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Abstract

Much research in recent years has focused on the introduction rdiaViearning

Environments’ (VLE’s) to universities, documenting practice and sbagxperience.
Communicative tools are the means by which VLE’s have the paltentitransform

learning with computers from being passive and transmissivetimendo being active
and constructivist. Attention has been directed towards the impoxécdine dialogue
as a defining feature of the VLE. However, practical methodewaéwing and analysing
online communication to encode and trace cycles of real dialogueldaming) have
proved somewhat elusive. Qualitative methods are under-used for ¥tsdions, since
they demand new sets of research skills for those unfamililr thbse methods.

Additionally, it can be time-intensive to learn them.

This thesis aims to build an improved and simple-to-use analytichfor Moodle that
will aid and support teachers and administrators to understand andeamagraction
patterns and knowledge construction of the participants involved in onguilnge
interactions. After reviewing the strengths and shortcomings aéxiséing visualisation
models, a new visualisation tool called the Virtual Interactioppiteg System (VIMS)
is proposed which is based on a framework proposed by Schrire (20@4phically
represent social presence and manage the online communication pttiensearners
using Moodle. VIMS produces multiple possible views of interaction siathat it can
be evaluated from many perspectives; it can be used to nepresaction data both
qualitatively and quantitatively. The units of analysis can beesemted graphically and
numerically for more extensive evaluation. Specifically, ehesdicators are
communication type, participative level, meaningful content of discusgresence of
lurkers, presence of moderators, and performance of participantgduadly and as a
group. It thus enables assessment of the triangular relationsiwpemetonversation-

content, online participation and learning.
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The usage of the following terms differs in the general use&omputer science and
education research. The following definitions describe the use esfe titerms and
meaning as used in this thesis.

Active Participants:  All the participants who take part in the ongoing discussions by

starting a discussion and/or replying to the previous posts.

Asynchronous discussion:Also termed as online discussions, online conversation,
online forum or online conference. It is defined as a text based
conversation on the internet that takes place over a period of

time without all participants logging in at the same time.

Computer Mediated Communication Communication using online tools such as

email, forums or conferencing.

Inactive Participants: All the participants who do not contribute at all to the online
discussion. They are registered for the course but they neither

post nor read the posts.

Lurkers: The participants who only read the post but don’t intend to
contribute to the ongoing discussion by posting.

Online Interaction: Different from online participation. Participants engage in the
online discussions by posting a thread and/or replying to a
previous post. This is in many places often termed as online

discussion or online conversation or online dialogue.

Xii



Online Participation:

Participants:

Teachers

Threads:

Engaging in online conversation or discussion either by posting
and/or replying to the previous posts or by just reading the posts

that are posted.

All those registered for a course and who participates in the
online discussion. This includes the active participants and
lurkers. Learners and students (terms often used
interchangeably) are the participants in this research.

They are often interchangeably termed as moderators or

instructors.

Threads are headings of a subtopic in a discussion forum. The

threads build up as the conversation continues.

Xiii



Introduction

1. Introduction

This chapter presents a general understanding of Computer Me@iabechunication
(CMC) and gives an overview of the environment in a Learning Managt System
(LMS), the experience of online learning through interactions andntpertance of
visualisation of the online activity. It features an overview of mgearch purpose
followed by the research questions and then concludes with the sigodicand

objectives of our research.

CMC refers to the area of human-computer interaction (HCI) lwinicthe field of
education promotes collaborative online learning. Online learning isaanihg
experience where the learning content is delivered through techneithgyr through
online course materials or online interactions. The rapid growth @feofdarning has
created a drive to study and analyse online participation, whichr$ostoss-cultural
learning communities. Online participation can be seen very gldadugh forum-based
interactions. To promote and develop children’s intercultural education thfoMg, an
analysis of their interactions is needed. In particular, Gunawardg al. (1997)
emphasised that asynchronous discussions are widely used in educatidesls as are
principles of constructivism. Asynchronous discussions promote sociahdtita in
learning activities. Schellens & Valcke (2005) also point outittiahsive discussion and
social interaction may lead to multiple knowledge construction phases.

The dynamic nature of online interaction where new topics feea mtroduced and new
threads and posts are formed to perpetuate the online activityficsiltlifo assess. To
deliver a clear understanding of the nature of online discussions,isheerstrong need to
study the qualitative and quantitative nature of online interactionshigher the number
of interactions, the unclear could be the analysis of those ihtergmatterns. It seems
reasonable to accept that participation and interaction are théeenaf learning and
knowledge construction in Virtual Learning Environments (VLE). Commuioicain a
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CMC has to be more interactive in order to assess the leacaipapilities of an
individual. However, sometimes this interaction could be just the tavmaf a social
network. According to Sing and Khine (2006), successful co-constructiknogiledge
requires active and broad participation, which requires substantiade rposted
messages. They also state that this data can be used as important bddkdoomation,

to prompt further analysis to assess the quality of interaction.

There are many factors that contribute the purpose of our reséaecicharacteristic of
an LMS proposed to enhance a collaborative learning environment, isdssathe
quality of participation and interaction (King & Doerfert, 1996; Sirh897; Geer &
Campus, 2000; Jonassen et al., 2007). The quality of interaction relasésictured
threads where the messages should be very concise and relatsubjgoe. The forum
should be provocative and a comparatively high number of interaction$yusgizhtes to
a comparatively better collaborative community. The students shoulardoept and
timely in replying to a message. ‘Meaningful learning’ iektively new term related to
the quality of interaction and occurs when the discussion forum iigeacbnstructive,

intentional, authentic and cooperative (Jonassen et al., 2007).

The quality of interaction through the dialogue of discussion enalslés find out the
attitudes and behaviour of the students interacting. This informatibalso help us to
find out if there are any social barriers or negative behadmong the students across
boundaries during cross-border collaboration. In case there are amyntkerators or
teachers can take the initiative to minimise these boundariedadiiitating a
collaborative online communication. The role played by students andadts® in the
online community, in the development of an online experience is anatbnr ffor
successful cross-cultural collaborative learning (Berge, 1995)rdlé@®f an instructor is
to monitor and facilitate interactions among the students (St268p; Berge, 1995).
The student's should play the role of active participants to formolaborative

community.
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According to Waters & Gasson (2005), the student could be a mességeorini
contributor, knowledge-elicitor, vicarious-acknowledger and/or a passaradr.
Research into online collaborative learning interactions highligtite development of
skills such as critical thinking, problem solving, higher retentiqmaciay, goal setting,
interpretation, analysis and evaluation process (Buck 2003; Burbach 2€04t Chen
2005; Risher & Stopper, 2002). Intervention of the instructor is needed, toomand

help the student, if these skills are still at a low-level after a briedgef time.

There is a need for the teachers to monitor online interactwnsdre effective use of
the online environment. To assist teachers to monitor the online catiwess there is a
need for good and effective tools. Visualisation tools can alwaysobe efficient than

numerical and textual display to view online conversations and assessy and

analyse the flow of conversation at a glance. An expanded toolkihéoanalysis of
online discussion forums would enable researchers to address theesehech question
of whether and how people learn from asynchronous discussion forums,sstiubsa
provided in virtual learning environments/learning management systemss{MS's).

Not all the current tools give a clear, interesting and easyrstagdeing of the
conversation flow. They are either depicted in terms of a chahegrdo not show the
conversation flow in full. Interactions are not identified, monitored aradyaed due to
the lack of support of good visualisation tools for the teachers. Thess theoposes
research on using a visual technique to interpret the data ghtheas LMS and intends
to propose appropriate visual representation taking teachers’ needs into ctinsidéf@

argue that the visualisation software presented here is an inrowvaty that improves
monitoring and promotes student interactions and supports more detailedliabtd r
analysis of forum messages It therefore represents a valadtiigon to the available
tools and methods. The rest of the thesis gives a clear undemgtafdne importance of
a visualisation tool and how the current developed tool fits into achieving our goal.
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1.1 Background to this work

Asynchronous CMC has been the subject of extensive and prominentcinefean
different perspectives (Bratitsis & Dimitracopoulou, 2006; Gant, 200ijehavirtual
education, communication and technology. Much of this research hasdanusiee use

of online communication to foster social interaction (Scheuermanin &083; Guan et

al., 2008; Berlanga et al.,, 2009), to create a collaborative online enenbnm
(Scheuermann et al., 2003) and to support learning (Garrison et al., 2001; Scheuermann et
al., 2003). CMC can offer opportunities to ‘meet’ online when face-te-fiaeetings are

not possible, but can also have advantages over face-to-facegsaastproviding extra

space and time for people to contribute to a discussion. Some $eanagrbe more
comfortable with contributing to an online discussion than they ate spitaking in a

classroom.

Participants in CMC form a community where they engage in dismusand begin to
share and learn more about a particular domain of interest. Suchuodesaccording
to Weber (2004) are called ‘episodic communities’ unlike the ‘comnasndf practice’

defined by Lave and Wenger (2002). The participants meet online andalead share
information of interest. Others have dubbed them 'ad-hoc transientwuoti@s in the

context of networked learning (Sloep, 2008). In relation to VLE’s and AMGrillard’s

(1993, 2001) ‘conversational framework’ is frequently cited and inforougse design
for many practitioners building communication tools into their VEgaces. CMC
promotes a type of interaction that is often lacking in the tecemdit teacher-based
classroom. It allows learners the freedom to explore altgmmai@athways, to find and
develop their own style of learning (Berge & Collins 1995). CMC systallow learners
to interact with one another over time and promote collaborativeihga Thus, many
educational institutions have sought to exploit opportunities for CM8iwtheir VLE

environments. Apart from accessing course materials, studentistaiss their subject

and course online through forums and share their views, ask questiongated
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information. Moodle (Moodle, 2011) is a popular learning environment usedheby t
institutions for online teaching, learning and discussions. In Moodl&tatictions and
exchanges between people and resources are recorded and availablesfant review.
A detailed description of Moodle along with its features is providesection 3.2. Users
can interact with the Moodle discussion forum to start, read oy teph conversation.
Users can be teachers, students or moderators. The model in Elygriges a use-case

scenario of the interaction in a discussion board.

Discussion Board

Start
Discussion

=

articipant Read
/\ Postings
Read &
% Reply
e —
Teacher I Moderator

Student
Figure 1.1 Use Case Scenario of Discussion Board

Given the importance ascribed to dialogue and CMC in educational thiefotiows that
a means of reviewing and potentially analysing CMC interactwmgld therefore be
useful to teachers and researchers, and research would bewefitifr evidence base
showing that online interactions had positive effects on studentsingatHowever, the

best ways of analysing CMC are not clear. Studies that hwalgsad the content of the
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online discussions are also limited. This may be due to the éiquéred to perform such
analyses (Hara et al., 2000) and the lack of a reliable instruoreanh analytical
framework to analyse the online discussions. As Goodyear (2001) notes:

Analysing the content of networked learning discussions is a troublesosaectes

area and several commentators have remarked on the difficulty of comnecti

online texts to discourse learning. (Goodyear, cited Mehanna 2004: 283)
Although there is existing research in Computer-Supported Collaborh&aening
(CSCL) and CMC which references educational theory and anagsegies in online
forums (Dillenbourg, 1999), it remains difficult for practitioners ¢view VLE forums
easily and to conduct their own analyses. Forums are unwieldy tocateagd review,
and there is no ready-made toolkit to analyse online communicationgfdree there is
an immediate practical problem of reviewing progress on a Hdasjs, and in research
terms it is difficult to make links between theories about onlimteractions and real-

world practice.

While teachers and researchers may have sound theoretical legtiforatheir use of
CMC tools in the VLE, methods for analysing the communications arealmays
practical or clear. A methodological problem exists in making llvdtsveen theory and
practice when we come to analyse asynchronous dialogue in dwtussums for

evidence of student learning.

Formal assessment offers one general indication of whether odialegue has
supported learning but gives no indication of where, how and to whatt ékte may
have happened. Course feedback and evaluation mechanisms, similarligjgimaght
the use of discussion forums as a useful supplement or yield exaohples students
have used them. Again, however, there are few specific obleellmeasures about the
nature of the learning in this kind of feedback. Researchers inatead proposed
treating forum messages as qualitative data and thereby drguabtative methods for
analysis. These could include broad thematic analyses or exté@dounded Theory’

(Alsop & Tompsett, 2002). Alternatively, forum messages might tieated as
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‘discourse’, and discourse analysis or methods of linguistic analysis used@(& Yule,
1983, Smith & Oliver, 2001). Viewed from these perspectives, studbasiing is
related to the quantity and quality of postings in on-line discussiodgathe value
instructors place on them (Jiang & Ting, 2000). Henri (1992) proposesalgtical
framework to categorise five dimensions of the learning proeestent in electronic
messages namely (¥tudent participation (2) interaction patterns (3) social cues (4)
cognitive skills and depth of processiagd (5) meta-cognitive skills and knowledge
Interactivity models, too, can be used to evaluate and interpret cfatitese areas

individually in online learning environments.

However, analysis of each of these dimensions listed above (inclindirdjsicourse and
linguistic analysis) entails a range of tasks and procesdesh may be difficult and
time-consuming to undertake and complete. A broad thematic analysferwh
messages, perhaps undertaken quickly and looking for common areasussatin, will
reveal something of the nature of interactions in the dialoguasbunlikely to give
sufficient evidence to a researcher to suggest that lednastpken place. It lacks rigour
and is untriangulated; it is difficult to use such unstructuredysisao draw meaningful
conclusions. Qualitative research is more likely to yield a migier set of results.
However, these methods may be unfamiliar to people outside ceartgactsdisciplines.
They require study in and of themselves, and subsequently entasigrteoding of data
before analysis can take place. Coded material may wekltbareely difficult to manage
without dedicated software for qualitative data analysis. Egepdople accustomed to
using such methods as part of their research activities, theyoenapwieldy and time-
consuming to use in the context of evaluating learning in CMC. riéthodological
difficulties of analysing discussion forum data are thereforepoamded by the practical
constraints of time and resources. This has wider implicationthidéoevidence base’ in
e-learning: it is difficult to build up case studies of appropreatd effective use of
technology where practitioners lack the tools to make these studies.
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1.2 Research Questions

From an educational perspective the following have been identified as beingaimport

1. Quality of Interaction and the level of participation among the participants.

2. Role played by the students and teachers in the online commuaityeinto create a

memorable online experience.
3. Examine the conversation content and find the ability of the petits to relate to the

subject of the conversation.

A study of the interactions from the educational perspectiveutedo continue the

research and hence formulated our research questions which wouldyitlemtabove

mentioned aspects. The main research questions examined in this study were:

1.

Can teachers and administrators be made aware of the ongoing idissuss
Moodle?
Can informative features be extracted from data gathered fromeatiBcussions

and activities?

3. Can this information be presented in a better way to the teacher?

How best to implement a visualisation tool that will enhance thans by which
asynchronous online communications in discussion forums can be analysed?
Choose evaluation procedures that can be integrated with the sasiealitool
that will allow comparisons between groups participating in the odisaission

environments?

The following section gives a brief explanation of the motivation rizkline research

questions.
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Question 1: Can teachers and administrators be made awareasfgihieg discussions
on Moodle?

Moodle discussion forums can be used in distance education to fosemsa sf
community. Moodle forums can be used for group activities where thedodls can
express their thoughts and ideas on a particular subject (more abodteMn Section
3.2). This online community could be big enough that it would be difficulttlier
teachers to keep track of what is happening in the discussion. Tamealeachers aware
of what’s going on in the discussions was important and so the first question was raise

Question 2: Can informative features be extracted from datzergat from online
discussions and activities?

Moodle stores lots of information about the online activities irbke teormat, but not all
that is important for a teacher to monitor the online discussions. $dheninformation
relevant to the teachers should be extracted for visualisation. Aowlesof the goals of
this research is to identify the important features and so canweth this question of
how the relevant features should be identified and extracted.

Question 3: Can this information be presented in a better way to the teacher?

This information extracted is to be represented in a way toaid be easily
understandable to the end-users especially teachers and moddia¢ostudy aims to
develop a methodology that could help teachers and come up with a graphical
representation tool which will enhance the extracted information antautomated,

scalable, multi-browser real-time visualisation.

Question 4: How best to implement a visualisation tool that whiaece the means by
which asynchronous online communications in discussion forums can be analysed?
Visualisation as stated earlier, always is much better #nemnal analysis of data as it
exploits people’s ability to process images quickly. We wantgatdee that the pattern

of activity in the online discussions can be easily representethresdpand searched
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through visualising the vast amount of data and hence wanted to bsitddhusing the
best approach and software architecture possible and software cperbsourced for
future researchers to modify and build on. In order to make the toel rltable and
widely used we raised the above question.

Question 5: Choose evaluation procedures that can be integrated evittsuhlisation

tool that will allow comparisons between groups participating inotilene discussion
environments?

Once we had decided to use a visual representation, we then wanteays®e agroup
interactions which has not been done by any of the visualisation o&sved (see
Chapter 2). Comparison between groups helps the teacher identify wtiicidual in a

group needs attention or which group on the whole needs assistance ito onddee the
online interactions more meaningful and collaborative. This last qués®led us to the

development of the VIMS tool taking all the visualisation aspects.

Once we had the graphic representation which could be easily wudkrate wanted to
test the representations to be able to justify the firsethteestions. We wanted to see if
the representation could enhance the analysis of the asynchronaussidiss on the
Moodle forum and if this representation could be used as a tool whidecambedded
into a learning environment like Moodle. To make a good visualisatiomaelanted

to incorporate most of the approaches needed to convey the mapping aftabstr

information of the ongoing discussion in an innovative manner.
We intend to design tools to extract relevant features frorartlvee forum that will help

to answer not only these five questions but also intend to explainather eaised

educational perspective features.

10
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1.3 Purpose of Study

The purpose of this study is three-fold. Firstly, to develop an enhanakthat visually
presents the asynchronous discussions in online forums in order to sofwellen of
existing visual tools that do not present the entire conversation. flowsually
representing the entire conversation structure of every forum shelddus to form an
overview of the discussion space and compare different discussions aitie
discussion over time. Secondly, to monitor the performance of the developed
visualisation tool for an online environment and identify its usefulness. Thirdly, to choose
evaluation procedures that can be integrated with the visualisabbtheat will allow
comparisons between groups participating in the online discussion environiieats
overall aim is to facilitate the moderation in online forums anthitwmise social and
intercultural boundaries among online learning communities with a modess/ention

by the instructor and moderator.

Our idea is based on the contention that students interacting olabocative online
learning environment should be monitored, supervised and guided by Hwiers In
this research, we begin by identifying the communication pattdrtie participants who
form online communities and represent the pattern in an easily tantable graphical
way. We then proceed with analysing their conversation content, veaichhelp to
identify if their responses to a particular thread are clogbd subject of the discussion
or if they are deviating from the topic. We can understand their chdiViattitudes
towards other participants from different cultural backgrounds withstitueture of the
conversation pattern. Quantitative statistical analysis is tasddtermine the consistency
of participation among different groups involved in the online conversalihe cross-
cultural education in this research is focused between schoolsNottieern Ireland and
Republic of Ireland. This group of schools were chosen to see thectiderpatterns and
conversation flow of students coming from different schools belonging fleremit

regions. The research is focused on children aged between 7 and 12 teehthgues

11
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can be adapted to any age group which can be seen in the asyncldiscagsion

forums taken from the National University of Ireland.

The solution we propose is the Virtual Interaction Mapping SystdM$Y. VIMS, as an
enhanced visual aid, facilitates teachers’ and moderators’ uaéirsg of the semantic
relationships in and between conversations; evaluate various outcomdbe of
conversation; and intervene whenever needed thus transform the ‘omiinenment’
into an ‘online collaborative learning environment’. Information visasil® techniques
(Shneiderman, 1996; Tufte, 2001) are adopted to make the tool more meanmbful a
useful. An analysis of online interaction, participation and behavidiinstsnade more
accessible by visualising the mapping of the interactions andipation of the students.
This gives the instructor a visual overview of the online activitfjd¥ is a medium to
allow instructors to assess their students’ participation larelsbehaviour and fosters a
collaborative online environment that allows participants to trangueysical or cultural
borders. Corrective action by the instructor after they assesadtions can help develop

this collaborative cross-border online environment.

In the process of monitoring the ongoing conversation and viswglisiwe had come
across various important attributes that characterise the onlwersation, which can be
represented visually. Most of the attributes have been ignordaebyther visualisation

tools.

1.4 Significance of the Study

Moodle has been one of the effective sources for promoting collatsoaatine learning.
It is also being widely used for online asynchronous communication thrmugms

where both teachers and students participate in the sociaktidaraharing their views
and thoughts. The significance of this study is to give a clearrstadding of the

ongoing asynchronous interactions through forums in a learning envimbniike

12
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Moodle. The details of the interaction are necessary to idetht@yimportance of a
particular forum. The amount of detail is enormous and need to be atestpn such a

way that the moderators and/or teachers can see the activities of the forums

There have been many researchers working in this area tolyiseptesent online
interactions, but none of them have clearly answered the questicat iraihis research
and hence there was a need to develop a visual tool. This resedsciitteaterpreting
the details of the online activity in forums in a visual mannet st they can be easily
understood at a glance. The intention is to produce a set of vissabicakies that will
prompt the teacher’s and the moderator's actions. This researclilgy analysis on
building a collaborative online learning community and expanding the d#pabof
Moodle environment by providing a simple, understandable visual tool to sttemime
activities happening on Moodle forums and so this thesis also présentgegration of

this visual tool into Moodle.

In the attempt to monitor the forum interactions, we intend to copeith different
kinds of visual representations like the radial tree represamtaabular representation
and graphical representation which convey the same interactionnpaittea different
view and interpreting different information. We also wanted bothissta and
gualitative analysis of the content to be performed and représantas a measure of the
interactions and the content of the interaction. We planned to mehsuwalue of the
tool in a real-time environment and with the help of case studisst af conclusions
were drawn from them. Thus, it is intended that the outcomes ofefearch will be a

useful contribution to all participants in online learning activities and research.

13
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1.5 Organisation of the Thesis

CHAPTER 2 gives an introduction to the interactions and visualisatiorteshictions in
LMS and begin to review the related work. It categorises the,t@slsesses each
approach along with their significance and shortcomings.

CHAPTER 3 emphasises how VIMS combines aspects from the dategoentioned in
Chapter 2 and expands by including the key features not presentaartbst tools. It
also gives an overview of the Moodle environment. This drives thegblawork for the

later chapters.

CHAPTER 4 describes the implementation and design of VIM%jreual Interaction
Mapping Systehthat can be used by teachers to explore and examine the rifbedene
interactions of the participants and explains in detail the proeexfurow VIMS can be
integrated into the Moodle environment. Testing is also carriecaodtillustrated to
show that integration is successful. Initial testing of the taolestablishing the
correctness of design, methodology and interpretation was done which is explaingd in thi
chapter. This correctness means progress can be made to tasil tirethe real-time

environment, which is described in the next chapter.

CHAPTER 5 highlights the approach and plan designed for the Vidtem. It gives
examples through case studies of how the goals of this reseaehd®v achieved. The
case studies explain the approach taken and verify and confirmthgaitne planning

and methodology are sound.

CHAPTER 6 gives an in-depth analysis and obtains the resultsefquestions raised in
this chapter. This chapter investigates the operation of the VIMSiroal Moodle
environment. It also elaborates on the data analysis procedures\dMBeool. Sample

results are generated to show the effectiveness of the tool. fruotlee the actual results

14
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taken from live interactions will be given alongside subjectivduatimns given by

teachers.

CHAPTER 7 summarises the study and draws our conclusions. We stgigest
improvements that can be made at a later stage to makaothedre efficient and more

re-useable.

1.6 Summary

In this chapter we presented an overview of the background of onlimenganhrough
interactions and importance of visualisation of these online discusSiormighout our
study, we have highlighted and focused on online interaction and participatian
learning environment and how to change an online community to a coligbavatine
learning community. The need to visualise this online communitypées explained so
that the teachers or moderators can monitor the level of interaahd, if needed,

intervene in the discussions to provide clarifications.

