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Abstract 

 

The increasing number of students each year has significantly increased the need for effec-

tive learning methods that also support the work in groups. This is necessary because the 

number of teachers and tutors usually stays the same which makes it impossible that typical 

classroom exercises still can be administrated as individual work. In addition, nowadays the 

job market asks for employees that work well in a team and so collaborative skills should 

also be practiced in educational settings such as schools or universities. Fortunately, the 

development of modern information and communication technologies (ICT) and the 

emergence of Web 2.0, also referred to as the social Web, support these needs with power-

ful tools for collaborative learning and writing such as Wikis or Blogs. However, these tools 

lack of motivational aspects such as assessment and feedback processes which should be an 

integral part of every learning activity. 

Due to these findings, the aim of this thesis is to analyze how computer-supported 

learning environments can be combined with E-Assessment methods and other functionali-

ties that support teachers and students in their learning and assessment activities. Thus, a 

Wiki system has been enhanced and integrated in Learning Management Systems (LMS) in 

order to ensure task and social awareness and to increase motivational aspects. The devel-

oped Wiki prototype has also been used in different experimentations to test the function-

alities and to get feedback for possible improvements. The experimentation results have 

shown that the developed forms for self, peer and group assessment have motivated the 

students and supported them in coordinating with their group members. 
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Kurzfassung 

 

Die zunehmende Anzahl an Studenten hat den Bedarf an effektiven Lernmethoden, welche 

das Arbeiten in Gruppen unterstützen, stark erhöht. Dies ist unumgänglich, da die Anzahl 

an Professoren und Tutoren konstant bleibt und es somit unmöglich macht typische Vorle-

sungsübungen weiterhin als Einzelarbeiten durchzuführen. Weiters ist Teamfähigkeit sehr 

wichtig um am heutigen Arbeitsmarkt bestehen zu können. Dies unterstreicht die Notwen-

digkeit an Übungen an Universitäten und Schulen, welche die kollaborativen Fähigkeiten 

verbessern. Glücklicherweise wird dieses Vorhaben durch die Entwicklung von modernen 

Informations- und Kommunikationssystemen und dem Aufstieg des Web 2.0, auch be-

kannt als soziales Web, unterstützt. Diese Technologien bieten mächtige Anwendungen für 

kollaboratives Lernen und Schreiben, wie Wikis oder Blogs, an. Auf der anderen Seite fehlt 

es diesen Anwendungen üblicherweise an Motivationsaspekten wie Assessment und Feed-

back Aktivitäten, welche allerdings Bestandteil eines jeden Lernprozesses sein sollten. 

Auf Grund dieser Tatsachen ist es das Ziel dieser Masterarbeit zu analysieren wie 

computerunterstütze Lernumgebungen mit E-Assessment Methoden und anderen Funkti-

onalitäten, welche Professoren und Studenten in deren Lern- und Assessmentaktivitäten 

unterstützen, verbunden werden können. Demzufolge wurde ein Wiki System erweitert 

und in bestehende Lernplattformen integriert um das Aufgabenbewusstsein und die Moti-

vation von Benutzern zu erhöhen. Dieses Wiki System wurde weiters in mehreren Experi-

menten verwenden um die Funktionalitäten zu testen und Feedback von Benutzern zu 

bekommen. Dieses Feedback wurde in weiterer Folge zur Entwicklung von neuen Funkti-

onalitäten benutzt. Die Ergebnisse dieser Experimente haben gezeigt, dass die Studenten 

durch die integrierten Formulare für Self-, Peer- und Group-Assessment in ihrer Arbeit 

motiviert wurden. Darüber hinaus unterstützten diese Aktivitäten die Koordinierung der 

Studenten innerhalb ihrer Gruppen.  
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1 Introduction 
 

This introductory chapter should give a short overview of the main ideas and the motiva-

tion behind this project. Furthermore it outlines the structure of the remainder of this 

work. 

 

1.1 Motivation and Objective 

The emergence of the use of information and communication technology (ICT) in modern 

education settings has changed the way of how students work and learn. Especially the de-

velopment of the Web from a static environment, where the content is mainly created by 

some experts, to the Web 2.0, the social Web, has raised the needs for new ways of E-

Learning that support students in collaboratively creating content and knowledge. One of 

these types is called Computer-Supported, Collaborative Learning (CSCL) which is a research 

activity that focuses on approaches to support collaborative learning with computers and 

information technologies (Stahl, Koschmann, & Suthers, 2006). The most important im-

plementation of such collaborative learning environments are collaborative writing tools 

such as Wikis or Blogs. However, these tools are usually designed for pure content creation 

and lack of important learning components like assessment activities. This is a big problem 

because assessment is much more than just grading a student’s work and should be seen as 

an integral part of the teaching, learning and feedback processes (Buzzetto-More & Alade, 

2006). 

The aim of this master thesis is to identify a solution approach for combining Com-

puter-Supported, Collaborative Learning with E-Assessment. Thus, an extensive literature 

research in the fields of Technology Enhanced Learning, CSCL and E-Assessment is done 

in order to understand the theoretical background. Based on this knowledge, related work 

is studied to identify problems, open issues and possible solutions. On the basis of these 

findings, a Wiki system is enhanced with assessment methods and other motivational tools 

in order to support students and teachers in collaborative writing activities. Moreover, this 

Wiki is also integrated in existing Learning Management Systems (LMS) to further enhance 

its functionalities. The next section outlines the structure of the remainder of this work. 
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1.2 Structure of the Work 

This master thesis consists of two main parts: first, the theoretical part that aims at setting 

up the theoretical background for the second part that describes the practical developments 

of this work. The chapters 2, 3, 4 and 5 deal with the theoretical concepts and chapters 6, 7 

and 8 concentrate on the practical part. 

The first chapter of the theoretical part, chapter 2, acts as an introductory one and 

explains the most important ideas of Technology Enhanced Learning (TEL) and E-

Learning. Chapter 3 looks at Computer-Supported, Collaborate Learning. This chapter has 

a focus on Computer-Supported, Collaborative Writing and Wiki systems as the most im-

portant implementation of it. Due to the fact that assessment is an integral part of every 

learning process, chapter 4 outlines the different types and strategies of it. Furthermore, this 

chapter explains how assessment methods can be enhanced by technology (E-Assessment). 

Chapter 5 acts as a bridge between the theoretical and practical part and presents re-

lated work regarding the combination of CSCL with E-Assessment. This includes identified 

problems, issues and solution approaches that are used as an input for the enhanced Wiki 

that has been designed and developed as part of this thesis. The requirements and the de-

sign of this Wiki prototype are illustrated in chapter 6, whereas chapter 7 describes the de-

velopment process of it. This is done for the standalone Wiki prototype and the integrated 

version of it. The last chapter of the practical part, chapter 8, explains the functionalities 

also from the user’s point of view which includes the administrated experimentations too. 

Finally, chapters 9 and 10 reflect the whole work and show the lessons learned, a conclu-

sion and possible approaches for future work. 

  



Chapter 2: Technology Enhanced Learning   

3 

2 Technology Enhanced Learning 
 

Learning is one of the most important things in our everyday life and especially in the last 

decades the process of lifelong learning has evolved to a key factor for a successful career. 

But what does learning actually mean? According to Dror (2008) learning consists of two 

main elements, first the acquisition of information and second, the memory of infor-

mation. This means that learning makes no sense if the learner only acquires the infor-

mation and has forgotten it on the next day and so the learning process has to cover both 

elements to be successful. Based on this knowledge it is clear that a new learning technique 

can only support the process if it fits the human cognition. (Dror, 2008) 

The aim of this chapter is to deal with the question if and how learning can be en-

hanced by technology. This research field is known as Technology Enhanced Learning, for 

short TEL. Thus, first an introduction to Technology Enhanced Learning is given which 

also includes a definition for this term and its used technologies. Furthermore, the applica-

tions of TEL are described with a focus on E-Learning as its most important form in to-

day’s learning settings. 

 

2.1 Introduction to Technology Enhanced Learning 

It is not easy to define the term Technology Enhanced Learning. Specht (2009) tries this 

with looking on the Wikipedia definition of the term Human Enhancement: 

“Human enhancement refers to any attempt to temporarily or permanently overcome the current 

limitations of the human body through natural or artificial means“ 

In this sense, Technology Enhanced Learning refers to the enhancement of learning sup-

port via any kind of technology. However, this definition shows that the areas of TEL are 

very wide spread because they include every learning situation that is enhanced by technol-

ogy, so also when a movie is shown in the classroom or when one student calls another 

student to discuss assignments. (Specht, 2009) 

Technology Enhanced Learning is an extensive research activity that gets mainly in-

fluenced by three fields (Ebner, 2009): 

• Pedagogy in terms of didactic design and the use of technology for learning and 

teaching 
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• Computer science in terms of technology, especially information and communication 

technologies 

• Human Computer Interaction in terms of the interface between the learners and the 

technology 

It is important that all of these three areas are mentioned when using TEL because other-

wise an unbalance is the consequence. There already exist a lot of so called Learning Man-

agement Systems (LMS) such as Moodle1 or Blackboard2 to successfully realize TEL and its 

requirements. Usually these systems are also based on a specific standard for Technology 

Enhanced Learning such as the IMS Question and Test Interoperability specification (QTI)3 

or the Sharable Content Object Reference Model (SCORM)4 to support interoperability be-

tween different systems. (Ebner, 2009) 

 

2.2 E-Learning 

Today almost everybody knows and uses the term E-Learning, which stands for Electronic 

Learning, although it is quite hard to give an exact definition for it, even amongst experts. 

Some people think that E-Learning is defined as sitting in front of a computer program to 

study the learning material instead of sitting in the classroom to learn via classical face-to-

face methods. In fact it is far more than only this; actually it is any form of learning where 

technology is used beyond the pedagogical aspect. This definition is very similar to the one 

for TEL and so it is also often defined for situations where the learning happens via com-

puters or the internet to make a distinction. (Nichols, 2008) 

The core idea of E-Learning has even evolved at about the same time as the first 

forms of distance learning were used although there can be found some differences between 

those types. In 1840, in England, courses were offered where the learning material was dis-

tributed by mail. It is clear that this type of distance learning has nothing to do with mod-

ern technologies, which is a key factor for E-Learning, but e-mails or computers have only 

made this approach better without changing the key principle of it. (Aranda, 2005) 

Another very important step in the development of today’s E-Learning systems was 

the change from systems that were based on Computer-Based Learning and Web-Based 

Learning (see section 2.3) to systems that used the idea of the Web 2.0, the social Web. 

                                                 
1 http://www.moodle.org/; visited on 05th of December 2011 
2 http://www.blackboard.com/; visited on 05th of December 2011 
3 http://www.imsglobal.org/question/; visited on 05th December 2011 
4 http://scorm.com/; visited on 05th of December 2011 
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The first ones are assumed to offer knowledge, which was created by teachers, to learners 

and the second ones are based on the concept to give the learners the opportunity to create 

knowledge by themselves. This is also known as the social learning idea of E-Learning 2.0 

which is often implemented via Computer-Supported, Collaborative Learning systems that 

are further explained in chapter 3. (Brown & Adler, 2008) 

 

2.3 Approaches of Technology Enhanced Learning 

As mentioned before, Technology Enhanced Learning can be used for different purposes 

and so there are a lot of approaches to realize it. The following listing should give an over-

view of the most important concepts in this context: 

• Computer-Based Training/Learning 

Computer-Based Training or Learning (CBT or CBL) is a form of TEL where learn-

ers follow the steps of a learning program. Such programs can be used for example 

to learn foreign languages or computer applications. (E-Teaching, 2010) 

• Web-Based Training/Learning 

Web-Based Training or Learning (WBT or WBL) is used in a similar way as 

CBT/CBL, but here the learning material is distributed by the World Wide Web 

(WWW). This has the great advantage that communication technologies between 

learners can be used and that teachers can easily update the material online. (Helic, 

Maurer, & Scerbakov, 2000). 

• Computer-Supported, Collaborative Learning 

Computer-Supported, Collaborative Learning (CSCL) describes approaches how col-

laborative learning and writing can be realized with the help of computers (Stahl, 

Koschmann, & Suthers, 2006). CSCL is described in details in chapter 3. 

• E-Assessment 

The term E-Assessment describes methods and ways to support assessment with 

modern information and communication technology, for short ICT (Brahm & 

Seufert, 2007). Chapter 4 deals with E-Assessment in detail. 

• Blended Learning 

Blended Learning is the combination of the classical learning and teaching method 

in the class room with E-Learning sessions that are provided online. This form of 

TEL is a good agreement to get the advantages of both methods. (Ebner & Schoen, 

2011) 
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2.4 Summary 

It is not easy to define the term Technology Enhanced Learning (TEL), but according to 

Specht (2009), TEL refers to the enhancement of learning support via any kind of technol-

ogy. To successfully use TEL it is important to mention all three areas of it: Pedagogy, 

Computer Science and Human Computer Interaction. Otherwise an unbalance is the con-

sequence. TEL is often realized with so called Learning Management System (LMS) such as 

Moodle or Blackboard.  

E-Learning is the most important form of TEL and it is defined as situations where 

the learning happens via computers or the internet. The principles of E-Learning go back 

to the year 1840 when the first distance learning courses were offered in England. Although 

no computers were used for these courses, modern learning methods like E-Learning 2.0 

are still based on the same main idea. Other approaches for TEL and E-Learning are: 

Computer-Based Training/Learning (CBT/CBL), Web-Based Training/Learning 

(WBT/WBL), Computer-Supported, Collaborative Learning (CSCL), E-Assessment and 

Blended Learning. The next chapter gives an overview of Computer-Supported, Collabora-

tive Learning with a focus on Computer-Supported, Collaborative Writing and especially 

Wiki systems.  
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3 Computer-Supported, Collaborative Learning 
 

The aim of the last chapter was to give a general idea of Technology Enhanced Learning 

and especially E-Learning and introduced their most important types of it. One of these 

types is Computer-Supported, Collaborative Learning (CSCL) which is a research activity that 

focuses on approaches to support collaborative learning with computers and information 

technologies. In contrast to supply-side E-Learning systems, self-regulated CSCL environ-

ments are a young research topic and a lot of studies are based on results of the Computer-

Supported, Collaborative Working (CSCW) research, which is a CSCL approach that has 

its focus on economic group work instead of learning. (Stahl, Koschmann, & Suthers, 

2006) 

The aim of this chapter is to give a detailed overview of CSCL and especially Com-

puter-Supported, Collaborative Writing. After listing the basic terms and definitions of 

CSCL, a theoretical and practical outline of collaborative software (groupware) and learn-

ing tools is given. Theses explanations lead to the main section of this chapter, Computer-

Supported, Collaborative Writing. Here the principles of this research area are described 

with a focus on Wiki systems. 

 

3.1 Introduction to Computer-Supported, Collaborative 

Learning 

This section gives an introductive overview of the basic terms of Computer-Supported, 

Collaborative Learning to form a better understanding for collaborative software and learn-

ing tools and especially collaborative writing which is the main topic of this chapter. It gives 

a definition of the term CSCL, describes its history and the motivation behind it and fig-

ures out the aspects and principles of it. 

3.1.1 Definition and Aspects of Computer-Supported, Collabora-

tive Learning 

Computer-Supported, Collaborative Learning describes approaches how collaborative 

learning can be realized with the help of computers. This means that learning groups 

should create and share knowledge with the primary use of communication features that are 

offered by computer technologies such as chats or forums. Another perspective of CSCL is 
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the challenge of combining learning with modern technologies and how this can be solved. 

(Stahl, Koschmann, & Suthers, 2006) 

To realize CSCL, learning groups need a computer-supported environment that of-

fers at least the following five components (Nohr, 2005): 

• Coordination of the learn groups using some sort of workflow tool 

• Access to the shared learning material and its annotations 

• Possibilities to work in a collaborative way on new material as part of home works 

or presentations 

• Synchronous or asynchronous communication of their knowledge 

• Group management that also supports an role model 

These computer-supported learning environments can either be implemented as distributed 

systems, so that the individuals are connected from different places and maybe also at dif-

ferent time, or as local applications in so called CSCL laboratories, so that the individuals 

learn physically together (Nohr, 2005). 

3.1.2 Motivation and Principles for Supporting Collaborative 

Learning with Modern Technologies 

Today’s research activities in the fields of learning and E-Education look for new ways of 

more learner-centered methods in order to promote social creativity. This should give stu-

dents the opportunity to increase their collaborative working skills and to exchange their 

knowledge among each other. Especially computer-supported environments, which also 

have a long history in collaborative working, seem to be perfect to support these learning 

processes because they offer multiple ways for easily bringing together different points of 

view and resources. The great benefit here is that the social debates and discussions, feed-

backs and knowledge construction processes, which are built around these brought-in re-

sources, can create new ideas, insights and also new resources. (Ma, 2008) 

To make use of CSCL, the supporting computer environments must be designed in a 

way to initiate social interactions that are necessary for transferring knowledge. Dillenbourg 

and Fischer (2007) mentioned some ideas and principles to do this: 

• Placing students into situations where they need to interact to build a shared under-

standing 

• Using a representation of the tasks that shape the language used by students 

• Structuring the processes by guidelines, so called collaborative scripts 
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• Capturing and analyzing interactions and showing these to other group members 

• Providing scaffolds to students to better understand the process 

When applying these principles, social interactions can be designed in small collaborative 

learning environments like we face them in learn groups or school classes. For larger and 

often virtual communities the research activities are still in their early ages because a much 

deeper understanding of knowledge building and exchange processes are needed. 

(Dillenbourg & Fischer, 2007) 

3.1.3 History of Computer-Supported, Collaborative Learning 

The principles of CSCL goes back very far but one of the early bigger projects was called 

ENFI (Electronic Networks for Interaction) and started in the year 1985 at the Gallaudet 

University in Washington, D.C. The Gallaudet University is a university for deaf and hard-

of-hearing people and so the ENFI project focused on giving the students the possibility to 

use written English, in the same way as hearing people use spoken English, for their learn-

ing purposes. This means that they can chat to discuss their academic texts and to generate 

ideas, which can also be seen as the first step in the development of Computer-Supported 

Collaborative Writing because this can also lead to great benefits for hearing students. 

(Peyton, 1990) 

The first time the term Computer-Supported Collaborative Learning was officially 

used was in the year 1989 at a workshop in Maratea, Italy that was financed by the NATO. 

The first complete CSCL based conference was held in 1995 at the University of Indiana 

which was continued every two years in cities such as Toronto, Stanford, Bergen and Tai-

wan. At this time also CSCL based books by Springer and Journals like the International 

Journal of Computer-Supported Collaborative Learning were released that discussed ways how 

students could be brought together with the help of computers to generate knowledge to-

gether instead of getting knowledge by a teacher or by materials that were created by a 

teacher. (Stahl, Koschmann, & Suthers, 2006) 

 

3.2 Collaborative Learning Tools 

Collaborative software (Groupware) and collaborative learning tools are the technology to 

realize the research areas of Computer-Supported, Collaborative Learning and Working. 

This means that it gives distributed users the possibility to collaborate through some kind 

of infrastructure, to generate products together and in the best case also new individual 

knowledge. (Rama & Bishop, 2006) 



Chapter 3: Computer-Supported, Collaborative Learning
   

10 

The remainder of this section is divided into two parts. First the learning activities 

(E-tivities) that have to be fulfilled by a collaborative learning tool are discussed to get a 

theoretical background of the workflow and the requirements of such a system. The second 

part gives an overview of collaborative software and learning tools.  

