond to one of the

vector space corners that can be constructed from fuzzy sets (Ragin, 2009). Table 3

contains the truth table that clearly lists both empirically evident and non-evident

con�gurations (see column Cases).

Wagemann and Schneider (2007) recommend that both solution formulas, the parsi-

monious and the complex, should be reported. Therefore, Boolean minimisation has

been carried out in two steps. First, I derived the complex solution that incorporates

all fundamental products into the canonical sum that correspond to true con�gur-
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Table 3: Truth table

Con�guration DEN CENT DEG DIS COLL n Incl PRI Cases

1 0 0 0 0 0 2 .659 .370 1, 7

2 0 0 0 1 R 0 1 1

3 0 0 1 0 R 0 1 1

4 0 0 1 1 1 1 1 1 8

5 0 1 0 0 R 0 .392 0

6 0 1 0 1 R 0 1 -

7 0 1 1 0 R 0 1 1

8 0 1 1 1 R 0 1 1

9 1 0 0 0 0 1 .793 .571 3

10 1 0 0 1 1 2 1 1 9, 10

11 1 0 1 0 R 0 1 1

12 1 0 1 1 1 1 1 1 11

13 1 1 0 0 R 0 1 1

14 1 1 0 1 1 2 1 1 2, 6

15 1 1 1 0 R 0 1 1

16 1 1 1 1 1 3 1 1 4, 5, 12

Note. PRI- proportional reduction in inconsistency, R � logical remainder, Incl � su�ciency inclu-

sion score, n � number of cases in con�guration.

ations (Thiem & Du³a, 2013, p. 71). Second, I incorporated logical remainder to

derive the parsimonious solution.

The complex solution was derived from all con�gurations that exceed the su�ciency

inclusion score of 0.9 using Boolean minimisation. No restrictions were made re-

garding the minimum number of cases per con�guration due to the small number of

cases. As a result, the complex solution for the analysis of the su�cient conditions

for the outcome collaboration is DEN ·DIS+cent ·DEG ·DIS→ COLL (see Table 4).

Table 4: Analysis of su�cient conditions for the outcome collaboration

Solution DEN ·DIS + cent ·DEG ·DIS → COLL

Single case coverage 2,6; 4,5,12; 9,10; 11 8; 11

Consistency .956 1

Raw coverage .722 .176

Unique coverage .606 .059

Solution consistency: .959 Solution coverage: .781

Note. Con�gurations were separated by semicolon, cases by comma. The consistency threshold has

been set at 0.9. The next highest consistency score is 0.793. Case 11 is covered by both combin-

ations. Lowercase abbreviation corresponds to the absence of a condition (0), whereas uppercase

abbreviation refers to the presence of a condition (1).
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To derive the parsimonious solution, logical remainders have to be incorporated into

Boolean minimisation. Logical remainder are con�gurations for which �no case pos-

sesses a membership score above 0.5, or which have been judged to contain too few

cases in relation to the total number of cases� (Thiem & Du³a, 2013, p. 73). Incorpor-

ating logical remainders allows researchers to consider potential counterfactual cases

that are not present in the data (Ragin & Sonnett, 2004) (e.g. con�guration 2 and 3,

see Table 3). I approached the problem of limited diversity, that is, not all logically

possible con�gurations exist in my data (Ragin, 1987, pp. 104-113), by incorporating

both easy and di�cult counterfactuals (Ragin & Sonnett, 2004). As a result, the

parsimonious solution is derived from Boolean minimisation: DIS→ COLL.

Ragin (2009, p. 111) points out that logical remainders have to be evaluated whether

they are �implausible and should be excluded from a solution.� Therefore, I examined

whether contradictory simplifying assumptions, that is, logical remainders that has

been used both �in the minimisation of the [1] outcome con�gurations and in the

minimisation [0] outcome con�gurations� (Yamasaki & Rihoux, 2009, p. 136), were

used to derive the parsimonious solution. I used the procedure suggested by Yama-

saki and Rihoux (2009, pp. 136-138). Within two iterations, I assigned an outcome

to �ve contradictory simplifying assumptions based on theoretical considerations

(�rst iteration: con�gurations 2, 6, and 8; second iteration: con�gurations 3 and 11;

each con�guration was assigned an [0] outcome). After eliminating the contradict-

ory simplifying assumptions, the minimal sum equalled the complex solution. In the

following section, I discuss the result, where I focus on the complex solution, as it

provides the most meaningful solution.