The next chapter describes the various visualisation tools that hawedeseloped,
reviewing their advantages and disadvantages. It is a stuthg difrtitations of existing
tools that informs and prompts us to study in-depth online interactiompaatidipation
and develop a visualisation tool that will benefit not only the teaceat moderators but

also the students, by showing their level of interaction.
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2 Literature Review

2.1 Introduction

This chapter gives a brief introduction to the terms ‘interactigdsticipation’ and
‘learning’ and their relationship. It then focuses on the importancgsaglising these
three concepts and critically reviews the tools developed sonf@rhaghlights the

importance of the visualising tool that we plan to develop.

Much research in recent years has been focused on the value afidasigmiof online
collaborative learning environments and the interaction and patiorngavel of learners
(Shale & Garrison, 1990; Moore, 1989). The engagement of learneradhregious or
asynchronous discussions leads to successful learning and building wgiah s
community (Wenger, 1998; Gunawardena et al., 1997). Hence, to encouragpagtiam

in interaction, researchers have tried to introduce various tools and techniques.

In the ‘Information Visualisation’ field research has continuedsuggest alternative
approaches to present simple quantitative information more efficidadrthermore,
ways of producing new perspectives on the existing activity dataising on more
qualitative aspects of analysis (cognitive and metacognitsheuld be researched. The
importance of evaluating the quality of the messages posted in the didcussions is
still an ongoing research area in the educational context. Thgsatad by Bratitsis &
Dimitracopoulou (2007), the research should be focusing on finding new afiagsv
data analysis and visualisation in order to provide more insightfuhieaion of the

collaboration, in favour of the users involved and the overall activity.
This section gives a brief review of the importance of p@dtion and interaction in an

online collaborative learning environment and also reviews the impertzfrthe use of a

visual aid to facilitate the understanding of the structure, quahty flow of online
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conversations. It also reviews and presents the various availabialisasion tools
developed to analyse the online behaviour of the participants involved disthessions
and suggests various conclusions and observations that could befdnavthose visual

representations.

The review also explains briefly the importance of this rebeaontext and what it

contributes to the current on-going study of collaborative online interaction anohtgar

2.2 Interaction in Virtual Learning Environment (VLE)

Almost all educational institutions in the UK and Ireland have tirtginal VLE's
(Browne & Jenkins 2003; Weller, 2007). Although definitions differ, VhEhis context

is the label given to a system that can store teaching ialatereadings, web-based
resources and course information shared between staff and studeiffesré@mtdcourses

of study. In addition, VLE's commonly provide tools to support online dEsvi
including quizzes, assessments, communication between students, anehbstwients
and lecturers, and some tools to support groupwork (e.g. virtual présergpaces,
collaborative  writing spaces, wikis  and blogs). Blackboard/WebCT
(http://www.blackboard.com),  Moodle (http://www.moodle.org/), and  Sakai
(http://sakaiproject.org/) are currently amongst the most widegd VLE's. VLE's
provide the means to support learning in practical ways assowtedchformation and
content management, but also have the potential to offer transfeenaguproaches to
teaching and learning, facilitating synchronous and asynchronous diabmjueen
participants and their teachers. Much has been made of theigofentVLE's to

facilitate online dialogue.

Wenger (1998) defines participation as “a process of taking pdralao to the relations

with others that reflect the process”. He interprets that giaation involves the
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interaction with others in a community. For online discussion forumgunation
effectively there is a need for active participation. It hasnbdemonstrated that
participation and interaction in online discussion forums adds value tonstedening
outcomes (Garrison & Anderson, 2003). Interaction, using knowledge as a tool of
mediation among a community of learners, becomes a social motenkihgy where

students learn by engaging in dialogue (Van Boxtel, 2000).

Social communication is an essential component of educational ad&gitya successful
online learning experience, developing a sense of community has intpsdeio-
affective and cognitive benefits for learning activities (Palloff &tBr1999). Researchers
have examined online social interaction and learning from two pénsgsecEarly
experimental studies examined the characteristics of intanaatlearning environments
and the use of particular social cues to see how they resemhtidaymens in face-to-
face interaction. If the social cues were removed from theartiens then there was no
socialization, no intimacy, and the communication was impersonal ataded. More
recent research (Garrison et al., 2001; Nichani, 2000) revealed thabyref time was
given to exchange information and messages, inter-personabmeldps would develop
and hence participants would be able to form an online community ¢yaddtathe
same time this would allow more time for reflection and inforomatlow (Garrison et
al., 2001; Johnson, 2007) and hence would improve the quality of participation and
increase cognitive ability. Hence we can state that the puapose of online interaction
is to foster:

Social ties between different groups

Support learning

Extend real-world relationships
There are different types of interactions in online communicatitoore (1989) has

classified them as (1) learner-instructor (2) learner-leaared (3) learner-content

interaction. There are other types of interactions as well, wdniehtermed “vicarious
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interactions” (Devries, 1996; Sutton, 2001) and “learner-self interati Vicarious
interactions happen when the learner is not a participant in exchadigiogue. These
are learners who would just observe, be silent and learn through o#raerg
interactions. Such learners are termed as ‘lurkers’ (Ra#aeli, 2004; Beaudoin, 2002).
Learner-self interactions emphasize the importance of dkifiga All these types of

interactions develop the cognitive ability of the learners.

Forums in VLE are used for discussing a particular topic and ttieipants share their
views, ideas and opinions through asynchronous dialogue. A participatd ata
discussion related to particular topics that identify the subject. Any numbdescofsions
can be added onto a discussion board. Discussions are usually dividedfferendi
threads identified by their topic. The participants responding to #tadeng discussions

are grouped together and form threads of a discussions.

2.2.1 Online Participation and Interaction

Participation, which plays a central role in online discussion, enhameEs learning
experience. Interaction through online participation builds the onlirenitey
community. Participation and interaction adds significance to onlomenwnication.
Participation and interaction can never be interchanged. Patitcipan online
communication, according to a review by Hrastinski (2008), can le¥rrstof accessing
e-learning environments, writing, quality writing, writing and regdiractual and
perceived writing, and taking part and joining in a dialogue.idiaaihts who participate
could be both participants involved in reading and replying to postekhsasvlurkers
who just read the posts but do not contribute. Interaction involves contriliotitige
learning community. Motivation needs to be given to those participants de not
contribute their views. Although the participants, both the active andritexs, read the
posts and build up their critical thinking, motivation needs to be givéimetdurkers so

that the online community can be more interactive and more meahikgktering each
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student’s participation in any discussion in the online environmeatkey requirement

for building up a proper collaborative online learning environment.

Online asynchronous interactions break the social and cultural b@gteer & Cheung,
2003). The participants can narrow down all the difficulties facethglua face-face
interaction. Online communication allows people to interact with stlérdifferent
backgrounds and places. Interaction helps teachers and end-users &tandddre
behaviour and the learning abilities of the students involved in the dmtukgeraction
could also help the students in their course. Participation of studeqistlreading the
posts would not help the teacher understand the process of knowledgepaerel in
those students (Rutherford, 2010).

2.2.2 Socialising and Learning through Online Interaction

Communication through virtual interaction builds a virtual community. Reteid to
share their thoughts and ideas and establish connections with one anotines
community. This process of sharing thoughts, ideas and goals dstaldigendency to
learn more and communicate more (Nichani, 2000). Sustained engagenint a
collaboration leads to knowledge development and also removes a gap b#teeen
participants building a virtual relationship and refines theirtexjsskills (Tan et al.,
2010). One aspect that characterizes communities is the natime sddial interactions
between members of the community. Through these social interaitteyndevelop their
communication skills and experience learning by discussing on aaagitience form

not just a community but a community of learners (Nichani, 2000). Onlswighions
enhances learning as the focus changes from an interaction with just one pefrsan,asuc
teacher, as in a face-to-face meeting, to an interactiorebatpeople who have diverse
views. Practical and meaningful human-computer interaction and human-human
interaction leads to positive outcomes in terms of collaborativeiten Increased and

meaningful participation which leads to greater reflection and enriched simsigan be
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termed as learning. A significant correlation not only betwdedests’ perceived
learner-learner interactions and students’ satisfaction withr th@irse but also a
significant correlation between students’ perceived learnemdeanteractions and their
learning was found by some researchers (Swan et al.,2000; Jiang & Ting, 2000).

2.3 Visualisation of Interaction

For exploratory analysis of how systems are being used, and fdifydey patterns of
use, information visualisation has proven to be a valuable aid. VLB ttads to
facilitate quick and clean overviews of busy forums. Finding tonealvigate and review
large numbers of discussion threads in which there is frequenityags a well-
documented problem for teachers using VLE's (Fitzgibbon & Jones, 2@04ds&vvidis,
2009; Hamuy & Galaz, 2010). Where instructors may spend considerablenes of
time observing the asynchronous discussions to derive useful informaticuadisation
tool could be always beneficial. The visualisation approach begthsexploring how
online discussion might foster student social interaction and proraotértual
collaborative learning environment. A visual mapping of the mesgagesa conference
activity graph with each message being sequentially numbered anthténaction
between these indicated by the use of arrows) can be usedien to capture the

interactive process in online discussion.

There is no specific standard for visualisation in order to aclsegl a goal. Usually it
depends on the nature of the information, the intended use of the sasivaliand the

inventiveness of the designer.

2.3.1 Exploration of models and tools implemented

Over the past decade, various CMC and collaboration systems haveebearched to
discover various aspects of the interactions. All of the resaaraientioned below state

that the benefits of online discussion led them to explore studeradtiters and develop
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tools and models that analyse the discussions. Visualisation todlss(@t al., 2006;
Smith & Fiore, 2001; Kurkowski, 2009) appear to offer potential in providipcaatical

overview of data quickly and easily. Visualisation allows us to géaenitial analytical
pictures of multiple forum threads quickly. This in turn facilisat@vestigation of
different sections of dialogue and guides the selection of approqualigative methods
for further analysis. A suitable visual tool is the best approachmimderators and
teachers to view the interaction and gauge the participatiohdetlee learners involved.
However, finding a suitable tool is somewhat challenging. Althoughumber of

visualisation systems have been designed for use, not all followathe approach or

share the same goal.

Research in the field of representation or visualisation of interacstarted by
representing the participants and/or posts involved using various shapes and
interpretations (Donath, 1995; Viegas & Donath, 1999; Erickson et al., 20B8nh T
research progressed to representing the conversations takingoplanee (Sack, 2000;
Smith & Fiore, 2001; Mark & Andrew, 2001). Researchers then felt the need ofiagalys
the participation, discussion and the participants involved in the ongoirigeonl
discussion through visualisation (Mark & Andrew, 2001; Wong, 2005; Bratdsis
Dimitracopoulou, 2006; Howard et al., 2007; May et al., 2007; Mazza & Bo20@i7;
Mazza & Dimitrova, 2007) and hence, this curiosity to know ‘what is h@apgein the

online discussions lead to the development of various tools and visual representations.

The tools developed (and those, in the process of development) so far could be
categorised according to the seven categories proposed by Shneidd®88). He
categorised the information representation methods as: one-thmans two-
dimensional, three-dimensional, multi-dimensional, tree, network and tempora

approaches. Shneiderman has also proposed seven categories which are defined as:
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1-D representation is a linear representation giving just the abstrachation.
2-D analysis focuses attention on the connections without providingatimufl of those
connections. The location of an item is identified by its placemerhe x and y-axis. It

usually displays the width and height of the object.

3-D representation not only gives the position of the object placedsbutsorientation.
This view represents the volume along with the width and height.

Multi-dimensional representation is used to represent more than 3 attributes.

Tree or Hierarchical representation produces a structureewdeeh node has a single

parent node and the parent and children are connected.
Network structure represents structures that cannot be repcessntee tree-structure.
Every node will potentially have a relationship with every otmade in this

representation.

Temporal representation gives importance to the timeline. Hiatogresentation is
depicted in this representation.
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i. TOOL NAME -TrAVis (Tracking Data Analysis and Visualisation)
CATEGORY - 2D Temporal

May et al. (2007) (2008) has visualised the user communication a&ititrough a
web-based Tracking System named TrAVis. This is a refle¢toe for the learners,
guiding and assisting tool for the users to track their actigitygress. The tool
concentrates on only three main issues: trace collection, $tasceturing and trace

visualisation.
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Figure 2.1: List of Student’s Activities on View Screen of TrAVis
(May et al., 2007 & 2008)
Figure 2.1 displays the list of the activities of a user on \8emeen of TrAVis. This
view displays the activity list (Figure 2.1A) which gives timst recent activities
performed by the user. When an activity is selected, the detarmation about the
selected activity is displayed at the right of the screegu(Ei2.1B). The other activities
that are related to the current activity (which can be idedtifig the same activity
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name) as described by the author (forum_id with forum title, agessd with message
title) are seen in Figure 2.1C. Figure 2.1D displays all thesusbo have read the
displayed message along with the user whose details are higthlifateh sphere shown
in portion Figure 2.1D represents an activity of displaying a message andreteti of
the sphere is proportional to the time spent by each user retdingnessage. The
distance between two spheres represents the time gap betwediifénent readings.

The colour of the sphere indicates if a message has been displesgd partially or

entirely.
7
~ _
N Display message content 1745
\ [ Detail ]
\ Display course/assignment content 1631
. [ Detail ]
; td1elille
B Post a new message 68
[ Detail ]
Reply to messages 391
[ Detail ]

Figure 2.2: Overview of Learning and Communication Activities of a StudeAV{S)
(May et al., 2007 & 2008)

Figure 2.2 gives the statistical data summarising the quargitaiformation of four
other activities of a student. It's a tracking system to obsémeecommunication
activities among the participants throughout the learning procesxdllected data will
be later exploited to assist the tutors in student monitoring andagiead and learners in

self-monitoring and in making self-assessment.

Even though trace visualisation was one of their main ideas, thedeslnot visualise
the message flow. It is hard to find the communication pattern fiioen visual
representation. It is also impossible to deduce that the tim $pading’ a message

actually relates to ‘reading’. Instead it could be a page left open.
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ii. TOOL NAME — Authorline Visualisation
CATEGORY - 2D Temporal

Howard et al. (2007) in their work describe visual strategiesilthatrate patterns of
contributions that they propose are a proxy for indicators of sawie$ r(patterned
characteristics of communication). They propose that the key behavgignature of
an answer person (individuals whose dominant behavior is to respond to questions posed
by other usepsis seen in the tendency to reply to discussion threads initiatethbys,
e.g. the presence of blue circles and the absence of redsciraicating thread
initiation. The second attribute is a tendency towards brevity —+esepted by the
absence or relative rarity of large circles in the autharfdwnbined, it can be said that
an authorline characterised by numerous small blue circles ¢aresponding absence
of large or red circles) is likely for actors who are priiggulaying the role of answer
person. An authorline represents the volume of contributions for a stigleaaross all

the weeks of a given year.

Authorline identifies structural signatures of social roles. Wminctive structural
features associated with a social role are defined as tistalicignatures” (Howard et
al., 2007). Authorlines can be viewed in this light as a kind of reputation system, making

it faster to get a sense of the sum total of an individual's contributions.
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Figure 2.3: Authorline for an Answer Person (Howard et al., 2007)

The authorline visualisation in Figure 2.3 shows only one colour, vigiah indication

of all the thread initiators.
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Figure 2.4:
Figure 2.4 shows all the threads initiated by a person on the albeofshe separator
with a different colour indication. These participants both initiagel)(and reply to
(blue) threads and contributes greatly to some threads while pggsihgne or two

messages to others.
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Although the tool helped to view the dynamics of the interactiorss glnce, screen
cluttering becomes a problem if the number of authors and the najpests increase.
There would be an overlap of different sized-circles. The inaliityead individual

messages within the visualisation was one of their issues.

lii.  TOOL NAME — GISMO (Graphical Interactive Student Monitoring Tool)
CATEGORY - 2D Temporal

GISMO is a graphical student monitoring and tracking tool designddiaveloped by
Mazza & Botturi (2007). It is designed to be a practical toolilyeastegrated into
Moodle that can be visible and used by the instructor in readistitgs. GISMO uses
the students' tracking data from Moodle, and generates graphical regiiessrthat can
be explored and manipulated by course instructors to examine smgaitive and
behavioural aspects of distance students. It enables instructdentdy tendencies in
their classes, or to quickly discover individuals who need spediahtiain. Their
objective was to help the teachers to evaluate the pariaripat the students in the

ongoing discussion.

GISMO has proven to be a powerful tool for at least three aetvaccording to Mazza
& Botturi (2007): (a) monitoring class and individual behavior, (b) sseg
participation in discussion forums, and (c) redesigning the coursedaug to students'

needs.

It fails to represent many of the important indicators likeigpent details and post
details. This representation also lacks the ability to displagdheersation flow and the
interaction path. There is no way of identifying if the contribui®melevant, useful,
and appropriate.
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Figure 2.5: Representation of the Discussion on GISMO (Mazza & Botturi, 2007)

Figure 2.5 shows a chart which gives an overview of all the disciss$n which
students participated. For each student of the course it gives ionganh the number
of messages posted (with a square), number of messages rémathéncircle) and the
number of threads started by the student in the discussions (withiathgle). This

representation can assist the teacher to grade the student based on tiimitioast

30



Literature Review

iv. ~TOOL NAME — CourseViz
CATEGORY - 3D Temporal

The use of information visualisation to facilitate instructors stadlice learning lead to
the development of CourseViz. (Mazza & Dimitrova, 2007). The represenigives
information about the active and inactive participants. The cognitpectef learners is
produced using representations of cognitive matrix and cognitive gietb@havioural
aspect is represented using a behavioural graph.

cveroading
objeect sanialzation
abjact

malfiod g
_ inleface
infer ckids
inhertarce 8

class varnble
chass me Blhod

basw curwpl-'

Global accesses (hits)
to the course

Criginal posts &
Messages Follow ups »
Arickes read &

chd ] NRIE A
TR B
::aocoo

po]
DCI
licid
%888 88388&&8@88 EaE %%

R N e b

BEETS ‘E’”_"ET&]mﬁﬁﬁmiﬁmSEFGFEEIS:;E,:_.EE?}BE:
iadndooedhidid adduidddindidTisizidsad
e S R R e R

T 4 E T 4

hREE8AE
4dagaed
e
T BN T N

B2
22
=
i

Figure 2.6: Representation of Student’s Behavior Graph on CourseViz
(Mazza & Dimitrova, 2007)
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The representation shown in Figure 2.6 includes dense information absingle
student using the composition layout: access to the content pages, agcesses to the
course, with the timeline, messages read, posted and replied ussiliss represented

by a diamond in different colours, and submission of quizzes and assignments.

Figure 2.7: Representation of the Discussion on CourseViz
(Mazza & Dimitrova, 2007)

Figure 2.7A shows the cognitive matrix with a coloured cell megpérformance level
of a student on a specific concept and a blank cell meaning thamtshagenot done the
relevant quizzes yet. Figure 2.7B presents the 3D plot displdyendiscussion posts in
conjunction with the ‘topics’, ‘participants’ and ‘date of post’ in €iint axes. The
length of the discussion is indicated by the size and colour of ithke, cwhich

represents the post.
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The evaluation of CourseVis carried out by Mazza & Dimitr®@07) has shown that
the representations it employs help instructors to quickly and nomeradely grasp

information about social, cognitive, and behavioural aspects of students.

This representation lacks the ability to visualise the conversfitw. It is difficult to
view the 3rd dimension of the graph. The behavioural graph gives too nfaoimation

making the graph look cumbersome.

v. TOOL NAME - PieSpy
CATEGORY - 2D Network

Don & Stephan (2007) explain how a visualising application, when applietieto t
database of a Learning Management System (LMS), can prowdelaand accurate
details of the discussion. PieSpy, an open source application, idausgauging the
effectiveness of online discussions. The visualisation revealstiingture of the social
network, highlighting connectivity, clustering and strengths ofticelahips between
users. The representation is simple, with different coloured nodesseeping students
and teachers and the lines connecting them representing theffloessages. As more
replies pass between two people, the "social bond" between themtiséres and they

are drawn closer together. The strength of the bond is indicated by the welghtioét
PieSpy produces a very simple illustration of the social n&tweing a very simple

algorithm. PieSpy can be referred to as a social networkalegytool only and doesn’t

give any details of the ongoing interaction.
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Figure 2.8: Central Thread with light Student Discussions on PieSpy
(Don & Stephan, 2007)
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Figure 2.9: Diffused Discussion on PieSpy (Don & Stephan, 2007)
Figures 2.8 and 2.9 show the network of interactions. The timeline ormphgivtes

when non-assessed activities start (lectures) or wheresadsastivities are due. The
orange colour represents that the activity is within two days.
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vi. TOOL NAME - Representation through iGraph
CATEGORY - 2D Network

iIGraph which is a graphical representation of interactions to obtd@seiptive image
of forum participation, is another example of a visual tool, thise toeveloped by
Alvaro & Joanne (2007). They introduced a method based on numeric indiaatbrs
graph representation to interpret the behaviour of the participdnssgmaph consists of
vertices representing actors and arcs representing the flmfioomation. The starter of
the thread is placed at the centre and all the respondentsaaed @round. The
‘Centrality Degree’ which is defined as a count of the number of ctione that an
actor maintains with other actors is divided into input (the numbeactofs that respond
to an actor) and output (the number of actors to which an actor reqdssy. The extent
to which some actors contribute to the centralisation of a networikjede as
‘Centralisation Index’ is also divided into input and output cases, a&ptessed in

percentage.

Figure 2.10: Interaction and Participation Graph in iGraph Interface
(Alvaro & Joanne, 2007)

Figure 2.10A illustrates the interactions between actors incastieon forum and Figure

2.10B shows how actors participate in each discussion thread. In the interaction graph,
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vertices are labelled with the corresponding actor; distinguislyedolour, red for

women and blue for men; the larger the vertex, the more replies sent by the actor.
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Figure 2.11: Interaction Graph as seen in the iGraph Interface
(Alvaro & Joanne, 2007)

Figure 2.11 displays the interaction graph as in the visualisaimn It displays the
intensity of the circulating information (net density), the inaognand the outgoing
message percentage (centrality degree), centralisation intExytmber of participants

and the number of active participants.
The algorithm develops from a set of basic principles to impraaatelity and ease of

understanding. The principles are:

avoid overlapping
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information hubs placed at the centre
minimise the crossing of edges and vertices

equally spread dense net (vertices equally spaced in clockwise manner)

No further research has been done on iGraphs and hence the usaHilitytobl is not

clearly defined. There are no indicators of lurkers and post quality.

vi. TOOL NAME - MTRDS (Mapping Temporal Relations of Discussions
Software)
CATEGORY - 2D Temporal

Gibbs (2006) produced his software MTRDS to assist analysis of the tempora$ aspec
online discussions. He represented the interaction in a way that mavide greater
awareness of the communication dynamics. MTRDS generates arejstesentation of

discussions based on time and date.

Figure 2.12 represents the rendering of MTRDS map of a discusdierg the x and y
axes denote the date and time respectively. The discussion posepeesented as a
coded circles joined by arrows indicating the direction of the agesslow. Such

representations help in assessing the degree of participation in a paiticelaame.
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Figure 2.12: Rendering of MTRDS’ map of Discussion (Gibbs, 2006)

MTRDS represents information spatial-temporal. It readily convwefggmation about
interactivity (through node-links); thread dominance and developmesitingicated
through colour-coding and structure of the visualisation; messagenubont
sequencing, and ancestry can be identified through the map of thessiisg links
between messages are identified by single arrow; andteédolaessages represents

disjoint communication indicated by colour-coding.

Only one week’s (seven days) worth of messages display aeaThrs number can be

increased but the clarity of the map may be affected.
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vii.  TOOL NAME — DBAT (Discussion Board Analysis Tool)
CATEGORY - 2D Hierarchical/tree

A formative assessment process of mapping discussions, to analypdrgeraction, is
done by Frey et al. (2006). A tree structure of interpretation was pretbtiging simple
Microsoft power point and Microsoft word documents. Each node repres@oisting,
identified by the initials of the student. Expanding the node gheeslétailed posting of
that student. Content analysis of the postings using Bloom’s taxord®b6) was
performed, to find the cognitive aspect of a particular leafft@s research adds to the
body of literature analysing online asynchronous discussions, paticdéaling with

formative evaluation and analysis tools.