3.2.1 E-tivities 

Salmon (2002) argues that the future of collaborative learning tools lies in online activities 

which are referred to as so called E-tivities. In her book E-tivities: The key to active online 

learning she describes a conceptual framework to show how these online activities can be 

created and how they affect the design and the technical requirements of collaborative 

tools. Furthermore, this framework, which is known as the Five-Step Model (shown in 

Figure 1), takes a look on how the teacher, or online instructor, can support the activities to 

increase the participation and interaction of the students. 

 

Figure 1: Five-Step Model to create E-tivities (Salmon, 2002) 
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The online learning process for the students starts with accessing the system to try out its 

possibilities. Here it is important that relevant instructions are provided to motivate the 

learners to further use the tool, because they can be easily embarrassed if they do not know 

how to use the system. Furthermore, the online instructor should be available in case of 

problems that often occur in the first steps. After this step the online socialization begins 

where the students get to know their group members, and so some kind of communication 

medium, such as a discussion forum, a chat or a messaging system, has to be offered. In 

case of obstacles caused by different languages or other social problems, the instructor has 

to help to start the communication. In step 3 the students receive their tasks and learning 

materials and begin to share their knowledge and findings among each other. These 

knowledge-exchange processes lead to the knowledge-construction step where the students 

use the discussions with their peers to create new knowledge. During this step, or latest 

during the last step, the students use the working area of the system (in case of a Wiki this 

would be a Wiki page, where they can edit their content) to solve the problems of their 

tasks in collaboration with their peers. (Salmon, 2002) 

3.2.2 Types of Collaborative Software and Learning Tools 

To identify the different types and forms of collaborative software it is important to under-

stand the two dimensions of Computer-Supported, Collaborative Learning and Working 

which are time and space. This means that it is not only possible that people work or learn 

together in a distributed manner or at the same place, but also at the same time (synchro-

nous) or at a different time (asynchronous). Rama and Bishop (2006) visualized this in the 

quadrants that are shown in Figure 2. 

 

Figure 2: Quadrants to show the dimensions of CSCL and CSCW (Rama & Bishop, 2006) 
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To understand these quadrants, Rama and Bishop (2006) used an example of two collabo-

rators that work on the same project. If they are together in the same office at the same 

time they can use normal conversations to share their knowledge and so they fall into the 

quadrant 1. In cases where they two work at different times, but share the same space, 

whiteboards could be used for persist their ideas over time (quadrant 2). However, in dis-

tributed projects it is unusual that the project members share the same place, so they would 

fall into the quadrants 3 and 4. For synchronous communication normally phone calls or 

video conferences, and for asynchronous communications e-mails or forms of collaborative 

writing, are used. 

The focus which is of interest in the context of this research falls into quadrant 4 and 

so the following listing should give some examples of the possible communication mediums 

and tools that are part of it: 

• Communication tools such as e-mail, fax, voice-mail or internet forums 

• Management tools such as electronic calendars, workflow systems or social software 

• Web-publishing methods using Web pages or services like GoogleDocs 

• Revision control systems for software development such as CVS, SVN or Mercurial 

• Groupware systems such as Novell iFolder, Microsoft SharePoint or Apple 

SubEthaEdit 

• Collaborative writing systems such as Wikis or Blogs 

This research focuses on Computer-Supported, Collaborative Writing and especially Wiki 

systems which will be described in the next section. 

 

3.3 Computer-Supported, Collaborative Writing 

Computer-Supported, Collaborative Writing is the process of supporting joint writing tasks 

with the help of collaborative writing tools such as Wikis or Blogs in order to shorten the 

writing time and to improve the final product (Noel & Robert, 2004). 

This section first describes the processes and complexities of collaborative writing and 

how they can be positively affected by CSCL tools. Furthermore, it gives an overview about 

one of its most important technologies, Wiki systems. 
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3.3.1 Process and Complexity of Collaborative Writing 

Collaborative writing is a very actual topic because the majority of all written work is creat-

ed in collaboration and so it is clear that the nature of the collaboration varies from activity 

to activity. Sometimes there is only a single author who is supported by others for reviewing 

and proofreading and other times there are multiple authors that work together tightly 

coupled. The form with the multiple authors has the big advantage that a lot of different 

knowledge and ideas is brought together, but also has the disadvantage that much organiza-

tional effort is needed. (Tammaro, Mosier, Goodwin, & Spitz, 1997) 

To describe the complexity of collaborative writing Kraut, Galegher, Fish and Chal-

fonte (1992) define three types of complexity of creating joint documents: 

• Social complexity 

• Intellectual complexity 

• Procedural complexity 

Social complexity contains the social finesse in defining goals together and dividing tasks 

among the group members, whereas intellectual complexity includes the processes of getting 

a common understanding of the facts and details the document will be based on. Finally 

the group members are also faced with procedural complexity because they have to manage it 

to handle and accept changes from others and to also respect their comments. (Kraut, 

Galegher, Fish, & Chalfonte, 1992) 

3.3.2 Effects of CSCL on Collaborative Writing 

Although the collaborative writing process has been used in years before computers were 

part of our everyday life with the help of paper and pencil, recent studies show that a Com-

puter-Supported, Collaborative Learning environment can have positive effects on students’ 

writing performance. This is because the students are supported by tools in their collabora-

tive writing not only by fancy writing and editing possibilities, but also by complete histo-

ries of all revisions to get a better overview of the changes they have done. 

One user study has been done by Hayes and Ge (2008) at an urban elementary 

school in the southwest of the United States with a tool called Knowledge Forum5. For the 

study 34 fifth grade students, in age from 10 to 13, were divided into two groups and were 

asked to complete a joint writing assignment, one group with and the other group without 

the help of CSCL. For the grading a scoring schema (rubric) with five sections, where each 

                                                 
5 http://www.knowledgeforum.com; visited on 07th of October 2011 
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was worth 3 points, was used and so a maximum of 15 points could have been reached. 

The scoring schema with the mean and standard derivation values can be seen in Table 1. 

 

Table 1: Comparing mean scores of CSCL and non-CSCL writing groups (Hayes & Ge, 2008) 

Findings suggest that the students in the CSCL had higher mean score values in all sections 

of the grading schema than the students that did not have any computer-support. This 

means that CSCL usually improves the collaborative writing skills and enhances the writing 

performance of students. (Hayes & Ge, 2008) 

According to Kimmerle, Moskaliuk and Cress (2009) new developments of the Web 

also lead to new developments in learning and teaching. Especially the big step to Web 2.0, 

with the developments of tools such as Wikis, Blogs, Podcasts and virtual online worlds, 

had a great impact on collaborative learning and writing. The next section focuses on an 

overview about Wiki systems because also the practical part of this master thesis is based on 

such a system. 

 

3.4 Wiki Systems 

Nowadays almost every internet user knows the Web encyclopedia Wikipedia6 and uses it 

nearly every day for looking up things but only a few know that it is built on a Wiki system 

and so opens the possibility for everyone to create and edit content. To get a better under-

standing of such Wiki systems, this section explains the characteristics of them and how 

they can be used in education. 

                                                 
6 http://www.wikipedia.org; visited on 07th of October 2011 
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3.4.1 Definition and Characteristics of Wiki Systems 

In their well-known book “The Wiki Way – Quick Collaboration on the Web” Leuf and 

Cunningham (2001) define a Wiki system with the following words: 

“A Wiki is a freely expandable collection of interlinked Web “pages”, a hypertext system for stor-

ing and modifying information – a database, where each page is easily editable by any user with 

a forms-capable Web browser client” 

This means that the pages in a Wiki system act like “real” Web pages, so they can be 

reached by the URL concept (Unified Resource Locator) and they can have incoming and 

outgoing hyperlinks, but the content of the pages are saved in the database of the Wiki 

system and not in HTML files (Hypertext Markup Language). This concept makes it possi-

ble that the Wiki pages can be easily modified and also rolled-back to previous versions by 

anyone who has the necessary permissions for it. (Leuf & Cunningham, 2001) 

Ward Cunningham also was the inventor of the Wiki idea and developed the first 

Wiki system called WikiWikiWeb7. The term “Wiki” is inspired by the Hawaiian word 

Wikiwiki, which stands for “fast” or “quick” and denotes that creating content with Wikis 

is a very easy process. To sum this up Leuf and Cunningham (2001) define the following 

characteristics of Wiki systems: 

• Every user can create or edit Wiki pages, only using a Web browser and a very sim-

ple Wiki markup language (no HTML is needed) 

• Topic associations can be made very easy with the help of nearly automatically cre-

ated links (only the Wiki page name is needed) 

• A Wiki page is not indented to be a static view-only page because it invites users to 

be part of an iterative content- and knowledge-creation process. 

3.4.2 Wikis in Education 

Learning with the help of Wikis is a form of self-regulated learning that takes place in 

groups of collaboratively working people. This means that the learning groups define their 

goals and learning/writing strategies in a self-dependent way to create new knowledge. This 

new knowledge is created via Wikis as interplay of a social system and a cognitive system. 

Here the Wiki and the learning community refer to the social system and the cognitive 

system is defined by individual processes such as thinking, remembering and reasoning 

about things. (Kimmerle, Moskaliuk, & Cress, 2009) 

                                                 
7 http://c2.com/cgi/wiki?WikiWikiWeb; visited on 7th of October 2011 
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Wikis are used in education since 1997 when researchers at the Georgia Institute of 

Technology implemented a variation of Ward Cunningham’s WikiWikiWeb system, called 

CoWeb. It was used by teachers to provide easily editable learning materials or as a con-

struction kid for students to handle collaborative writing assignments. One use case was 

also to create a collection of computer programming design patterns (Forte & Bruckman, 

2007). The next subsections describe possible usage scenarios for Wiki systems in education 

and examples of educational Wiki systems are given. A more detailed explanation of how 

Wikis can be used together with flexible E-Assessment methods can be found in chapter 5. 

3.4.2.1 Usage Scenarios for Wiki Systems in Education 

The use of Wikis in education has increased a lot in the past few years because of the open 

concept of it. Generally there are two different ways of using educational Wikis: as a tool to 

support collaborative writing projects for students and as repositories for creating learning 

materials. In the second scenario it is also possible that teachers get supported by students 

to create and share learning contents or that multiple teachers work together to do this. 

(Biuk-Aghai, Kelen, & Venkatesan, 2008) 

This also refers to the idea of the Web 2.0, the participatory Web, where the user not 

only consumes content but also creates it. This means in terms of educational Wiki systems 

that also the students can create learning material which can be consumed and edited by 

other students. Another example of such learning repositories is the PBS Wiki8 that was 

fully created by students of the University of Technology in Graz to collaboratively collect 

questions and answers of old exams to help colleagues to prepare for new exams. 

Duffy and Bruns (2006) identified the following educational usage scenarios for 

Wikis systems: 

• Students can develop research projects with a build-in log using the Wiki’s revision 

history. This gives them a good overview of their working process. 

• Wikis can be used for brainstorming and other creative activities where topics get 

linked together to produce visualizations of concepts. 

• In distance education settings, exercises can be offered to the students as Wiki pages 

to give them the opportunity to directly edit them (e.g. for language learning). 

                                                 
8 http://pbs.htu.tugraz.at/wiki/index.php/; visited on 23rd of January 2012 
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• Teachers can use Wikis as easy searchable, navigable and editable knowledge reposi-

tories for their learning materials. Furthermore, also file uploads are usually sup-

ported in Wikis. 

• Wikis are tools for supporting collaborative writing projects. When using programs 

and technologies such as Microsoft Word, LaTeX or Open-Office for writing pro-

jects, students often sharing the documents via e-mail or versioning systems like 

SVN, which produces extra workload for the students. With Wikis only a simple 

Web browser is needed for working and writing together. 

• The open concept of the Wiki makes it also very useful for course reviews and eval-

uations. The Brown University in Providence, Rhode Island already uses a special 

Wiki for this purpose. 

Beside this powerful usage scenarios and benefits, Wikis also have educational challenges, 

which have to be mentioned. First it is important that the Wiki offers an appropriate per-

mission system on the level of pages because usually it is necessary that there are special 

pages only available for teachers or that students should not see the pages of their peers. 

Furthermore, the Wiki should use some kind of page-lock mechanism when a page gets 

edited by two or more students. Otherwise later changes during the same edit-session 

would overwrite the earlier ones. (Duffy & Bruns, 2006) 

3.4.2.2 Comparison of Educational Wiki Systems 

Since Ward Cunningham’s WikiWikiWeb system, which was written in Perl, a lot of other 

Wiki systems have been developed. These systems differ in the programming technologies 

they are implemented with, in the database systems they use as a persistent data backend 

and in the decision if they are used in distributed systems, like the Web, or only locally. 

There also exist so called Wiki farms which offer Web interfaces that let users create Wiki 

systems with only a few clicks. These farms also host the Wikis for their users and so no 

Web server installation and configuration is needed. Challborn and Reimann (2005) have 

compared different Wiki systems and Wiki farms and have discussed their educational po-

tential: 

• MediaWiki 

MediaWiki9 is an open-source Wiki written in PHP and uses a MySQL backend 

database. It is one of the best-known Wiki systems because it is also used by the 

Wikipedia Web encyclopaedia. It offers a lot of configurations from page-level 

                                                 
9 http://www.mediawiki.org/; visited on 04th of January 2012 
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permissions to namespaces for pages, which makes it very flexible but also quite 

complicated for teachers. For educational uses its discussion forums, revision histo-

ries and summaries and plugins for citations or WYSIWYG editors can be very 

helpful. Other well-known stand-alone and open-source Wikis are the Microsoft 

.NET based ScrewTurn Wiki10 and the Perl based TWiki11, that even supports re-

ports. 

• EditMe 

EditMe12 is a commercial Wiki farm for creating and hosting Wikis. It is very easy 

to use and so can also be used by teachers with no technical background, but lacks 

detailed configuration possibilities that are offered by systems like MediaWiki. For 

educational purposes it offers a commenting system, ratings for page assessments, 

WYSIWYG editors, TODO-lists and a merging mechanism if two students concur-

rently edit the same page. Examples for other well-known Wiki farms are Wik-

iSpaces and WetPaint. 

• Swiki 

Swiki13 is an open-source Wiki system written in the Smalltalk based programming 

language Squeak. It is an implementation of Ward Cunningham’s original Wiki-

WikiWeb system and uses a XML file based data backend. For education Swiki of-

fers similar Wiki functionalities as MediaWiki, but does not support file attach-

ments, which makes it useless for most teachers. On the other hand it comes with 

its own Web server and runs in a virtual machine, so no complicated installation 

and configuration is needed. 

• Socialtext 

Socialtext14 is a commercial enterprise social software tool for collaborative working. 

It tries to manage collaborative projects and information in a social network envi-

ronment with tools such as activity streams, Wikis and blogs. These social aware-

ness features makes it ideal for educational purposes, but since it is a commercial 

and expensive tool it is not an option for typical educational users. 

Based on the listing above, standalone Wikis, like MediaWiki, are the best choice for edu-

cators with a technical background. Since these Wikis are free and open-source, it is possi-

ble to enhance them to fulfil special educational needs. However, users that do not have the 

                                                 
10 http://www.screwturn.eu/; visited on 04th of January 2012 
11 http://twiki.org/; visited on 04th of January 2012 
12 http://www.editme.com/; visited on 04th of January 2012 
13 http://wiki.squeak.org/swiki/; visited on 04th of January 2012 
14 http://www.socialtext.com/; visited on 04th of January 2012 
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knowledge for setting up a Wiki system should stick to a Wiki farm like EditMe. 

(Challborn & Reimann, 2005) 

 

3.5 Summary 

Computer-Supported, Collaborative Learning (CSCL) is a research area that focuses on 

approaches to support collaborative learning with the help of computers and information 

systems. In CSCL these information systems are called computer-supported learning envi-

ronments. These environments can either be implemented as distributed systems, where the 

individuals learn from different places and maybe also at different time, or as local applica-

tions, where the individuals can learn physically together. To get the benefits out of CSCL, 

it is important that the students are placed in situations where they have to build a shared 

understanding of the topics and material among each other. This makes it easy to bring 

together different point of views in order to create new insights, ideas and knowledge. 

CSCL can be realized with collaborative software and collaborative learning tools. 

These tools have to be built around online activities, so called E-tivities. Salmon (2002) 

described these E-tivities in her Five-Step Model (Access and motivation, Online socialisa-

tion, Information exchange, Knowledge construction, Development). Collaborative learning 

tools can be divided into four groups, or quadrants, depending on the two dimensions of 

CSCL, time and space. Usually collaborative writing tools such as blogs or Wikis fall into 

quadrant 4, what means that they are used from distributed places and at different time 

(asynchronous). 

Collaborative writing is the process of supporting joint writing projects with the help 

of such collaborative writing tools in order to tackle the complexities of it (social, intellectu-

al, procedural). Wiki systems are one way to realize collaborative writing environments and 

also the practical part of this thesis is based on a Wiki system. Cunningham and Leuf 

(2001) define a Wiki with the following words: “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 with a forms-capable Web browser client”. This 

means that the content of a Wiki page is saved in a database and not in a HTML file and so 

anyone is able to edit it and is also able to see and roll-back all previous versions of it. 

Educational Wikis are used for self-regulated learning where the student groups de-

fine their writing goals in a self-dependent way to create new collaborative knowledge. This 

type of learning happens as interplay of a social system (the Wiki itself) and a cognitive 

system (processes such as thinking, reasoning and remembering). Wikis are mainly used in 
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educational settings as knowledge repositories for learning material, for collaborative writ-

ing projects, as a tool for brainstorming or for course evaluations. Challborn and Reimann 

(2005) have compared different Wiki systems and Wiki farms and have analyzed their us-

age for educational settings. According to their findings, standalone Wikis, like MediaWiki, 

are the best choice for educators with a technical background. Users that do not have the 

knowledge for setting up a Wiki system should stick to a Wiki farm like EditMe. The next 

chapter will give an overview of E-Assessment in order to finish the theoretical background 

that is needed to understand and to feed into the practical part of this thesis. 
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4 E-Assessment 
 

Assessment is defined as an on-going process that consists of documenting, measuring, ana-

lysing, reflecting and discussing data and artefacts that were gathered about a learning ob-

jective. According to this definition assessment is much more than just grading a student’s 

work and should be seen as an integral part of the teaching, learning and feedback process-

es. When correctly designed assessment can not only be used to improve the learning of 

students and to identify their strengths and weaknesses but also to review and improve the 

effectiveness of teachers and curriculum programs. (Buzzetto-More & Alade, 2006) 

The aim of this chapter is to explain how assessment can be realized and supported 

by modern information and communication technologies. Thus, first an introduction to 

the term E-Assessment, that covers also its history and the motivation behind it, is given. 

After this the different types and strategies of E-Assessment are described to define the nec-

essary terms that are needed to understand the third section, which focuses on the combi-

nation of assessment and computer science. The fourth and last section of this chapter gives 

a short introduction to assessment rubrics. This means that this section takes a further look 

on the different forms of E-Assessment and on its advantages over traditional paper-based 

assessment. 

 

4.1 Introduction to E-Assessment 

The term E-Assessment describes methods and ways to support assessment with modern 

information systems. Often E-Assessment gets confused with the concept of E-Portfolios 

and also some people think that they are the same, but E-Portfolios have a different pur-

pose. Whereas the first one is mainly used for grading and feedback provision, the second 

one is a collection of data and documents, that describe the learning process of a student, 

and is used for documentation and reflection (Brahm & Seufert, 2007). The remainder of 

this section gives a more detailed definition of the term E-Assessment and describes its his-

tory. Furthermore, the motivations and rationales for its use are given. 