4 Discussion

In the following, I discuss the results of my analysis brie�y, �rst, with regard to the

solution formula of fsQCA (see Table 4). Secondly, I discuss how the results can be

used to provide a teachers dashboard.

4.1 Overall results

The results of the analysis of the su�cient conditions for the outcome collaboration

are displayed in Table 4. While solution consistency is very high (0.959), solution

coverage is satisfying (0.781). Figure 2 also depicts the results graphically. A com-

bination of conditions is su�cient, when all cases are around or above the bisecting

line (Ragin, 2000, p. 236) (see Figure 2, triangles A3 and A4). Two combinations of

conditions, DEN ·DIS and cent ·DEG ·DIS, lead to the outcome collaboration. This
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result is interesting, as it points to several regularities and distinctive di�erences in

how groups succeed in group collaboration.
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Figure 2: Su�cient conditions for the outcome collaboration

Note: Uppercase letters refer to presence, lowercase to absence of condition (C) or outcome (O).

Arrow indicates implication.

First, the �rst combination of conditions, DEN ·DIS, refers to groups, whose network
density and number of discussion posts were high. Therefore, the group members

were tightly linked with each other and discussed frequently. This combination covers

8 cases within 4 con�gurations (see Table 4). For example, con�guration 16 with

cases 4, 5 and 12 � notably is the large number of discussion post that can be seen

as characteristic for this con�guration as well as for this combination of conditions.

I refer to this combination of conditions as Balanced Collaboration, as these groups

collaborated � with regard to my conceptualisation � and worked synchronously in

an equal manner.

Second, the second combination of conditions, cent·DEG·DIS, refers to groups, whose
network showed less balanced collaboration than the previous combination. Instead,

these groups showed a higher median of weighted degrees and less discussion posts.

This combination covers 2 cases within 2 con�gurations (see Table 4). When using

discussion posts to back up interpretation of this combination, it becomes obvious

that in both cases groups had one member that took responsibility for collaboration.

For example: in case 8, one member left a message on each group member's personal

wiki page, wherein the member was called to get in touch with other members on

the discussion page. Furthermore, the message prompted group members to give

feedback to an initial draft, to adjust schedules and communication channels. I refer

to this type as Primus Inter Pares Collaboration, as these groups collaborated, but
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were directed by one group member who organised collaboration acting as primus

inter pares.

Third, the number of discussion posts (DIS) is present in both combinations of con-

ditions and therefore points to the importance of communication for collaboration.

This is also highlighted by the parsimonious solution DIS → COLL, even though

it was derived using contradictory simplifying assumptions. However, this result

is consistent with theories of collaborative learning that stress the importance of

communication for collaboration (e.g. Dillenbourg, 1999).

In the following, I discuss how the su�cient combinations of conditions for the out-

come collaboration (see Table 4) can be used to provide actionable data for teachers.

When the social network indices and the number of discussion posts of a group com-

ply with one of the combinations above, the group has collaborated, in the majority

of cases. Correspondingly, each group that has not met one of the combinations

is likely to have failed in group collaboration. Using this knowledge, a teachers'

dashboard can be implemented that calculates these indices in real-time and thus

allows teachers to monitor group collaboration. But although the solution formula

(Table 4) cover a large percentage of all observed cases, both combinations are only

su�cient. Therefore, when used as indicators, they are not immune against false

positives and vice versa. As a consequence, a dashboard can provide assistance only,

but does not substitute the teacher. Additionally, both combinations can be used

to indicate collaboration only, which is not necessarily correlated with high quality

in form and content. However, by reducing time and e�ort necessary, a dashboard

enables teachers to assist groups in overcoming problems.