The results of the tests done using DBAT enabled the instruatooddy the questions

and facilitation techniques, to engage students in higher level thinking skills.
No further study has been done on this representation. The analysis done ascertains that

the results were not generalisable to a larger teaching popul&@ontent analysis

coding was not automated
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Figure 2.13: Levels within the Discussion Structure (DBAT)
(Frey et al., 2006)

Figure 2.13 shows the tree structure representation of the d@tuskialso displays a
message posted by one of the participants in the discussion waittnghe message

details.

ix. TOOL NAME — DIAS (Discussion Interaction Analysis System)
CATEGORY - 2D Hierarchical/tree Network

DIAS (Discussion Interaction Analysis System) is anotherwso# application for
monitoring and analysing the interaction developed by BratitsiBiditracopoulou

(2006). The indicators in DIAS along with appropriate interpretatdrema helps in
drawing various conclusions related to the interactions amandetiiners. The main

purpose of DIAS is to provide a range of indicators for analysis.
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Figure 2.14: Interaction Analysis Indicators Visualised by DIAS
(Bratitsis & Dimitracopoulou, 2006)

Figure 2.14 gives an idea of the overall display of information iremfft forms of a
particular discussion visualised by DIAS tool. A detailed snapshall ¢fie individual
elements of this image is displayed in Figure 2.15.
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Figure 2.15 [A][B][C]: A Close-up View of all the Interaction Analysis lcatiors
(Bratitsis & Dimitracopoulou, 2006)
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Figure 2.15 [D][E]: A Close-up View of all the Interaction Analysis ladars
(Bratitsis & Dimitracopoulou, 2006)

A 'user classification indicator' (Figure 2.14B) is an XY twraplot representing the
amount of contributions on the x-axis and the amount of interaction hys#re on the
y-axis. Relative Activity Indicator (Figure 2.14C) is a barrtishowing the activity of
the users for the selected time duration as a percentage dbt#heactivity. The
contribution indicator (Figure 2.14D) is a polar chart containing bulgisesenting the
various users. Activity Indicator (Figure 2.14E) is also an X¥tec@&hart showing the
amount of contributions and the amount of messages read by other ugars. F
2.15[A][B][C][D][E] show the close up images of the indicators whigves analysis of

four users.

The IA indicators of the discussion activity evolution focus on studéetsaviour. It

incorporates different views and detailed analysis.

A lot of quantitative analysis is done, but there is no indicator atidig the analysis of

learning. There is no representation of the conversation flow.
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X.  TOOL NAME — BulB (Bulletin Board Visualisation Tool)
CATEGORY - 2D Network

Mohamed et al. (2004) designed an architecture which visualisegxamdines the
development of conversations within a bulletin board. The visualisatidilesnasers to
assess current levels of activity across threads and obskeevgsotvth of conversatior
There are three separate visualisations within BulB:

» Temporal thread development (Figure 2.16A)

 User thread participation (Figure 2.16B)

* Timeline (Figure 2.16C)

Bulletin Board Yisualisation Bulletin Board Yisualisation Bulletin Board visualisation
\ &€ ¢ 9
. B L
\ \ il ‘5 o
oy

Post Author: mo Post Author: johnny Post Authar:
Thread: hello there A Thread: hello there B Thread: test C

Figure 2.16: Sample BulB Visualisations (Mohamed et al., 2004)
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BulB visualisations give an easy way to see which threads havedntive longest by
the length of each stalk. The visualisation also easily identiiesdistribution of
individual posting and the frequent contributors across multiple threaithsn wwhe

visualisations

The conversation flow is not visualised with this tool. No further research was done on
this tool so it is difficult to draw significant conclusions as to its effeoess.

xi.  TOOL NAME — Babble
CATEGORY - 2D Temporal

Babble, introduced by Erickson et al. (2002) is an online conversagartlzat enables
visual feedback of the usage patterns of the online participants andadhieities.
People are shown as dots within a circle. The position of the dotseshaogording to
the activity level of the person engaged in the conversation.

Visualisation called a social proxy uses a large circlepoesent the conversation, and
coloured dots to represent individuals. A dot inside the circle repseaamser who is
"in" the displayed conversation indicating the user’s presence; @thtle the circle is
in some other conversation. The rapid movement of the dot towards apdramahe
hub represents active and inactive interactions of the user. IRigee 2.17, five
participants have recently "spoken" or "listened," two have bele, and one is in a

different conversation.

Babble on the whole visualises only the online activity of an dsgnous discussion. It

does not indicate any details of the conversation.
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Figure 2.17: Visualisation in Babble (Erickson et al., 2002)

xii.  TOOL NAME — Seascape and Volcano
CATEGORY - 2D Temporal

Seascape and Volcano was proposed to explore large-scale idisaussalisation by

Lam and Donath (2005).
Seascape (Figure 2.18) visualises a newsgroup as a sea of threads,each is a

square particle varying in size which propagates in the padtsiofe wave. How fast the

particle moves along the wave (velocity) shows how active the thread is.
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Figure 2.18: Seascape Representation of an Animated Group
(Lam & Donath, 2005)
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Figure 2.19: Volcanic Representation of an Animated Group
(Lam & Donath, 2005)

Volcano (Figure 2.19) employs motion loops only in the vertical axisevsgroup is
represented by a collection of square particles ejected fromgrthumd. Similar to the
former interface, they represent threads. The speed of the boundiotppatenotes the

activeness of the group while the vertical height shows the recentness of the group.

The study showed that most users thought that the interfaaglysdasy to use. They
could navigate well between the group and the thread views.

This innovative approach lacks a representation of the conversationrftb@o@s not

detail the pattern of interaction The visualisation provides theambgia sense of social
structures and quantitative characteristics of the group.
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Xiil. TOOL NAME — Netscan
CATEGORY - 2D Hierarchical/tree Network

Mark & Andrew (2001), describe a collection of visualisation comporteatsilustrate
patterns of activity and conversational structure (Figure 2.19kchietillustrates the
structure of the message threads, temporal activity of the aatiibthe roles of the

author within the thread.

This tool has several additional graphic indicators and interacéavours that
enhance the basic tree. A tree map approach reveals the detaked hierarchical

structure of Usenet.

A problem associated with this visualisation is that the number af gands that
represent calendar days on which messages are posted during dlés thifietime will
increase whenever a message posted on a date that is not inclutterl gurrent
visualisation. As a result of these new bands the shape of the ptesent the thread
tree may be different in different runs. It gives the struabdijest one thread at a time,

with the message that begins the thread, placed at the top.

The visualisation dashboard uses a tree map approach as a fipsineminto present the
structure and history of the selected thread and maximum depth eadthof the
thread (Figure 2.20A). The piano roll component (Figure 2.20B), displays a listlod all t
posters in the selected thread. The third component, the interdersmeection
component (Figure 2.20C) displays a sociogram of the interactionalBleisncludes a
textual pane that identifies the selected newsgroup and repertsread’s subject line,
start - end dates and number of active days within that periodntotdder of messages

and authors (Figure 2.20D).
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Figure 2.20: The Netscan with the Thread tree, Piano roll, Sociogram viewsgdess
display (Mark & Andrew, 2001)
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Figure 2.21[A][B]: Representations of the Close-up Views of Netscan
(Mark & Andrew, 2001)
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Figure 2.21[C]: Representations of the Close-up Views of Netscan
(Mark & Andrew, 2001)

Figure 2.21 gives a clearer view of all the representationdet$écan. Figure 2.21A
reveals the Netscan thread tree. The gray bands represenetigacaays on which the
messages are posted. The representation also gives informatiwn mafmber of posts
posted by a poster, with the number of posters each day at tloereér of the tree
structure (1). It also gives information of the post quantity (Rjure 2.21B gives the
ranked list of the authors by their total activity. Figure 2.21@lays the authors in the
thread and an indication of the quantity of the posts replied to and posted by the author.

2.4 Discussion

The list of visualisation tools is almost unlimited. There aeepReGarden (Donath,
2002), Loom (Boyd et. al, 2002), WebFan (Xiong & Brittain, 1999) and many more
innovative representations of online asynchronous discussions. All of thete
mentioned in this chapter are different and have their own advantagjeésadvantages.
Almost all of them will generate visualisations of a singdjecussion thread or a single
participant interaction. However, when generated to show chains cfagess they
become unclear and cluttered. Most visualisation tools depict crogslirttering) when
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describing the message chains. There would either be an overldpe imodes
representing the participants or there would be arcs denotinfotheof messages,
crossing one over the other. Crosslink and/or cluttering usually acuhe data to
represent the ongoing interaction increases. One of the impotiatienges of the
concept of visualisation is to present as much information as possiblgiven display
area without overloading it. Having reviewed thoroughly the existingtaa argue that

this challenge has not yet been met with any of those tools developed so far.

A further issue with visualisation tools is their inconsisteinctheir tool in terms of the
criteria or ‘indicators’ they use in order to produce visual espntations of data. The
next section details important indicators, many of which were asieed by the above
researchers, to be visualised by an interaction mapping visual téodielp the

moderators/teachers draw conclusions about online discussions.

2.5 Important Indicators (attributes/units of analysis) for Analysis

In one paper May (2007) states that the traces of the I€aagtvdties are meant to be a
source of information that reveals not only their activities lsad ahrious results of those
activities that the learners carried through. Donath et. al [188&aled that the
information derived from these interactions helps learners and noderaview their
own behaviour and that of others. By analysing the traces in trebordlive learning
environments, moderators could evaluate the social and cognitivesaspdu learners.
Evidence of a similar approach can be found in research works afrékic& Dimitrova
(2003), where the teachers/moderators could view the three mainsageanline

learners: social, behavioural and cognitive.

Interaction can be synchronous, asynchronous or mixed. It is importémd tihe mode

of communication as a study by Hrastinski (2008) discovers thatse@gorts different
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purposes. He concluded that asynchronous communication involves moreiveognit
participation since it gives time for reflection and synchronousnoamication involves
more personal participation as it consists of intense interactmnmbBst researchers,
(Price & Lapham, 2003; Bolloju & Davison, 2003) the asynchronous intenactin any
online distance learning courses are original (Gunawarderlg &097), structured and
commonly used environment for analysing, monitoring and understandintatine of
the interactions and then predicting students’ behaviour. Asynchronoussigst offers
the advantage that students can participate whenever is convenidrgrh (Frey et al.,
2006; Garrison et al., 2001). This improves the quality of the discussions. Ressehsthe
numerous benefits to asynchronous discussion (Baker, 1999; Bolloju & Davison, 2003;
Hew et al., 2009): active student participation in their own time stldents may be less
intimidated to participate, no student dominance, improvement of studiimgvekills
and an increase in the quality of student discussions throughicefle&li these combine
to improve the learning process. From a research perspectiver(B&©09; Hew et al.,
2009), asynchronous communication is ready-made for historical endeny online
courses use discussion boards for their communication and participatibay can have
an archive of student interaction (Meyer, 2004). This collectioh@fangoing online
discussion can be used quickly, to find out if the discussions betwestuttents were
subject-related or just casual conversations that arose throughout the cotineenieue,
the archives serve as a historical record of the developmetiieodrline interaction
between students (Baker, 1999; Hew et al., 2009).

Whatever kind of interaction, some attributes/units of analysis/itwigcaan be easily
found which help in predicting the behaviour and quality of interactioesri{1991)
proposed that electronic communication could be analysed through fivensiime:
participative, social, interactive, cognitive & depth of procegsind metacognitive &
knowledge. The proposed dimensions of previous research on the whole are
collaboration, participation, social, behavioural, interactive, cognand metacognitive

aspects. The collaboration and behavioural aspects were not idenifiéehld but were
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identified later. These aspects, which the above researchiengdeled to be analysed in
a visual tool, are described in the comparison in Table 2.1. Not¢hthafIMS system
proposed in this thesis is designed specifically to also addiethe aspects that prior
researchers felt was important, but all in a single apphicatind with the added function
of being able to represent when a moderator was involved in a corerddtis final
aspect opens up all possibilities in terms of how a group of studswolse in a

discussion both in the presence and absence of moderation.
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Table 2.1 Classification of Indicators for Visualising Interactions #oious Visualisation Tools

ndicators

Tools

Change in
Subject title

(Column-1)

Type of
Interaction

(Column-2)

Quantitative
Method

(Column-3)

Participation
Level

(Column-4)

Social
Interaction

(Column-5)

’,
’

,7 Qualitative
Method
(Content
analysis)

(Column-6)

Cognitive
Presence
(Critical
Thinking)
(Column-7)

Lurkers

(Column-8)

Participant
Details

(Column-9)

Time
Duration
indication

(Column-10)

Y
Presence of*,
a moderator |,

(Column-11)

TrAVis (Tracking
Data Analysis and
Visualisation)

Authorline
Visualisation

GISMO

CourseViz

PieSpy

Representation
through iGraph

MTRDS (Mapping
Temporal Relations
of Discussions
Software)

DBAT (Discussion
Board Analysis Tool)

DIAS (Discussion
Interaction Analysis
System)

BulB

Babble

Seascape and
Valcano

The Netscan

- Prominently seen indicators

ro- Other indicators
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2.5.1 Classification of Indicators for various visual tools

1. Change in the Subject titl§Table 2.1, Column-1): Change in the title of the subject
while responding to a message might mislead the respondents gejalytime earlier
posts. This might lead the conversation in some other direction and \Wwengeuld
see the conversation going off-topic. Some of the participants migtienstire of
what the discussion is all about because of the change in the duigiectthe middle
of the conversation flow and so can lessen the likelihood of more respStegag
on topic and keeping the conversation focussed during a discussigpoigant as it
discourages participants from posting irrelevant and unrelated messagessandgsr
the thread. This would make the online discussions more meaningful aedses
the learner’s interest and the quality of discussion (Cantor, 1992)h8mashould be
made aware that the students responding to the claims and argwhentd be
relevant to the claims and arguments made by the stéherquality of speech (in
virtual interaction - a written one) is judged by the orgarosatf the relevant

information.

2. Type of interaction(Table 2.1, Column-2): According to Henri's model (1992),
contributions to online discussions can be classified as explicplicip or
independent. Explicit interactions can be a response to someoneagmestere the
reply message would address it particularly to the postehdyntention of their
name. Implicit interaction is a response to the prior mesageayithout specifically
mentioning the connection (Hara et al., 2000). Explicit interactionslesys a first
step in bonding with the participants. It gives importance to thecypamtit who is
referred to in the message. The teacher, having knowledge of espiecitimplicit
interaction can advise the students to be more explicit when corgeespecially

when there is a group discussion or discussion between students of different places.
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3. Method of Analysis(Table 2.1, Column-3 & Column-6): Research has suggested
that student participation is necessary and important in an onlineomeént to
foster a collaborative online community (Scheuermann et al., 2003;sMair al.,
2005). To facilitate and develop this collaborative online community ailekt
analysis of the forum threads and postings, quantitatively and dualiya yield
much better results (Gunawardena et al., 1997). This analysisamegmiucationalist
to evaluate the student involvement and nature of the interaction antiéffis them
to monitor and intervene in their online communication (Mazzolini & Msaldl
2003; Heo & Breuleux, 2009).

Quantitative analysis involves measurable aspects such as numbessaiges sent
and by whom, number and time of logons, number of threads, number of répie

of posting and word count of the message posted (Mazzolini & Maddison, 2003;
Monroe, 2003; Frey et al., 2006). This analysis is done to provide indicatons a
alerts to the teachers and moderators (Gerosa et al., 200%)litatiag their tasks
during the learning activity. It also helps to improve the qualityhef interaction
(Mazza & Milani, 2005). In their study, Dringus & Ellis (2009) used lit@iave
analysis to address three goals: to determine if momenturtityviththe discussion)

or wellness of a discussion (indicated by an index) is evidentweth any topic
discussion notably reaches a natural stopping point or conclusion, to determi
notable spikes (i.e., peaks and valleys) in a discussion flow; talramg significant
patterns in a discussion. Quantitative procedures include participatioimtaraction
rates (Pena-Shaff, 2009).

Qualitative analysis involves detailed analysis of the mesgagésd and this gives a
deeper understanding of the messages and the discussion (Meyer (Q2@04ative
analysis usually implies content analysis which is used tessdbe quality of the
interaction and the quality of the learning experience (Gunawardeml., 1997).

Dringus & Ellis (2009) used qualitative examination of the transctiptdetermine
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when the spikes (i.e., peaks and valleys) occurred. According to VKd20i@6), this

analysis is used to consider student reflections both before angaftieipating in

the discussions. Qualitative procedures analyse patterns ottrdarand knowledge
construction (Pena-Shaff, 2009).

. Participation Level (Table 2.1, Column-4): In the case of a virtual community,
participation, both social and academic, is integral (Misanchukn&efson, 2001).
Without active participation in discussions and other class acsivttie learner is not

part of the community. The definition of participation level in theedssion forum is

the number of ‘student posted messages’ or number of posts, numbeticibguas,

etc. (Gibbs, 2006; Yeo & Quek, 2008). The participation level is evaltatédd

out:

a) if the observed online discussions are interactive or monologue (Chen, 2005;
Gibbs, 2006)

b) the rate and length of each response (reflectiveness) (Chen, 2005).

. Social Interaction (Table 2.1, Column-5): Social interactions create a sense of
community. To find out if the interaction was a social conversatiorenbanalysis is
needed. For online learners, social presence is the feeling ofiatity experienced

in their online environment. Thus social presence is a key interpfa@tethe
effectiveness of an online community (Tu & Mclsaac, 2002). The degjrsecial
presence is dependent upon the communication technology and the individual
learner’s perception of CMC technology (Tu & Mclsaac, 2002). Resdwslalso
explored whether social interaction leads to the building of aesafid collaborative
online learning community (Nichani, 2000; Jianfei et al., 2008). Theeflie for
learners through social interaction include: improved learningegies, greater

perseverance, and reduced need for help from the instructor (Shank, 2004).
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6. Cognitive Presence / Learning (Critical Thinking)Table 2.1, Column-7): The main
objective of this area of research in online interaction is tangé an online
environment into a collaborative online learning environment. Researbbees
studied the process of writing and discussing online, (Newman, €t98(7) and the
quantity and quality of postings in online discussions along with the o
instructor plays (Jiang & Ting, 2000; Walker, 2005) in encouragingatdin and
promoting a higher-level learning. Higher levels of intadactin asynchronous
discussions are needed to encourage learners to think criticalhsdBeet al. (2001)
suggests that cognitive presence can be created and supported anliren
environment with appropriate teaching and social presence. WalB@5)( supports
the statement made by Garrison and concludes that, when learaeebla to
collaborate in a socially interactive constructivist environméay twill be able to
develop their critical thinking skills. Bloom (1956) illustrated &xels for higher
order of cognitive processing and suggested that engagement in leigglervould

agree to greater transfer of learning.

7. Lurkers (Table 2.1, Column-8): When analysing online interactions, the researcher
not only analyse the participants involved in the online community boitesdamine
those members of the community who are silent and passive durimgottess of
communication online. Such participants who contribute little to makeonitiae
community an active, collaborative online community are termeduasefs” (Chen,
2004). Chen has also stated that lurking behaviour implies a lackpohmakility and
minimal participation. Lazar & Preece (2002), feel that lurking shbel encouraged
as it is a different form of communication and avoids wastage radvindth. While
this may be a very minor consideration in the developed world, bandissitbs are
still of major concern in developing economies or in territoriesraviggographical
considerations limit connectivity. Wozniak (2006) also agrees and statedoth
active and passive participants contribute to the learning outcamdesuggests that

lurking could have a positive impact on learning in online discussionsivetsely,
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researchers who are focusing on and studying the fosteringalfahorative online
community disagree on the importance given to lurkers and lurking aedtsalack
of posting diminishes online activity (Johnson, 2007; Schults & Beach, 2004as |
been shown that a student who is actively involved has a greatein{g@otential
compared to a passive learner (Webb et al., 2004). A positive assodietween
students’ participation in discussion forums and learning outcomesldmdeen
shown in recent studies (Johnson, 2007). These studies confirm to the edtisator
perception that activity on the discussion forum improved the students’ learning.

. Participant details(Table 2.1, Column-9): Participants are individuals involved in the
online interactions. Participants in an educationalist’s view taidests or learners.
The participants can include moderator or teacher or instructbe iinteraction is
instructor-centered. Thus participants may have one or moredgpending on the
attributes that could be identified (Bharadwaj & Reddy, 2003). Raatitidetails
give the moderators and the teachers, information about the pamtiinvolved in
the online community. Consequently, two types of profiles exist (Abikj8oun,
2009): The learner profile that gathers information about tedeasuch as learning
style, preferences and knowledge, and the group profile thatrgatifermation
about the group of learners such as group preferences and theftygreup
interaction. The personal information of the learner such asrabygender and the
information relating to the learner’s socio-cultural contéggtdture, languages, etc.)
constitute their individual details. Cognitive function in some walerdenes the

individual differences including the social background (Abik & Ajhoun, 2009).

. Time Duration Indication (Table 2.1, Column-10): Time duration or time gap refers
to the difference in the time of two successive postings in an antieaction. This
gives the time duration between two successive conversations ({Valy 007).
Meyer (2003) noted the use of time as an important element instalding the

effectiveness of threaded discussions. The progress of a discossr a period of

60



Literature Review

time in asynchronous discussions (Dringus & Ellis, 2005) is a concertmeas
interaction and participation happens irrespective of time and ey et al.,
2006). According to Dringus & Ellis (2009), there are transitions inirttexaction
patterns, due to the dynamic flow of interaction over time andithe indicators
actually reveal these transitions (intensity and latenoyduration patterns and

irregularities of the postings.

10.Presence of a Moderato(Table 2.1, Column-11): The role of a moderator plays a
vital role in the asynchronous collaborative online community by engmga
responding, starting discussions without any delay and assessirffjdieaey of the
online activity. Presence of a moderator indicates if the irtterawas an instructor-
centered interaction. It was suggested by Schrire (2004) thatgstic-instructor-
centered interactions revealed a higher percentage of criticédirtg (cognition).
Some practical intervention enhances an online environment to become a
collaborative learning community. It was also shown by Pawah ¢2003) that the
presence and participation of the instructor in the interaction Geasrathe
interaction pattern. It meant that the students would immediaply to the posts
and would not deviate from the subject. It would also mean that off-typather
non-useful posts would be minimized if posters knew there was a nmdesao
might see them. Research on one side claims that the instructor or modetdtelpwil
to lead and guide the discussions (Berge, 1995; Greenlaw & Deloach),&@D8n
the other side claim that too much involvement of the instructoresponding
quickly or extensively may shut down the conversation (Li & Akins, 200&gzAdlini
& Maddison, 2003). Research shows that high quantity of instructor's pest

correlated to low quantity of student’s posts.
All of the tools discussed in this thesis are different and Hasie dwn advantages and

disadvantages. Almost all of them will generate visualisationa efngle discussion

thread or a single participant interaction. However, when madghowv chains of
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messages, they become unclear and cluttered. Most visualisatiomlépads crosslinks
(cluttering) when describing the message chains. There witkig be an overlap in the
nodes, which represent the participants, or there would be arcs, whiute dee flow of
messages, crossing one over the other. Crosslinks and/or clutteritly asaar when
the data to represent the ongoing interaction is vast. A fudkae iwith visualisation
tools is their lack of agreement in terms of the criterianolicators’ they use in order to

produce visual representations of data.

The most commonly used indicators in the visual representation @ Mi@/are type of
analysis, participation level, and presence of social interaddoh.many visual tools
give importance to lurkers, participation details, time duration anditbog presence.
Although most of the literature refers to qualitative analysisy f@wv writers represent
the cognitive presence in their tool. Similarly, many otaeshers who developed visual
tools for the analysis of online discussions talk about the importaneemafderator or
instructor, but only one of them includes that indicator in the visuglis tool. Change
of topic and type of interactions (explicit or implicit), though intpat are not indicated

in any of the visual tools.