4.1.1 Definition and History of E-Assessment 

E-Assessment can be defined as all the methods that are used to define, evaluate, rate, doc-

ument and feedback learning processes before, during and after the teaching period. The 

important point here is that these methods are based on electronic information and com-

munication technologies to support students and teachers to reach their learning targets. 
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This broad definition of E-Assessment shows that it is a complex research area and so also 

different types and subtypes of it, such as Computer-Based assessment (CBA), Computer 

Assisted-Assessment (CAA) and online assessment, have evolved (Brahm & Seufert, 2007). 

They will be further explained in subsection 4.2. 

The history of the use of computers to support assessment tasks goes back for decades 

but one of the earliest projects was called PLATO (Programmed Logic for Automated Teach-

ing Operations) and was developed in the early 1960’s at the University of Illinois. Another 

important research area in the early days of E-Assessment was the automatic assessment of 

students’ programming assignments. One of these assessment systems was called the Auto-

matic Grader which was not only used to automatically compile and test students’ programs 

but also to help students to increase their programming skills and to support teachers in 

supervising large programming classes. 

In the 1980’s the interest in using computers for instruction increased a lot and so al-

so formative assessment methods were used to evaluate the drafts of the instructional mate-

rial before it was used in class. The next milestone in the history of E-Assessment was the 

rise of the World Wide Web, for short WWW, in the 1990’s. With this new technology the 

first Web based assessment systems such as Blackboard15 or ASSYST were developed and 

published (AL-Smadi & Guetl, 2008). Today’s research in the field of E-Assessment goes 

towards fully automatic assessment systems for open-ended test items as described by Guetl 

(2008). Another example for this is the automatic creation of questions based on learning 

material (Guetl, Lankmayr, Weinhofer, & Hofler, 2010). 

4.1.2 Motivations for the Use of E-Assessment 

As mentioned above, E-Assessment is the use of assessment methods with the help of mod-

ern information and communication technologies. According to AL-Smadi and Guetl 

(2008) there are two main motivations for supporting assessment processes with computers, 

practical and pedagogic ones: 

• Practical rationales 

The number of students continuously increases every year and so also the assess-

ment workload of teachers and tutors increases with the same factor. To tackle this 

problem an E-Assessment system can be very helpful, especially when they support 

automatic ways to provide continuous feedback for students. 

 

 

                                                 
15 http://www.blackboard.com/; visited on 2nd of November 2011  



Chapter 4: E-Assessment   

23 

• Pedagogic rationales 

The assessment during learning, also known as formative assessment is a very im-

portant aspect of every learning process. When using classical methods it is hard for 

teachers and tutors to provide a fair, consistent, reliable and efficient assessment. 

Computer based systems can help to fulfil theses qualitative needs when they are 

designed correctly. 

Based on these rationales and according to Buzzetto-More and Alade (2006) E-Assessment 

can be used for various assessment processes such as student tracking, diagnostic analysis, 

pre and post testing, artefact collection, data aggregation and the use of assessment rubrics. 

Especially assessment rubrics, which are assessment tools that can be used as consistent 

scoring schemas, have great benefits when are combined with digital formats. With the help 

of a database system, they can be aggregated and used by teachers in a flexible way accord-

ing to their needs. Subsection 4.4 describes assessment rubrics in detail. Furthermore, the 

authors mention some advantages of computer-supported assessment over traditional as-

sessment in the following areas: reliability, scoring, data management, cost, usage and flexi-

bility. 

 

4.2 How to Differentiate Assessment Forms? 

Over the years a lot of different assessment forms have been developed. Usually they can be 

differentiated based on their strategy and type and so this section gives an overview about 

this. Furthermore, this section should act as some sort of index to give general definitions 

for the subsequent chapters and sections. 

4.2.1 Strategies of Assessment 

Assessment is a complex task and is used for different types of learning processes. To cover 

all purposes three main assessment strategies have evolved that were visualized by Crisp 

(2009) in Figure 3. It shows that the three assessment strategies build a cycle around the 

learning process, the so called assessment cycle. This cycle should fulfill two main purposes, 

the assessment for learning and the assessment of learning. The first one, assessment for 

learning, is used by students to improve their learning skills based on the given continuous 

feedback and by teachers to improve their teaching based on the assessment data. The se-

cond one, assessment of learning, is usually used by teachers for giving marks, so it covers 

the classical view on assessment (Earl, 2003). The following listing describes the three as-

sessment strategies of Figure 3: 
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• Formative assessment (assessment during learning) 

The aim of formative assessment is to assist the learning process and so it should 

occur during it. The most important outcome of this assessment strategy is forma-

tive feedback. 

This formative feedback should fulfill the following principles: assist self assessment; 

bring forward peer and teacher communications; give high quality information to 

students and the opportunity to improve based on this information; provide infor-

mation to teachers to improve their teaching. (Higgins & Bligh, 2006) 

• Summative assessment (assessment after learning) 

Opposed to formative assessment, the primary aim of summative assessment is to 

get an indicator of the learning process and so it is usually done with a test at the 

end of it. There exist internal and external uses of this assessment strategy. Internal 

uses include school tracking of the progress of the students and informing students, 

students’ next teachers and parents of what has been accomplished. External uses 

include the selection for employment or further education and for examining the 

performance of schools and teachers. (Harlen, 2005) 

• Diagnostic assessment (assessment before learning) 

Diagnostic assessment is undertaken before the learning process has started and is 

typically used for skill gap analyses. This means that it could be used by students to 

determine if their prior knowledge is good enough to attempt a specific course or 

by teachers to determine the knowledge level of a class to know where to start with 

their learning material. (Crisp, 2007) 

 

Figure 3: Strategies of assessment (Crisp, 2009) 
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4.2.2 Types of Assessment 

The second way to differentiate assessment forms is based on their usage type. Usually the 

types shown in the following listing can be used either with a summative or formative pur-

pose: 

• Teacher/Tutor assessment 

This is the classical type of assessment where the marks are only given by the teach-

ers or tutors. It can be used for marking and also for course improvements. 

(Roberts, 2006) 

• Peer assessment 

In peer assessment students provide other students, their peers, with grading and 

feedback. This type of assessment is used to increase the quality of learning because 

the students have to carefully analyze the work of their peers to give a consistent 

and fair feedback. Furthermore, peer assessment decreases the workload of teachers 

and tutors. (Bostock, 2000) 

• Self assessment 

In contrast to peer assessment, self assessment is used to give students the possibility 

to reflect and to suggest grades for their own work. This gives the great benefit to 

the students that they have a higher engagement with their own learning process, 

which let them determine their weak points to train them. (Roberts, 2006) 

• Group assessment 

Group assessment can be used and defined in multiple ways. It can either be used 

to assess the work of whole groups by teachers or other students or to let the stu-

dents assess the work of their group members among each other. The second usage 

is very close to the one of peer assessment and shows that peer assessment can also 

be helpful for assignments that are based on group work. (Roberts, 2006) 

• Collaborative assessment 

Collaborative assessment, or also called co-assessment and cooperative assessment, is 

a way of providing the possibility to students to assess themselves while the control 

of the assessment process and the final mark stay at the side of the teacher. This 

type of assessment is often used for summative purposes. (Dochy, Segers, & 

Sluijsmans, 1999) 

• Automatic assessment 

In automatic assessment environments the assessment is automatically done by a 

computer system. This can be easily implemented for question types such as single-

choice or true-false, but needs a lot of effort for questions that await short free-text 

answers. (Guetl, 2008) 
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4.3 Assessment and Computer Science 

Due to the increasing number of students each year and the unchanged need for valuable 

and consistent feedback, new forms of technology enhanced assessment have evolved. It is 

sometimes portrayed that the use of computers for assessment will automatically improve 

the student outcomes and assessment processes, but actually E-Assessment methods have to 

be as carefully designed as traditional assessment methods (Crisp, 2007). This section 

should explain how traditional assessment methods can be enriched with computer science. 

Thus, the different types of E-Assessment are described and also the benefits of computer-

supported assessment over paper-based assessment are given. It should be mentioned that 

this section only acts as an overview and that more specific methods of how modern tech-

nology can be used to improve assessment can be found in chapter 5. 

4.3.1 E-Assessment Types 

E-Assessment is often also called Computer-Based Assessment (CBA) or Computer-Assisted 

Assessment (CAA) and most people think that these terms mean the same but actually CBA 

and CAA are subgroups of E-Assessment. According to Higgins and Bligh (2006) these two 

E-Assessment forms can be distinguished by the number of processes that usually are auto-

mated, which is visualized in Figure 4. 

 

Figure 4: Relationships between CBA, CAA, CBL and CAL (Higgins & Bligh, 2006) 
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Computer-Based Assessment is the interaction between the computer and the user during 

an assessment process and as the name indicates, the whole process is based on computers 

and can only be realized with them. It is used for computer based tests where the assess-

ment and feedback provision can be done by the computer. Computer-Assisted Assessment 

is more general. It includes any use of the computer during the assessment lifecycle and so 

it could cover the whole process. Sometimes in CAA the computer is never directly used for 

the assessment itself but plays a role in test analysis or reporting (AL-Smadi & Guetl, 

2008). 

Figure 4 also includes Computer-Based Learning (CBL) and Computer-Assisted Learn-

ing (CAL) which are subgroups of E-Learning and are focused on the delivery of course 

material to learners. As the figure shows the computer based types are more automated and 

specialised than the computer assisted ones, especially Computer-Based Assessment. 

(Higgins & Bligh, 2006) 

4.3.2 Computer-Based versus Paper-Based Assessment 

In the last years the use of computer based testing and assessment has increased a lot. Ex-

amples are fully automatic E-Learning courses, the state driver’s license exam or job appli-

cation exams. Before those years theses exams were done in the classical paper based way 

with the same content and cognitive activities as today. Although experiment findings have 

shown that identical computer-based and paper-based tests do not produce the same re-

sults. This phenomenon is known as the “test mode effect”. (Clariana & Wallace, 2002) 

Based on these findings Higgins and Bligh (2006) tried to identify the advantages of 

CBA over traditional, paper based assessment. Generally its benefits can be classified into 

practical and pedagogic ones and the practical benefits are defined by the fact that CBA can 

be used to automate the assessment processes for a large amount of students without in-

creasing the workload of teachers and tutors. For identifying the pedagogic benefits, 10 

criteria were chosen for measuring the quality of assessment. These criteria are shown in 

Table 2 and furthermore, it is checked whether or not these criteria are met by CBA. 

It can be seen that CBA has a pedagogic advantage in 7 of 10 criteria and in the re-

maining 3 criteria (fair, incremental and demanding) it is design-dependent and so has no 

disadvantage. Especially CBA is very powerful when a reliable and consistent assessment 

method is important because exactly the same assessment process will run for each submis-

sion and student. It also fits perfectly the needs of formative assessment because it offers the 

opportunity to efficiently run the assessment process multiple times to provide full contin-

uous feedback. (Higgins & Bligh, 2006) 
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Table 2: Application of Assessment Criteria to Computer-Based Assessment (Higgins & Bligh, 2006) 

The next section gives a short overview about assessment rubrics to understand the basic 

mechanisms of this flexible assessment tool. Rubrics are often used to assess written essays 

and scientific works and so they were also used in the developed Wiki of this thesis to 

group assess Wiki contents. 

 

4.4 Assessment Rubrics 

Rubrics are powerful tools to provide a quick, fair, efficient and consistent assessment for 

students. Moreover, they can also be used to increase the students’ learning and to blur the 

distinction between instruction and assessment. Usually a rubric consists of two parts: a 

number of criteria that describe what counts in the assignment and a list of quality levels 

for each criterion to rate how good this criterion was achieved by the student. The list of 
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criteria can also have multiple hierarchical levels if necessary. (Andrade, 2000) However, 

Figure 5 shows an example of a rubric with one criteria level that can be used to assess pa-

per abstracts. 

 

Figure 5: Example assessment rubric for paper abstracts (TLT, 2009) 

Based on Andrade (2000), rubrics have multiple advantages. First, they are easy to use and to 

explain and make the assignments’ expectations very clear. This is because usually rubrics are 

provided to the students at the beginning of an assignment and so the students exactly 

know what is expected by them. Furthermore rubrics support learning processes and the de-

velopment of skills. This has been shown in one of her experiments where the students who 

have known the rubric have also received better grades. 

As rubrics are only simple tables in the most cases they can also be mapped to elec-

tronic structures such as Excel sheets or relational databases. Based on this fact, several tools 

have been developed that help the teacher to create rubrics. Berger (2011) named some of 

these tools: 

• Rubistar16 

• Rubic Maker at Recipes4Success17 

• Assessment Generators Tools at the Canadian Teacher18 

                                                 
16 http://rubistar.4teachers.org/; visited on 21st of January 2012 
17 http://myt4l.com/index.php?v=pl&page_ac=view&type=tools&tool=rubricmaker; visited on 21st of January 
2012 
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• iRubric at RCampus.com19 

The Wiki system that was enhanced as the practical part of this thesis also uses a rubric for 

group assessment. This is further explained in subsections 5.2.2 and 8.2.2. 

 

4.5 Summary 

Assessment is an integral part of all teaching, learning and feedback processes and is used to 

not only improve the students’ learning activities but also to improve the effectiveness of 

teachers. To support these important processes modern information and communication 

systems are used to automate specific steps of it. This is also the main definition of E-

Assessment and there can be identified two main motivations for the use of it, practical and 

pedagogic ones. 

Assessment methods can be differentiated based on their strategy and their usage 

type.  Crisp (2009) explained the strategies of assessment with his well-known assessment 

cycle. He identified diagnostic assessment, which is the assessment before learning and is used 

to define the prior knowledge of students, formative assessment, which is the assessment dur-

ing learning and should give continuous feedback to students and summative assessment, 

which is the assessment after learning and is mainly used for student grading. Based on the 

usage type, Peer-, Self-, Group-, Collaborative-, Teacher- and Automatic-Assessment can be 

differed. 

Due to the fact that the number of students increases each year, but the number of 

teachers and tutors nearly remains the same, new forms of technology enhanced assessment 

have evolved. These types of E-Assessment can be categorized into Computer Based Assess-

ment (CBA) and Computer Assisted Assessment (CAA). When using the first type the whole 

assessment process depends on the computers and when using the second type computers 

are just used to support the assessment process in any of its steps. Higgins and Bligh (2006) 

have tried to identify the advantages of CBA over traditional paper based assessment. For 

this they checked if CBA is able to meet 10 criteria that are used for measuring the quality 

of assessment. Findings suggest that CBA has a pedagogic advantage in 7 of 10 criteria and 

so can be seen as a more powerful assessment method than paper based assessment when 

designed properly. 

                                                                                                                                               
18 http://www.thecanadianteacher.com/tools/assessment/; visited on 21st of January 2012 
19 http://www.rcampus.com/indexrubric.cfm; visited on 21st of January 2012 
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A quick, fair, efficient and consistent way to provide assessment and feedback in E-

Learning environments is the use of rubrics. Usually such an assessment rubric consists of 

two parts: a number of criteria that describe what counts in the assignment and a list of 

quality levels for each criterion to rate how good this criterion was achieved by the student. 

There also exist online systems that can be used to create rubrics. Examples of such systems 

are Rubistar, iRubric, the rubric maker at Recipes4Success and the assessment generators 

tools at the Canadian Teacher (Berger, 2011). The next chapter focuses on ways how the 

principles from the last two chapters can be combined in order to combine CSCL with E-

Assessment. This chapter also acts as a bridge between the theoretical the practical parts of 

this thesis.  
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5 Combining Computer-Supported, Collaborative 

Learning with E-Assessment 
 

As stated in chapter 3, Computer-Supported, Collaborative Learning (CSCL) is a research 

area that describes approaches how collaborative learning can be supported with modern 

computer and information technologies. These computer-supported environments should 

help the learners in bringing together their individual points of view to create new collabo-

rative content and knowledge (Ma, 2008). The most common approach of CSCL is Com-

puter-Supported, Collaborative Writing, which is the process of supporting joint writing 

projects with the help of blogs, Podcasts, virtual online worlds and especially Wiki systems 

(Noel & Robert, 2004). 

Another important part of learning is the assessment of it, especially its computer-

supported form, E-Assessment. E-Assessment was defined in chapter 4 as all methods that 

are used to define, evaluate, rate, document and feedback learning processes before, during 

and after the teaching period with the help of modern technologies (Brahm & Seufert, 

2007). A big part of today’s research in these areas focuses on how E-Assessment can be 

used within CSCL environments, particularly Wiki systems. 

The aim of this chapter is to reflect the current research work that is based on the 

combination of Wiki systems with E-Assessment methods, to identify its open issues and 

problems and to suggest solution approaches for them. This is done in the following sub-

sections after stating the motivation and problem definition for this research area. Further-

more, this chapter is used as a theoretical input for the practical part of this thesis that starts 

with chapter 6. 

 

5.1 Motivation and Problem Definition for Using E-

Assessment Together with CSCL 

According to AL-Smadi, Guetl and Chang (2011), assessment should be an integral part of 

every learning activity, which also includes collaborative learning processes. Thus, CSCL 

activities that get integrated in a course have to influence the assessment procedures and 

forms. Such integrated assessment activities have a high potential to increase the students’ 

motivation and to attract their attention. One big problem of the assessment of collabora-

tive work is the detection of individual contributions, which could lead to a lack of fairness 

as defined by the free-riding problem. However, Wiki systems are designed in a way that 
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they track all changes made to Wiki pages by users, which also makes it possible to visualize 

and analyse individual contributions. (AL-Smadi, Guetl, & Chang, 2011) 

Generally the assessment of CSCL consists of two parts: the assessment of the prod-

uct, which is the output of the collaborative activity, and the assessment of the process, 

which is the sum of individual contributions that lead to the product (Macdonald, 2003). 

Furthermore, she suggested the following guidelines for a successful integration of assess-

ment into CSCL: 

• In cases where CSCL related skills, such as IT or online communication skills are 

part of the course, they need to be assessed too. 

• These additional skills have to be covered by the course material and the assessment 

of it, especially when the collaborative working processes cause additional work for 

the students. 

• Assessment and collaborative online activities should always be linked together and 

the assessment aims and goals should also be shared with the students. 

In fact, if a piece of work, like the collaborative creation of a Wiki page, gets assigned to a 

group of students without a planned assessment for it, the students will not work on it (AL-

Smadi, Guetl, & Chang, 2011). 

This indicates that the use of Wikis in education only makes sense when the Wiki ac-

tivities get also assessed by teachers or by peers. Section 3.4.2, and especially its subsection 

3.4.2.2, has shown that today’s Wiki systems lack these assessment functionalities and so 

also lack motivational aspects for students. Moreover, these educational Wikis are mainly 

designed for teachers as knowledge repositories for their learning material and not for col-

laborative writing projects. This means that there are no built-in assessment and feedback 

mechanisms and also that some of them are very prone to the free-riding problem. The 

next section focuses on related work that is based on this problem definition. 

 

5.2 Related Work 

As stated in the previous section, the research in Computer-Supported Collaborative Learn-

ing focuses on understanding collaborative learning practices and on conditions for success-

ful collaborative learning processes (Strijbos, 2011). As a result, current Wiki systems lack 

formative and summative assessment possibilities to support the students’ learning process-

es. Furthermore, it is hard for the teacher to identify individual contributions and so the 
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free-riding problem is an actual issue in collaborative writing assignments. The remainder 

of this section presents actual research work for assessing individual contributions and for 

using rubrics and peer assessment methods in Wiki systems. 