4.2 Limitations and further research directions

From a research perspective, the identi�ed combinations can be used to implement

a tutors' dashboard. Also, fuzzy set QCA has been introduced as a method that

is able to incorporate pedagogical considerations into the subject area of learning

analytics. However, this study has some limitations that point to further research

directions.

First, I evaluated collaboration based on three dimensions: synchronicity, negoti-

ation, and interaction. While synchronicity was assessed using SNA, negotiation

and interaction were evaluated using a pre-de�ned coding scheme for content ana-

lysis based on discussion pages (Kummer, 2013). This had two consequences: �rst,

only collaboration that took place in the wiki was included in the analysis, second,

the simple coding scheme reduced the time needed for evaluation, but limited the
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meaningfulness of the evaluation result. However, I refrained from using more soph-

isticated content analysis schemes (Strijbos et al., 2006; de Wever et al., 2006), as

the in-depth study of collaborative processes is not the main focus of this research.

Second, I selected conditions that can be calculated in real-time, as su�cient combin-

ations should be used for real-time monitoring of group collaboration performance.

In order to create a comprehensive picture of group collaboration, further research

should investigate whether results from di�erent analyses can be incorporated into

fsQCA. For example,Alyousef and Picard (2011) mapped meta-discourse markers to

collaboration. Meta-discourse markers can be used to detect interaction in written

text (Hyland, 2005) and can be evaluated by using text mining algorithms automat-

ically.

Third, despite the potential bene�ts of using both combinations as indicators, the

results presented are based on an ex post analysis. All conditions could have been

collected, apart from the outcome. According to my conceptualisation of collabora-

tion, collaboration emerges from shared practice and becomes manifest in interaction,

negotiation, and synchronicity (Dillenbourg, 1999). As interaction and negotiation

develop over time, I refrained from continuous evaluation of collaboration. There-

fore, further analysis is necessary to examine whether both combinations remain

su�cient at any moment of the project duration. Although this limits the validity

of this research's su�cient combinations, it reveals the powerfulness of the approach

presented.

5 Conclusion

In this study, I derived meaningful indicators for collaboration by using multiple

research methods. In the �rst step, QDA and SNA were used to evaluate wiki

data resulting in the assessment of collaboration for 12 groups. In the second step,

social network indices (e.g. DEN), a descriptive measure (DIS), and my evaluation

of collaboration (COLL) were used for fsQCA. As a result, su�cient conditions for

collaboration were identi�ed that point to two strategies that have been used by

groups to succeed in collaboration: Balanced Collaboration and Primus Inter Pares

Collaboration. As both strategies represent successful collaboration, they can be

used as a reference indicating e�ective collaboration. Therefore, they can be used as

indicators when implementing a dashboard that supports the teacher in monitoring

students' interaction.

With fsQCA, I introduced a method to derive indicators that enable researchers to

incorporate educational objectives into learning analytics. However, this method is

not limited to learning analytics and has several bene�ts.
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First, researchers become less reliant on relations within data, as calibration gives re-

searchers the possibility to interpret data based on their conceptualisation. Thereby,

QCA in general and my approach in speci�c combine both strengths from qualitat-

ive and quantitative research. In this study, for example, I was able to reproduce

my conceptualisation of collaboration based on the calibration of data. While the

calibration of data is a highly interpretative process, consistency and coverage of the

solution formula can provide evidence for researcher's conceptualisation in data.

Second, QCA can work with small sets of data. It can be used by researchers to

hypothesise or test theories, develop indicators, or to analyse data in detail, before

they evaluate the robustness of their �ndings on big sets of data. Thereby, researchers

can take challenging sets of data into account that can either be retrieved from an

information system or be the result of a previous analysis like in this study. As a

consequence, researchers can include diverse data sets into analysis, e.g., demographic

characteristics or location-based data.

Summarised, I derived meaningful indicators for collaboration and presented a method

that has proven to be capable of connecting di�erent academic �elds: Educational

Science and Information Systems.
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