From the start of research in CMC, the above mentioned indicatoes thhought to be
very important in estimating the effectiveness of online intemagt It was not until
recently that Dringus & Ellis (2005) identified and emphasisednibed to analyse
interaction data to disclose the ‘dynamics of online learning ratedaiction process’ and
listed the common participation indicators which they think are iofigopimportance to
assess student progress in asynchronous interactions (forums). Agdordiringus and

Ellis, the common participation indicators can be listed as:
Level of interaction in the forum

Learner-learner interaction activity

Degree of cognitive and social presence
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Timing and pace

Staying on topic

Transitions

Extent of Instructor presence
Instructor-learner activity
Teaching presence
Mandatory/non-mandatory participation
Lurking

Shared resources

Accuracy of message content
Message response accuracy

Group size

As research in this area has expanded, new indicators (for exdvgssage read’) seem
to be used in the visual representations to give more insight intoorigeing
conversations. As research in this field is extensive and growingould not be

surprising for us to see more and more indications derived in this field in the near futur

For our research purposes, we looked for a visualisation model that oshalatenly the
key indicators identified in previous research, but which had beagnddswith an

informed approach from educational theory.

The interface component of visualisation systems should comprise badise
characteristics to improve its functionality. Thsual information seeking manttzas
been the reference model for interactive visualisation for algagytime. Many systems
have been developed under this paradigm. These elements are once @uasedoby
Shneiderman (1996) as overview, zoom, filter, details-on-demand, relatbistod/
which is shown in Table 2.2. We would definitely implement the concepktpaction

referred by Shneiderman in the near future. Tufte (2001) hasedsmamended a few
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points on the how a graphic image should present the data. Accordiimg #osuccessful
visualisation should show the data, not get in the way of the messagés distortion,
present many numbers in a small space, make large data setentole@courage

comparison between data, supply both a broad overview and fine detaicand serve
the purpose.

Although our VIMS shares some of the features of some of thelsotentioned above,
it differs in that it provides an automated dynamic visualisatbmh @mbedded into the
VLE. In other words, it is constantly updated depending on the arrivewifpostings to
the Forum. This gives the instructor a representation that attemptsivey a sense of

the participants' identity and behaviour and gives an insight of thedla@nversation
activity.
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Literature Review

Characteristics

Tools

Overview

(Column-1)

Navigation
and
zooming

(Column-2)

Filtering
techniques

(Column-3)

Details-on-
demand

(Column-4)

Relate

(Column-5)

History

(Column-6)

TrAVis (Tracking Data
Analysis and
Visualisation)

Authorline Visualisation

GISMO

CourseViz

PieSpy

Representation through
iGraph

MTRDS (Mapping
Temporal Relations of
Discussions Software)

DBAT (Discussion
Board Analysis Tool)

DIAS (Discussion
Interaction Analysis
System)

BulB

Babble

Seascape and Valcano

The Netscan
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2.6 Characteristics of a visualisation tool for onlineforum discussions

From the classification table, we see that not all the etemusaisualisation tools
implement all indicators. The most commonly visualised indicatothe representation
are Type of analysis, Participation level and Presence ofl Sotgaaction. Not many
visual tools give importance to Lurkers, Participation details, eTiduration and
Cognitive presence. Although most of the papers talk about qualitaiigse very few
of them depict the result (cognitive presence) of that amsalgstheir tool. Similarly,
many researchers who developed the above tools talk about the mopod& a
moderator or instructor but not all of them actually portray the itapoe of that
indicator in their output. Importance to results when there is changebject title and
the type of interaction whether implicit or explicit interactismot visually identified by

the previous researchers.

As discussed in Section 2.4.1, it was only recently that DringEdlig (2005) identified
and emphasised the need to analyse interaction data to disclodgntémics of online
learning and interaction process’ and listed the common participatiocators which
they think are of prime importance to assess a student’s psogreasynchronous

interactions (forums).

The list of indicators as outlined in the classification tablab{@ 2.1) agree with the
indicators that Dringus & Ellis (2005) propose as being the impodsiimators and

should be visualised in any visualisation tool.

Searching for the appropriate means to evaluate online discussions restricted to
research in the field of education. Different models, techniques argdvweoé proposed
and used for effectively evaluating the quality of ongoing onlingant®ns in general.
In order to evaluate the effectiveness of the online discussiatancaspects need to be

considered, such as:
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Participant’'s details, with their posting history to estimdteirt role in the
collaborative online environment.

The postings of the moderator in the interactions which assessrdheiand
involvement in the online discussions.

The evolution of the interaction cycle over time which allowsrtteeglerators to

understand the active time period of the interactions.

The existing visualisation tools mentioned in Section 2.3 do not involvleoske aspects
among the priority list mentioned by Dringus & Ellis (2005). Anotpssblem in the

existing interfaces is that they provide inadequate support tousels understand the
discussions as a whole. In many cases, discussion threads cém dedifferent subject
of discussion that may or may not be interrelated. Such interaetiertermed as explicit
interactions (Schrire, 2004) or off-topic posts. However, such relaipsndetween the
threads are not displayed in the evaluated visualisation tools. fithdext and behaviour
of the participants are also not addressed or depicted in the pregmsas Content

analysis even though performed by few of the researchers \agythy process where
they had two or more people read through the conversation dialogue ciedrha up

with a conclusion about the conversation.

The important aspect of any visualisation tool is its usendhegraphical user interface
and the ability to display as many indicators as possible wswaiich the teachers can
identify visually in order to examine the online discussions. Howenet all the
visualisation tools visually display the indicators mentioned in ttiesis. To improve
upon the deficiency of these tools, we have designed Virtual ¢ttmmaMapping

System.

Not all the tools developed can be used for large data setsxdropke if the interactions

for every six months or a year needed to be visualised, ndteatbbls would assist in
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doing so. There would either be cluttering (overlap) of nodes or cgatian flow. This

will reduce the clarity of the visual tool.

2.7 Summary

This chapter examined the concepts and various approaches that uededieh on the
importance of online participation and the visualisation of participati@néaction. This
review of the research has enabled me to identify the key isBaesre needed for
investigation of collaborative online learning environment. Many rebess have
concluded that the visualisation of the interactions in a learningoemvent helps the
instructors and moderators to derive conclusions regarding patitcipkevel and
behaviour. This visual approach helps instructors to encourage learrergage in the
discussion. However, current tools provide only a static view of the ogghscussion
which differs from our purpose of providing an automated scalable, mattiser, real-

time visualisation software tool.

We intend to provide an appropriate and effective means of coding and intanag
discussion forum messages in a visual format which analyses gloengrparticipation
and interaction, and facilitates both decision-making and in-depth enaismplex
dimensions of the participation, such as whether participants gag@shin a meaningful
dialogue, are not generally revealed by the reviewed tools. @&ktechapter details the
features included in VIMS and critically evaluates the stiengif VIMS. After a
thorough literature review of asynchronous communication we identifeetmportance

of visually analysing online discussions.
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3 Presentational Design Features for VIMS

This chapter presents the design features of VIMS which hedpegliish this tool from
the current tools that have been reviewed in the previous chaptesils tle¢ benefits of
VIMS by comparing it with the present tools available for Misugy the online

asynchronous interactions.

3.1 Features of VIMS

VIMS resolves this problem of cluttering of nodes as the nodeslared at a particular
position at each level depending on the total number of nodes preseevé@l asing the

algorithm.
The characteristics available in VIMS can be identified as:

1. Data indicators visualisation:
The indicators used in VIMS cover most of them necessary to haliged to
indicate to teachers the important aspects of an asynchronoussiiscasd be
aware of the ongoing asynchronous discussions. Not all these indieagors
covered by all of the other tools. The visualisation of the indisgiosves to be
added benefits for VIMS.

a. Change in Subject Titld=igure 3.1 shows the change in the subject line
which can be clearly seen in the visual map of VIMS. The originbject
is indicated by a red dot and if the reply post has a diffengject line

the indication is changed to a blue square.

—a—— [Dlessage —8— Changed Subject

Figure 3.1: Change in Subject Title Indication by VIMS
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b. Type of InteractionFigure 3.2 shows the change in the type of interaction

which again is clearly indicated in the visual map of VIMS. Assage

which does not specify is the name of the participant to whom piheise

sent to, is indicated by a black arrow, whereas a messageh whi

specifically is sent to a person with the person’s name is dehgted

green arrow.

—p [roplicit —p Eaplicit

Figure 3.2: Implicit and Explicit Interaction Indicators

c. Quantitative MethodThe quantitative analysis in VIMS is used to find the

number of participants registered, participants active and |pearics

inactive. Statistical analysis is done regarding the total numibposts,

views and participants in a particular group and interpreted ifotheof

statistical charts.

| DETAILS OF COURSE - A-SK

ActiwePart ic ipants Lurkers

| Total Registered | 43

| Teachers Registered | 3

| Students Registered | 40
PARTICIPANTS OF COURSE

(includes lurkers)

|Teax:her Participants | 10

| Student Participants | 18

| INACTIVE PARTICIPANTS

| InActive Teachers |D

| InActive Students |22

W vizu= H posts M sarticizante

Figure 3.3: Quantitative Analysis Indicators
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d. Participation Level & Social InteractiornThe participation level is clearly
seen from the radial tree visualisation. From Figure 3.4, wehsgdhe
starters are placed at levell and the conversation ends at lenel8f e
conversations started by a teacher (on levell indicated byrode) éeads
to many replies at the next level which can tell us about tleeestt in
discussing that topic. The social interaction is again seen thrdwegh t

connection of the replies.

levell

level3

Figure 3.4: Participation Level & Social Interaction Indications

e. Qualitative Method (Content analysisJhe Latent Semantic Analysis
(LSA) technique (Deerwester et al., 1990) used can identify tbearece
of the message and give an indication if the message isdrdtatthe
subject lines or if there is a deviation in the topic of discusswore
details of LSA can be found in section 6.3. From the figure we ecd@ st
that the relevance to the subject is close to 90% and henceatarihst

discussion was going on track.
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Subject: Halloween Holidays and Harvest
2006-11-14 at 10:14:54 { Tuesday - Wki1)

Dear Toococicdl, T hope sou
hiad a good tiree off school.
Did srom lef off arar fireworks?
I had a lot of them

at g house. From

Felevrance to the First thread: 0295

Figure 3.5: Qualitative Analysis Indication

f. Lurkers Lurkers are equally important as the active participants and
VIMS displays the lurkers list as well as indicates themvisuals.
Hovering over the visuals gives their details. This helps thehéesa to

easily trace the participants who are just reading the posts.

[Luncers I I'nis tab displays all the lurkers
= - — — — — 1 Inthisforum
S M L Y L Y | o R [:}
1\ — Y
ke et
| SR S g Nl -
o et R

L. i o A

Figure 3.6: Indicators for Lurker’s presence

g. Participant Details A click on the circle which represents the
participant’'s message gives details of the participant who pdbktad
message and also indicates the other posts posted by that partinipa
highlighting those circles.
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This is a tabgroup which displays the
student details.
Click on the circles to view the details

Mame: ©

Schoal: St Kevin's Boys NS, Dublin
Mo, of Fosts: 7
Hole: Teacher

Figure 3.7: Indicators for Participant Details

h. Time Duration indicationBy hovering over the boundary of the thread,

the period of the discussion is indicated as a tool tip. The timeefan

also been seen through the selection-list display of the VIMSwtbizh

indicates the duration of the conversation in weeks.

Al s

Suhject Halloween Holidays and Hawest.

Qarind:{d weeeks, 2 days, 15:22:348)

L1
%

A-SK

Al-SP
APS-SM

Group A Forum Week 06 m]
Group B Forum Week 07
Group C Forum Week 08
Group D Forum | Week 09 i
Group E Forum v|Week 10 v

-

Figure 3.8 [A][B]: Time Duration Indicators
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i. Presence of a moderatofhe presence of the moderator is indicated on
the radial tree with a change in colour. A red circle indicatésacher’s

post.

O Student O Teacher

Figure 3.9: Indicator for Moderator’s presence

2. More Features of the Tool with Examples

VIMS can be a useful research tool for revealing the structuralimfe discussion
in an asynchronous forum. The significant features of VIMS are:

Chronology — The radial tree representation of the interactiorctdiya
interaction in chronological order in terms of who replied to whom. The
initiators of the threads are placed at the first level ando#rgcipants

responding are placed are various other levels.

Scalability - The main advantage of using scalar vector grapsithat it

can produce an image scalable to any size and detail. Thgizdeof
vector data generating the image stays the same and they apiatite
image is limited only by the resolution of the display (W3C, 20033hWi
dynamic data, the number of participants and the number of messages
keeps increasing over time and hence the need arises fweh&mormous
amounts of information in a manner that is clear and interpretatsS V
exhibits this property. The interactive scalable features @@gm and

pan) allow viewing the full structure of the conversation tohé screen
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and rolls across the screen in case the structure is too thignveiny

conversations.

Association — The radial tree visualisation illustrates cletimt message
chain connections and hence reveals the connections between the
participants. The table form of visualisation displays the numbeosts

and views of a participant with other participants in the group.

Simple Interpretation and Clarity — The visual image shows, giarece,

the ongoing discussions in the Moodle forums. It clearly indicatesisvho
interacting with whom and the interactive features like mouskscieveal
details of the interactions. For example, a click on the node getagsdof

the participant and highlights the posts of that participant infdratn.

This gives a clear indication how many times the participantpbated

and the post to which he is responding. A click on the dot on the arc
(arrow) reveals the message posted along with date, time and subject of the

post. The convex hull separates the different discussions in a forum.

History and Visits — The tool displays not only the participants pgosts
also the number of times they visited a particular discussion.

3. Uncluttered Visualisation: However large the data to be repexséstthere is no
cluttering of nodes or arrows in the radial tree representafiois overcomes a
significant problem with other tools whose representation of cortierstiow
becomes easily cluttered. This non-overlapping of different indicatgves
clarity in the visualisation. Figure 3.10 and Figure 3.11 give exanopldsttered

and uncluttered visualisations.
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MTRDS v0.4
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Upload New File

View as HTML
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Figure 3.10: Example of Cluttered Visualisation (Gibbs, 2006)
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Arbers |

PartDatails LutkerDetails

Statistics Of This Forum

Mo Of Posts: 144

Mo. Df Yiews: &3

Mo. Of Participants: 11

Mo. Of Threads: 18

Mo Of Lurkers: 10

Ay no. of pasts per participant. 1309
A Typical dizcussion was viewed on ave
of 277 34 times

Average No. of words per st 22,63

O Student O Teach

—— Messap  —a— Chang

—p mplict —p e

Figure 3.11: Example of Uncluttered Visualisation. A closer view of a paineof

visualisation is shown in a smaller frame
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Figure 3.10 is a representation of 104 messages taken from one of the
visualisations that were reviewed. We see the overlapping s$ages which is

hard to identify. On the other side we have a visualisation image YIMS
(Figure 3.11) which represents 144 posts at a time. It is eaglemtify the
structure of the conversation as well. Although this is a zoormegye of an
uncluttered representation, the users can zoom in only on a paréicedaand/or

pan the region of display to find the details.

Group Comparisons: If the participants are divided into groups then VIMS
compares the progress and consistency in and among the groupsorparison
between the groups has never been done in any of the visualisationTtosls.
indicates that VIMS can interpret interactions in a deeper way thantotierand

can be very useful in any LMS to predict on the online discussion activity.

‘ Know More About The Interactions ‘ Graph Representation of mean and SD

\ COURSE - BC-SG Participants

Hewn

Course:

Chooss One[ 3 ]

Ranking Of Groups 1
G Group C Forum 1%
! Group A Forum " "

Group D Forum %

@ Participants D Posts ) Views +

Group B Forum N
m— Group F Forum !
Ranking ;

| Group E Forum :

CSIELA G AGRUPE

5 SINUNL WGP iR
0.765 w40

Advice e BC-56
0.743

. 0
Correlation Correlation bet GI‘UII[JS 012343678 RURBNBBTBEY

0.805 Advice for the Teachers ]

0821 A Forum: Attention given to the Group and Indivic
B Forum: Attention given to the Group and Indivic
| C Forum: Attention to be given to individuals. |,
0.747 D Forum: Attention given to the Group and Indivié,

D Poasime Bhdowklon mlarne bo bbho Mecie mnd Todiaeda

Figure 3.12: Group Comparisons on VIMS
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5. Shneiderman’s and Tufte’s characteristics of a visualisation ¥ogIS has taken
not only all the characteristics needed for a visualisation tocbrding to
Shneiderman and Tufte but also considered the HCI elements needed fo
visualisation. The characteristics of a visualisation toolstediin table 2.2. This
helps the users to get a clear picture of the conversation mthputwviany

discrepancy in the process of viewing.

i. Overview:

Figure 3.13: Overview on VIMS

The overview of the graphical image gives the user an idea qfatitern
of the online interactions. It helps them to understand the structure and
depth of the conversation. Especially when the data displayed{jabe

screen, it would be difficult to view the entire structure atlancg.
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Overview strategies according to Shneiderman should include a zoom-in
view which gives the details of the visualised image accordingséo's

area of interest. Figure 3.13 gives an overview of one of the conwvassat

This gives us information that this conversation took the structurieeof t
web with teacher placed at the centre. There was only one discussion in the
forum as it has only one starter. The overview image does not gieara

view of the participants involved in the interaction and hence a zoom circle

gives a detailed view according to the user’s navigation on the screen.

Zoom: Apart from the facility to zoom only the details of inter&MS

also provides a navigational tool to zoom, pan, centre and to get back the
original full-sized image after zooming. The zoom-out and zoom-in
facility helps to view the entire structure of the conversatiowiew the
detailed two-dimensional structure according to the area akesiteThe
zooming facility in the overview gives only the participants invdlbeit

not the messages posted by them. The other zoom facility aeaaldlvs
smooth zooming of the entire graphic display. The panning allows smooth
movement of the frame either up, down, left or right in case the image is of
greater size and goes off the screen. Figure 3.14 gives thgatienal
tools.

Map Navigators
P .?. P
S
Figure 3.14: Zoom and Pan on VIMS
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iii.  Filter: Filtering allows the user to choose only the visual thantended
for use thus reducing the number of elements on display. In the
visualisation where there is a number of nodes in just one dispéagde
to the conversation on the whole, the user might want to view only the
details necessary which could be achieved through filter. InS/IMe
filtering techniques are used to filter interactions on a weeklg daily
basis. There is also a facility for the user to choose thmhsation for a
particular group and not for the entire course, when the partisigdra
course are divided into different groups. Figure 3.15 gives the VIMS

selection which allows users to select the display they need.

Group Interactions
A-SK E] Group A Forum
Al-5P Group B Forum [
APS-5M Group C Forum
AS-WVC & |Group D Forum ]
B-RNM »|Group E Forum v
generate Graph
GroupWeekly Interactions
A-SK Group A Forum Week 06 I:]
Al-5P Group B Forum [ Week 07
APS-5M Group C Forum Week 08
Group D Forum « | Week 09
Group E Forum v |Week 10

generate Graph

Figure 3.15: Filter on VIMS
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iv. Details-on-demand: To explore further details from the visuadisathe
users can click on the node which represents the message oititipaa
and this displays the details of the participant. It also indi¢ageposition
of the posts posted by that participant by highlighting those nodes.
Hovering the mouse over the red dot on the arrow, which represents the
flow of a message, displays the message along with the geedstails.
Mouse over the dotted line, which represents the boundary of the
discussion thread, reveals a tool-tip which details the thread akme
with the time period, the thread was active. Figure 3.16 displaybeall

above mentioned features.

N/

P ——— —
/ PartDetails ™/ LurkerDetail Y/ Stalls

abigroup which displays the

Suhject: Halloween Holidasys and Harvest
2006-12-01 at 12536:34 (Friday - WE13)

oo o 1went trick Al alls
or treating igot 5hig Click on the circles to view the details
bags of sweets 3 of them
were gone in 2 days. i MName:;
went to for bordires and 1 ¢ :
N T —— Schoal: Aughnacloy Primary School
loads of fountains, fromm Tl No. of Posts: 2

Relevrance to the First thread: 0.8

Role: Student

L
.
*

Subject: Halloween Holidays and Har'nrest.
Feriod:(4 weeks, 2 days, 15:22:38)

Figure 3.16: Details-on-demand on VIMS

v. Relate: VIMS has the ability to relate between and amongvdneus
groups involved in the online conversations. This helps the teacher to
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understand the intensity and use of discussion forums by each group and
the individuals involved (Figure 3.17B). The teacher would also be able to
relate students’ and teachers’ activity and inactivity. A atinokone of the
nodes as mentioned in the explanation of details-on-demand highlights all
the posts related to that participant (Figure 3.17A). The userlicknoa

the statistics and see the related views, posts and participiadifferent
groups. More detailed information on these relationships is explained in
Chapter 5.

L ]

Figure 3.17: Relate on VIMS

vi. History: VIMS keeps a history of actions and stores them in thSV
database. The navigational buttons on the VIMS tool helps the uggos to
back and forth through the visualisations. Moodle has its own ihterna
database that also tracks and stores the student activitidse ifog

database.
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We have tried to display the data relevant to the teachersdwyporating Tufte’s
characteristics of information visualisation, which could help them understand thefflow
conversation. Many of the visual tools have cluttering and/or overlgygbimformation
like the one showed in Figure 3.18 and Figure 3.19. VIMS avoids distortiag dgrity

in the visualisation and no element comes in the way. The tool alsmrages
comparison of different datasets and between data and servesr gpulpose for the

teachers.

Figure 3.18: Example of Cluttering

Figure 3.19: Example of Overlapping
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6. Conversation Flow: The flow of the conversation is very importantafoy
interaction. This clearly states the level and pattern of theiggliscussion.
Most of the tools like Babble, BulB, Flowergarden, chat circless&gee and
Volcano, courseViz, traVis, authorlines, iGraph, piespy and DIAS do not
represent these conversation flows in their visualisations. Sontkepof just
visually represent the interactions and some of them represemdiveduals
participating in the discussions along with their online activity igabre the
conversation flow. VIMS apart from visualising the interactions aradyaing the
participant’s details, also gives an idea of the conversation fiethin a
discussion. The other visualisations like MTRDS, DBAT and netsocaw she
conversation flow, but they restrict the visualisation to just bresatl and not the
discussion on the whole in one forum. VIMS places the starters ahtbad in
the first level and all those replying to those posts are ghlatehe next higher
level and hence there is sequence of flow of the conversations shéwenforum

as a whole.

Our research in this area is primarily focused on providing tese@mel moderators with
a better visual support addressing all the issues from the prevauaisation tools and

assisting them to analyse the quality of the discussion.

Extensibility, scalability and future proofing are three importamd needed features for
any developed tool. VIMS can be easily extended by including more inberattributes
as they are developed. This tool allows educationalists or rbsesirio add additional
indicators. This feature helps future-proof this system (VIMS).

3.2 Moodle in a Learning Environment

Moodle is an open source course management system (Moodle, 201gnedefor

managing flexible communities of learners [Lengyel et.al, 200@das the principles
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of social pedagogy (Moodle, 2011). It is a software tool, which &seadmmunication
and collaboration channels. Two attractive aspects of Moodle are: It isibldears] so a
developer / researcher / educationalist can contribute to its devwb@nd add the
modules they require. Secondly, Moodle is customisable. There are many optiaas that

be adjusted to suit the needs of the user.

Moodle can be seen as a platform for learning and communication. Msatlsigned to
help educators create online courses with opportunities for richadtien (Moodle,
2011). There are seventeen tools in total available to course ensneighin Moodle
which allow communication, individual and collaborative learning construcsiach as
forums, tasks, questionnaire, chat, collaborative writing wiki, blog, sman. These
allow different and efficient pedagogical online mediation proced{Nesato & Sales,
2007). This research focuses on analysing communication in Moodle. This

communication in turn leads to learning.