5.2.1 Assessing Individual Contributions in Collaborative Writing 

Projects 

The work of Biuk-Aghai, Kelen and Venkatesan (2008) described a way for supporting the 

assessment process in Wiki systems with the help of visualizations. These visualizations 

should help to better understand the process and outcome of collaborative writing projects. 

In order to do and test this, they implemented the so called TransWiki system, which is an 

enhanced version of the MediaWiki software used for translations. During their experi-

ments the research group was interested in three specific research questions: (1) How much 

has each student contributed to the final outcome? (2) What was the process of collabora-

tion? (3) What was the depth of collaboration? To answer these questions, a visualization 

tool was build that used the data from the revision history. Such visualizations explain the 

process and outcome of the collaboration much better than the history that can be very 

unclear in case of long Wiki pages. The following listing shows some examples of these 

visualizations and explains how they can be used for answering the questions above: 

• Contribution summary graph 

This visualization (Figure 1) shows how much each student has contributed to a 

specific page or to the complete outcome and so can give an answer to research 

question (1). 

 

Figure 6: Example of a contribution summary graph (Biuk-Aghai, Kelen, & Venkatesan, 2008) 
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• Analysis graph of all users 

Here it is shown how the process of creating a page was measured over time. This 

gives an answer to question (2) and is shown in Figure 7. 

 

Figure 7: Example of an analysis graph (Biuk-Aghai, Kelen, & Venkatesan, 2008) 

• Text author graph 

This graph (Figure 8) displays the colour-coded content of a Wiki page. Each au-

thor is shown with a different colour, which gives an assumption of the collabora-

tion depth and so answers research question (3). 

 

Figure 8: Example of a text author graph (Biuk-Aghai, Kelen, & Venkatesan, 2008) 
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Based on these visualizations Biuk-Aghai and his group were able to better assess the work 

of students where they observed that the quality of their translations has improved through 

the collaborative work within the Wiki (Biuk-Aghai, Kelen, & Venkatesan, 2008). 

Another method of supporting the assessment of individual student contributions in 

Wiki systems has been explained by Khandaker and Soh (2010). They have designed and 

implemented a Wiki called ClassroomWiki that is based on the Java Spring Framework and 

a MySQL data backend. The innovative part of this system is that it builds a detailed stu-

dent model based on all activities that happens in the Wiki during collaboration. These 

student models can be used by the teacher for assessing individual contributions or to inter-

vene into the collaborative writing process in cases where the group work is not heteroge-

neous. The categories of such a model can be seen in Table 3. 

Category Tracked Information 

Active use All actions that change the content of Wiki pages such as adding, delet-
ing or editing words. 

Passive use Actions where the Wiki is used but no content is changed. For in-
stance, the number of logins or the number of times the revision histo-
ry gets viewed. 

Interaction All interactions with other students to support the collaboration. For 
example, the total number and size of created discussion threads or 
replies. 

Survey response Responses to surveys or questionnaires such as the number of given 
peer reviews or reviews about the Wiki itself. 

Evaluation The teacher, tutor and peer evaluation scores received by the student of 
this model. 

Table 3: Student model used by ClassroomWiki (Khandaker & Soh, 2010) 

In addition, the authors of this work implemented a group formation mechanism in the 

Wiki, which is based on the student model above, to automatically build balanced student 

groups for collaborative writing assignments. Their experiment results have shown that 

these automatically built groups have better collaborative learning outcomes than randomly 

selected groups. (Khandaker & Soh, 2010) 

5.2.2  Using Rubrics and Peer Assessment in Wiki Systems 

Rubrics are powerful tools to provide a quick, fair, efficient and consistent assessment for 

students. Usually a rubric consists of two parts: a number of criteria that describe what 

counts in the assignment and a list of quality levels for each criterion to rate how good this 

criterion was achieved by the student. (Andrade, 2000) 
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The work of Lai and Ng (2011) described a way of using such rubrics in a Wiki based 

course for student teachers to assess their collaboratively created artefacts. The aim of their 

study was to identify if rubrics can be used to integrate self assessment and peer assessment 

activities in Wiki based processes. Thus, they did an experiment with a class of student 

teachers where they asked them to create Wiki pages for providing learning material 

through collaboration within their group. Furthermore, they were asked to design a rubric 

and to self assess their Wiki pages with the help of it. In the last step of the experiment they 

were begged to use the rubrics of the other groups to peer assess their work. The concept of 

rubrics was new to most of the student teachers, so it was quite difficult for them to agree 

on criteria that can be applied to Wiki pages. However, the research findings suggested that 

they liked the use of rubrics for self assessment and peer assessment activities in Wikis be-

cause of the fair and consistent assessment guidelines that they provide. In addition the 

rubrics helped the students to better understand how well-designed Wiki pages should be 

structured. (Lai & Ng, 2011) 

Another example of the use of Wiki rubrics for the assessment of collaborative writ-

ing has been stated by Jones, Kolloff and Kolloff (2010). In their paper they presented sev-

en best practices for using Wikis for learning and assessment. One of these practices is the 

use of assessment rubrics. An example of such a rubric is shown in Figure 9. 

 

Figure 9: Example rubric for assessment using Wikis (Jones, Kolloff, & Kolloff, 2010) 
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Such a rubric in combination with self assessment gives the students a better understanding 

of what is expected by their work, for example the required citation style (Jones, Kolloff, & 

Kolloff, 2010). 

The work of Xiao and Lucking (2008) compared the impact of two types of peer as-

sessment on the writing performance of students in a Wiki based learning scenario. Peer 

assessment was defined in subsection 4.2.2 as an assessment method where students provide 

their peers with grades and feedback (Bostock, 2000). In their experiment, Xiao and Luck-

ing (2008) used a rating-only peer assessment method for one student group and a rating-

plus-feedback method for the other group and compared the results. Their findings demon-

strated that students who received ratings and feedback comments by their peers showed 

better improvements in their collaborative writing performance than the students that only 

received ratings. Moreover, their results showed that the students’ peer-reviews are very 

similar to the ones that were given by the teachers and so can be very helpful for both sides, 

students and teachers. (Xiao & Lucking, 2008) 

 

5.3 Identified Issues 

The last section has shown that the combination of Computer-Supported Collaborative 

Learning and E-Assessment is a vital research area and that this topic is of high interest in 

the educational sector. However, this literature review has also illustrated that there are still 

open issues, especially in the educational use of Wiki systems. These identified issues are 

further explained in this section. 

AL-Smadi, Hoefler and Guetl (2011a) summarized the main problems that are faced 

when working with CSCL environments: 

• Lack of Awareness  

Group members should have task-related awareness and social awareness. Task 

awareness focuses on what the other group members have done, what they know 

about the current task and what they are planning to do next. On the other hand, 

social awareness deals with questions such as: Who is available for discussions or 

who needs help to do his or her contributions? 

• Coordination Problems 

In order to work collaboratively, the group members have to coordinate the as-

signment tasks. This includes the initial distribution of the tasks among the mem-

bers, the sharing of knowledge and the creation of a common understanding of the 
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topics to maintain the group production function and well-being. (AL-Smadi, 

Hoefler, & Guetl, 2011a) 

• Communication Problems 

It is important that the CSCL environment offers a communication media for the 

users in order to avoid coordination problems. 

• Motivational Aspects 

As described in section 5.1, today’s Wiki systems mainly lack of assessment possibil-

ities, which is the most important motivational aspects for students. This problem 

is also mentioned by Strijbos (2011). He claims that the assessment activities in 

CSCL environments are mostly only summative, are only designed and conducted 

by the teacher and are only focused on the outcome and not the process of the 

work. 

Above these points, subsection 3.4.2.2 has shown that some of the Wikis lack of suitable 

permission settings for collaborative writing assignments. This means that it is often only 

possible to set global permissions for users on all the Wiki pages, so each student group can 

see the work of the other groups. Here it would be necessary to assign specific ranges to the 

particular groups where they can view, create and edit only their pages. Another problem 

that was also described in the previous section is the assessment of the individual contribu-

tions in collaborative writing projects. If this is not mentioned properly, the risk of free-

riding occurs where lazy students benefit from the group mark. The next section gives pos-

sible solutions approaches for these identified issues. 

 

5.4 Solution Approaches 

This section is based on the problems that were identified in the previous sections and gives 

possible solution approaches for them. It can be seen as a summary of the theoretical ideas 

that were used to implement the Wiki features which are described in the practical part of 

this thesis (see chapter 6). The solution approaches are presented in the following listing in 

relation to the problems from section 5.3. 

Lack of Awareness: As a Wiki tracks all the page revisions and saves them in a log file or in 

a database, these revisions can be visualized in a history table for all the Wiki pages that 

belongs to a specific student group. This table could show all the revisions together with 

the intention and the importance of each revision to maintain the students’ task awareness. 

To support social awareness the Wiki could provide an online user list to let the students 



Chapter 5: Combining Computer-Supported, Collaborative Learning with E-Assessment
   

40 

know who would be available for discussions and a contribution summary graph as shown 

in subsection 5.2.1. (AL-Smadi, Hoefler, & Guetl, 2011a) 

Coordination and Communication Problems: In order to tackle coordination and com-

munication problems, the Wiki has to provide a reliable communication medium. This 

could be a live chat or a discussion forum on the level of pages. The second solution has the 

big advantage that the students can also discuss when they are not online at the same time. 

Motivational Aspects: To highly increase the motivation of students in collaborative writ-

ing assignments, the Wiki needs integrated assessment possibilities. Here it is important 

that also formative assessment and feedback is provided, which could be implemented with 

short self- and peer assessment activities after each revision. Nevertheless, also summative 

assessment is important and can be easily provided via assessment rubrics. (Jones, Kolloff, 

& Kolloff, 2010) Furthermore, the teachers should have access to the page revision histories 

to assess the writing process and not only the writing outcome. 

Group Work Support: Here it is fundamental that the Wiki provides areas for student 

groups where only the group members can see and edit the pages (like the principle of 

namespaces in MediaWiki). These areas also need to be connected to an assignment to 

make group wide peer assessments possible. As an addition, the teacher should also be sup-

ported by helpful visualizations as demonstrated by Biuk-Aghai, Kelen and Venkatesan 

(2008) to fairly assess individual contributions and to tackle the free-riding problem. 

 

5.5 Summary 

According to AL-Smadi, Guetl and Chang (2011), assessment should be an integral part of 

every learning activity, which also includes collaborative learning processes. Thus, CSCL 

activities that get integrated in a course have to influence the assessment procedures and 

forms. Such integrated assessment activities have a high potential to increase the students’ 

motivation and to attract their attention. One big problem of the assessment of collabora-

tive work is the detection of individual contributions, which could lead to a lack of fairness 

like the free-riding problem. 

The work of Biuk-Aghai, Kelen and Venkatesan (2008) described a way for support-

ing the assessment process in Wiki systems with the help of visualizations. These visualiza-

tions should help to better understand the process and outcome of collaborative writing 

projects. In order to do and test this, they implemented visualizations in a Wiki system to 

answer specific research questions: (1) How much has each student contributed to the final 

outcome? (2) What was the process of collaboration? (3) What was the depth of collabora-
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tion? Their findings have shown that such visualizations can explicitly increase the assess-

ment quality and can help to tackle the free-riding problem. Another example of the use of 

Wiki rubrics for the assessment of collaborative writing has been stated by Jones, Kolloff 

and Kolloff (2010). 

Another research field in this area focuses on the use of rubrics to assess the process 

and outcome of CSCL assignments. The work of Lai and Ng (2011) described a way of 

using such rubrics in a Wiki based course for student teachers to assess their collaboratively 

created artefacts. Their research findings suggested that they liked the use of rubrics for self 

assessment and peer assessment activities in Wikis because of the fair and consistent assess-

ment guidelines that they provide. In addition the rubrics helped the students to better 

understand how well-designed Wiki pages should be structured. 

There are four main issues that today’s CSCL environment lack when they are used 

in educational settings. 

Lack of Awareness: As a Wiki tracks all the page revisions and saves them in a log file or in 

a database, these revisions can be visualized in a history table for all the Wiki pages that 

belongs to a specific student group. This table could show all the revisions together with 

the intention and the importance of each revision to maintain the students’ task and social 

awareness. 

Coordination and Communication Problems: In order to tackle coordination and com-

munication problems, the Wiki has to provide a reliable communication medium. This 

could be a live chat or a discussion forum on the level of pages. 

Motivational Aspects: To highly increase the motivation of students in collaborative writ-

ing assignments, the Wiki needs integrated assessment possibilities. Here it is important 

that also formative assessment and feedback is provided, which could be implemented with 

short self- and peer assessment activities after each revision. 

Group Work Support: Here it is fundamental that the Wiki provides areas for student 

groups where only the group members can see and edit the pages (like the principle of 

namespaces in MediaWiki). 

The next chapter acts as the first chapter of the practical part of this thesis and describes the 

requirements and the design of the developed Wiki prototype.  
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6 Requirements and Design of the Prototype 
 

The purpose of the previous chapters of this thesis was to give a theoretical basis and back-

ground for the practical part that starts with this chapter. The most important aspects of 

Technology Enhanced Learning (TEL), E-Education, Computer-supported, Collaborative 

Learning (CSCL), Wiki systems and E-Assessment have been described. Moreover, actual 

research questions and problems in the field of combining CSCL with E-Assessment, which 

is the main part of this thesis, have been analysed in chapter 5. Here especially four issues 

were identified: the lack of awareness, coordination problems, communication problems 

and motivational aspects, which includes also the lack of assessment activities. 

The aim of the practical part of this thesis is to present and implement a solution ap-

proach for these identified issues of combining CSCL with E-Assessment. Thus, a Wiki 

system has been enhanced with assessment methods and other tools to support teachers and 

students in collaborative writing activities. This chapter gives an overview of the project 

idea, the requirements, the conceptual architecture, the chosen Wiki framework and the 

design of the developed Wiki prototype. Some parts of the practical part of this thesis, es-

pecially screenshots of the prototype, have already been published as official ALICE deliver-

ables, but it is especially mentioned if a paragraph or a figure has not been created by the 

author alone. 

 

6.1 Project Idea and Description 

The aim of this project is to enhance an existing Wiki system with flexible assessment 

methods to increase the engagements of students and learners. This means that the system 

should not only be usable like a typical Wiki system with all its advantages, but also be en-

hanced with integrated assessment and feedback features and other motivational aspects. 

These enhancements should support students and teachers in collaborative writing assign-

ments and should tackle the open issues that were identified in section 5.3. Furthermore it 

is a main goal of this project that the Wiki should be usable in two ways, as a standalone 

Web application and as an integrated Web tool in existing LMSs. The project has been 

processed in three phases: first the requirements and some mock ups for the user interface 

have been defined, then the stand alone application has been implemented and in the last 

phase the integration aspects have been developed. During the phases 2 and 3, internal and 

external experimentations have been conducted to ensure that all implemented features are 

tested properly and to get direct input from the users in order to improve the Wiki. 
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The practical part of this thesis has been developed as part of the ALICE project, 

which stands for Adaptive Learning via Intuitive/Interactive, Collaborative and Emotional 

Systems. ALICE is a project in the ICT (Internet and Communication Technologies) area 

and is co-funded by the European Commission under the Seventh Framework Programme for 

Research and Technological Development (FP7)20. The aim of ALICE is to increase the en-

gagement of students and learners in E-Education, which is defined by the following as-

pects (ALICE, 2009): 

• Challenge: the learning material needs to be challenging to be attractive 

• Empowerment: the learner has to control the learning experience and not vice versa 

• Social identity: the E-Learning system should not give the students the feeling that 

they are learning alone 

• Interaction: there should be a dynamic interaction between the student and the 

learning material 

The ALICE project consists of six work packages that are assigned to the five participants: 

University of Technology Graz (TUG), Coventry University21, University of Catalonia22, 

MOMA23 and CRMPA24. The Wiki system that is described in the remainder of this thesis 

is part of work package 5 (WP5) that deals with new forms of assessment and collaborative 

learning. The tools implemented as part of these work packages will all be integrated in the 

IWT (Intelligent Web Teacher) portal25. The AEMT26 group of IICM, TUG has been re-

sponsible for WP5 and the author of this thesis has been in charge of the design and the 

implementation of the prototype. The next section will further explain the requirements 

that have to be fulfilled to achieve these project goals. (ALICE, 2009) 

 

6.2 Requirements 

As described in the last section, the aim of this project is to enhance an existing Wiki sys-

tem with flexible assessment methods to increase the learning experience in collaborative 

writing assignments. Based on these project goals, the requirements have been determined 

in order to choose an appropriate Wiki system and to enhance it according to the project 

                                                 
20 http://cordis.europa.eu/fp7/; visited on 2nd of February 2012 
21 http://wwwm.coventry.ac.uk/; visited on 3rd of February 2012 
22 http://www.uoc.edu/; visited on 3rd of February 2012 
23 http://www.momanet.it/; visited on 3rd of February 2012 
24 http://www.crmpa.it/; visited on 3rd of February 2012 
25 http://elearning.diima.unisa.it/; visited on 3rd of February 2012 
26 http://www.iicm.tugraz.at/about/Homepages/cguetl/team; visited on 9th of April 2012 
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needs. The remainder of this section lists these requirements and is divided into two subsec-

tions, one describing the functional requirements and the other describing the non-

functional requirements. 

6.2.1 Functional Requirements 

The requirements listed in this subsection are based on the project idea presented in the last 

section and on the theoretical analysis that has been stated in chapter 5. However, also 

some of the requirements were added during the implementation process based on experi-

ment findings and the ALICE use case and scenario descriptions. The experiment findings 

are further explained in section 8.3. The remainder of this subsection is divided into two 

parts, the tool requirements and the integration requirements. The tool requirements de-

scribe the specific features of the Wiki and the integration requirements are based on the 

flexible usage scenarios of the Wiki, either as a standalone Web application or integrated in 

a LMS such as IWT or SOFIA. 

6.2.1.1 Tool Requirements 

The following listings describe the different components of the functional tool require-

ments: assignment authoring, assessment activities, teacher views and student views. These 

requirements indicate the set of functions the Wiki should render. 