Moodle requires a web server with integrated PHP (which is tii@isg language) and
an underlying SQL database support (Lengyel et.al, 2007). An ad@iorstnanages the
Moodle system during set-up. The administrator has the abilitygtomise the website
and design it according to their needs. The required activity modrdethen added on
Moodle. The source code is easy to modify to suit the teacher’s needs.

3.2.1 Blocks in Moodle

Blocks are “boxes” that appear on both sides of a Moodle page whenyddpn a
browser (Alier et.al, 2007). Moodle is highly adaptable, driven byisieeof these blocks,

which can be chosen and structured in a desired way. The Moodle community has created
many different add-on blocks to choose from. All courses in Moodle cohtagks

where the centre block displays course content. Blocks can bé addemoved to

customise the look and feel of the site.
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N

Visualisation block added

Figure 3.20: Part of the Moodle Page after adding VIMS block

3.2.2 Forum Module to build a collaborative online environment

Moodle is a tool that extends the classroom onto the web [Su, 2006]jvilgs support
for participants’ interaction with a variety of online tools includghgcussion forums and
wikis. It enables discussions relevant to teachers, courses and stuidisnn this forum
module that much of the interaction between students and teacherdae&e Moodle
forum, like other forums, supports asynchronous communication and hencéolesds
of Moodle’s principles of social constructivism. The module also suppuodges and

also allows discussion threads to be moved from one forum to another.
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VIMS can be embedded into any LMS. It is now tested on the roosnonly used open
sourced LMS, which is Moodle. Moodle has the ability to archive infaomdor many
years. Comparison of such information is almost difficult and canmatome without a
visualisation tool. VIMS can extract that information and interpretmpare and analyse
the archived data of the participants through graphs and chartstteicgrrent course.
Comparisons of such information over a period of time reveal the loeinaof the

participants over time.

3.3 Summary

This chapter presented the characteristic features thatcamporated in VIMS tool. The
presence of these features distinguishes VIMS from the cuwelst available. After
reviewing the other tools, we can say that VIMS integratethalnecessary indicators
that are mentioned in Table 2.1 and characteristics of a vidi@ligaol mentioned in
Table 2.2 which are not presented by the other visualisation toolsittyiaeailable and
usefulness of VIMS in a learning environment is much greater tthemow existing

tools. The chapter also gives a general description of Moodle.

The next chapter details the design and architecture of VIMS iaed mstructions of
how VIMS can be integrated to Virtual Learning Environment.
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4 VIMS Design and Architecture

4.1 Introduction

Virtual Learning Environments have now become common means of ngaamd
communication and are being applied in every educational sector HZ008;
Galloway et.al, 2002). Exchange of information and expressing one’s,\igsas and
concepts through interaction has been proven to be an excellent wagrafng (Voigt
& Swatman, 2006; Pawan et.al 2003). Some of the resources of thesmmravrits, like
forums and wikis facilitate the sharing of information betwegnigpants and help build
a collaborative online learning community mostly through asynchronousiaoioation.
One such learning environment, which is widely used and increaspapularity in the

educational world, is Moodle (http://moodle.org).

The chapter presents the technical aspects of the integrati®/irto&l Interaction
Mapping System (VIMS) in the Moodle environment. The purpose of VBAS provide
an effective means by which the enormous amount of information stor&tbadle
databases can be visualised to obtain a greater understanding r@aimnships that
exists in the data. VIMS represents and visualises the interaction hgteuteipants and
the involvement of lurkers during online discussions carried out through Mtmydias
and forms a basic tool for teachers and moderators to anatgsactions and assess the
discussion content. This can lead to prediction of the participation &ngelprompt
intervention when needed. VIMS also provides a means to visualisen dedtures of
forum activity via a statistical analysis, which can form the basis fopaaative studies.
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CoIIabCﬁ:l\tive Online Learming Community

N
< H

" /

A\

Figure 4.1: Representation of Concepts Studied in this Research

VIMS can be integrated into any learning environment. However, $famlle is the
most commonly used Open Source Learning Environment; we had tesiategration

of this visual tool into Moodle.

Analysing the log information in a visual format has been angingearea of research in
the field of education (Romero et.al, 2008; Mazza & Dimitrova, 2004). Ro(2608) in
his paper, also insists that a visual tool with good visualisatiglitiezcis more intuitive
and user-friendly. There have been many researchers developintptankyse the vast
amount of raw data stored in the database and visualise thenferemifvays (Romero
et.al, 2008; Mazza & Dimitrova, 2004). However, our approach to represdhtsg

dynamically-generated visual graphs is designed specifitallye different and much
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simpler to understand even by a novice teacher, while at the $am@eptoviding

extensive, and extensible, amounts and types of useful information.

Online interaction has become a part of most learning manageystains. Interaction
enables the learners to share information about their learnirgyialmtand to increase
their knowledge about the subject. Research has proved that visomlisah help
teachers and participants understand their level of participation in the ongaingstss
(May et.al, 2007; Gibbs et.al, 2006). The use of highly interactive vigolsl can benefit

the understanding of the interaction process in a collaborative learning enstitonm

Although visualisation of participation in the Learning Managemente8ystas been
addressed for a long time (Donath, 1995), it still has not been itgdgrdo any LMS

environment and hence we propose the integration of VIMS in Moodle. Muosttas
that make up the VIMS are not new and have been mentioned in nelatefMay et.al,

2007; Gibbs et.al, 2006].

Moodle, and related systems, lack the support for many aspectficspe@valuating

participation level and analysing interactions. Moodle does not provigetamls for

visually representing ongoing interactions. It is difficult andeticonsuming for the
teachers and the educationalists to ascertain the number ofgaantscinon-participants
and lurkers in an ongoing discussion. VIMS is a visual tool which diadignrepresents
the interaction process in a graphical format using Scalao¥V&saphics (SVG) (W3C,
2003). The tool also examines the various aspects of the particijpahizviour and
analyses if the participants’ are forming a collaborativeniagr environment through
various patterns of interaction. The tool can be used as a monitoroiganian for the

teachers to motivate the students to participate in ongoing discussions.
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4.2 About Schrire's Model

Schrire analysed asynchronous discussions for evidence of ‘inberaotd cognition’
(2004). Taking a case study design, Schrire developed a paper-based prasaintation
of asynchronous forums (computer conferences). We drew on this wanfotm the
development of our visualisation tool as a means of both mapping andiagdlyrum
discussions. In tandem with a visual model using specific indic&olsjre proposed a
model of analysis, which looks for evidence of links between cognitionrderhction,
rather than focusing on the linguistic or thematic aspects sfuslsion messages.

Drawing on a range of theoretical models, she asks three researcbrguest

1. What patterns of interaction can be found in asynchronous online computer
conferences?

2. What kinds and levels of individual and socially distributed cognitioractexise the
learning process in asynchronous online computer conferences anddhgionent
threads?

3. How are interaction and cognition connected in asynchronous online computer

conferences? (2004)

Her analysis is framed firstly by the visual represgonaof the discussion, and then by

three theoretical approaches:

Bloom’s taxonomy (Bloom et al., 1956): focusing on the evidence fdysisa
synthesis and evaluation associated with the upper levels of Bloom’s taxonomy.
The SOLO taxonomy (Biggs & Collis, 1982): Structure of Observedniieg
Outcomes: analysing the discussions using taxonomy designed to shdvemwhe

there had been in-depth or surface learning.
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The Practical Inquiry Model of Cognitive Presence (Garrison l.et2801):
identifying collaborative construction of knowledge in asynchronous forantk,
looking for evidence of community amongst learners, rather thanneadef a

more ‘practical’ focus in using asynchronous discussion (e.g. for eours
management or information).

Figure 4.2: Interaction patterns as represented by Schrire (2004)
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This ‘interaction pattern mapping’ as shown in Figure 4.2 gives alvispieesentation of
the discussion threads making up the conference, the clusterssséges interacting
with one another around sub-topics of the conference. The entire discissishriead
from beginning to end in order to get a general impression otdheersation. Each
message is then visually depicted as a circle, and given a nbagest on its position in
the chronology of the conference. Instructor messages are diiiééeel from students’
messages by use of a double border. Message connections, showdirgdthen of the
interaction, are represented by arrows. A dotted line is used ntexaction is possibly
present but could not be established definitively. Message dushat is, messages
interacting around a subtopic of the discussion, are shown as such arietlaetion

pattern map.

Once constructed, the interaction pattern map can be scannetpfotant details, such
as the intensity of activity in the component threads, the presdrdistributed versus

‘centralised’ interaction, messages that have become nodesratiite, and messages
that are unanswered or that have remained isolated in the discapsice. Important or
distinctive features become apparent from the interaction patiap. It becomes very
clear that threads are interactive to a greater or lessente and also whether the
interactions are one-way only or multi-directional. In Schrireialgsis, the interaction

pattern maps allow her to categorise threads into five interaction pattesn type

1. Instructor-centered: responses initiated and triggered byshedtor message and
responding mainly to the instructor message.

2. Synergistic: responses to the initiating message as svétlllaw-ups by conference
participants from one message to another. They are interactions ewesy message
is connected to another, either directly or indirectly.

3. Developing synergism: Mixed characteristics of Instrucémtered and Synergistic
interactions.

4. Scattered: small separate message clusters around loosely réati@pics.
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5. Student-centered: responses initiated by a student message.

The work of Schrire, in organising and representing forum messagaally has
provided a different perspective on the problems described earlierpaedtially
connects the initial mapping provided by visualisation tools with furdmalysis of
online interactions. We drew on this work to inform the development of suahgation

tool as a means of both mapping and analysing forum discussions.

4.3 VIMS: A new Intervention Tool for Moodle

We have developed a highly interactive VIMS, which uses interactguahsation and
statistical analysis to help monitor the participation and onganbgraction in the
Moodle discussion forums. VIMS involves three concepts:
Information visualisation (In the form of radial tree and tabudaresentation) to
improve understanding of ongoing discussions.
High level of interactivity makes it easier to filter doe information needed to
be visualised. For instance, if one wants to view the interactian prticular
forum, in a specific group for a specific period of weeks, this eailyebe done
using the filtering techniques.
Statistical analysis, providing an in-depth analysis of partidpat a graphical
representation, to prompt further investigation by teachers where required.

The tool enables teachers to see the participation level of ttep@nts along with their
messages and their profiles. It also displays a list of lsr&alemg with their details and
the amount of time spent viewing the posts. It serves the purposalpoiichteachers

intervene during the interaction process when the need arises.
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4.4 Architecture of Virtual Interaction Management System (VIMS)

The W3C SVG (Scalable Vector Graphics) specification (W3C, 2@08)standard tool
to visualise 2D graphics in web browsers. The integration of SVG dupyor the
Internet browser, along with browser support of the interaction betweernSYG
Document Object Model (DOM) and JavaScript, now provides the negdesadation
for rich, real-time, bi-directional client-server communication. B\G-Client-Server
triangle enables us to add interactive features like:

(i) Mouse events (ability to pick a part of the image and getlelétmformation

about the focused part)
(i) Zoom-and-pan
(iif) The possibility to connect the image to web serviceswlaprovide new data

refreshing the image.

Figure 4.3: Architecture of VIMS

96



VIMS Design and Architecture

Figure 4.3 shows the basic structure of VIMS and the relationsitiptiae LMS (for
example Moodle). VIMS is composed of four distinct modules: (i) A fobmbodule that
handles all web-based user interactions including thread spaoificatithentication and
data management, (ii) a Parser which parses thread and meeség® and prepares
data for rendering in graphical format, (iii) a Rendering comporattuses radial tree
layout and convex hull algorithms to generate the Interaction Ngatian in SVG
format and (iv) an API suite that facilitates deployment witthifferent LMS (Jyothi et
al., 2007). It is only necessary to provide a different APl implertientdo use VIMS
with another LMS. A UML activity diagram for the rendering ggss is shown in Figure

4.4.

Figure 4.4: Activity Diagram (SVG Generation)
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4.5 Structure and design of Radial-Visualisation Map

A tree structure representation is a graphical form of represengraydtical structure of
the data. We opted for a circular tree structure called thaliaele layout (Nihar & Qin
Cai, 2003) to represent the asynchronous discussions in Moodle, as fass and
efficient way to achieve a visual display in terms of peradptuganisation with less
cluttering of nodes. The circular arrangement of tree nodes espsebe whole tree as a
structure of nested circles, showing the degree of studentipatitbc. Furthermore, we
can also evaluate the level of the child nodes and ascertain theodepttent of the
interaction. The automated tree layout structure uses the degiteefarch recursively. It
progresses by expanding the first child node and thus goes deepereped dntil leaf

node is found.

By examining message chains one can determine the active gaarts;i interaction
patterns, amount of time spent in the interaction and many moed aspects, which are
collectively used to evaluate social presence. It is alsessary to read the entire
discussion to get a general impression of the conversation. Thactirig participants
are represented as small circles and the arrows conndlotingrepresent the dialogue
between those connected participants, flowing in the direction showmebgrrowhead.
The circles are ordered chronologically and can be numbered bast#t anessage

timestamps.

As the visual representation is all nested circles, the conceities representing the
levels of interaction are differentiated by the smallesles representing the participants,
using different colour codes. The initiators of the threads in eyrenyp are placed at the
centre and the participants responding are placed at varioels @®pending on their
hierarchical position (the post to which they have responded to). The presence of the node
on the farthest circle indicates its level and depth in thectsire. The more depth and

width, the greater is the learning impact (Schrire, 2006). The dapthber of levels)
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and the width (responses at a particular level) are expliciélgr from this structural
layout. The learners interacting in one thread are separatedtfre other threads by
drawing boundaries using the convex-hull algorithm (explained inatiee part of this

section). The learners are differentiated from one another using colour-codes.

By identifying the time of the interactions we will be abteday if the learners are
interacting during school hours or at home. This tells us aboutntio¢ivation to form a
social network. The information exchanged by the participants caiewed by placing
the cursor on the message-flow arrow. Using a single mougeitakcpossible to obtain
statistics for a participant, highlight his/her overall contidng, and determine how

many times he/she is involved in the interaction process.

Two important algorithms were implemented mainly to interpretotiige discussions:

The radial tree layout algorithm and the convex hull.

Radial tree

In the last decade, the Information Visualisation research contyrhas explored many
display layout techniques for the visualisation of large hierarchiatasets. Radial tree
layout [Nihar & Qin Cai, 2003] uses the focus + context (fishagehnique for

visualising and manipulating large hierarchies with non-hierarcloicas-links. In the

radial tree layout a single node is placed at the centrheotlisplay and all the other
nodes are laid around it. The entire graph is like a tree ra@itdte central node. The
central node is referred to as the focus node and all the other medasamnged on
concentric rings around it. Each node lies on the ring correspondiitg 8hortest

network distance from the focus. Any two nodes joined by an eddgeeigraph are
referred to as neighbours. Immediate neighbours of the focus likeosmallest inner

ring, their neighbours lie on the second smallest ring, and so on. ailust lallows
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getting a synthetic and compact view of a hierarchical netwdslers can focus on

particular parts of those trees without losing context.

Convex-hult

In computational geometry, "convex hull" is defined as the boundatiteofminimal
convex set containing a given non-empty finite set of points in theel@ries &
Stojmenovic, 1987]. Unless the points are collinear, the convex hull irsehise is a
simple closed polygonal chain. Graham's scan is a straightforward implé&orekteown
with complexity of O(n*log(n)) and is the fastest known method dlifig the convex

hull of an arbitrary set of points.

4.6 Testing and Design Approach to the VIMS tool

We started the research by looking at the structure of thal teee and wanted to make
sure that the structure is easily understandable by any tagrmpeNe built the structure
by just using SVG without any algorithm. Once we were pbhagiéh the structure we
built up the radial structure using an algorithm with a few catmirs for the placement
for nodes on the concentric circles which identify the numberewatl$. We started
building the tool using a simple radial-tree algorithm using gedl SVG. We wanted to
distinguish every discussion thread in a forum with a boundary and so ihdiee
concept of convex-hull. Once the algorithm was built we wanteestaftthe tool works
with the data stored on Moodle forums. We intended to use a retdstidata only to
provide a sense of the tool's functionality and not for analysthefonline discussion
patterns. The Moodle database has around 200 tables and it waes aotisuming
activity to analyse how exactly data was stored within Moodle.tkén identified the
tables which stored the relevant information needed to build thé\td5). With a set
of SQL statements we parsed the information needed and storedirthttie VIMS

database.
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Accessing the raw information from the database of resd-tonline interaction on
Moodle forums was difficult in the beginning. There was no actesthe Moodle
database, but we had the html pages consisting of the real-timessis forums. We
parsed the relevant information needed about the discussion foruntselikeurse code,
school names, group, thread, subject, date, poster and message conignoraadthe
html content. We then tested the tool to analyse the structutes afiscussion. It was
difficult to even do a quantitative analysis because of the lackarimation provided. A
feedback from the moderators on the analysis and outputs from thargobuilt so far
helped us identify that our software can provide a useful means of mapping discimssions
the first instance. The visualisation outputs identified the struofuleeads and how the

structure is related to moderation.

HCP School, Belfast and SBN School (Studentl) OKE-$B::RC Group::LIVERPOOL::Re:
LIVERPOOL by Studentl - Friday, 19 May 2006, 11AM::Hay Student2 Studentl here. | \as
happy Liverpool won. The gaols were cool!!Got td!§iBYE

Code: HC-SB

Schooll: HCP School, Belfast

School2: SBN School

Group: RC Group

Thread: LIVERPOOL

Subject: Re: LIVERPOOL

Date: Friday, 19 May 2006, 11:17 AM

Poster: Studentl

Message: Hay Student2 Studentl here. | was hap@yfdgol won. The gaols were cool!!Got to

Figure 4.5: Unparsed Information at the top taken from the HTML Page

and Parsed Information at the bottom
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Our next step was to analyse large data sets with detafitechation on the participant’s
interaction and automate the tool by automatically taking the vétaes the Moodle

database. We then had access to the Dissolving Boundary Moodle dgfahss study
2, Section 5.3 of Chapter 5). We tested the tool with this large sgditéo see if the
structure of the radial tree needs any alteration when the nwhbedes in each level
and the number of levels in each thread increases. There wexenairfer calculations

needed to improve the structure of the radial tree. We also magl¢hstithese minor
changes to the algorithm should neither affect the placememeohddes nor should
there be any overlapping of the nodes or concentric circles. Wéhaake changes to
the code from time-to-time to test the accuracy of the toolndutihhe development
process. There were many versions of VIMS built to enhance thewitiol new

functionalities.

The analysis with the second set of information paved the way faarialgsis of the
cross-border interaction among the students. We then automated thg ¢oobedding it

into the Moodle environment. We were given the data for research purposes anallhence
the names of the students and teachers involved in the Moodle discussios had to

be anonymised. A detailed quantitative analysis of the discussiam$ was done. We
extended our research by analysing the discussion forums to fitldeoievance to the
subject, of the responses. We implemented the Latent Semantic sS&nélySA)
technique from http://LSA.colorado.edu/. A detailed description of LSAoimd in
Section 6.3

The project then shifted towards enhancing the statisticalsasalgpability of the tool as
more feedback was received from the users of the discussion fahons the VIMS
tool. There was more software development done with a lot of funktiesancluded in
the VIMS tool. The structure of the VIMS changed with more improvesnamid
modifications. We not only analysed the patterns of interaction with \&ithout

moderation but also compared the groups into which the participantsdiveted and
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found the consistency of groups (explained in detail in 6.4.2) using the tool. We expanded
the visualisation of discussion forums by the addition of importantatalis needed to
analyse the online discussions. We included more statistical cofigeptsean, standard
deviation, correlation and Dynamic Time Warping (DTW) (Saie@®06; Senin, 2008)

which are studied in detail in Chapter 6.

Initially tracing the data stored in the Moodle forums was {mesuming. Access to
real-time data was the second problem we encountered. Buttasltstarted to develop
there were teachers who wanted to use the tool with their foriammation in order to
track their students’ participation. The identification and implentiemtaof the actual
needs of the user was a complex task. But since our main purpesethatneeds of the
teachers, we considered most of their requirements and implemented them in VIMS

We also encountered many technical issues relating to gene8atdg in perl to make
it an automated tool. Most of the SVG’s functionalities areiegiple to be viewed only
in the Opera web browser at the time of experimentation. Weedahe tool to be
visualised in a multi-browser without any installation of exthag-ins. This needed a

through investigation of the software.

103



VIMS Design and Architecture

4.7 Different Representations of Interactions with VIMS

The VIMS tool has extended the teacher’s ability to view variepsesentations of the
online activity. Each of the representations either presents the sdormation in a
different format or present information that cannot be represented in the othat. form

Figure 4.6: Radial Tree Representation

Figure 4.6 gives a snapshot of visual interactions in the form dibR@&aee using Scalar
Vector Graphics which has already been mentioned.

The VIMS has the ability to represent interaction maps in greyscaleocémar. However,

not all indicators would be the same in those two presentations.
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Figure 4.7: Radial Tree Representation in Greyscale

Viewing the conversations as a whole and also comparing the catiwessfrom the day
the conversation started to the day the conversation ended helpsctier teavisualise
the flow of conversation over a period of time. We've intended to thewconversations
on a weekly and daily basis, so that the teachers can find out teeodayhich the
interactions were vibrant and the days on which it was silealsdtgives the structure of

the conversation on a weekly basis and helps to see the participation level exery wee
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Figure 4.8: A Radial Tree Representation of a Forum along with the Seledtion lis

Figure 4.8 shows a radial tree representation of one forunihdisa® discussion threads
whose discussions happened over a period of 17 weeks, starting fromthheesk to
the 22 week. This gives the information of the delay of the start afudisions. While
the discussions in other groups had already started this group (GycwgudAstarted to
interact with one another in the sixth week, with only one postdémsta thread and the
other responding to it. The duration of the message flow in anyta®yraus discussions

is a concern as the interaction and participation happens irrespective of placesand tim
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Figure 4.9: Representation of the Forum Interaction in Week 6

This structure (Figure 4.9) of the conversation lasted for about feeksvand then the
structure tended to change with more discussions happening. By'thee&R there were
a greater number of exchanged messages and the structure adithdéree changed in
response to the increased levels of participation, which can blydean in Figure 4.10.
The second discussion happened after week 6 and it was livelieththaonversation
that had started at the very beginning. This could either be beafatlgeparticipant who
started the discussion or could be because of the topic of discussioteather can
intervene in this situation and make the other discussion as éisdlye second one. The
names of the participants are anonymised. From the visual displagenthat the teacher
involvement in this discussion was too rapid. Every alternate post tigbgssion was a
teacher’'s comment.
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Figure 4.10: Representation of the Forum Interaction in Week 12

By week 21 as seen in Figure 4.11, there were many discussi@ugshsearted by
different posters but none of them were responding to those discusSiaris threads

seem to be isolated and needs motivation to carry on the discussuity &mtmake it

more interactive.

108



VIMS Design and Architecture

Figure 4.11: Representation of the Forum Interaction in Week 21

It was in Week 22 that there was one reply posted to an isolat=titand a start of two

more discussion threads which can be seen in Figure 4.8.

Figure 4.12 gives another representation of the interaction procadgslular form. This
gives us an indication as to which participants replied to which giicipants and
gives a count of replies he has given to that participant. Thislsetr@ainformation on
the level of interactivity of a participant and also tells toich other participants they

dialogue.
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—  » Repliedto

Figure 4.12: Tabular representation of the Forum Interaction

From Figure 4.12 it can be said that the participant with user-id Xdephed only once
and has replied to his/her own post, whereas the participant whersiel is 327, who is
a teacher has replied not only to the teacher’s posts but also replied to large oiuimder
students. This shows that the participation level of that teasheally high. One of the
teachers (user-id 200) and one of the students (user-id 483) hapasdiapated in the
ongoing conversation. It could have been that the teacher was just obsdrei
participant’s communication which is not that major a concern, buidest not actively

participating in the discussions is a concern which the teachers can now look into.
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4.8 Detailed Architecture of VIMS

Figure 4.13: Detailed Architecture

VIMS is different from the other tools built so far in manyexdp and can be seen in the
Table 2.1. This system gets the required information necessarythéorvisual
representation from the Moodle database. Analysis of the raw itfomfaom the log
files has become more important because its details capttine avents occurring in the
online virtual environment (Takada & Koike, 2002). The visualisati@tesy parses the
raw data into a simple understandable graphical representation in diffepsntitssdould
be noted that the Moodle database has around 200 tables. Our reseaashdison
analysing only the Moodle forum discussions, participation level bhadoarticipants’

details. These details are spread over several tables and Wwenparsed only the
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information needed from those tables through a series of custon@dedt&ements and
exported them to the VIMS database. The radial tree module itguitsformation from

the VIMS database and generates the data required to reviGerepresentations and
stores these back in VIMS database. The same is done for thratgenef the statistical
graphs. This stored information helps generate the visual imagée esoreen. VIMS is
integrated into the Moodle environment and allows only the participautshe teachers

to view the interaction graphs.

The two main components of VIMS as seen in Figure 4.13 are:

Parser Module The Parser module collects all the necessary raw datatfre Moodle
database relating to all the participants interactionsel tuses a sequence of custom-
written SQL statements and parses the information needed. THuge stvolves
separating the pieces of SQL statements into data strud¢haesan be processed by
other routines. After parsing the useful information, it then adds tieethe VIMS
database. The tables used by the Parser are described ircttbe 866.2.3, ‘Moodle
Database & VIMS Database Tables’.

Renderer Module The renderer module renders the visual images of the ongoing
interactions by using Scalar Vector Graphics (SVG). Perl earifnamic generation of
these SVG's.

4.9 Embedding VIMS in Moodle

The visualisation aspect is added as a block in the Moodle environmedhe Amoment,
only the teachers and administrators logged in would be able to Wiewisual
representation of the forum interaction. We intend to improve it byngddnctionality
to teachers and administrators and the participants would also b aidev the visual

interaction to see their own level of participation in ongoing online discussions. Udle us
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layout for Moodle is to have the main course content in the largeatesiumn and
blocks (Alier et.al, 2007) to the left and right. A tutor can decidechwbilocks are to be
displayed, and where, and would be set to default settings if noeshang made to the
block. The block has a description of the visualisation details and aolittie VIMS,

which displays the interactions and/or graphs according to the given criteglecfan.

The main focus of this block is to embed a visual tool, which aseethers to diagnose
the interaction and participation of the students and through interventituwate the

lurkers and any students with low participation rate.

4.9.1 Moodle Database & VIMS Database Tables

The structure of the Moodle database is understandable and orgamisdides with
simple and short column names. The minimum fields contained in thretaide are id,
course and name. As stated, there are around 200 tables in the Moobsselaldne

main tables that are important for our visualisation are:
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Table 4.1: Moodle Tables Used and Created for VIMS Tools

Table Name

Relevance to VIMS

md|_user

Gather participants information

md|_forum_posts

Get the forum and message details

mdl_forum_discussions

Get the details on the discussion threads

md|_forum Get the details of different groups in a course
mdl_course Get the details of different courses
mdl_log Get the logs of the participant’s interaction

mdl_user_teachers

Get the teacher details and distinguish a studept

from a teacher

!

Parser

(Sequence of SQL statemets

Example: select Distinct(mfp.userid) from
md|_forum_post mfp, mdI_user_teachers mut
where mfp.userid = mut.userid

|

dbtable (21 fields)

Stores all parsed data form Moodle databas

5

Grouplnter (4 fields)

Stores details of Group Interactions

Weekinter (5 fields)

Stores details of Weekly Interactions

The tables mentioned in Table 4.1 after parsing information are atitaty added to

the Moodle database during the time of installation.

System Requirements:

Moodle is an existing system, written in PHP to run on Apache server. VIM&tsnan

Perl with SVG code integration. The combination of these two isfittive way to
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visualise data in new and useful ways. A Perl program caty egsierate SVG or an

SVG-based application can call a server for updated information.

Figure 4.14: System Architecture of VIMS

Perl can be run with Apache (on windows) and MAMP (on Mac), ustng $VG
modules listed in Appendix F, so it should be possible to run Moodle an& Yolyether
on the same server. The tool has been tested on Firefox version 3.5oaed Bhe
visualisations are SVG elements and hence it is required tontogMoodle using
Firefox, chrome or opera browser. It can also be viewed using Ihtexpéorer version
6.0 or higher but with an installation of a plug-in called Abode SVG Viewer.
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Authentication:

Moodle supports a range of authentication mechanisms through plug-in a#ttienti
modules, allowing easy integration with existing systems. Adimaiors can specify
which fields to use. It maintains standard email method: studantsreate their own
login accounts. Email addresses are verified by confirmationouf are using email
authentication, this is the period within which a response will lseped from users.
After this period, old unconfirmed accounts are deleted. Each persaines2qnly one
account for the whole server - each account can have differersisa¢ae administrator
can configure variables that affect the general operation ofittrea®m administrator
account controls the creation of courses and creates teacherssiggiray users to
courses; a course creator account is only allowed to createesaamd teach in them;
teachers may have editing privileges removed so that they carotbitynthe course;

students have the least privileges on Moodle.

VIMS does not need a separate authentication. It is a single@sity anybody using
Moodle. Single sign-on (SSO) is a mechanism whereby a siagi®n of user
authentication and authorisation can permit a user to accessngbuters and systems

where he has access permission, without the need to enter multiple passwords.

Virtual Interaction Mapping System (VIMS) is a robust web-dasel that dynamically
generates scalable graphs to visualise and analyse the ongeiagtion in the forums.
This section deals with the integration of our visualisation toolthe Moodle

environment. One of the PHP modules will provide an API, which wiigréte this tool

in Moodle. The tool promises easier in-depth understanding of the interaction process.
The interaction between the instructor-student and student-student dra®rideanced

through the virtual environment by keeping track of the interactattems. VIMS

supports real-time viewing of the ongoing discussions in the Moodle forum.
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4.10 Methodology

The approach we used to collect subjective evaluations on the uséM& Was a

qualitative user study. This approach evaluates the usability ofishalisation and
assesses the tool. By collecting the opinion from the moderatoiteactters, we would
evaluate the use of VIMS. Their questions, feedback and commedesigus in making
improvements to VIMS. The study included gathering comments & fekdbam the

moderators regarding the understanding of the structure of theisagical. This was
done once we had the structure of the visualisation ready. Aiqueste to obtain
gualitative reactions from teachers and moderators when the tsaleady to be used

was our next approach.

First we explained the structure of the radial tree reprasamtand then asked them their
opinion regarding the representation. Our goal was to know if theratode understood
the structure of the representation and found the representation tosefderstand the
online activity. Through a number of meetings with the moderatodsteachers we
identified few indicators and graphical representations and imprédwetbdl. Once the
tool was ready to use we tested the tool with three teaelersalready had knowledge
of Moodle and frequently used the discussion forums on Moodle for theerdgs. We
wanted their opinion on the understanding of the VIMS tool itselfindavigability.
Once we got their comments we framed a second questionnairé mooge feedback.

This was done with the help of one of the teachers who tested the tool.

A final questionnaire was sent to a different set of teachers few researchers
electronically. The first part consists of a brief background aqdiaeation about the
VIMS to be tested. A brief description of the structure ofuiseial representation was
also given. A questionnaire consisting of 3 questions which also imcladeopen

question allowing the teachers to write their comments on thertdddha representations

of the tool was given to collect information about the usabilitthef visualisation tool.
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Those comments play a central role for further improvement ofstitueture of the
visualisation the tool presented and the tool itself. Full detailallomaterials for this
survey along with 14 images of the interactive visualisations sent to therteaohésted
in Appendix G.

4.10.1The First Questionnaire

1. Does the structure of the visualisation clearly explain the discussion space?

2. Is the radial tree structure clearly understandable?

3. What are the indicators that you (as teachers) feel should hededcin the

visualisation?

4. What are the other kinds of representations that you think could be iddludiee

tool?

5. Do you suggest that the students also should be encouraged to view tiee onli

activity?

4.10.2Final User Feedback Survey

The final survey was conducted once the tool was ready to be Tisedsurvey was
conduction to get a feedback on the understanding and the use of thoaetivater

visualisations. The questionnaire for that survey is as follows:

1. In your opinion how useful is a visualisation tool with respect to momg the

student’s online discussions in a Learning Management System (LMS) like é?ood|
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2. What other indicators like time difference between two postds pead ... do you
think can be added to the visualisation in VIMS tool? (In other words wtheer
important aspects of the forum details would you prefer to be vieWsmy can think of
a few more indicators that could help the teachers through visualisation, pledssgme

3. Can you suggest from your experience what needs to be improvedaolthéCould

be help information on the buttons or the graphs).

4.10.3Feedback from the First Survey

About 10 teachers which included three moderators were asked to give theickesada
the first questionnaire was given to them during one of the medhags had with the
teachers. All the teachers had a positive reply to the questiod askereplied saying
that the structure of the radial tree is clearly understandable to them awdhehds them
understand the discussion space much better. The teachers gaveevalggelstions as
to what other indicators would be useful to interpret through visualsatwo of the
teachers had also suggested the need of a greyscale vismalefaine same radial tree
representation. There were few teachers who wanted statestiahisis to done and so

could be another representation of the VIMS tool.

They also suggested an individual analysis of the students to besesfad in an
understandable form apart from the conversation flow. Although sdrttee deachers

encouraged that students should be able to view their progress of the online activty, som

of them didn't find the need of it for the students. And so explainadMoodle would
have a feature for the teachers to choose if they wanted th&sasoas to be viewed by
their students or not. Although lurkers were not represented inreaglision of the

visualisation, a need for the lurkers representation and their silent actigifyrogosed.
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On the whole they responded saying that this tool once built would hebl@lsource for
the teachers and the moderators to visually track the online panisi One of the
moderators was very much interested to see the activitidsdgrgs when divided into
groups and compare the groups. The teachers who used the tool and néwigatgdit
found it easy and understandable. However, one of them suggested aairioggdown

menu in one of the pages rather than having a teacher to click through so many buttons.

4.10.4Feedback from Final Survey

The final questionnaire also gave positive feedback from the tsach&UIM. There
were eight teachers and three researchers involved in this sditveywas conducted
once the tool was built according to the requirements of the tesasier were involved
in the first survey. The people involved in the final survey alswessed the need of a
visual tool of online interactions on Moodle. The teachers felt thattste was clearly
understandable and the indicators helped them view most of the nedeasamgs of the
online activity. The statistical analysis was useful to find the quantity afah&ibutions.
Some of them suggested a few modifications to the current tool wigghthought could
make the tool much more useful. Some of them were, having someokimerking
scheme to be included based on their amount of participation, some wepreésent the
time difference between the two posts, the size of the texthmhwlisplays the dialogue
of the participants to be a small size with a scroll bardeetsi scroll through the dialogue
in case where the conversation dialogue is too long. Their suggestire taken into

consideration as future research and could be implemented in the visual repogsentat

4.11 Summary

In this chapter we presented the technical implementation ofSYIMghlighting the
model used, the structure and architectural designs, our approactdingthie tool and

detailed instructions of embedding VIMS on Moodle. VIMS is graphin&ractive
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online discussions tracking and representation tool that examingartbas aspects on
the ongoing asynchronous discussions on Moodle environment. This tool can hbevever
integrated into any LMS. VIMS in general can be assumed akitos to our research
questions. The chosen research methodology and architecture thatsemteuan this
chapter is an outcome of the limitations of the other tools thahaae discussed in
Chapter 2. The feedback from the various sources gave evidence iofpibréance of
VIMS in a learning environment. In the next chapter we predemtvisualisations
comprising of two different data sets, which can detect the gstagcand patterns of the

discussion threads.
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5 VIMS Approach and Case Studies

5.1 Approach and Plan

In this chapter we present two case studies, taken from the farinwgo different
institutions. Using these case studies we illustrate the woddadgusefulness of VIMS
and analyse the various types of interactions, producing an analysis of groagtiones.

This research project is predicated on the belief that the uadeirsg of discussion
forums for future collaboration and online learning requires improvemiantsur

understanding of the behaviour and patterns associated with thagexdsicussion
threads. Through this research effort, we plan to develop visimlisi@chniques for
correlating huge volumes of online discussion forums and various techrinoes at

enhancing the community's ability to model future discussions in a Moodle environment.

Two case studies were conducted with the following objectives:

Firstly, to assess the effectiveness of the visual toollwbéptures large information in
one visualisation and, secondly, to identify the quality of the ongosgussions. The
case study information images reveal that the tool was indgdptiihfor the moderators
and teachers to identify the details of the activities happeamiige on discussion boards
(forums) on Moodle, both in quantity and quality. VIMS provides visualisatofrite
participant’s social and behavioural patterns, allowing constant miogitof their online
activities and the role played, along with their contributions and meaningftdations.
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5.2 Case Study 1

5.2.1 Background of the participating organisation

The first study is based at NUI Maynooth in Ireland. The auihidocated at NUI
Maynooth, and this research was prompted by our interest in expleoimg of the
effects of the introduction of an institution-wide VLE at the uniigr&NUIM has three
Faculties encompassing Humanities, Social Sciences, and S@edcdngineering
subjects. It has a student population of just over 8,000. Courses at addetgrand
postgraduate levels have been modularised. Teaching is predomifes@ljo-face,
through lectures, tutorials and practical sessions. Most studerftdldnme participants

in undergraduate courses, which they attend on campus.

The dominant culture of the university is a traditional one, where attendancetabtied

teaching events is expected. However, there is increasingeshten blending this
‘traditional’ teaching model with other modes of teaching anchieg: changes in the
student body, with increasing numbers of part-time and internatitutidrgs, are leading
more departments to explore the use of learning technologies withincthegses. The
university adopted Moodle as its institutional virtual learning emvirent in 2005. All

taught modules automatically have a space created for them in élouith students

having access to these spaces automatically after registration.

The decision of whether or not to use the environment remains witindes; tutors and
with their departments. Additional Moodle spaces have been createstafb in the
Library and in offices undertaking learning support, career develapraed staff
development activities. At the time of writing, approximately 900pte have edited
spaces in Moodle. There are around 8,000 independent student logins eacmdeek, a
effect student use of the system is now pervasive. PatternsEodoption are broadly
similar to those of other institutions (Kirkup & Kirkwood 2005, Smith 2005)h wthe

123



VIMS Approach and Case Studies

initial drive being towards support for existing processes (inquéati, the sharing of

course materials) rather than radical changes to learning and teaching.

Evaluation of the use of Moodle in its first four years has beeartaicen by NUIM, and
prompted our interest in exploring the use of forums in this rdse@ihe evaluation data
from students and staff had shown that the reported benefits to statlesisg Moodle
were predominantly practical, and related to the availabilityoofse materials online.
However, the students’ responses also indicated extensive use ofuimes fwithin their
courses. One unexpected finding was the extent to which students used natedode
forums in Moodle. News forum spaces (created by default in eastsec space in
Moodle) have been used independently by students to discuss courseweskmass
and other issues. This unmoderated use of forums in Moodle predated theripoptl
social networking sites such as Facebook (http://www.facebook.com). vEheaton
data suggested that students valued both moderated and unmoderaissiatis. The
use of unmoderated forums, in particular, was interesting as #lposite for informal
learning. Therefore, we decided to explore further the interactiaking place in both
moderated and unmoderated forums, and to examine whether these forerpstertial

supports for learning.

5.2.2 Case Study

Figures 5.1 and 5.2 show the initial test visualisations that wediged. Two forums
are shown, each having four threads. Figure 5.1 shows a moderated Fayure 5.2
shows an unmoderated Forum. The entire discussion was first aeget & general
impression of the conversation. The messages of students (posterafting are
represented as circles and the arrows connecting them reptiesesiblogue between
those connected students, flowing in the direction of the arrowhead. The messags

be viewed by placing the cursor over the message-flowvaifte instructor can also
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view the profile of the student with a click on the node that represleat student. This

gives a detailed description and shows the involvement of the student.

The interactions are depicted in layers: the person startinthtead is placed at the
centre (the first level), and the people responding to the threaglaced at different
levels around it. The presence of the node on the farthest (@f@ach thread) indicates
its level and depth in the structure. The increase in layerdhanddvement of circles far
away from the centre indicates conversation in progress. The deptheandmber of
levels represents the complexity of the discussion forums anglisitix clear from this
structural layout. The structure of the radial tree identifies the mostiyssed topic. The
arrow between two nodes represents the flow of information (theagess-or example,
an arrow from one node in level2 connected to another node in leveltheitdwrow
head (always) facing to the lower node (levell) indicates ligaparticipant at level2 is
responding to the participant at levell. If the participant at lefgtlrter of the thread)
replies to the participant at level2, then that message is iedieatlevel3. If there are
more than one nodes with arrows pointing to a node at a lower leved, dheermore
respondents to that post. The arrow heads with a dot in the nodes fast level are

used to view the post of the initiators.

Since time and timing are implicitly part of Schrire’s moaed looked for ways to make
this more explicit in our interactive visualisations. Althoughnasyonous discussions
are by definition taking place at different times and pladess, important to consider
time and timing in the messages that result. Long gaps in disousan indicate possible
lack of understanding of material or, perhaps, difficulties commating (whether these
are due to linguistic or other barriers). Drawing on Gibbsletmadel (2006), we
included a means for the viewer to see the hour and date of agee&sdrop-down list
allows the moderator to view the conversations on a weekly basis.withdg then be
able to identify the participation level in the discussion, and how lom@racular

discussion lasted.
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Interaction maps produced by VIMS can be shown in greyscale or cGlolour-coding
supports quicker and more efficient reading of the visualisationexXanple, a red node
can be used to represent teacher/moderator, and a blue node caenteprstudent
participant. Dotted lines and arrows can automatically show ataeviom the topic
under discussion. A dot on the arrow used within the radial tree rtiegtnte message
details are available on clicking. A change of subject hgadia message is shown by a
blue square. The concentric circles show the levels of the disougsth the number of
levels indicating the depth of the discussion. The dotted outline surrouadseq of
circles represents a boundary around a particular thread withirdiscussion. Tabs
located to the right of the visualisation show the details of thicipant, lurkers, and
other statistics about the forum (like the total number of posts,syigarticipants,
threads, lurkers; the average number of posts per participant, anerager of views of

a typical discussion and average number of words per message).
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Figure 5.1: Initial Test - Threads from a Moderated Forum

In Figure 5.1, it can be clearly seen that the conversation involspdirees by multiple
posters, two of which went unanswered (1), (2) and one of which wept gorhe time

(3). The depth of the conversation is clear to see. A click omdde highlights all the
posts of that particular participant. Figure 5.2 shows the output eéshéhread used to

validate the output initially.
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Figure 5.2: Initial Test - Threads from an Unmoderated Forum

Having completed the initial testing and confident that the toolteamically viable, we

then carried out a more structured sampling of moderated Fosetasting three threads

for analysis:

1. Figure 5.3: A thread discussing whether or not a particulaemwas racist, taken
from a ' year humanities course. There were 472 students registeredamutbe in
total. Moodle had logged 2887 records for the overall discussion, whicld@tctwo

other threads. These other threads were barely used, and so thy acs
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predominantly in the thread sampled. There were 44 replies to thmabpgsting by
the lecturer. 32 people participated in the thread, but the logd thae@35 people
accessed and viewed the discussion from its launch date untiumitex (when all
examinations would have been completed). Therefore, there were 203 people
‘lurking’ in this discussion who viewed the thread at least onceowitposting to it.
Some of these lurkers had returned several times at intervatg dbe discussion

perhaps to read any further posts on the discussion and keep themselves informed.

Figure 5.3: Discussion of Thread Concerning Whether Writer was Racist

2. Figure 5.4: This thread was again from a first year humarsterse and addressed a
specific theme in a poet’s work. 473 students were registered totnge, which had
a large number of Forums, one for each topic studied. There were §agessn the

thread selected, and just four people were involved in the exchandgeesd

129



VIMS Approach and Case Studies

messages. However, the logs showed that 128 people viewed the discaissi
intervals. This means that there were 124 ‘lurkers’ in this threéi@wing it at least
once without posting any messages. However, in contrast to théhfiead, there
were few return visits by lurkers, and they tended to view tBesages once only,
suggesting that they were not interested in the subject or diotmpaict on course

work or that they understood or agreed with it.

Figure 5.4: Discussion Thread on Themes in Poetry (In gray-scale view)

3. Figure 5.5: This thread came from an online course for teaclaffg®e course was
designed to help staff develop skills in forum moderation, and pamitspattended
online only. There were nine registered participants on this cangehe busiest
thread was selected. It had 21 messages and all but two of the pattisipants had

posted to the thread, with only one person never viewing it at adi.fiight suggest
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a problem with the participant’s involvement with the course ovemall, prompt

further investigation to identify any such issues.

Figure 5.5: Thread from Online Staff Development Course on e-moderation

In this phase of our research, we aimed to select threadshinaed a good degree of
activity but also to include a thread, which would clearly show c¢onscand very

deliberate efforts to moderate discussion in the case of fiielstalopment course. This
was to highlight the importance of the various types of intenastipossible in an

asynchronous environment and to represent the pattern of such interdttneser, the
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limitations of our samples must be acknowledged: for practeasans it was not
possible to migrate large amounts of data from Moodle to the sef@tahis stage. Our
primary concern was to protect the personal data of stafftaddrgs, and therefore we
selected and extracted small amounts of data, which could be easityymised.

(However, it is important to note that VIMS can also be uséld large amounts of data

which can be proved in the other case study).

In our initial tests and subsequent analysis of three selectdsiisns, the threads were
parsed by the software to produce interaction pattern maps. Thelllisadation, in
Figure 5.6, shows how a message would appear to the viewer hdishe hovered over
the arrow-head between two of the nodes shown. In this case,efsage was from

‘Shauna’ to ‘Cormac’ and refers to a book Cormac is asking about.

Figure 5.6: Example showing how Message Text can be Accessed from the Map
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5.2.2.1Findings

Following Schrire’s (2004) model, we attempted to categoriseotieeall trend of the
messages based on Schrire’'s scheme (from ‘instructor-centigghiergistic’ to
‘studentcentred’ and ‘scattered’). As can be seen from theligigtians reproduced here,
the visual representation not only differentiates a teacher fretadent but also shows
that there was no change in the subject title, and identifiexg@itieand an implicit
interaction which is explained in detail in the next chapter. We leahanced Schrire’s
model by adding in additional important visual indicators. We wiltspnt further

analysis in respect to the Figures 5.3, 5.4 and 5.5.

In Figure 5.3 we see that the thread had been initiated bygleeteand as such it could
be regarded as Instructor-centered. Most of the students tend tataeply teacher’s
message. We also see that there are a lot of follow-up resgongesthreads, and the
thread shows a Synergistic pattern of interaction. The web tilketsre of this thread
with a depth of five levels indicates collaborative learning andesswuial networking in
this forum. The teacher has not just initiated the thread and ket Isiit has responded
to some of the messages which indicates that the teacher/moode@erforming his/her

role by intervening and participating in the interaction process.

We see in Figure 5.4 an almost the opposite scenario to that shdwgure 5.3. This
thread is also initiated by a lecturer but the students did natipaté in the thread to the
same extent. The group size is the same as that for the thr&glre 5.3, but more
forums were used in this course. Only four people participated snthihead and the
messaging is linear in nature. We see that the teacher lkaepgqosting her views and
asked for more ideas and thoughts on the subject to motivate thatstta@@ost more.
This thread is Instructor-centred and does not appear to move towar8gnieistic

pattern.
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Compared with the other two threads, we can say that the threaduie 5.5 is the
busiest, because of the amount of activity among only nine registered parsicAdabtt
two of the course participants posted to this thread, and only ohes® people never
accessed the thread at all. One person viewed it on just onsiarccdhe visual
representation of this thread shows developing synergism: thediosticontributes at
several points, but there are areas in which the discussion sub-dinaiesnot confined

to the linear pattern.