Assignment Authoring 

• User accounts 

o Users are defined by a unique username used for the login, a display name 

and an e-mail address 

o Create, read, update, delete (CRUD operations) and activate user accounts 

• User groups 

o Users can be part of one or more user groups 

o One special user group for teachers and tutors 

o CRUD operations for user groups and their assigned users 

• Namespaces 

o User groups and teachers can be assigned to one or more working areas 

within the Wiki (= namespaces) 

o Only assigned user groups can view, create and edit pages in their 

namespaces 

o Teachers have full access to their namespaces (includes delete-operations) 

o CRUD operations for namespaces and their contained pages 
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• Assignments 

o Namespaces can be assigned to one or more assignments to group them 

o Assignments are defined by a unique name, the scheduling dates for the 

group assessment phase and the mode of the internal peer assessment (see 

assessment requirements) 

o CRUD operations for assignments and their contained namespaces 

Assessment Activities 

• Internal peer assessment 

o Used to assess changes to Wiki pages made by other group members 

o Can be done to the latest change before editing a page and can be config-

ured by the teacher to be optional, mandatory, based on an intention (e.g. 

page creations) or based on a revision number (e.g. every 5th revision) 

o Is defined by an obligatory rating (0 – 5) to determine the importance of 

the change and an optional comment to give suggestions to the peers 

o Is shown in the Wiki page history to provide continuous feedback 

• Self assessment 

o Used to assess own changes when editing a page (is mandatory) 

o Is defined by an obligatory rating (0 – 5) to determine the importance of 

the own change regarding the whole group work, an obligatory selection of 

pre-defined intentions for this change (e.g. edited paragraph) and an op-

tional comment to give further notes 

o Is shown in the Wiki page history inform peers about the intention and the 

importance of the own changes 

• Group assessment 

o Used to assess the output of groups on the level of the whole namespace or 

on the level of single pages 

o Can be done by students for self and peer assessment and teachers/tutors 

o Is done using an assessment rubric that provides a mandatory rating (0 – 5) 

and an optional comment for each criterion (see subsection 5.2.2) 

o Each rubric criterion has its own description and weighting that is shown to 

the user 

o Group assessment can be configured to assign specific groups to students 

(also the own group is possible) or to let each student peer assess all other 

groups of the assignment 
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o Teacher assessment and the averaged assessment from the student peers is 

shown to the user with all given comments in order to receive feedback for 

improvements 

o Feedback of the group assessment phase is anonymous, only teacher see 

which student provided which assessment 

• Inline Teacher Feedback 

o Used by the teacher to tag parts of Wiki pages with different colours in or-

der to give specific feedback (e.g. check spelling) 

o Tagged feedbacks can be done for the actual page revision or based on feed-

backs of previous revisions 

o Students can view the feedback when editing a page together with the col-

our key (e.g. blue means check spelling) 

Teacher Views 

• Assignment overview 

o Contains a contribution visualization that shows each author of a Wiki page 

with a different colour to know who did what (see subsection 5.2.1) 

o Within this visualization it is also possible to navigate through all the revi-

sions of a page (manually or automatically like a slideshow). This also shows 

the given internal peer assessments 

o Provides analysis graphs that show the collaborative creation process of a 

page (see subsection 5.2.1) 

o Contains a table with quantitative information (e.g. the number of letters) 

o All these information can be shown based on the whole group or a single 

student and on the level of all pages or a single page 

• Grading schema 

o Calculates an automatic grade based on the averaged student group assess-

ments and the teacher assessment 

o Student and teacher assessments are both weighted with 50% for the auto-

matic grade, but this can be changed 

o Automatic grades can be saved for the whole group or for single users or can 

be manually changed if necessary 

Student Views 

• Wiki functionalities 

o Login with username and password (is saved as a hashed value in the data-

base) 
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o Self-registration of user accounts with the use of captchas to avoid automat-

ically created spam accounts 

o Possibility to change the password 

o WSIWYG editor for Wiki pages that support the attachment of files, the 

integration of mathematical LaTeX formulas and syntax highlighting for 

code blocks 

o Discussion forum on the level of pages to support group intern communica-

tion 

• Assignment home page 

o Action feeds that show the Wiki page histories (can be filtered to show only 

the actions that occurred since the last own edit or login action) 

o Online user list to know who would be available for discussions 

o Contribution summary graphs on the level of the own group or all groups 

(see subsection 5.2.1) 

• Assessment features 

o Visualization of the differences between two revisions on the level of words 

(shows added, removed and edited text and styles) 

o Visualization of the three phases of an assignment (contribution, assessment 

and enhancement) to show if group assessments have led to enhancements 

o Interactive view of the Wiki page structures based on the linking 

o Group assessment environment to navigate to the work of the groups that 

have to be assessed (see requirements for assessment activities) 

6.2.1.2 Integration Requirements 

The last subsection described the general tool requirements that have to be fulfilled for the 

standalone and the integrated version of the Wiki. The following listing shows the re-

quirements that are needed to fully integrate the Wiki within an LMS: 

• General aspects 

o The Wiki has to be usable with any number of LMSs 

o As part of this project the Wiki has to be fully integrated with IWT and the 

SOFIA system (Service-Oriented Flexible and Interoperable assessment) where 

parts of it has been implemented and designed as part of the author’s master 

project (AL-Smadi & Guetl, 2011) 

• Login 

o The LMS users are directly logged in to the Wiki via an SSO (Single Sign-

on) mechanism 
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o The Wiki receives the user data via a data provider plugin that is working 

with Web services of the LMS instead of the database (see section 6.5) 

• Assignment authoring 

o Wiki provides an Web service interface to author assignments within the 

LMS 

o This interface offers CRUD operations for assignments and assigned user 

groups 

• Grading 

o The teacher can use a special page in the Wiki to assign summative grades 

to students for different concepts that are defined by the LMS 

o These grades are saved in the Wiki database and are passed back to the LMS 

via provided Web services 

6.2.2 Non-Functional Requirements 

As opposed to the last subsection that has given an overview of the functional requirements, 

the aim of this subsection is to further explain the non-functional requirements. These re-

quirements are not based on specific software use cases, but rather covering more general 

aspects and constraints. The following listing describes three parts of these requirements, 

the general ones, the technical ones and psychological ones, that also include the experi-

mentations: 

• General aspects 

o Usage flexibility by ensuring that the Wiki can be used as a standalone Web 

application or integrated within a LMS such as IWT or SOFIA 

o Increased performance and interactivity by the use of AJAX (Asynchronous 

JavaScript and XML) 

o Self-explaining usability via the use of simple controls 

o Interoperability and low costs by the use of open-source and cross-platform 

frameworks, database managements systems and control toolkits 

o Security via obligatory login mechanism and anonymous assessment activi-

ties 

• Technical aspects 

o The Wiki has to be implemented based on the Microsoft .NET framework 

because also the LMSs where the Wiki will be integrated are based on it 

o Only free and open-source software with a good documentation can be used 
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o Important user actions get saved to the database to have the possibility to 

extract usage patterns from this data (e.g. save the login and logout 

timestamps to know how long the users stay online on average) 

o Implementation of controls for a reusable design (e.g. all assessment and 

feedback activities use the same flexibly designed control) 

o Complete XML style documentation of the code 

o Use of different namespaces to divide the system into several packages (es-

pecially new Wiki extensions) 

o New classes, Web pages and database tables have the prefix “ALICE_” to be 

easily recognized 

o Suitable database session and connection management to make the system 

be useable by a lot of clients at the same time 

o Exception and error management at all code blocks 

o GUI (graphical user interface) design is uniform (master pages), role-based 

(admin, teachers and students) and with English texts 

• Psychological aspects 

o Experimentations to test all functionality and usability aspects in order to 

increase the quality of the Wiki (see section 8.3) 

o Creation of a promotional marketing video to describe the main functional-

ities and benefits of the Wiki (see Appendix: CD-ROM) 

Based on these requirements, a conceptual architecture has been designed that shows the 

different components of the system and how they work together. This architecture is de-

scribed in the next section. 

 

6.3 Conceptual Architecture 

As stated in subsection 6.2.2, the Wiki should not only be usable as a standalone Web ap-

plication, but also be applicable as a subsystem of an LMS such as IWT or SOFIA. This 

separates the system architecture into two parts. The first part is the enhanced Wiki system 

itself to achieve the functional requirements from subsection 6.2.1 and the second part is 

the LMS where the Wiki is integrated into. This can be seen in Figure 10 which is an 

adapted version of the conceptual architecture that can be seen in AL-Smadi, Guetl, Ca-

balle and Dunwell (2012). 

For the sake of the main part of this project, the standalone Web application, the 

Wiki gets separated into two components. The first component is the already provided 
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Wiki engine that offers all typical Wiki functionalities such as user and group management, 

file and document management and revision and action logging. The second component is 

designed as all the enhancements and extensions that are implemented to fulfil the re-

quirements such as the assignment authoring and management, the assessment and feed-

back features and the visualization and graph tools. 

 

Figure 10: Conceptual architecture (AL-Smadi, Guetl, Caballe, & Dunwell, 2012) 

The integration aspects of this project cover the following development tasks: 

• Automatic login to the Wiki via a Single Sign-on (SSO) mechanism 

• Assignment authoring via a provided Web service interface 

• Update of the learner and knowledge model after the grading process via the use of 

Web services 

As depicted in Figure 10, the user agents can access the Wiki either directly through its 

Web user interface or through a LMS such as IWT or SOFIA. Based on the role (student, 

teacher, tutor and admin) and the given permissions, the user will automatically be redi-

rected to the functions that are available to him or her. On the basis of this architecture and 

the requirements, some potential Wiki frameworks have been tested and compared in order 
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to find the best one for the necessary enhancements. The considerations regarding these 

different frameworks are described in the next section. 

 

6.4 Considerations Regarding the Wiki Software 

One of the most important decisions in the design phase was to choose an appropriate 

Wiki system that can be enhanced in order to fulfil the requirements mentioned in the last 

section. An extensive Web research has shown that there is a lot of Wiki software available 

to do this. This number of possible Wiki frameworks gets constricted by the functional 

requirements (see subsection 6.2.2) and further limitations that ensure a successful devel-

opment process:  

• The Wiki architecture has to be easily extendible to achieve the necessary enhance-

ments (e.g. with a plugin system) 

• Only an often used Wiki with an active user community can be used to get support 

when needed 

• The Wiki software should be similar to MediaWiki because most users know the 

look-and-feel of Wikipedia 

On the basis of these requirements and listings the range of choices has been decreased a 

lot. Furthermore CSharp-Source (2010), which is an overview of free and open-source Mi-

crosoft .NET software, suggests the following Wiki systems that would fit the requirement 

profile: 

• FlexWiki27 

FlexWiki is open-source Wiki software developed by Microsoft. It offers all stand-

ard Wiki functionalities and offers a very good software design. It is also one of the 

few open-source Wikis that provides a build-in scripting language that can be used 

to add dynamic functionality to Wiki pages which makes it very powerful. Howev-

er, the official development and support stopped in 2009 which does not make it 

an option for this project. 

• MindTouch DekiWiki28 

MindTouch DekiWiki is an open-source Wiki and Web mashup platform. It com-

pletely separates its business logic (based on the .NET framework) from its Wiki 

frontend (written in PHP), where all the functions of the business logic are provid-

                                                 
27 http://sourceforge.net/projects/flexwiki/; visited on 18th of February 2012 
28 http://developer.mindtouch.com/; visited on 18th of February 2012 
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ed by a REST (Representational State Transfer) Web service API (Application Pro-

gramming Interface). This design makes it very flexible, but also very hard to en-

hance because Asp.NET controls and pages can only be integrated with a high ef-

fort. 

• ScrewTurn Wiki29 

ScrewTurn Wiki is a widely open-source Wiki system. It has a large user communi-

ty that also develops a lot of plugins that can be integrated in the Wiki at runtime 

via its flexible plugin interface. With this plugin mechanism it is easy to extend the 

system with functionalities like a Single Sign-on integration. ScrewTurn is very sim-

ilar to MediaWiki and also supports namespaces for pages and a WSIWYG editor 

for the creation of Wiki pages. (CSharp-Source, 2010) 

Based on these facts, ScrewTurn has been chosen as the Wiki framework that forms the 

basis of this project. Especially its flexible plugin system, the big user community and its 

similarity to MediaWiki have supported this decision. A detailed explanation of the archi-

tecture and features of ScrewTurn Wiki can be found in the next section. 

 

6.5 Technical Aspects of ScrewTurn Wiki 

ScrewTurn Wiki is based on Asp.NET 3.5 and usually runs with a simple file-based data 

backend, but also can be used with Microsoft SQL Server (Express) or MySQL via the use 

of plugins. It is even possible to mix different data storages in one ScrewTurn instance with 

the help of data providers which will be further explained in this section. (ScrewTurn, 

2012) 

The aim of this section is to give an overview of the technical aspects of the 

ScrewTurn Wiki software. Thus, first the system design is explained and then the ideas 

behind the ScrewTurn data providers, which are a central part of its architecture, are illus-

trated. 

6.5.1 System Design 

The ScrewTurn Wiki system is separated into several components that can be seen in Fig-

ure 11. The figure shows that the Wiki Web application uses the business logic compo-

nents to present the Wiki pages to a browser. These functionalities can be extended by a 

flexible plugin system where the plugin framework acts as a middle ware between the 

                                                 
29 http://www.screwturn.eu/; visited on 18th of February 2012 
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plugins and the Wiki itself. The remainder of this subsection describes the Wiki compo-

nents in detail. 

 

Figure 11: ScrewTurn Wiki system design 

Wiki Web Application 

The Web application component is the Wiki itself. It contains all Asp.NET Web pages, 

user controls, JavaScript code files, CSS (Cascading Style Sheet) files and visual resources. 

The Wiki uses two different master pages, one for normal pages and one for admin pages, 

to ensure a consistent design of the Web pages. The functionalities of these Web pages are 

further explained in section 8.2. 

Core 

The core assembly of ScrewTurn Wiki implements the business logic that is needed by the 

Web application. This includes main business objects and static classes that can be used like 
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interfaces to prevent direct interactions between the Web application and the data provid-

ers. The following listing shows the most important classes of this type: 

• AuthChecker: used to check ACL permissions 

• Cache: used to access the cache to minimize database interactions and to speed up 

the application 

• Content: allows to retrieve specific revisions of Wiki pages 

• DiffTools: used to calculate the difference between two revisions of a Wiki page 

• FilesAndAttachments: contains methods to manage files and attachments 

• FormattingPipeline: used to transform Wiki mark-up into HTML 

• Log: used to log actions to the system log in the database 

• Pages: handles all operations to retrieve and to create pages and namespaces 

• SearchTools: used to access the build-in search engine 

• SessionFacade: allows access to session based information like the username of the 

currently logged-in user 

• Settings: contains methods to retrieve general settings like the database connection 

string 

• Tools: offers utility functions that are needed in several parts of the applications 

• Users: handles all methods to create and to retrieve users and user groups 

SearchEngine 

The SearchEngine assembly contains all classes that are used to search through the Wiki. 

Generally, this search engine can be used to find Wiki pages based on phrases (also the page 

content gets searched) and is accessed via the SearchTools class. 

AclEngine 

The ACL (Access Control List) engine handles the whole permission system of ScrewTurn. 

It is used to save an ACL entry to the database and to check if a subject has the necessary 

permissions to perform an operation on a resource. In ScrewTurn terms, a subject can be a 

user group or a single user, an operation can be an activity such as read or write and a re-

source can be a page, a namespace, an upload directory or a global resource. Table 4 shows 

the possible operations that can be granted or denied for a namespace. This is similar to the 

ones of pages and global resources. (ScrewTurn, 2012) 

The permissions of a namespace are inherited by its pages and the permissions of a 

user group are inherited by its users, but of course can also be overridden if necessary. To 
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manually check permissions in code, the AuthChecker class of the Core assembly can be 

used. 

 

Table 4: ACL operations of ScrewTurn Wiki for namespaces (ScrewTurn, 2012) 

Plugins 

The Plugins component contains all provider plugins that extend the functionality of the 

Wiki (e.g. for using external data storages such as SQL Server or MySQL). The principle of 

Wiki providers will be further explained in the next subsection. Also the communication 

with other systems via Web services is implemented as plugins. 

PluginFramework 

The PluginFramework contains the classes of the transfer objects that are used to exchange 

data between the core assemblies and the different plugins. This has the big advantage that 

the core is independent from the concrete plugin implementations because plugins of the 

same type have to use the same transfer objects. The most important classes of this type are: 

• FileDetails: represents an attachment 

• Message: represents a thread or post in the discussion forum 

• NamespaceInfo: holds the properties of a namespace 

• PageContent: represents a specific page revision 

• PageInfo: contains the metadata of a page 

• UserGroup: represents an user group 

• UserInfo: represents a single user 
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These classes are directly mapped to the corresponding database table which is further de-

scribed in subsection 7.2.2. The next subsection explains the flexible provider plugin sys-

tem of ScrewTurn. 

6.5.2 Wiki Providers 

One powerful feature of ScrewTurn Wiki is the provider concept. A provider is a DLL as-

sembly that can be installed in the Wiki at runtime to do some work. In most cases these 

providers are used to fetch data, but they can also be used for other tasks, e.g. formatting 

the content of Wiki pages based on specific rules. The big advantage here is that there can 

be installed as many providers as necessary. This means that data can be fetched from dif-

ferent sources (e.g. databases, files, Web services) at the same time. Figure 12 shows the 

different types of providers and how they can be managed in the system by the administra-

tors. (ScrewTurn, 2012) 

 

Figure 12: Wiki providers management screen (ScrewTurn, 2012) 

For developing a new provider, a specific interface needs to be implemented. In case of a 

new pages provider this would be the IPagesStorageProviderV30 interface which contains 

methods for managing namespaces, pages, page discussions, categories and search engine 

based tasks. In the course of this project, providers for fetching data from MySQL data-

bases, for obtaining Single Sign-on (SSO) authentications and for formatting programming 

code blocks and mathematical LaTeX formulas were used. (ScrewTurn, 2012) 

The next section gives an overview of the most important design considerations based 

on the results of the previous sections. 
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6.6 Design Considerations 

The previous parts of this chapter have already explained the idea, requirements and con-

siderations of this project. Based on these thoughts a decision for ScrewTurn Wiki has been 

achieved and the technical aspects of ScrewTurn Wiki have been explained. The aim of this 

section is to present a design on the basis of these results. Thus, the remainder of this sec-

tion specifies the most important design considerations such as the data representation of 

the assignment authoring and management process and the assessment and feedback cycle. 

6.6.1 Data Representation of the Assignment Management 

An important point of the functional requirements is to offer working spaces in the Wiki to 

user groups where only the assigned group member can view, edit and create pages. This 

can be achieved with the permission and namespace system of ScrewTurn. Namespaces can 

contain a set of Wiki pages and are similar to namespaces in programming languages, so 

page names only need to be unique within a single namespace. With the help of 

ScrewTurn’s permission system it is possible to assign users or user groups to namespaces, 

as visualized in Figure 13. Usually students are arranged to student user groups and then 

assigned to their corresponding namespace and teachers and tutors are part of a special user 

group and then assigned to the namespaces they have to assess. 

 

Figure 13: Hierarchical data representation of the Wiki 

The hierarchical data presentation in Figure 13 above also shows that these namespaces can 

be arranged to collaborative writing assignments. Such assignments have properties such as 

the assessment scheduling and the assessment mode that are valid to all assigned namespac-
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es. Furthermore the concept of assignments needs to be implemented to provide group 

assessments where students need to view and assess the work of other groups (see next sub-

section). 

6.6.2 Assessment and Feedback Cycle 

Given that the integration of flexible assessment methods in Wikis is the central part of this 

thesis, it is important to conceptually design the whole assessment and feedback cycle. The 

assessment process has been designed as a cycle because formative assessment is very im-

portant for students, especially in computer-supported, collaborative writing assignments. 

Furthermore the Wiki uses rubrics as a powerful assessment tool for self and peer assess-

ment. Thus, the remainder of this subsection explains the design of the two implemented 

assessment activities, the group-intern and the group-extern ones. 

6.6.2.1 Group-intern Assessment and Feedback Activities 

The group-intern assessment activities are used to provide valuable formative assessment 

and feedback. This is achieved with self assessment and group-intern peer assessment, 

which means that only group members and assigned teachers and tutors can join this feed-

back circle. Table 6 shows the typical workflow of this internal assessment and feedback 

cycle. 

Participant Action 

Student 1 Checks the assignment homepage for recent changes and peer assess-
ments and chooses a page to edit based on this information 

Student 1 Diff page is shown which shows what exactly has been done by the 
group member (e.g. text has been added or removed) 

Student 1 Peer assesses this change with a mandatory importance rating and an 
optional comment. This step depends on the assignment properties 

Student 1 Edits the page using the Wiki WYSIWYG editor 
Student 1 Self assess his own change to the page with a mandatory importance 

rating and an optional comment 
Student 2 Repeats the same steps starting from the assignment homepage 

Table 5: Group-intern assessment and feedback activities 

It is also possible that the teacher or tutor adds peer assessments to the last activities of the 

pages in order to give formative feedback. This feedback will also be shown on the assign-

ment homepage, which is further described in section 7.2. 
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6.6.2.2 Group-extern Assessment and Feedback Activities 

For the purpose of providing summative assessment for the students, group-extern assess-

ment activities have to be used. Here the students can group assess the work of other 

groups and, if configured properly, also their own work using assessment rubrics. This can 

not only be used to support the teacher in summative assessment and grading activities, but 

also to provide formative assessments for students to improve their work as described in 

Table 6. 