The radial tree shown in Figure 5.2 indicates a linear pattemmessages, with no sub-
division into discussion of the first posting. By contrast, the maidd threads
represented in Figures 5.3 and 5.5 combined ‘instructor centered’ dialege
‘synergistic’ dialogue. The radial tree representation sugdésts there were more
connections between messages in these threads. However, it istimjete note that
there is more instructor presence in Figures 5.4 and 5.5 than in Bi@reshere the
students appear to take the discussion and develop it in a number ofomlrect
independently.

Where there are more connections between messages, Schrire sstiggeestis more
evidence of collaborative learning. The unmoderated forum shown ineFgRrin our
test example has what Schrire describes as the appeafdspekes on a wheel’ with a
linear messaging process rather than connections between p#res délogue. In the
absence of synergistic dialogue, it becomes more difficult toeatbat learning (or
collaborative learning) is taking place. According to Schrirefassification, the
unmoderated thread combines ‘scattered’ and ‘student centeredigesssiowever, we
also see a linear pattern in Figure 5.3, which is ‘instructotred’. We see more
evidence of wider dialogue in the moderated threads in Figures 5.1nc6 R85 where
the original message gives rise to two or three separatelstof discussion. The trend is
towards a ‘synergistic’ pattern in these threads.
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Thus we argue that the VIMS software can provide a useful mehmeapping
discussions in the first instance, but its development as an enhansiet \erSchrire’s
(2004) model also provides an initial analysis of the interactions.iifittial analysis, we
argue, could support the development of a research design to undertakdetadesl
qualitative analysis of forum discussions. The interaction pattapsshown earlier, and
our initial findings described above, have indicated a number of fredsscussion at

this stage.

In our local evaluations of VLE usage, the extent of the use of unmeddmaums by
students was an unexpected finding. First reading of some of thesedenated
discussions suggested that they could be a potentially valuable site fande&towever,
the interaction pattern map for four threads in an unmoderated Forummdh we had
seen messages relating to coursework and course reading (Figusaiggested it was
student-centred and even scattered in nature, with little e\ad&ngynergistic dialogue.
Having used the visualisation tool to examine this unmoderated discuagionpuld
now reconsider the focus of further research in this area:eisdess likely that
unmoderated discussions are sites for collaborative learning. dteeréfe visualisation

tool has had merit in helping us to refine and re-focus a research question arising.

We do also re-examine the role of the instructor/moderator in naedeforums. Figures
5.4 and 5.5 show patterns that might be describaxdsasictor-centredFigure 5.4) and
instructor-centred tending towards synergist{if€igure 5.5). The most synergistic
discussion is seen in Figures 5.1 and 5.3. Although an instructor is pneseoth
examples, instructor postings are firmly in the minority compawith students’
postings. In these cases, we might begin to examine why tbessisns were more
synergistic in nature and therefore had more potential for collaborativeing. Were the
topics being discussed of greater interest or importance to stederite case of Figure
5.3, we know that the discussion focused on a potentially controversigl wi@ther or

not a particular writer could be regarded as racist. Thislglganerated debate amongst
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students. However, in the case of Figure 5.1, we observed somethingndifféne
instructor/moderator also made extensive use of the ‘Topic’ spacdbe course
homepage in Moodle. These spaces — although not forum spaces — refethed t
discussions, and set particular tasks for students. Topic spac&ecurently used as
‘notice boards’ in Moodle, and are easily updated. However, they atie anhd the
information shown in topic spaces is not copied to forums, nor is bleisvithin a
forum. It may or may not be read by the student before viewiirigroms messages. A
topic space may therefore have a role — albeit limited — in mflng the discussions in a
Moodle course. Here again, then, the visualisations have prompted usnsidec and
refocus possible research questions in the analysis of the onknactiins. The role of
the instructor/moderator has been shown to be nuanced, and potentimlylépendent
on the topic under discussion, as well as the wider course space in Moodle.

Our goals in this research have been to produce dynamic intera@ms) and to begin
the process of analysing these. It was outside the scope of sherale to investigate
further the discussions undertaken by the groups sampled here, angvénerpractical
constraints on how much of their discussions we could draw on. Howevdmndhes
from our initial tests and our structured samples suggest thaligbessions shown in
Figures 5.1 and 5.3 would merit further analysis to examine theboodiive learning
taking place. With further research, and a research design sbaneluded interview or
focus group work with students, it would be possible to investigate whétlee
discussions shown in Figures 5.4 and 5.5 would have benefited from an alternative choice
of topic, or whether practical issues (such as timetabling aressaesent deadlines)
influenced the extent to which learners could participate in fortimthe case of staff
learners (Figure 5.5), they may not have found moderator interventdu,usnce they
were already accustomed to working together within theireanaddepartment. Initial
analysis, based on the interaction mapping, provided us with insightstfoer analysis,
and the formulation of clearer research questions. The areas shetaviinvestigate
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further could now be examined using other qualitative and quantitagtteods, which is

discussed in the second case study using more elaborate data from a diffecent sour

5.3 Case Study 2

5.3.1 Background of the participating organisation

The “Dissolving Boundaries” program was initiated in 1999 and has Hesigned,
developed and managed by educationalists based in National Univerditglasfd,
Maynooth and University of Ulster at Coleraine, Northern Ireland. issolving
Boundaries” program uses the integration of technology to faeili@oss-cultural
education linkages between schools in the Northern Ireland and Repubiiglapid.
Schools at primary, post-primary levels and the special scheelsfor in two

jurisdictions participate in this program.

The “Dissolving Boundaries” program aims to promote cultural avesm® and develop
valuable collaborative online learning experience by integratimfigrmation and
Communication Technology (ICT) in their curriculum (Nigel et al., 2008stin et al.,
2007). The term ‘dissolving boundaries’, according to the program t#&bboit et al.,
2004), has multiple strands—that is, cross-national, inter-cultural aedms of religion
and gender. Associations also existed between contrasting edusgiems, between
urban and rural communities, and between different school enrolnped (goys’ and
girls’ schools and coeducational). Some cross-sector collaboratmtoalsplace, as two
of the special schools had mainstream primary partners (Abbortt et al., 2004).

“Dissolving Boundaries” works with each school to set up and sustéimk avith a
compatible school on the other side of the Irish border (Austin et al., .2B0@)y
participating school is linked with a compatible school from actoesdorder to form a

partnership. Compatibility of the schools is judged according to $lcbimol sector, age
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of pupils, and, in the post-primary sector, according to the subjeciakpation of the
participating teacher. The partnered schools work collaborattuglyng the year on a
joint project to promote cultural awareness and learning expertarmegh technology.
Throughout the year, students and teachers engage in various forms ok on-li
communication, one of which is asynchronous conversation through foruthstheir

partner schools across the border.

Every partnered school is identified by an acronym. Thesagyaschools exchanged
views and ideas through the Moodle forum. The students are divided into different groups
namely Group A, Group B ... and so on, depending on the number of stutdesmishi
school.

5.3.2 Case Study

In this case study there are approximately 140 schools involved, imglodth Northern
Ireland (NI) and Republic of Ireland (RI). Every school participatmiyll is linked with

a Rl school and so such schools become partner schools and the stodeesslaers of
the partner schools are divided into different Groups, again dependihg ommber of
participants. Each group had a corresponding partner group in the dtbel. sthe case
study deals with the ongoing interactions between the partiogpgtioups of various
participating schools. The discussion activity was for a period ohdfths. Not all the

discussion groups began the activity at the same time.

The discussion topics were general and the activity was mamlylissolve the
intercultural barriers between the two nations and promote a fyientlhe environment.
There were a large number of postings exchanging ideas, infomaatd arguments. It
was a challenge for the co-ordinating team to view all of tbaBee activities. Studying
activity behaviours and applying the indicators used for online gctvas one of our

intentions. The purpose of choosing this case study is to provide evittatcéhe
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visualisation tool can assist a teacher to foster sociab&&geen different groups and
extend real-world relationships. The course is maintained by Maodl¢he installation
of VIMS tool on Moodle, proved very valuable to study a number of alitgsues in
collaborative online learning.

5.3.2.1Viewing the Discussions of a group:

With so many schools involved and large numbers of posts it was dratidefteachers
and moderators to identify the flow of posts, level of discussion angdtieipants
involved in the discussions with their details. VIMS would firgblve this problem by
helping the teachers to view the online interactions. Teachdraaderators would first

begin by selecting the criteria for which to view a discussion, as shown in Bigure

Figure 5.7: Selection list consisting of Course, Groups and Weeks
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Figure 5.7 gives a snapshot of the selection lists, which dspilag radial-tree
visualisation of the selected information. The first selection displays the overall
interactions in the group and the second selection list visu#iisaateractions weekly.
The teacher would have to choose the Course and the Group in ordewtadhgie
graphical representation of the interaction in that Group. Oncetestlesualisation is

then produced, as shown by the example in Figure 5.8.

Figure 5.8: Details of a Participant shown alongside Discussion Visuatisati

Figure 5.8 shows the radial tree representation of the intmactf one such group
selected and also provides the details of one of the partichwphaeth the mouse hovers
and clicks on the circles. The circles represent the paatits involved in the discussion.

It simultaneously highlights the circles that represent the iposiof the selected
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participant’s posts. The radial view organises the participantgdiog to their postings
in an orderly manner in concentric circles. This representatiors ghe level of the
interactions in this ongoing discussion. This conversation goes tevas| Concentric
circles represent the levels. When the ‘lurker details’ &lsealected, the participant
details are replaced by a list of those participants who hawediéut not responded in

this conversation, as shown in Figure 5.9.

Figure 5.9: Lists the Lurkers of the Conversation and Displays a Post
Figure 5.9 displays a zoomed image showing a list of all the reungeesent in the

discussion to the right side of the image. The lurkers could be studeathers or

administrators. The teachers can now play their role and inteaskneg the lurkers to
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participate in the ongoing discussions. This image also displays éyaste of the
participants, along with its details. Since there is no referemdbe relevance of the
subject, the post displayed is the post of one of the starters. The posts arediisplége
mouse hover on the small red or blue dot displayed. This suggestsvishat

representation can indeed reveal a lot of information of the forums at a glance.
Interested parties, such as teachers, moderators or ressarchie then select the
‘statistics’ tab to get aggregate information about the dismssas shown in Figure

5.10. It should be noted that this aggregated data could be expanded and ex$ended

more (or different) statistics are required to be generated.

Figure 5.10: Quantitative Statistics of the Discussion
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Figure 5.10, reveals the quantitative analysis of this parti@rgoing discussion on
Moodle to the right of the visualisation. It also reveals the dispfag tool tip having
details of the thread, with a click of a mouse on the boundary adisicession. This
image reveals information that this particular discussiordiakir 11 weeks and 6 days

and the discussion was a generalised discussion on ‘information on Wexford’.

There are 32 posts, viewed 171 times, contributed by nine participdnith #2 other
people read but did not respond to (lurkers). It also shows that the cdioverseere,
repeatedly read and re-read as the discussion was accessed2detirperson (including
lurkers). This information can be valuable, not least for identifyiwich

discussions/subjects attract most/least attention and participation.

Figure 5.8, Figure 5.9 and Figure 5.10 show screenshots taken from thegfafums of
a particular group belonging to particular course. From the visuatsaw state that there
were two discussions which occurred in a linear pattern (Fig@re- threads labelled as
2 & 3) and in four other threads the discussions subdivided wherer fivore responded
to one post posted (Figure 5.8 — threads labelled as 4, 5, 6 & 7). Tagrene thread
that is isolated having no responses to it (Figure 5.8 — thread thbsll8). The teacher
would need to intervene to find out the reason for no responses to ¢hd.thrcould
most probably be that nobody was interested to talk about that sabjgiscussion or
could be that the discussion started late. It is definitelybeotuse of the person who
posted it as there were many replies to the same postenitihted another post. Since
this is a cross-border interaction care should be taken that thetstade not neglected
just because they do not belong to their place or school. Although Wes teacher
involvement in one of the discussions that discussion did not stay loadndtd to make

a conclusion on this regard.

The topics discussed in these threads are mainly generaldralateross-border

relationship, but there was always a need of more student involventeatsa that the
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students stay on the subject lines only. In most of the casesdwsbia that the students
might have changed the topic title but still maintained tortesubject lines. And hence
they were relevant to the subject of discussion. However, theeesgene of them who
slighted deviated from the topic of discussion. This could be fifstlgd out by reading
their content and secondly by the percentage of relevance guliaathe bottom of the

message. Relevance to the subject can be seen in more detad mext chapter.
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Figure £.11: More Analysis on Individual Participant
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Figure 5.11 features the visualisation of the statistical dawifigrent activities of a
particular participant. The objective of this visualisation is twigle an overview of the
participant’s collaboration in the online discussion. It details thécpgeant's personal
details along with the total number of messages the participastsepbed to, total
number of conversations started by the participant, and the total nwhkees the
participant has viewed the conversations. In Moodle it is hard to finthedwbtal number
of posts reads, but can identify the number of discussions viewed Ipattieipant.
Figure 5.11 displays the activities of a participant, belongingkBN&D School. The
numerical figures give an indication that the participant way eetive during the
discussions. It also displays the list of all the other ppgidis to whom this participant
has responded to. A change in colour of the image of the otherigmants; indicate a
change in the school. This means that this particular particigaogevanalysis is done
has been communicating online to only the participants of the other soiabt to the
participants of his/her own school. The change in colour on the disptegnods show if
the participant was a teacher or a student. Red indicates rtemutheblue indicates
student. The number of circles represent the number of messagesl repl this
participant to a particular participant. From Figure 5.11 this iggaant has
communicated three times to a teacher not belonging to his/her sctibdl times to the
students not belonging to his/her own school. This can give a clealisatioa about the

cross-cultural or cross-border online collaboration of a particular g

The graphs give the participation level and collaboration of thevichdil participant
during the online activity. The participation level gives the quamtitthe participant’s
postings, quantity of participant’s views and the quality of thégyaant’s postings. The
other graph shows the collaboration of the participant with the emits of her school
and the cross-border school. This graphical representation canngivgi@ession of the
participant’s attitudes towards online collaborative environment lamdnteraction with
the partner school (cross-border school). A detailed description ofariagysis is

explained in Chapter 6.
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5.3.2.2Findings

Some of the findings from this case study are:

Most of the postings were staying on topic. There was no charige subject lines even
though there was a change in subject title number of times, inohds¢ discussions.
Although the replies were written in response to the previous nesbegrelevance of

the message in terms of the first message kept decresssihg level of the conversation
was increasing. The claim made by some of the researchers (Li & Akins,Nagsolini

& Maddison, 2003) in terms of the discussion not expanding due to too much
involvement of the teacher is very clearly seen in most of thesdyorder interaction
case study. Through visual and statistical analysis, it aserved that most of the
participants (almost 25%) did not participate in the ongoing digmsssAmong them,

there were quite a number of lurkers and only a few of them were inactive.

Apart from the above findings, the case study in Section 5.3.2 alsorexghat VIMS
was used to examine the following:
Continuity of the discussion: The continuity or flow of discussion léarty
visible through the visual radial tree representation. The lemigthe message
chains is a clear indication of the student engagement in thesslisn. From
Figure 5.8 we see that the longest length of the messageirchiais conversation
was Six.
Isolated messages: Isolated messages are an indication fouctms’
intervention. From Figure 5.8 we see one isolated thread [3] whichntiased
by a student. An isolated thread receives no responses and rdetega be a
silent thread. Isolated threads do not indicate the conversation floleand this
silence needs to be broken by the instructors.
Message length: Message length is clearly indicatedégiie of the rectangular
box in which the message is displayed. Longer messages need wmatenali

higher quality post, and attract more attention. Smaller messages dilse g@tne
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response as the longer ones. Longer message might indicatghhsiasm of the
student in discussing the topic.

Thread development: The thread development provides an indication bfahd t
activity. Some of the threads develop in a linear fashion wheredteipants
responded to the earlier message without any sub-division (Figufg]2]). The
length of such threads would be much greater than the sub-divided thtead i
number of postings in these threads is equal. The width of the sub-dikréad
would be much wider than the linear pattern. Sub-division of threadsatiadic
many replies to one post (Figure 5.8 [4][5][6][7]).

Involvement of teacher: Teachers’ presence is always impodanhg an
asynchronous discussion. From Figure 5.8, we see that there was em@ thr
initiated by a teacher but the conversation did not last long. Tkisrédy a rare
case which some researchers has already identified and couldchtitef reason
behind it.

Participant’s activity overview: Along with the visualisationtleé online activity,
a visualisation of the analysis of the individuals participatimgthe online
discussion makes VIMS tool more interesting. This visualisatiopsheelteacher

to predict the participation, collaboration and attitudes of their students.

5.4 Summary

Based on the large number of institutions using Moodle and the diffitarltieachers
and moderators in trying to track the significant outcomes of tloeigioon forums, we
have designed a graphical visualisation tool that monitors and eepsegarticipants’
online activities making it a useful monitoring and intervention tooltéachers and
moderators. These case studies have revealed the importance $fovilMoodle or any
other LMS. Through these case studies we have identified theusapatterns and

structure of the discussion threads. The approach, analysis aodttoenes of the case
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studies prove the importance and usefulness of VIMS as a monitorinigitgwbup and

individual behaviour in the online discussion forums.
The next chapter gives insights to more detailed analysis tisen¢/IMS tool. The

results of those analyses can be useful for teachers to piiegligroup and individual

online activities.
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6 VIMS Analysis, Observations and Results

This chapter explains in detail some of the important outcomes ®frésearch. It
presents a few statistical analyses using the Virtual Interactappivg System (VIMS).

6.1 Types of Interactions

The online community is a group of people who share their views, ideas&rests
with a common objective to learn and build their online presence. Bull pairticipants
are active participants and hence the online community becomespase. One of our
aims is to build a tool to aid the teachers analyse the atibeassions and indicate their

intervention to encourage the students to participate in the online communication.

The relationship among the message postings reveals the extdnthathe learners and
teachers are responding to one another. Message categorienngdpetdimensions of
interactivity between the online messages according to Henri (2882xplicit, implicit

or independent. Explicit and implicit interactions are representedtlasee-step process
where one writes a message, a second person replies to itefdllpnwa comment by the

first person to the reply of the second (Hara et.al, 2000).

According to Henri (1992), explicit interactions are messdgaisare either in response
to a question posted, or a comment on someone’s message. In ex@reittiah, the
person to whom the communication is directed is indicated in the geeskaplicit
interactions are messages that include a response or a commieatppevious message
but there is no reference to the previous message. Independemestatare messages
that contain new ideas, which have not been mentioned in the previous raesshgee
not connected to the others. A pattern or relationship of communicatiobecobserved

by differentiating the interactions into these three categories.

150



VIMS Analysis, Observations and Results

In Figure 6.1 the explicit-implicit interactions are indicatgdabdifferent colour scheme.

Student23 has agreed with the statement made by Student22 andegigéstdment in
reply.

Figure 6.1: Implicit and Explicit Interactions

6.2 Change in Topic Title

According to Herring (1999) online interactions often tend to gbathe topic of
conversation. This happens when the person responding to the easlsaigmeoes not
take the earlier contribution into consideration. A slow change i wipgéction may
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occur at various points in the time of discussion. In the exampligune=6.2 there was a

change in the subject three times in three different threads in the same foru

Although each note was written as a meaningful extension of theopsesonversation,
the thrust of the conversation may tend to change. As a result the threadsslioiiscan
change the whole area of conversation from one idea to anothdr.thBomnessages are
related to one another but a change in subject line indicateshdérat is no direct
implication of the previous message. This might indicate draaiddferent conclusion
altogether. A change in the subject also lets the participaating a post think about
whether they have to reply to the original post or the last pastwas posted with the
changed subject. Van der Pol (2009) states that such situationstugggiegoants are
trying to develop a new understanding of the subject as the respondentdy have to

respond about the subject but also guess the meaning of the discussion statement.

Subramani & Hahn (2000) contest that a change in subject has naongpaat on how
the conversation is perceived by the participants. However, wgreesavith their
statement as there is clear evidence in the conversationsdlsitigved that a change in
subject will affect the flow of conversations. The attentioesgivom one issue to another
within a thread. We could also see that a change in subject limmlycaffects the flow
of conversation, but also could stop the conversation from continuing. Qvhtie we
can say that a change in area of conversation leads to megliged lack of awareness to
the key area of conversation and this lack of awareness mayolsagdral educational

concerns.

Figure 6.2 show that there was change in the topic title ie ttwaversations, which is
clearly indicated by a small blue square box on the arrow empieg the flow of
conversation. In the conversation between two students, one student started thiemliscuss
with the subject title ‘Happy New year’ but the other one respibridethe previous

student with a changed title ‘Hi'.
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L]

Figure 6.2: Change in Topic title

6.3 Latent Semantic Analysis of the Content

Latent Semantic Analysis (LSA) is a statistical techniftpreanalysing qualitative data
(Shapiro & McNamara, 2000) by extracting and representing thitagty of meaning of
words and passages of a large corpus (Landauer et.al, 1998). Gseinoh word
documents, each word in those documents represents a point in theicepacd. The
cosine between the vectors for any two documents is calculated to detémmsemantic
similarity of the documents. Cosine values can be interpreteatlentical documents
having inter-vector cosines of 1.0, unrelated documents having inter-wesines of 0
and somewhat related documents having inter-vector cosines between 0 and 1.
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COSq Semantic Similarity between Segments A & B
C0OSq->1 Very High (Good Match)
C0OSq->0 Very Low (Poor Match)

Figure 6.3: Representation of LSA by Anders Morch, 2011

LSA allows us to closely approximate human judgments of meamnimtasty between
text segments and to objectively predict the consequences of owerallbased
similarity between passages. As explained by Landauer el @®8) the first step is to
represent the text as a matrix in which each row stands tonicue word and each
column stands for a text passage or other context. Each cellnsotitai frequency with
which the word of its row appears in the passage denoted by itsrcdNext, the cell
entries are subjected to a preliminary transformation in whath cell frequency is

weighted by a function that expresses the word’s importance in the particdageas
Next, singular value decomposition (SVD) is applied to the madriform of factor

analysis. In SVD, a rectangular matrix is decomposed into the profiubtee other

matrices. One component matrix describes the original rowesnéis vectors of derived
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orthogonal factor values, another describes the original columregntitthe same way,
and the third is a diagonal matrix containing scaling values sutchwtien the three
components are matrix-multiplied, the original matrix is recostd. Hence after
applying LSA some words share similar points in the semantic space aredargisally

similar.

LSA has been used in our research to find out the degree abmebstween the

messages. It gives the value of relevance in numerical format.

Figure 6.4: Example for Relevance to the Subject
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Figure 6.5 & Figure 6.6: Example for Relevance to the Subject

Figure 6.4, Figure 6.5 and Figure 6.6 give a snapshot of one of thedghwhose subject
was to introduce them selves and make new friends. Figure & iimmediate reply to
the post shown in Figure 6.4, with a relevance to the subject being Ol96§%tdtes that
the immediate reply is very close to the subject post and henmedgh® deviation in the
subject. Figure 6.6 is the reply to the second post and its reletatieesubject is 0.795.
This states that the post is almost as close to the subjeabttas close as the previous
post. This would be a concern for now because as and when the discussiaresahe
respondents might follow up this post having a relevance of 0.795 and extdtad the
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discussion the relevance might further decrease indicating thieatparticipants are
deviating from the subject lines. It is hard the find the relevart@een two messages if

one of the messages is very small having just few words.

LSA need not be the best way to represent the relevance to tleetdolj could be a
useful method for the teachers to check on the students who argydrifin the subject
line while interacting in a group. The LSA code has been taken fairhead research”
[http://code.google.com/p/airhead-research/].