Participant Action 

Group1 student Checks and navigates through the work of the other groups and the 
actual assignment 

Group1 student Group assess the work and contribution of the other groups based on 
the whole product or a single page using an assessment rubric 

Group2 student Checks the group assessments and suggestions of the other groups, 
teachers and tutors 

Group2 student Improves his work based on the group assessments and suggestions 
Group1 student Checks the improvements of the other groups 
Group1 student Edits the given group assessments based on the improvements of the 

other groups using the assessment rubric 
Table 6: Group-extern assessment and feedback activities 

The teacher uses the same rubric for providing group assessments, but has a more detailed 

view on the group products. This includes visualizations to identify the individual contri-

butions as further illustrated in section 7.3. 

 

6.7 Summary 

The aim of the practical part of this thesis is to present and implement solution approaches 

for these identified issues of combining CSCL with E-Assessment. Thus, a Wiki system has 

been enhanced with assessment methods and other tools to support teachers and students 

in collaborative writing activities. This practical part has been developed as part of the AL-

ICE project, which stands for Adaptive Learning via Intuitive/Interactive, Collaborative and 

Emotional Systems. ALICE is a project in the ICT (Internet and Communication Technolo-

gies) area and is co-funded by the European Commission under the Seventh Framework Pro-

gramme for Research and Technological Development (FP7). The purpose of this prototype is 

to enhance an existing Wiki system with flexible assessment methods to increase the en-

gagements of students and learners. This means that the system should not only be usable 

like a typical Wiki system with all its advantages, but also be enhanced with integrated as-
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sessment features and other motivational aspects. These enhancements should support stu-

dents and teachers in collaborative writing assignments. 

The requirements are divided in two parts, one describing the functional require-

ments and the other describing the non-functional requirements. The functional require-

ments deal with the assignment authoring (user accounts, user groups, namespaces and 

assignment), the assessment activities (internal peer assessment, self assessment, group as-

sessment and tagged teacher feedback), the teacher features (assignment overview and grad-

ing schema), the provided student views (typical Wiki functionalities, assignment homep-

age and student specific assessment features) and the integration requirements. On the oth-

er hand, the non-functional requirements explain technical requirements such as the pro-

gramming style, psychological requirements such as the planned experimentations, general 

project requirements and the psychological requirements like experimentations. 

One of the most important decisions in the design phase was to choose an appropri-

ate Wiki system that can be enhanced in order to fulfil the requirements. This Wiki soft-

ware should be free, open-source, based on the Microsoft Asp.NET framework, easily ex-

tendible, used often and similar to MediaWiki. On the basis of these limitations three 

Wikis (FlexWiki, MindTouch DekiWiki and ScrewTurn Wiki) have been checked and 

ScrewTurn Wiki has been chosen because of its flexible architecture and its big user com-

munity. The architecture of ScrewTurn consists of several components: the Web applica-

tion, the core, the ACL engine, the search engine, the plugin framework and the different 

plugins. The flexible provider system of ScrewTurn makes it very easy to increase its func-

tionality via plugins. These plugins can even be installed in the Wiki at runtime. 

Another important design decision is how collaborative writing assignments get au-

thored and managed in the Wiki. As shown in Figure 13, namespaces can be part of as-

signments and student groups and teachers/tutors can be assigned to these namespaces. 

Regarding the assessment and feedback cycle, it is distinguished between group-intern and 

group-extern activities (see Table 5 and Table 6). Group-intern assessment is used for peer 

assessing the page changes of other group members and for self assessing own changes. On 

the other hand, group-extern assessment is used for group assessing the work products of 

other groups and also acts as the assessment instrument of the teachers and tutors. The next 

chapter describes the development of the Wiki prototype based on the requirements list 

and the design that have been explained in this chapter. 

  



Chapter 7: Development of the Prototype   

61 

7 Development of the Prototype 
 

The last chapter has given an overview of the project idea, the requirements, the Wiki 

framework and the design of the prototype. On the basis of these design decisions, the aim 

of this chapter is to describe the development process of this project. Thus, first the tech-

nologies, frameworks and tools are listed that are needed to fulfil the required implementa-

tion tasks. Afterwards, the whole implementation process of the Wiki functions is illustrat-

ed. This is done from the developer’s point of view, whereas the user’s point of view is illus-

trated in the next chapter. Furthermore, the most important aspects of the Wiki integration 

are specified. 

 

7.1 Used Technologies, Frameworks and Tools 

This section gives a summary of the used technologies, frameworks and tools that are used 

to realize this project. They have been chosen based on the previous experience of the pro-

ject team and on the requirements. One of the main technical requirements is to develop 

the Wiki based on the Microsoft .NET framework which also limited the range of choices. 

7.1.1 Technologies 

This subsection sums up the used technologies, programming languages, protocols and 

techniques that were used to develop the Wiki. 

MySQL 

MySQL (Structured Query Language) is an open-source relational database management 

system which is used as the data backend of this system. The databases can be easily main-

tained with graphical user frontends such as the MySQL Administrator, the Query-Browser 

and the Workbench. The MySQL Connector.NET library implements the necessary 

Ado.NET interface to get access to MySQL databases within a .NET language such as C# 

or VB.NET. (MySQL, 2012) 

C# 

C# is an object-oriented programming language which can be used with Microsoft .NET. 

The syntax and semantic can be seen as a mixture of 70% JAVA, 20% Visual Basic and 

10% C++. This means that it supports not only an automatic garbage collection and safe 
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object access through references, but also the use of pointers within so called unsafe code 

blocks. (MSDN, 2012) 

JavaScript 

JavaScript is a client side scripting language that is implemented as part of a Web browser 

and can be embedded in HTML (Hypertext Markup Language) pages. JavaScript and the 

Document Object Model (DOM) were used on different pages in this project to increase 

the performance and interactivity of the Web controls. This project also uses JQuery30 in 

order to simplify the access to DOM elements and to ensure cross-browser compatibility. 

(w3schools, 2012) 

ViewState 

ViewState is the name of the page-level state mechanism of Asp.NET. Because of the fact 

that the Web is stateless, the programmer has to manually save the state of a page into the 

so called ViewState collection across post-backs. Asp.NET offers the possibility to automat-

ically save serialized objects into hidden fields of a Web page and unserialize them when 

they are needed. There also exist the session state, which can hold objects across a complete 

user session, and the application state, that exist for the whole lifetime of the Web applica-

tion and is shared among all user sessions. (MSDN, 2012) 

AJAX 

AJAX stands for Asynchronous JavaScript and XML (Extensible Markup Language) and is 

a technique to create highly responsible Web pages. In AJAX application, JavaScript is used 

to asynchronously call a Web service and to use the returned XML representation to update 

the page. This has the big advantage that only parts of the page can be updated and so 

hides the server communication from the user. (w3schools, 2012) 

SOAP 

The Simple Object Access Protocol is one way to exchange information in service oriented 

system architectures, which are built on the use of Web services, to support distribution. It 

uses HTTP (Hypertext Transfer Protocol) for the information transfer and XML as its 

message format which makes it available to almost any system but in some case also slower 

than other technologies. (w3schools, 2012) 

                                                 
30 http://jquery.com/; visited on 06th of March 2012 



Chapter 7: Development of the Prototype   

63 

7.1.2 Frameworks 

This subsection lists the frameworks that set the basis for the implementation of the Wiki. 

These are programming frameworks and frameworks that are needed for deploying and 

testing the application. 

Microsoft .NET 

The Microsoft .NET technology is used to execute programs written in .NET languages. 

Like JAVA, it offers a virtual machine for the execution of the generated intermediate code, 

but in the case of .NET this is not limited to one programming language. This opens the 

opportunity to the developer to mix different languages (e.g. C#, Visual Basic.NET, J#) in 

his or her programs. (MSDN, 2012) 

Asp.NET 

Asp.NET is Web application framework which is used to build dynamic Web sites using 

.NET languages. It offers a modern code-behind model to separate the presentation and 

content of pages. Another important feature of Asp.NET is the concept of user controls 

which encapsulate parts of Web pages as a single control. This offers the possibility to reuse 

these controls on different pages which highly increases the maintainability. (Microsoft, 

2012) 

Asp.NET Web Forms 

The Web Forms framework is one way to create Web applications together with Asp.NET. 

In contrast to the Asp.NET MVC framework, it tries to make the development of Web 

applications as similar as possible to the development of Win Forms desktop applications. 

(Microsoft, 2012) 

Asp.NET Web Services 

Asp.NET Web services offer a very easy way to implement SOAP based Web services with 

Microsoft .NET. The framework fully implements the whole infrastructure for the pro-

grammer which means that he or she only needs to define and deploy his functions to make 

them available to anyone who need them. (Microsoft, 2012) 

Microsoft Internet Information Services 

The Microsoft Internet Information Services (IIS) is a Web server platform to deploy 
Asp.NET Web application or services. There also exists plug-ins to deploy PHP or JSP 
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Web applications with the IIS. To run the system on Linux machines the open-source 
framework Mono31 can be used. (MSDN, 2012) 

NUnit 

NUnit is a unit-testing framework for .NET application is based on JUnit32. It can be di-
rectly integrated into Visual Studio and is used for testing classes and Web services. 
(NUnit, 2007) 

7.1.3 Tools 

This subsection gives an overview of the used tools that supported the development process. 

These are not only internal tools like programming libraries, but also external ones like 

versioning tools. 

Microsoft Visual Studio 2008 

The Microsoft Visual Studio is an integrated development environment (IDE) to create 

.NET based applications. It offers a powerful debugger to debug programs during runtime. 

If no full version of the Visual Studio is available, also the free Visual Web Developer can 

be used to develop and build Web applications. For Linux machines there exists the Mono 

Develop IDE. (Microsoft, 2012) 

Asp.NET AJAX Library 

The Asp.NET AJAX library contains a set of controls to build AJAX enabled Web applica-

tions with Asp.NET. Furthermore it provides the so called Update Panel that simplifies the 

use of AJAX without the need to code JavaScript because Postbacks that happen inside an 

Update Panel container only update the parts of the Web page that are inside the same 

container. Another AJAX library which is used in this project is the one from Anthem33 

that works in a very similar way but offers other controls. (Microsoft, 2012) 

Asp.NET Charting Control 

The Asp.NET charting control toolbox is a free library from Microsoft that can be used to 

enhance Web pages with charts and diagrams. The charts can be visualized as different 

types such as bar or column charts, with or without AJAX interactivity and in 2D or 3D. 

(Microsoft, 2012) 

NDoc 

NDoc is a code documentation generation tool for Microsoft .NET based languages to 

create MSDN-style documentation Web sites. For the generation, it uses the XML-style 
                                                 
31 http://www.mono-project.com/; visited on 05th of March 2012 
32 http://www.junit.org/; visited on 06th of March 2012 
33 http://anthem-dot-net.sourceforge.net/; visited on 08th of March 2012 
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code documentation of method signatures, classes, enumerations and structures. (NDoc, 

2005) 

Firebug 

Firebug is an add-on for Mozilla Firefox to debug JavaScript code while browsing Web 

sites. In this project it was used to debug client-side executions and to check DOM struc-

tures. (w3schools, 2012) 

Assembla SVN Workspace 

For having a software versioning and revision control system, a free Apache Subversion 

repository of Assembla is used. The SVN workspace of TU Graz cannot be used because it 

can only be used by members of TU Graz and the project repository has also to be accessed 

by developers of IWT. For accessing the repository directly from the Visual Studio explor-

er, AnkhSVN34 can be used. (Assembla, 2012) 

The next section explains the implementation process of the prototype with its most im-

portant facts. 

 

7.2 Implementation of the Standalone Prototype 

The last section described the main programming aspects of ScrewTurn Wiki to give an 

overview of the general system design. The aim of this section is now to explain how the 

new Wiki features have been implemented based on the ScrewTurn Wiki architecture in 

order to fulfil the requirements. Thus, first the system overview and the database model are 

illustrated and a summary of Wiki features from the developer’s point of view is given. Af-

ter this, the most important IWT integration aspects are described. 

7.2.1 System Overview 

The system overview diagram in Figure 14 is based on the ScrewTurn architecture diagram 

presented in Figure 11 and shows how the different components work together. Dark 

components have been extended as part of this project, bright components are standard 

ScrewTurn ones and empty components are external ones that communicate with the 

Wiki. 

                                                 
34 http://ankhsvn.open.collab.net/; visited on 08th of March 2012 
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Figure 14: System overview of the standalone prototype 

It has been one design principle to implement most of the new functionalities and data 

structures into plugins to keep the original system architecture of ScrewTurn Wiki as it is. 

This has been especially achieved for all the integration aspects that are needed to com-

municate with LMSs via Web services. The next subsection describes the data model of the 

Wiki that is implemented with the help of flexible data provider plugins. 

7.2.2 Data Model 

This subsection gives a summary of the database model of the Wiki. It has to be mentioned 

that only the new tables, which have been added to the already existing ScrewTurn data-

base model, are described in detail. The tables that were added for this project are marked 

with the prefix “alice_”. To enhance readability, the remainder of this subsection is divided 

into two parts: the assessment side of the data model and the assignment side of it. The 

assessment side shows all tables that are needed to implement the required assessment func-

tionalities of the Wiki and is visualized in Figure 15. 
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Figure 15: Assessment side of the database model 

Figure 15 shows how the assessment related database tables are connected. The three tables 

in the middle (namespace, user and page) are already provided by the ScrewTurn system and 

the project related tables are further described in the following listing: 

• alice_groupassessment: represents a group assessment object that is created using a 

rubric for a whole namespace or a single page by an user. For this prototype it is on-

ly designed for a static rubric with 12 fields but will be changed to a dynamic one as 

future work. 

• alice_feedback: saves the inline feedback that can be done by a teacher for a specific 

page revision (is defined by the page, the namespace and the date of the last modifi-

cation). 
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• alice_assessment: represents the self or peer assessment done by a user for a specific 

page revision. 

• alice_usage: used to log assessment specific actions like the number of given peer as-

sessments. 

On the other hand, there is the assignment based side of the database model. It contains all 

tables are necessary to provide collaborative writing assignments and is shown in Figure 16. 

 

Figure 16: Assignment side of the database model 

The following listing explains the assignment related tables of Figure 16: 

• alice_assignment: represents an assignment with all of its metadata. 

• alice_namespacedata: is used as a cross-table to link namespaces with assignments. 

Furthermore IWT specific metadata is saved here that should not be part of the 

ScrewTurn namespace table. 
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• alice_grades: saves a summative grade for a specific user of a namespace. 

• alice_assessmentschedule: is used to assign group assessment tasks between users and 

namespaces. Currently these values are directly set in the database if necessary, but 

there is a GUI planned for future work. 

The next subsection gives an overview of the Wiki functionalities from the developer’s 

point of view. 

7.2.3 Programming Documentation 

The aim of this subsection is to explain the most important implementation aspects of the 

prototype. This includes only new developments because the main ScrewTurn Wiki pro-

gramming design has been already discussed in section 6.5. The Wiki functionalities from 

the user’s point of view are explained in section 8.2. 

7.2.3.1 Data Repository 

The data handling of the assignment and assessment specific classes is done in an own as-

sembly (AlicePlugin) to separate the data access from the business logic. This goal is sup-

ported by using the repository pattern which is shown in Figure 17. 

 

Figure 17: Interactions of the repository pattern (MSDN, 2012) 

The aim of the repository pattern is to separate the logic of the data object from the client 

business logic for avoiding duplicated code, simplifying unit testing and providing an easy 

way to change the data source (e.g. databases, Web services or simple files). To do this, the 

repository queries the data source and maps the retrieved data on business entity objects 

that are exchanged with the business logic. This has the big advantage that the business 

logic classes only need to know the interface of the repository and the structure of these 

entity objects. (MSDN, 2012) 
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For the purpose of this project the IAliceDataProvider interface has been defined that 

contains all methods to persist and query the project specific data such as assignments, as-

sessments, assessment schedules, group assessments, teacher feedbacks, namespaces associa-

tions, final grades and usage patterns. This interface gets implemented by SqlServerAlice-

DataProvider class that can be used to query Microsoft SQL Server and MySQL databases. 

The instance of this class is accessed using the static ProviderAccess class and the Singleton 

pattern. 

7.2.3.2 Text Difference Algorithm 

The text difference algorithm used in this Wiki is based on the work of Myers (1986) and 

the C# implementation of it by Matthias Hertel35. It is used to find the differences between 

two page revisions in order to implement the visualizations that can be seen on the diff 

page and the teacher’s page shown in subsection 8.2.4. The original algorithm computes 

unique numbers for all text lines because comparing numbers is much easier than compar-

ing text lines. Then it uses the longest common subsequence (LCS) and the shortest middle 

snake (SMS) methods to create an array of objects that identify deleted and inserted lines. 

(Myers, 1986) 

For the sake of this project, the algorithm has been changed to fulfil the require-

ments. The following listing shows these changes and enhancements: 

• The algorithm now works on the level of words and not only text lines to let the us-

ers exactly know what has happened between two revisions. 

• Edit actions are tracked and visualized. An edit action can be identified if an insert 

action directly follows a delete action at the same position. 

• Style change actions are recognized. A style change is an edit action where only 

Wiki markup has been added or removed before and after the word.  

• All the actions done to a revision get tracked by the algorithm to list them for each 

page revision in the action feeds on the assignment home page. 

• Mark all words added by a student to a page by iteratively calling the algorithm for 

all revisions and tracking the inserts. This feature can be used to visualize the indi-

vidual contribution of a student on a specific page like it is done on the different 

charts that are used in the Wiki. 

                                                 
35 http://www.mathertel.de/Diff/DiffDoku.aspx; visited on 15th of March 2012 
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Especially the last point is very important to support the teacher in assessing the individual 

contributions of the students to tackle the free-riding problem mentioned in subsection 

5.2.1. To use the text difference functionality the static methods in the DiffTools class can 

be used. Furthermore these methods are wrapped in the PageContribution class to directly 

receive the colour coded HTML string of a Wiki page that shows which parts have been 

created by which student. Figure 18 shows an example for this where one student has pro-

vided the coloured content and another student the transparent content. 

 

Figure 18: Example of the Wiki contribution visualization 

7.2.3.3 Assessment User Controls 

In Asp.NET a user control is a container for other user controls that is needed multiple 

times in a Web application to ensure maintainability. Such a user control has the same 

lifecycle as an Asp.NET Web page and can have properties and class methods that can be 

used for data binding or other operations. In the course of this project, the assessment and 

feedback functionalities for self assessment, peer assessment and group assessment have 

been implemented using the principle of user controls. 

The main assessment control is called AliceRatingAssessment and is visualized in Fig-

ure 19. It can be configured to be read-only for feedback purposes and to hide the inten-

tion checkboxes for peer assessment purposes. The importance rating is implemented using 

the Rating control of the AJAX toolkit. 

 

Figure 19: Assessment control used for self assessment 

In order to increase maintainability and the look-and-feel consistency, the assessment con-

trol above has been reused to implement the group assessment rubric. In the current ver-
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sion of the prototype, a rubric is defined by twelve criteria and so also twelve controls were 

used for the rubric. Furthermore the assessment control has been enhanced with properties 

for the title, the weighting and a tooltip text. For feedback purposes, it is also possible to 

directly set all the fields based on a GroupAssessment object. 

7.2.3.4 Graph Controls 

One important requirement and goal of this project is the implementation of visualization 

aspects. Microsoft offers a free library for Asp.NET compatible graphs and charts to realize 

visualization functionalities as presented in subsection 5.2.1. This library has been wrapped 

into user controls that provide user friendly interfaces to populate the charts with the Wiki 

data. These user controls are named AliceRatioChart for multiple series used by the teacher 

page and AliceRatioChartSingle for a single series used by the student pages. An example for 

the second one, that visualizes the student contribution based on the number of provided 

letters, can be seen in Figure 20. 

 

Figure 20: Example of the graph control to visualize student contributions 

Moreover, the Asp.NET graph library supports AJAX functionality when clicking on a 

chart library. To use this in a flexible way, the interfaces of the wrapper controls can register 

an event handler. This has the big advantage that each page can define the behaviour of the 

click events of its chart (e.g. show the content of the clicked page revision). 

7.2.3.5 WYSIWYG Editor 

A Wiki provides a way to easily create a Web page without the need of knowing HTML 

using a simple Wiki markup language. Although a lot of users prefer a Microsoft Word like 

WYSIWYG (What you see is what you get) editor. ScrewTurn Wiki uses such an editor to 

format the content of a Wiki page and to add links to other Wiki pages. 
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The editor control is designed in a very flexible way and so it is easy to add new tabs 

and buttons to it. This means that the editor can also be used to implement the inline feed-

back functionality which is used by the teacher to mark specific parts of a page with colour 

codes. The meanings of these colour codes can be seen in Table 7. 

Colour Code Meaning 

 Check spelling 

 Check style 

 Extend text 

 Shorten text 

 Rewrite text 

 Add/check reference 

 Add/check link 
Table 7: Inline feedback colour codes 

Within the editor this new functionality is implemented using the already provided 

WrapSelectedMarkup JavaScript function to add a HTML span with the specific back-

ground colour (e.g. the RGB (red green blue) code #F5A9A9 to indicate that the spelling 

should be checked). 

7.2.3.6 Web Application 

The Web application is the visual part of Wiki that interacts with the users. It contains the 

Asp.NET Web pages that are provided for the users via the HTTP protocol. In order to 

guarantee uniform layout and design, the Wiki uses two Asp.Net master pages, one for the 

standard Wiki pages and one for the administrator area. These master pages also handle the 

visibility of the shown controls based on the permissions of the currently logged in student. 

The following listing describes all pages that were added to ScrewTurn Wiki as part of this 

project: 

AliceAdminAssignments: This page is used to view, create, edit and delete assignments. It 

uses the repeater user control to list the assignments with all possible actions that can be 

done to them. This repeater control can be directly bound to a list of assignment business 

objects using the powerful data binding feature of Asp.NET. Moreover, the Anthem AJAX 

calendar control is used on this page to choose the group assessment schedule. 

AliceContribution: The students use this page in the group assessment phase of the as-

signment. The assessment rubric is shown in a popup that is implemented using the 

ModalPopupExtender of the Microsoft AJAX toolkit. Furthermore, the Asp.NET ViewState 

concept is used to implement the page navigation player.  
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AliceDiff: Shows the text differences between two page revisions. 

AliceEdit: Is used to change the content of a Wiki page and uses Asp.NET validation con-

trols for the client-side validation of input controls. 

AliceFinalGrades: This page can be used by the teacher to give summative grades. It is en-

hanced with controls of the AJAX toolkit such as the NumericUpDownExtender and the 

TreeView. 

AliceMotivation: Shows the motivate/progress charts. This page uses LINQ (Language 

Integrated Query) and Lambda expressions for querying the student contributions in the 

specific assignment phases. 

AliceNamespaceActions: The action feeds and revision histories are visualized on this page. 

Moreover, it shows social aspects like the online user list. To update this list without updat-

ing the whole page, the AJAX update panel is used. 

AlicePageGraph: This page shows the link structure of the pages of a specific namespace 

and has been implemented by another member of the project team and not by the author 

of this thesis. It uses the Birdeye visualization library36 which is written in Flash. 

AliceTeachersView: Is used by the teacher to check and to assess the students’ individual 

contributions. 

Global.asax: The global.asax file is not a Web page; in fact it represents the HTTP Web 

application with its Web based events. This includes events that get called when a user ses-

sion starts and ends which is used for tracking the online user list that is shown on the as-

signment home page. 

This subsection has shown the features of the prototype from the developer’s point of view. 

The aim of the next subsection is to show how the Wiki can be integrated into LMSs. 

 

7.3 Integration of the Prototype 

As mentioned in chapter 6, it is a main requirement of the Wiki prototype that its usage is 

flexible. This means that it should be usable not only as a standalone Web application but 

also as a Web tool integrated into a Learning Management System (LMS) like Moodle. As 

part of this master thesis and the ALICE project, the Wiki prototype has been fully inte-

grated with the Intelligent Web Teacher (IWT) LMS as a usage scenario. Furthermore the 

                                                 
36 http://code.google.com/p/birdeye/wiki/RaVis;  
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Wiki also has been integrated with the SOFIA (Service-oriented Flexible and Interoperable 

Assessment) system to test the SSO mechanism (AL-Smadi & Guetl, 2011). However, this 

section also shows how the Wiki can be integrated into other LMSs. 

The remainder of this section is divided into three parts. First the login process via 

Single Sign-on (SSO), which is the core component of this integration plan, is described. 

After this, the assignment authoring Web service interface and the grading schema page, 

that can be used to update learner models based on the Wiki contributions, are illustrated. 

The sequence diagrams used in this section have been created in collaboration with other 

members of the ALICE project staff to agree on the programming interfaces and will also 

be published in edited versions in official ALICE deliverables. 

7.3.1 Login via SSO 

The main part of the Wiki integration is to make it accessible and useable via other LMSs. 

This means that a LMS could have multiple student tasks which are provided as a learning 

sequence and one of these tasks could be a collaborative writing assignment using the Wiki 

prototype. In this case a user should be able to directly access the Wiki without the need of 

doing a second login or even registration. In order to achieve this goal, a Single Sign-on 

(SSO) approach is used. SSO is defined as an authentication mechanism that enables a user 

to login once to a Web application and to gain access to further services and tools, which 

are integrated with this application, without the need to login several times. This not only 

reduces time, but also increases security because the user only has to remember one 

username/password combination. (Wang, Chen, & Wang, 2012) 

To design this approach in a flexible way, it is important that the whole user data is 

only saved in the database of the LMS and not in the LMS and the Wiki, which would 

highly increase the maintenance effort. Thus, a user provider (see subsection 6.5.2) has to 

be implemented that fetches the necessary user data from the corresponding LMS using 

Web services. This also increases the privacy and security because the Wiki can only access 

the user data that is available via the installed providers. For this project, a user provider has 

been implemented that can access data from the IWT portal, but new providers for other 

portals can easily be implemented and registered using the flexible plugin system of 

ScrewTurn Wiki. The whole sequence of this authentication process is illustrated in Figure 

21. 

Here a user wants to access the Wiki via a Web application which opens a special 

SSOLogin page in the Wiki. This page just redirects the request with all necessary parame-

ters like the corresponding username, the role and the user group to the auto login mecha-

nism of the Wiki. This mechanism uses the implemented user provider to fetch the user 



Chapter 7: Development of the Prototype   

76 

data from the calling Web application which also logs the user into the Wiki. It is im-

portant to say that all further accesses to the user data is also done via this provider because 

the Wiki should only save Wiki related data such as namespaces, pages and permissions and 

no user related data such as accounts and user groups. Another important thing happens on 

the SSOLogin page in step 2 where the Authenticate method is called. This method checks if 

the Web application that accesses the Wiki is allowed to do so using the OAuth standard. 

OAuth is a way to achieve delegated authorizations. This means that a service provider al-

lows access to a consumer using access tokens or shared secrets. (Gonzalez, Rodriguez, 

Nistal, & Rifon, 2009) 

 

Figure 21: Sequence diagram of the SSO login process 

Within this project the service provider is the Wiki and the consumer is the IWT portal 

and both applications share a secret that is used for the authorization process. This is devel-

oped using an open source implementation of the OAuth protocol37 which checks if the 

calculated hash value based on the shared secret is correct. This works because only author-

ized application which know the shared secret can calculate this value. The next subsection 

gives an overview of the implemented Web service interface that is used for authoring col-

laborative writing assignment. Furthermore it describes how user groups of the LMS can be 

mapped to user groups and namespaces of the Wiki. 

                                                 
37 http://oauth.googlecode.com/svn/code/csharp/; visited on 04th of April 2012 
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7.3.2 Assignment Authoring Web Services 

The last subsection has explained how the Wiki can be accessed from LMSs via SSO, but it 

is also important that the Wiki provides assignments and namespaces for the users that 

want to access it. Thus, it is necessary that the teachers can create this data within the LMS 

based on the requirements of their courses. In order to achieve this goal, a Web service in-

terface has been implemented and published that offers CRUD operations for assignments, 

namespaces and ACL permissions. To ensure consistency, it is essential that user group 

names in the LMS are directly mapped to namespace names in the Wiki and that teachers 

are part of a user group called “Teachers”. The sequence of this communication can be seen 

in Figure 22. 

 

Figure 22: Sequence diagram of the assignment authoring process 

The Web application first checks if an assignment for the currently selected user group ex-

ists and creates a new one if not. The AssignmentDetails structure holds all assignment relat-
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ed data like the scheduling dates and an optional competence dictionary which will be fur-

ther explained in the next subsection. After an assignment has been created, user groups can 

be added to it using the AddUserGroupToAssignment method. This method is the most 

complex one because it needs to create the namespace for the corresponding group, its 

main page and all permissions. Furthermore, its method signature also contains the 

username of a teacher because it could be possible that each group should be assessed by 

another teacher or tutor. The Web service interface also contains edit and delete-methods 

for all the data that is not shown in Figure 22. 

Another important thing regarding the Web service implementation is that the ser-

vices get called outside the environment of the Wiki Web application. This means that all 

necessary providers for users, pages, files and settings need to get instantiated and registered 

manually at the beginning of each call. The next subsection explains the grading schema of 

the Wiki that is used to update the learner models of the LMSs. 

7.3.3 Grading Schema 

In the last subsection it was mentioned that the assignment can be authored with a compe-

tence dictionary. This dictionary contains competencies or concepts that should be mas-

tered within this collaborative writing assignment (e.g. citation styles or formal writing as-

pects). These concepts can be assigned to the user groups in order to provide summative 

assessments and to update the learner models using a special grading schema Web page. 

The interactions of this process are visualized in Figure 23. 

 

Figure 23: Sequence diagram of the grading process 
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In this use case for the IWT integration, a teacher opens the grading schema page for giving 

summative assessments based on the assigned concepts. Thus, this page interacts with two 

Web services to receive the current cognitive state38 and to save back the updated cognitive 

state39 of a student. For future work these concepts could be mapped to master levels of the 

assessment rubric that is used for group assessment. In this case the system could suggest a 

grading value for each concept to the teacher based on the given assessments. 

 

7.4 Summary 

The aim of this chapter is to describe the development process of this project from the de-

veloper's point of view. Thus, first the technologies, frameworks and tools are listed that are 

needed to fulfil the required implementation tasks. Afterwards, the whole implementation 

process of the Wiki functions is illustrated. Furthermore, the most important aspects of the 

Wiki integration are specified. 

The technologies, frameworks and tools have been chosen based on the previous ex-

perience of the project team and on the requirements. One of the main technical require-

ments is to develop the Wiki based on the Microsoft .NET framework which also limited 

the range of choices. Thus, the Wiki uses Microsoft Asp.NET Web forms as its Web appli-

cation framework and C# and JavaScript for the server-side and client-side programming. 

Furthermore, .NET related tools such as the Visual Studio IDE, NDoc, NUnit and AJAX 

user control libraries are used. 

The system architecture of the standalone Wiki prototype is based on the one of 

ScrewTurn Wiki and contains four main components, the Wiki Web application itself, the 

business logic assemblies (core, ACL engine and search engine), the plugin framework mid-

dle ware and the plugins that communicate with the external components such as databases 

or other LMSs. The data model is divided in the assessment side and the assignment side of 

the system and the data access is done in an own assembly (AlicePlugin) to separate the data 

access from the business logic. This goal is supported by using the repository design pattern. 

Other implementation aspects are the text difference algorithm, the assessment user 

controls and graph controls, the WYSIWYG editor and the Wiki Web application. The 

text difference algorithm used in this Wiki is based on the work of Myers (1986). It is used 

to find the differences between two page revisions in order to implement the visualizations 
                                                 
38 http://iwtalice.crmpa.unisa.it/iwt/RemoteServices/ExternalServices/KnowledgeManagerServices.asmx; visit-
ed on 05th of April 2012 
39 http://iwtalice.crmpa.unisa.it/iwt/RemoteServices/ExternalServices/LearnerModelServices.asmx; visited on 
05th of April 2012 
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that can be seen on the diff page and the teacher’s page shown in subsection 8.2.4. The 

algorithm computes unique numbers for all text lines because comparing numbers is much 

easier than comparing text lines. In Asp.NET a user control is a container for other user 

controls that is needed multiple times in a Web application to ensure maintainability. Such 

a user control has the same lifecycle as an Asp.NET Web page and can have properties and 

class methods that can be used for data binding or other operations. In the course of this 

project, the assessment and feedback functionalities for self assessment, peer assessment and 

group assessment have been implemented using the principle of user controls. Moreover, 

the AJAX graph library of Microsoft has been wrapped into user controls that provide user 

friendly interfaces to populate the charts with the Wiki data. 

The Web application is the visual part of the Wiki that interacts with the users. It 

contains the Asp.NET Web pages that are provided for the users via the HTTP protocol. 

In order to guarantee uniform layout and design, the Wiki uses two Asp.Net master pages, 

one for the standard Wiki pages and one for the administrator area. These master pages also 

handle the visibility of the shown controls based on the permissions of the currently logged 

in student. 

As mentioned in chapter 6, it is a main requirement of the Wiki prototype that its 

usage is flexible. This means that it should be usable not only as a standalone Web applica-

tion but also as a Web tool integrated into a Learning Management System (LMS) like 

Moodle. As part of this master thesis and the ALICE project, the Wiki prototype has been 

fully integrated with the Intelligent Web Teacher (IWT) LMS as a usage scenario. Fur-

thermore the Wiki also has been integrated with the SOFIA (Service-oriented Flexible and 

Interoperable Assessment) system to test the SSO mechanism (AL-Smadi & Guetl, 2011). 

There are three main integration aspects, the login via SSO, the assignment authoring Web 

services and the update of the user LMS user models via a special grading schema. The next 

chapter describes the functionalities of the Wiki from the user’s point of view to cover all 

facets of this project. 
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8 Usage Point of View and Experimentations 
 

The last chapter has given an overview of the development of the prototype and especially 

has shown the functionalities of the Wiki from the developer’s point of view. The aim of 

this chapter is to illustrate these functionalities from the user’s point of view. This includes 

installation and setup instructions and explanations of the Wiki functionalities which can 

also be used like a user handbook. Furthermore, the experimentations that have been ad-

ministrated as part of this project are explained. This includes also the experimentation 

findings and how they have influenced the development process of the Wiki. Some of the 

screenshots that are used in this chapter have already been published in official ALICE de-

liverables. 

 

8.1 Installation and Setup 

The following steps describe how the Wiki can be installed and be started using the files on 

the CD (see Appendix: CD-ROM): 

1. Open the Visual Studio 2008 solution file that can be found in the trunk folder 

and fully build it. 

2. Create a new Web site in IIS (Microsoft Internet Information Services) that uses 

the WebApplication folder as its physical path. 

3. Create a MySQL database called screwturn that can be accessed with user root and 

empty password. The connection string of the database can be changed in the 

web.config and app.config files of the application. 

4. Run the co_wiki.sql script to create the database tables. 

5. Create a temporary directory for the ChartImageHandler. The default directory path 

is D:\CHART_TEMP, but this can be changed in the web.config file. 

The SQL script also creates a demo assignment called Test with two topics called Test1 and 

Test2. They can be accessed with the following accounts (username/password): 

• student1 / student 

• student2 / student 

• teacher / teacher 

• admin / iwt_co_wiki 
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There also exists an installation of the Wiki on the server of the AEMT group40 that can be 

accessed to test the Wiki. 

 

8.2 Wiki Functionalities 

This section shows the Wiki functionalities from the user’s point of view which also can be 

used as a user handbook. The remainder of this section is separated into four functionality 

parts, the assignment authoring, the assessment and feedback activities, the student views 

and the teacher views. Furthermore, only newly implemented functionalities are explained 

here because the standard ScrewTurn functions are already described on its homepage41. 

8.2.1 Assignment Authoring 

This subsection shows how assignments can be authored by teachers and admins. Please 

note that the corresponding accounts, user groups, namespaces and permissions already 

have to be created before the assignment creation process gets started as shown in Figure 

24. 

 

Figure 24: Assignment authoring 

                                                 
40 http://alice.iicm.tugraz.at/co-wiki/; visited on 25th of April 2012 
41 http://www.screwturn.eu/Help.MainPage.ashx; visited on 25th of April 2012 
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An assignment is defined by its name, the scheduling dates of the group assessment phase 

and the internal peer review mode as explained in the requirements in subsection 6.2.1.1. 

After an assignment was authored, it can be selected by a teacher in his or her assignment 

list to allocate namespaces to it as presented in Figure 25.  

 

Figure 25: Allocation of namespaces to assignments 

The authoring of assignments has also been a main goal in the integration process of the 

Wiki (see section 7.3). Figure 26 shows the IWT integration of it. 

 

Figure 26: Integrated assignment authoring 
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This page in IWT uses the implemented Web service interface to author assignments, 

namespaces and permissions. The accounts and user groups are managed by the LMS itself. 

The next subsection describes the assessment and feedback activities of the Wiki. 

8.2.2 Assessment and Feedback Activities 

This subsection shows the assessment and feedback activities that have been implemented 

to increase the motivation of students. First, the group-intern assessment activities are de-

scribed that are used to assess page revisions created by group members. Figure 27 shows 

the internal peer assessment process as described in subsection 6.6.2.1. 

 

Figure 27: Internal peer assessment on the difference page 

An internal peer assessment can be given by a group member before editing a page and is 

based on the last revision of this page to rate the importance of it and to give helpful sug-

gestions. On the contrary, there is the internal self assessment process shown in Figure 28. 

This way of assessment is used to self assess the own work when changing a page to let the 

group members and the teachers know about the importance and the intentions of this 

change. 

 

Figure 28: Internal self assessment on the edit page 

The second implemented assessment activity is the group-extern assessment using rubrics. 
This is used by students and teachers to assess group works with the help of a a rubric that 
can be seen in Figure 29. 



Chapter 8: Usage Point of View and Experimentations
   

85 

 

Figure 29: Rubric used for the group assessment 

The results of the group assessment process can be seen on the assignment homepage in the 

“Group Peer Review” tab as presented in Figure 30. 

 

Figure 30: Group assessment feedback on the home page 
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This screen shows the averaged group assessments done by the students. Teachers see here 

also the names of the students that are responsible for this feedback. The “Teacher Review” 

tab shows the group assessment done by the teacher as presented in Figure 31. 

 

Figure 31: Teacher's group assessment feedback 

This screen also shows the final grade for the current assignment if there has been saved any 

(see subsection 8.2.4). The results of the internal peer assessments are usually shown in the 

“Action Feeds” section of the assignment homepage but can also be seen in the revision 

player of the progress charts page (see subsection 8.2.3) as illustrated in Figure 32. 

 

Figure 32: Internal peer feedback on the progress charts page 
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8.2.3 Student Views 

The student views are special pages designed for students. However, the teacher can also 

view these pages to check the progress of the students. Figure 33 shows a rendered Wiki 

page that is integrated and opened in IWT. 

 

Figure 33: Integrated and rendered Wiki page 

In SOFIA, pages are not directly integrated in frames but are opened in a new browser tab. 

For doing the group-extern assessment activity, the Wiki offers a special page to the stu-

dents that can be seen in Figure 34. 

 

Figure 34: Contribution visualization on the group assessment page 

This page contains a tree-view control showing all other groups that have to be assessed by 

the currently logged-in user. If a group gets clicked, the main page of it is shown in the 
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centre of the page. Moreover, it is possible to navigate through the Wiki page structure of 

this namespace by directly following the links or by the help of the graph visualization on 

the left. A group assessment can be done on the level of the whole namespace or on the 

level of a single page by clicking the links on the right. One of the most important func-

tionalities for students is the assignment home page that is visualized in Figure 35. 

 

Figure 35: Assignment home page 

The aim of the assignment homepage is to provide students with useful information in 

order to increase their task and social awareness. This is done by showing a so called “Ac-

tions Feed” table that lists the revision histories of all pages of the current assignment. So 

the students exactly know what their colleagues are doing. This “Actions feed” list also vis-

ualizes the results from the group intern assessment activities and offers links to preview the 

revision changes on the difference page (see subsection 8.2.2). Furthermore, this page 

shows social aspects on the right. This includes a list of online users to prevent communica-

tion and coordination problems and a chart that visualizes the individual contributions as 

reported in subsection 5.2.1. 

Another page that visualizes the progress of student groups is the “Progress Charts” 

page that can be seen in Figure 36. This page visualizes the three phases of a collaborative 

writing assignment: the contribution phase, the assessment phase and the enhancement 
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phase. This means that the first chart shows the individual contributions until the first re-

ceived group assessment. These group assessments are visualized in the second chart and 

can also be opened in a popup if the corresponding chart line is clicked. The third chart 

shows how much letters the students have been added after the group assessment phase and 

so gives an indication if the students used the group feedback for enhancing their work. 

 

Figure 36: Progress charts page 

8.2.4 Teacher Views 

The first teacher view in Figure 37 shows the inline teacher feedback on the edit page. Here 

the teacher can use the WYSIWYG editor to tag parts of the Wiki pages in order to provide 

feedback (check spelling, check style, extend text, shorten text, rewrite text, check reference, 

check link). 

 

Figure 37: Inline teacher feedback on the edit page 
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The meanings of the taggings can be seen in the colour-legend above (e.g. a blue tagging 

means that the coloured text should be extended). The main page for the teacher is visual-

ized in Figure 38. 

 

Figure 38: Individual contribution visualization on the teacher’s view 

This page is similar to the contribution visualization page of the student (see subsection 

8.2.3), but shows more information. One difference is that the teacher also sees the stu-

dents of all the groups of the current assignment. Moreover, the individual contributions of 

each student are visualized with a specific colour in the revision player in the centre of the 

page to let the teacher know which student has provided which parts of the pages. This 

revision player also lets the teacher navigate through the complete page histories to better 

understand how the pages have been created. To increase these understandings, the bottom 

of the page shows further quantitative information to the teacher. 
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Another teacher view is used for entering final grades and is illustrated in Figure 39. This 

page uses the importance scorings from the group assessment phase to suggest a final grade 

to the teacher. The teacher can use this final score or can change it based on the individual 

contributions. In integrated settings this page also shows the associated concepts/taxons 

that can be saved back to the LMS (see subsection 7.3.3). 

 

Figure 39: Final grades page 

The next section describes the experimentations that have been administrated as part of this 

project. 

 

8.3 Experimentations 

As reported in the non-function requirements in subsection 6.2.2, it is necessary to test the 

Wiki functionalities by experimentations to find bugs and possible improvements. Fur-

thermore, these experimentations should check if the implemented Wiki pages really sup-

port the students and teachers in processing a collaborative writing assignment. This should 

answer the following question: “Do the Wiki functionalities really increase the motivational 

aspects and the task awareness of students?” Thus, the aim of this section is to present an 

overview of the experimentations that have been administrated as part of this project and to 

explain their results and findings. 
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8.3.1 Experimentations Overview 

This subsection gives an overview of the experimentations that have been conducted as part 

of this project. The details of these five experiments are listed in Table 8 in chronological 

order. 

Location Course Scheduling # Students Specifics 

TU Graz Human Computer 
Interaction (HCI) 

May 2011 21 Scientific paper writ-
ing 

TU Graz Scientific Working 
Seminar 

July 2011 8 Lifelong learning 
seminar 

Curtin 
University 

Information Tech-
nology Seminar 

August 2011 15 Controlled classroom 
environment  

TU Graz Information Search 
and Retrieval (ISR) 

October – De-
cember 2011 

26 Included an en-
hancement 
phase 

KFU Graz Biological Psychol-
ogy 

March – April 
2012 

31 IWT Integration 

Table 8: Experimentations overview 

The experimentations in Table 8 were all administrated using the same procedure. After the 

students were assigned to a topic and a group, they were asked to answer a pre-

questionnaire to find out about their previous experience with Wikis, self and peer assess-

ment activities and collaborative writing in general. In the second phase the students started 

to communicate and collaborate using the Wiki to create their essays. Thus, they used the 

assignment home page to check the actions from their colleagues in order to know the cur-

rent state of the essay. Moreover, they used internal self and peer assessment to inform their 

colleagues about their own intentions and to give helpful feedback. When the students had 

finished their collaborative essays, they were asked to start the group assessment phase. 

Here the students had to group assess the essays from other groups using an assessment 

rubric (see subsection 8.2.2). After this phase, the students had the possibility to enhance 

their work based on the feedback of the other groups before the tutors did the final assess-

ment using the same rubric. In the last phase the students and tutors were asked to fill out a 

post-questionnaire to give feedback about the usability and stability of the Wiki and to give 

information about their motivational aspects when using the different Wiki functionalities. 

(AL-Smadi, Hoefler, & Guetl, 2011a, 2011b; AL-Smadi, Hoefler, Wesiak, & Guetl, 2012) 

During the experimentations the author of this thesis was responsible to set up the 

necessary environments in the Wiki and for technical support in case of questions and 

problems. Furthermore he had the role of a tutor in the experimentation for the “Infor-

mation Search and Retrieval” course and was responsible for giving tutor group assess-
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ments. The rest of the research group were responsible for the administrative support and 

for creating and analysing the questionnaires. The next subsection reports the results and 

findings of the experimentations and describes how these results have influenced the devel-

opment process of the Wiki. 

8.3.2 Results and Findings 

This subsection illustrates the results and findings of the experimentations according to AL-

Smadi, Hoefler and Guetl (2011a), AL-Smadi, Hoefler and Guetl (2011b) and AL-Smadi, 

Hoefler Wesiak and Guetl (2012). These results are mainly based on the student question-

naires of the first administrated experimentation done for the TU Graz course “Human 

Computer Interaction”, because other results have not been published until now. However, 

the remainder of this subsection not only shows the positive and negative results of this 

experimentation, but also outlines general issues identified by the teachers of the other ex-

perimentations. 

Positive student findings 

• Internal self assessment supports students to efficiently reflect their own work and 

to give information to their group members about their actions. 

• Internal peer assessment helps students to track the actions of their colleagues in 

order to increase task and social awareness. 

• External group assessment supports students in learning from the work of other 

groups to better enhance their own work. Furthermore, the students think that as-

sessment rubrics are a great tool for reviewing writing assignments. 

• The assignment home page helped students to coordinate their tasks with their 

group members to increase task and social awareness. Moreover, the progress of 

their peers acts as great motivational aspects. 

• In general students like the idea of the Wiki and especially the assignment home 

page. They also think that the Wiki functionalities can be learned very fast by most 

people. 

Negative student findings 

• Internal self assessment is thought by some students to be stressful in case of minor 

changes, but this functionality only makes sense if it is used for every change. 

• Internal peer assessment needs to be optional because not every action of the peers 

needs to be reviewed. To realize this, four different peer assessment modes have 
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been implemented (mandatory, optional, based on indentations and based on revi-

sion numbers). 

• External group assessment was only possible on the level of namespaces and not on 

the level of pages. Furthermore, students thought that the assessment rubric has too 

many fields and that not every field should be mandatory. 

• The assignment home page needs a lot of time to load because the contribution 

chart needs a lot of data. To solve this, the chart data is now loaded asynchronously 

to increase the performance. 

• In general, students thought that the Wiki functionalities are not self-explaining 

when used for the first time and so more explanations were added. Some students 

also complained because the edit page needs a lot of time for saving and so the slow 

automatic database index calculation of MySQL was turned off. This can now be 

done by the administrator from time to time. Moreover, the students asked for a 

way to change their password which also has been implemented.  

General teacher issues 

• The assignment home page should also show the authors of the external group as-

sessments. 

• Teachers need a page that visualizes the three phases of the collaborative writing as-

signment (contribution, assessment and enhancement phase as seen in subsection 

8.2.3). 

• Teachers need a way to tag parts of Wiki pages with specific meanings in order to 

give more detailed feedback (see subsection 8.2.4). 

• The assessment rubric of the group assessment has to support weightings because 

some elements are more important than others. 

• The revision player on the teacher’s view page should also show the associated in-

ternal peer assessments. 

• The most important usage patterns such as login times, assessment processes and 

edit actions have to be saved in the database to know how the students are working. 

• Teachers need a page for entering summative assessments based on the results from 

the group assessments. 

• The page structure of a namespace should be visualized in order to better under-

stand how the Wiki pages are linked together.  

These identified issues and findings are also described in the sections 9.2 and 10.2. 
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8.4 Summary 

The last chapter has given an overview of the development of the prototype and especially 

has shown the functionalities of the Wiki from the developer’s point of view. The aim of 

this chapter is to illustrate these functionalities from the user’s point of view. Furthermore, 

the experimentations that have been administrated as part of this project are explained. 

This includes also the experimentation findings and how they have influenced the devel-

opment process of the Wiki. 

The Wiki can be installed using its Visual Studio 2008 solution that can be found on 

the CD-ROM of this thesis (see  Appendix: CD-ROM). This solution has to build and 

then can be used as a new Web site in the Microsoft Internet Information Services (IIS) 

manager. The CD-ROM also includes a SQL script to set up the MySQL database with 

some test data. This chapter also shows the Wiki functionalities from the user’s point of 

view which can also be used as a user handbook. Thus, section 8.2 is separated into four 

functionality parts, the assignment authoring, the assessment and feedback activities, the 

student views and the teacher views, that are all visualized with screenshots and explana-

tions of the tool. 

As reported in the non-functional requirements in subsection 6.2.2, it is necessary to 

test the Wiki functionalities with experimentations to find bugs and possible improve-

ments. This should answer the following question: Do the Wiki functionalities really in-

crease the motivational aspects and the task awareness of students? The five experimenta-

tions that were administrated as part of this thesis all had the same procedure: first the stu-

dents were asked to fill out a pre-questionnaire to know about their current knowledge 

state, then they were asked to contribute in the Wiki, to do the assessment tasks and to fill 

out a post-questionnaire in the last step. (AL-Smadi, Hoefler, & Guetl, 2011a, 2011b; AL-

Smadi, Hoefler, Wesiak, & Guetl, 2012) 

Based on the results from these post-questionnaires, some findings and issues regard-

ing the Wiki functionalities have been identified. The students generally liked the idea of 

the Wiki and its assessment forms. Especially the internal self and peer assessment have 

increased the task and social awareness of the students and supported them in coordinating 

with their colleagues. Furthermore, they liked the idea of the external group assessment 

because they could use the knowledge gained during these activities for enhancing their 

own work. On the other hand, the students complained about the bad performance when 

loading the assignment home page or when trying to edit a page, but these problems have 

been solved. Moreover, the students and teachers mentioned that some functionality like a 

configurable internal peer assessment mode are still missing which helped the author of this 
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thesis a lot in extending the requirements catalogue. The next chapter illustrates the au-

thor’s personal, technical user-oriented lessons learned.  
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9 Lessons Learned 
 

The aim of this chapter is to state the author’s personal, technical and user-oriented lessons 

learned during this master thesis. This should reflect the experiences, developments, prob-

lems and risks of this project in order to benefit from them in future projects. 

 

9.1 Personal Point of View 

The author of this thesis has benefited a lot from doing this project as a project fellow at 

the Institute for Information Systems and Computer Media (IICM) at the University of 

Technology, Graz. This has given many insights in the working process of a research group 

which has highly increased the author’s scientific experiences. Beyond this, it was a great 

benefit to work together with colleagues from the psychological department to increase the 

own knowledge and to look at the things not always only from the technical point of view. 

Moreover, it has been a great experience to process this thesis as part of a project that is co-

funded by the European Commission. This has given the author the possibility to get in 

touch with colleagues from Italy and to profit from their experience while working together 

on integration tasks. 

Another important activity during this project has been the administration of the ex-

perimentations in order to test the Wiki in different learning settings. This has been a great 

experience for the author, especially when getting in touch with students to get to know the 

tutor or teacher view of such an experimentation or exercise. On the other hand, these ex-

perimentations have been very stressful because it was necessary to have all Wiki functional-

ities ready and tested until the start dates. Furthermore, some experimentations have need-

ed a lot of student support, but have also led to a lot of interesting results and findings re-

garding the Wiki. The next section will describe the lessons learned from the technical 

point of view. 

 

9.2 Technical Point of View 

As reported in the previous chapters, ScrewTurn has been used as the basic Wiki software 

for this project. It has been a good experience for the author to become acquainted with the 

architecture and the code of a quite big open-source .NET project and to benefit from the 

software design that is based on the knowhow of an active user community. Especially the 
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implementation style of ScrewTurn’s flexible plugin system has been very instructional. 

Furthermore, working with a Wiki system and designing enhancements for it highly in-

creased the knowledge of the author in both ways, theoretical and technical. After the time-

consuming literature research that has been achieved to understand the theoretically con-

cepts and principles, it has been highly satisfying to see this theory get evolved in an own 

system. 

On the contrary, the advantages and disadvantages of the server-side Asp.NET Web 

forms framework have been shown. This framework enables a rapid and event-driven de-

velopment of Web applications that disguise the problems of this technology like its state-

less architecture. However, this approach works very well for simple Web forms but for big 

pages the Postback and ViewState concepts of Asp.NET produce a lot of request and re-

sponse data which can lead to a bad performance as seen in some experimentation. A better 

solution to handle more complex pages could be to use more client-side libraries like 

JQuery and to just call Web methods on the server via AJAX. The communication between 

client and server could be handled using a markup language like XML or JSON. As part of 

this project, this approach has been implemented using AJAX control libraries such as the 

ones by Microsoft or Anthem. These libraries seem to only update parts of the pages at 

Postbacks but although go through the whole page and control lifecycle which causes near-

ly the same server workloads. The next section will describe the lessons learned from the 

usage point of view. 

 

9.3 Usage Point of View 

The author of this thesis has benefited a lot from the user feedback received by the adminis-

trated experimentations. It was very satisfying to see that the implemented assessment func-

tionalities really supported the users in writing their essays and in coordinating with their 

group members. Moreover, the students and teachers liked the assignment home page 

which was one of the hardest parts to implement. However, the author has also profited by 

the negative feedback. Here it was a great experience to see how small test data differs from 

real experimentation data in relation to the performance of the Wiki. These findings signif-

icantly increased the quality of the source code and the tool itself and will definitely influ-

ence the author’s programming style in the future. The next chapter will sum up the most 

important concepts and findings of this thesis and will also describe approaches for future 

work.  
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10  Conclusion 
 

The aim of this master thesis has focused on identifying, designing and implementing a 

solution approach for combining Computer-Supported, Collaborative Learning with E-

Assessment. Thus, a Wiki system has been enhanced with assessment methods and other 

tools to support teachers and students in collaborative writing activities. The aim of this 

chapter is to sum up the most important concepts that have been identified in the literature 

research and to reflect the development process of the implemented Wiki prototype. Fur-

thermore, possible approaches for future work are illustrated. 

 

10.1 Summary 

Computer-Supported, Collaborative Learning (CSCL) is a research area that describes ap-

proaches how collaborative learning can be supported with modern computer and infor-

mation technologies. These computer-supported environments (e.g. a Wiki system) should 

help the learners in bringing together their individual points of view to create new collabo-

rative content and knowledge (Ma, 2008). In order to efficiently realize this approach in 

modern learning environments, it is important to combine it with E-Assessment methods 

that are used to define, evaluate, rate, document and feedback learning processes before, 

during and after the teaching period with the help of modern technologies (Brahm & 

Seufert, 2007). The literature research has shown that such combinations are facing some 

problems: the lack of awareness, coordination problems, communication problems and 

motivational aspects, which includes also the lack of assessment activities. 

Based on these identified issues, an existing Wiki system has been designed, imple-

mented and tested within different experimentations. Beside these typical functional and 

non-functional tool requirements, it has been a main goal of this project that the Wiki 

should be usable in two ways, as a standalone Web application and as an integrated Web 

tool within existing Learning Management Systems (LMS) such as IWT or SOFIA. On the 

basis of these requirements, ScrewTurn has been chosen to be enhanced and extended as 

part of this project. ScrewTurn is based on the Microsoft Asp.NET Web framework and 

uses a MySQL database as data backend. Multiple experimentations have been administrat-

ed in order to test the Wiki and to get feedback from the users. The results and findings 

have shown that the users liked the idea of the Wiki, especially the assessment forms and 

the assignment home page, but complained about missing features and some performance 
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issues that have already been solved in most cases. The next section illustrated some possi-

ble approaches for future work. 

 

10.2 Future Work 

There are two possible ways in enhancing the system that have been identified during the 

development and experimentation processes: increasing the performance of the Wiki and 

extending the functionalities. In case of performance issues, the server-side Asp.NET con-

trols could be exchanged with more lightweight client-side controls as offered by JQuery 

that use lightweight AJAX calls to access the server. Furthermore, some data could be 

cached in the database in order to prevent complicate calculations. This problem especially 

occurs in integrated environment when lots of Web services of LMSs are used. 

Regarding new functionalities, the static rubric that is used for assessing the collabo-

ratively created essays could be exchanged with a dynamic one that is saved in the database 

and that can be authored by teachers. Moreover, these dynamically created rubric fields 

could also be linked to specific concepts in order to enhance the summative assessment 

process (see subsection 7.3.3). Another issue which has been mentioned by some teachers is 

that the Wiki does not offer an overview page for the group assessment activities. This 

makes it hard for the teacher to quickly check if all students have finished their assigned 

group assessments. In addition to this, a PDF print of complete Wiki namespaces would 

support the users in their assessment tasks. This would have a big advantage if there are a 

lot of interlinked pages that have to be followed to read through the whole writing assign-

ment. 
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12  Appendix: CD-ROM 
 

• Source code of the Wiki 

 

• MySQL file for setting up the database 

 

• PDF version of this document 

 

• Documents of Chapter 11: Bibliography as PDF files 

 

• Screenshots of the Wiki 

 

• Video that shows the functionalities of the Wiki from the user’s point of view 

 

• Marketing video which was created as part of the ALICE project 