6.4 Statistical Analysis

Online asynchronous interaction has always been a common mednsldhg a
collaborative learning environment in the educational sector. Résga have been
trying to come up with various different conclusions through analyithis data.
Interpreting the analysed data in various forms improves the uadigirsy of the online
activity. The quantitative analysis of online discussions is done ppyyiag some
statistical procedures and depicting them in a graphical forfhé. analysis gives the
level of participation, interaction and engagement of the pamitspavolved in this
collaborative network. The analysis investigates the reldtiprisetween the interaction
among participants and their contribution to the collaborative communityreBlaés of
this study give the graphical representation of the level dicfation and interaction,
reveal the performance of different groups involved in the online eonuation and
compares the performance of groups with the performance of thgrbegt in relation
to the number of posts (contributions), number of participants involved and the number of

views.

157



VIMS Analysis, Observations and Results

6.4.1 Why Statistical Analysis?

Statistics is a mathematical science involving the colleciiaarpretation, analysis, and
presentation of data (Gravetter & Wallnau, 2000). It is the prinwalyof research and
development. It is often used to make predictions based on data. Stdtesti come to
play an important role in almost every field of life and human activity. Scatisnethods
are also used in analysing the experimental data and drawingusionsl. In this
particular area of research, it is another approach to medserénteraction and
participation quantitatively. Even though it is hard to correlate group ati@nastatistics
with the actual group performance, this statistical analysisonly help the teachers or

the users of this tool to draw their own conclusions.

Judging the ongoing discussion through statistical analysis does nougigefinal

conclusion about the interaction pattern but gives us some kind of indicaliout

participation and also acts as a backbone for many qualitativgsasaln other words,
the quantitative analysis is being followed by, and is informing, quabtaimalysis of the
discussions to analyse and evaluate the evidence for the deammeddeoutcomes for the
activity. Statistical graphs reveal the data in a sophistcatay after applying the
statistical formulas needed for quantitative analysis. The tesaehik have a quantitative
measure of the analysis which will help them to summariserprgt and present the

results to the students on their use of the asynchronous discussion tool.

6.4.2 Different Statistical Analysis used to obtain the objectives

A few interesting objectives that we wanted to look into as future analysis are:
To see if there is a correlation between a total number o$ pds user to the
number of replies to his threads and his posts. To find out if thereasrelation
between the number of views of his threads and posts.
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Many posts are being viewed. But only some get answered. It would be
interesting to know the parameters of the "most answered postigsThike:
Topic, length, links, images, poster reputation (posts, Registratiojy date of
week/time, some keywords and so on.

Some posters write a single line and get the whole attentioe wthiers conduct
tests, research and write long posts that sometimes get totally igndiestelany
correlation between post length and number of replies and their length?

6.4.2.1Ranking

Values of mean and standard deviation represent the average awméaad dispersion
of values around the mean. When the two values are taken together divéde pr
information on the consistency of performance of the participants igroap.

Performances can then be compared for further analysis.

As described in Case Study 2 (in Section 5.3), the students gfaicipating partner-
school were divided into Groups. For example partner-schools with CoanlseAS-K
are divided into six groups. We have tried to statisticallygmrethe observation of an
individual's performance within the Group and the overall Group perfocmaNe had
taken the mean number of participants in each group and the number giqsiets by
each participant during asynchronous discussions. We compared dhe ofedifferent
groups in a course and ranked them according to their mean and staadatiord This
could give us some idea about the consistency of the group and the individulaé

group.

We have taken the peak points for mean and the maximum standaatioteas that of
the group that has the highest mean and highest standard dewaptuot,the means and
the standard deviations. The standard deviations are plotted on theaxdxize means

on the y-axis. The midpoints of both x and y-axis divides the gramh 4nequal
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quadrants. The migeints for the axes are considered by taking theragevalues that

lie in each quadrant.

A
High
J | I
Group Good ani Group Good and
Individuals Goor Individuals Poor
£ 1] IV
Group Poor an Group Poor and
Individuals Poc Individuals Good
Low >
Low Amount of Posting High

Figure ¢.7: Categories of Division of Groups

Students in sections with high mean and low stahdawiation or low mean and hi
standard deviation do well with their individualrfsgmance of interaction. Students
sections with low mean and low standard deviatiorhigh mean and high standa
deviation do poorly (Hoel et.al, 2006). The Grougrfprmance depends on the m
individual performance and the Group s The groups fall in different quadrants ba:
on the total number of posts posted by individuahigroup the total number of pos
posted by the group itself and the group size.example: if the group size was 10 ¢
only a 4 in the group were active participants iblyex posting or replying to the previo
posts, and even those 4 active participants few quantity of individual posts, the
neither the group as a whole nor the individualsh& group contributed much to t

online activity and hence that group will groupMalll in the 1l quadrant
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Table 6.1: Ranking of Groups according to their Mean and SD

Group Name Mean SD
Group D Forum 8.077 3.9
Group A Forum 4.75 4.17
Group E Forum 6.176 5.65
Group C Forum 8.571 7.41
Group B Forum 7.462 5.85

Table 6.1 gives the ranking of the groups based on their mean and dteadation.

The lower the standard deviation, the better is the performanite afroup. If the two
groups had the same SD then the group with the higher mean is muahthett the
group with lower mean. The average of the quantity of posts tdkengroup size also
into consideration will decide the axis of the graph which dividegtaph into various
quadrants.

Figure 6.8 illustrates the ranking of one of the courses, whicliveagroups. The ranks
are in the ascending order of the group and individual posts and parsciparived in

the activity. These points are depicted on the graph on the extreme right.

The different groups are indicated by different colours. Accordinipé ranking Group
D Forum is ranked first and Group B Forum has not actively pargzdpa the ongoing
discussion. All of them fall in the Il quadrant which indicates téechers through the
advice displayed at the bottom that the group and the individuals needributentnore

to make the online discussion more vibrant.

161



VIMS Analysis, Observations and Results

Figure 6.8: Ranking of Groups

With the help of correlation (if total time for the conversas in weeks are the same
among all the groups) and dynamic time-warping (if the tiragxé of the conversations
in weeks differ by a small amount between the groups) we find bichvof the other
groups are close enough in performance compared to the most ctristg in terms
of number of posts, number of views and number of participants.
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6.4.2.2C orrelation

Once the ranking of the groups is done, we correlate the bestwithuihe other groups
to find how closely the other groups are related to the best group.thitiime frame
represented in weeks the correlation is found.

Compare views, posts and participants of Groups A, C, D, E, F with Group B.

Views of Groups A, C, D, E, F with views of Group B.

Posts of Groups A, C, D, E, F with posts of Group B.

Participants of Groups A, C, D, E, F with participants of Group B.

Correlation is a distance measure usually referred to asPi€arlson’s correlation. The

time series should be of the same length. Its value lies hetwkeand +1 (Saleemi,
2006). Figure 6.9 has all the values displayed between —1 and 1. This shows that the time-
span of the discussions were the same. Although the groups are aankeding to their

means and standard deviations, we might want to correlate thegodkips with the best
group. The statistical analysis need not always be corredérpreted but just aims to
direct the teachers about the interactions. The end-users mighigbt-not take this

analysis into consideration.

From Figure 6.9 we can say that:

Group F is highly correlated to Group C when the number of pamisipavolved in the
discussion is taken into consideration. Group D is the least cedeBbup with Group
C with a value of 0.743 when the total number of participants is takerconsideration.

The correlation might vary according to the Number of participants, posts and views
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Figure 6.9: Correlation of Groups according to the Participants

6.4.2.3Dynamic Time Warping

Dynamic Time warping (DTW) is an algorithm used as a digtaneasure for similarity
search and unsupervised clustering of time series (Sal@€®6). It is a non-linear
method for finding the shortest path between two data series that are nainaiiigrent

lengths. When the time series is of different lengths, contnidifferent values, re-
sampling can be used to make the time series of two groups of equal lengthsvddRaN
well and can be applied only when the difference in the timessesrieery small. If the

difference large then neither correlation nor DTW could be applied.
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Figure 6.10: Time warp used to correlate between groups according to thp&ag

Figure 6.10 shows an example of when the Groups’ participation e frvaries. If the
difference in the time span of the group compared to the best growgryi large then
neither correlation nor DTW can be applied, as it is hard t@lkedersuch groups. In such
cases the value of correlation is displayed as zero. The srttaleninimum distance

between the groups the higher they are correlated with the best group (exogpt z

In the example given in Figure 6.10, the course was divided inta®ipg The groups
are ranked according to their participation and Group A is rankedSios the other five
groups are compared with Group A in terms of the number of partisipavolved in

discussion. Table 6.2 gives the details of that course (course A&@8d according to

their rankings.
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Table 6.2 Details of a Group to find a Method to Correlate with the Best Group

Group Name No. of Weeks Method to correlate Correlation values
Group A 37 Best Group _
Group B 16 Cannot be correlated 0
Group C 35 DTW 49.027
Group D 38 DTW 32.44
Group F 37 Correlation 0.39
Group E 36 DTW 22.726

Group A and Group F had their discussions for the same time frameéhearu
correlation can be used to correlate with the best group (Group 8yp@ was active

only for a period of 16 weeks. Since the difference in the tnaads of Group B and
Group A is high, Group B cannot be correlated with Group A and hence is zero. Group C,
Group D and Group E can be compared with Group A using DTW. Figure 6.11 and
Figure 6.12 show the plots of DTW done on the three groups to find thienam
distance between the three groups. Although Group C is third rankeng, we see that
Group E is closely correlated with the best group when comparedtgp @ and Group

D, when the number of participants is taken into consideration.
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warping function between ParticipantsC,D,E with ParticipantsA
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Figure 6.12: DTW Graphs Comparing the Different Groups using the Warping Function
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6.4.3 Advice to the teachers

Depending on the ranking, consistency of groups and individuals and cogeiadi
other groups with the most consistent group, advice is printed at tlenbottthe page.

This helps the teacher to intervene between and among the groups.

Figure 6.13: Advice to the Teachers according to their Ranking

Figure 6.13 displays the advice to the teachers giving them information of witapsGr

and/or individuals need attention.

168



VIMS Analysis, Observations and Results

6.5 Graphical Representation of the Analysis of Discugsns

Figure 6.14: Statistical Analysis

The graph shown in Figure 6.14 gives the teachers and students dettdés whole,
belonging to one of the courses, in a bar chart format. The graphs thepioverall
number of views, posts and participants of active participants anddwkboth teachers

and students.

The tables to the left of the graph in Figure 6.14 give more lsledout the total
participants registered, active and inactive participants. Wenabdbat out of 59
students, 47 of them patrticipated in the ongoing discussion, of which 43 cadriout

the ongoing discussion by posting 74 messages while 4 of them péaetcipga just
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reading the posts. The participation of the lurkers was not gsethiey had only 5 views,
which implies that 3 of them had logged in and viewed the discussioooty We can
argue from this analysis that the lurkers had not actuallycpzated and were inactive
most of the time and so there would have been no learning goingtbe hykers. There
were 12 inactive students who neither posted nor viewed the discussamow the role
of the teacher to involve those 12 inactive students and 4 lurkerseirorigoing
discussion by sharing their views and opinions about the discussiorhefgaand

moderators can easily view the list of inactive students.

From the details given, it lists 6 registered teachershisrcourse but we also observe
that there are 11 teacher participants for this course. Only onéated regularly to the
discussion by posting 32 posts and constantly viewing the ongoing coruessaith a
high value of 149 views and the rest viewed and kept a track of tleengndjscussions.
The reason for more teacher participants than teacheistereg is that there are

administrators who also monitor the discussion.

Figure 6.15: Zoomed Image of the Interaction graph
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Figure 6.15 give another graphical view depicting the interactiorepsoaver a period of
time for all the groups participating in the interaction. Thesplgg show the number of
views, posts and participants of one of the courses. The totslemagl participants (65)
were divided into 6 groups. This representation also tells us how weeks duration

the groups were active. Not all the groups had the same time.faraup F kept their
forum live for 26 weeks, and Group A had their conversations going up weeéks.
Groups C and D had 35 weeks of conversation and Group B had 34 weeks. h&rom t
zoomed image we can analyse the activity to a little extent and ditameta that Group

D had the highest number of participants in week24 who actuallicipated by just
viewing the discussions and not posted any. The students actuallycsiopgieng after

week14, but stayed online to check for more postings until week35.

6.6 Graphical Representation of Participant's Analysis

Participant’s participation analysis gives an overview of theine discussion activity.
This representation gives the participants’ participationrimgeof posts and views. The
measure of posts and views is calculated by taking only the active parti@parsndex
and not all the participants enrolled to make the analysis momn@mgéa. Therefore, the
guantity of participants post/views is calculated by taking the nurob@articipants
posts/views divided by the number of participants participatingdrohline discussions.
The quality of the posts of the participant is calculated Bingathe average of the
relevance of the postings which is shown in the graph in Figure 6.16. The collaboration of
the participant in the online discussion with the participants of their own school aswell
their partner school is calculated by taking the percentage ofutinber of posts replied
to the participants of the respective schools by the total nurobgrarticipants’
participating in the online discussion. The maximum value of thisikeaion is not more
than 100. Any value above this is taken as 100. From Figure 6.16, theppattit
participation is high in terms of viewing the discussion but veryifoterms of postings.
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Almost all of the participants’ postings are on topic with an ayemrelevance of 86.28.

This gives the quality of the posts of this particular participant.
Figure 6.16 also shows that participant has been interacting notvthlfis/her school
but also with the partner school. The different schools are inditgtelifferent colour

codes. We also see that the participant is not only interactihgtié students but also

interacting with the teacher. This again is indicated by the changeour col

Figure 6.16: Overview of the Participant’s Participation
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6.7 Outcomes from this Analysis

There is considerable interest in finding ways to use graphocds to identify and
effectively represent those patterns of interaction thought foedagogically effective
and to distinguish these from those considered less robust or edutateffexdtive

(Erickson, 2003). There are two key uses of such representations:

6. The first use of these visualisations is for research and eealued compare
and contrast collaborative and discursive interaction patterns agl dn a
analysis, particularly in triangulation with other qualitativeadésuch as
content analysis). In this way it is hoped to gain greaterhhsigo those
patterns of interaction which seem to signal or accompany nifetiee
collaboration.

7. The second potential use of such visualisations is as an aid teattieet.
Here the aim is to monitor and reflect on the quality of theoimuy

discussion.

The results of the analysis give in-depth statistical da& tonveys extensive
information about the online discussions in an easily accessibtietfoiThe analysis
results serve as a useful guide to conduct further researchitsResuh the various
analyses revealed that interaction among different groups if@came. Some groups
were moderated with teacher intervention and some were unmodétaiksw. revealed
the total number of student participants and teacher participanist bnly revealed
statistical data but also helped us to identify the various tgp@smgoing interactions
through different representations. With the help of mean and standardiatewee
analysed the consistency of the group interaction and helped rnealorrelation
between the different groups involved in the discussion. The chart represergagaled

the behaviour of the groups in a time frame.
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6.8 Embedding Statistical Graphical Representation in WS

The Visualisation aspect is added as a block in the Moodle environitéhe moment
only the teachers and administrators logged in would be able to Wiewisual
interaction. The statistical graphs are another form of reptason of ongoing
discussions in the Moodle forum. The teacher or administrator has tbe tiptview the
analysis of the raw interaction data in the form of chartss@lebarts give an insight into
the level of participation and give the results of some quantit@hadyses of the
asynchronous discussions. The information derived though this statasti&lglsis can
help us find the quality of the interaction, to some extent, andlsevdarmation such as

‘most consistent group’ in terms of participation and interaction.

6.9 Appearance of Moodle pages after embedding the vialisation tool

Figure 6.17 shows us the Moodle page with the block of visualisation added and gives the
view of a guest logged in and a teacher or admin logged in. The tdeshtre ability to
display or hide the visualised interaction graphs from the studémt$og in. However, a

guest would be able to see the visualisation block with just infawmatf how the
visualisations are formed and how they appear.

Figure 6.17 gives the first page of the VIMS on Moodle. This pagdatee the users to
view either the visualisation of interactions in various forms owvike statistical
analysis of the discussions. Figure 6.18 shows the first page wker has the option to
view either various forms of visualisations available to the aisére statistical analysis.
The various forms of visualisation could be either coloured radial trsualisation or
grey-scaled radial tree visualisation or the tabular form efisation which is shown in

Figure 6.19. The user has the option to navigate back and forth the tabs.
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Figure 6.17: Moodle Page l l

Visualisation | When Admin
Block Added | Logs in Moodle

Figure 6.18: VIMS Visualisation Page on Moodle
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Figure 6.19: Forms of Visualisation

6.10 Summary

This chapter analysed the results that were generated thropghnesntation and case
studies. Our work introduces many novel features in a visualisabion $everal

distinctive patterns were identified with varied statisticasults. Since the online
interactions are dynamic, it is hard to identify the exactaedor these varied results.
However, different patterns can indicate different online behaviouregmrdsent the way
participants are interacting when taken together with theegbniThis can be an
extremely effective first step towards teachers idengfyand responding to, developing

problems.
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7 Conclusion and Future work

This chapter summarises the research, describes conclusionsatrawesults achieved
as well as directions for future work. This chapter highlights ¢ontribution of this
research and outlines its contribution to relevant research fi¢ltlseri describes the
limitations of our approach and suggests possible areas for funthestigation and
study.

7.1 Review of thesis contribution

A change of an online environment into a collaborative online learmuagoament is
important. To achieve this transformation we wanted the teachdrs &ble to better
understand the discussion space and evaluate the participation of tmssiuadagoing
discussions and then intervene either personally or through online discussion posts, wher
appropriate. The necessity to flag potential problem areas asthaleveloping was a

primary consideration.

Our research started with an in-depth study of the use of andudi$ as Moodle, the
online interactions on the Moodle forum and the format in which thismBsmation is
stored in the Moodle database. Moodle renders not all but most aiftmsation in the
form of lists and researchers who developed a tool for Moodlefispg represented
that information in the form of charts which is useful to somenéxi&'e identified the
need for a visual tool that could assist any user who wantestutty the online
interactions. We then explored different tools that were being asddfound their
usability features and their limitations. Our concentration waislynon the collection of
raw information and parsing the massive data into useful informatientifying a
structure of visualisation that could be easily understandableyoteacher or moderator
without any difficulty and extracting most of the statistiaald qualitative information

and representing in a simpler form.

177



Conclusion and Future work

This research has lead to development of a visual tool (VIMS)aitiata teacher or a
moderator as well the participant to gain an insight into the ongpoyp interactions in

an interesting way. VIMS includes a number of features totabsigeacher understand
and explore the patterns and level of interaction. The resudtdiaplayed both in

graphical and numerical form. In due course we also identified iangardicators that

were needed in a visualising tool. We incorporated those identifiees better analysis

of the online activity.

There were two case studies that revealed the usefulness ajobumtl exposed the
participation level of the participants and met the objectives «f tbsearch. The
evaluation on the representations provided by the tool proved that theyeasily
understandable and made it easier to identify the discussion spacmdicators on the
visual tool and the statistical interpretation helped them an#ifseliscussions. There
were a few recommendations which we would definitely look at dsture study.
Without this visualisation, teachers would not be able to view theusision space in
detail.

The quantitative analysis gave the measure of the participation, in termsjoftitey of
posts, the total number of active and inactive participants, thieipation level in terms
of posts, views and participants on a weekly basis. The stdtfgjizaes derived from the
quantitative analysis can lead to qualitative analysis and Hedpeacher to predict the

interaction level of the participants.

The qualitative analysis proved that in two the case studies,dtesdions were mostly
on-topic and thus maintained the rules on an online learning environmentngiatef
the students did not deviate from the subject lines their cogmptesence was good
throughout the conversations.
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7.2 Revisiting Research Questions

The study was based on the five research questions that informededlde of a
visualisation tool to understand the online asynchronous interactions. Vaosassor

interpreting the interactions in different ways have been redeamel many indicators
for measuring the asynchronous interactions were identified thtbedherature review.

This section outlines how each research question has been answered.

Question 1: Can teachers and administrators be made awarearfgihieg discussions
on Moodle?

The first research question aimed to identify instruments and toolsupporting the

awareness of online interactions to teachers which can then imgreveature of

interactions. Not many of the current tools were found to be us$efuleachers to

understand the discussions that were happening in forums. None of thiatosksd on

analysing the group collaborative activities. Our researchrtagoed that a highly
interactive, easily understandable Virtual Interaction Mappinge8yshat visualises the
asynchronous discussions should be developed. A Visual mapping can becasikyd

and understood. This was then realised as our VIMS tool.

Question 2: Can informative features be extracted from datzergat from online

discussions and activities?

A lot of time was spent to understand the how Moodle stores albthmfdetails in that

vast database. We then made a note of all the essential fieddedn& indicate the
participants involved along with their online activity. With the helg skequence of SQL
statements we then parsed the necessary information needed ashdh&t@etracted data
onto VIMS database. We also identified various indications (impomalntators) that

represent these extracted features and found a way to reptiesent Some of the
representations used where indicated by Schrire in her modeiréS@@©04). We started

the research with very few indicators as described by $ctund as research progressed,
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we identified more indicators according to the teacher’'s nee@sird representing
those indicators in different ways, and finally came up with remtesons which

followed the information visualisation strategies, HCI conceptsrapesentations best
understood and identified by the teachers.

Question 3: Can this information be presented in a better way to the teacher?

As stated earlier, graphical representations are easilyredptanalysed and understood
by a teacher. VIMS proved to dynamically generate the ra@ialrepresentation of the
online asynchronous discussions. Hierarchical structure is alwdier be trace the
conversational branches without being distracted by unrelated frode®ther threads
(Hewitt, 2001). Hence we chose the radial tree structure whichbinedh all the
hierarchical threads of various discussions in a forum. RadialdpFesentation can be
used either to see the whole conversation at a glance grougHvatedents are divided
into groups) or course-wise. If there are groups then the teacpbkt want to view the
conversations happening in a particular course to compare it with liee adurse. In
such a situation, a tabular representation is used, which shows thernoinmhbessages
posted by each individual in the course. This gives the picture ofsaihteracting-with-
whom. The radial tree is represented both in colour and gray scdkiaked analysis of
the participant’s contributions, collaboration with participants frooss-border (in case
of inter-cultural education) and their cognitive presence duringdtbeussions in a
graphical format is presented. VIMS incorporates most of theatatis essential for a
good visualisation of the online discussions. Interactive visualisatiobgedneven richer
insights and investigations of the previously unknown information. Thus @anseswve
can state that the visual representations provided by VIMS argh#igsis done by the
tool convey meaningful information about the interaction charadtarisf the online
communication.

Question 4: How best to implement a visualisation tool that whiaece the means by

which asynchronous online communications in discussion forums can be analysed?
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We have chosen to use SVG’s to represent the radial tree ass@YBrts dynamic
interactive representations which are far superior in ragterat when compared to the
image files. SVG lends itself quite naturally to server-ggéeeration. Because of its
support of Synchronized Multimedia Integration Language (SMIL) and
JavaScript/ECMAScript, SVG graphics can be manipulated andajedeslient-side as
well. This allows SVG to generate on-the-fly applicatiomsrfithe server side and create
environment on the client side which can be manipulated by the usempérl coding
enables itself to embed the SVG syntax to dynamically géméne graphs. The software
clearly fits into the architectural framework and hence mékeasily understandable to

other researchers who would like to modify the code and explore new visualisations.

Question 5: Choose evaluation procedures that can be integrated evittsuhlisation
tool that will allow comparisons between groups participating inotilene discussion
environments?

After a thorough literature review and a clear idea of vghai'ssing in the current tools,
we came up with a Virtual Interaction Mapping System. The ilbembedded with the
functionality for group comparisons. It not only gives a radial reptaien of the online
discussions but also provides with a tabular and graphical view ofdbp gnalysis. We
ranked the groups according to their performance and compared thgrotnes with the
best group to see how the other groups correlate with the best ghmupdvice is given
to the teachers after the statistical analysis is done anddubid only assist the teacher to
draw their own conclusions. The results drawn from using VIMS pravée & positive
and acclaimed by many teachers who had used the visualisatiotestiog purpose.
VIMS proved to be an easily understandable tool which gives cldarations visually
with the legends of the various attributes of the asynchronous d@tsisBbllowing the

information visualisation strategies made it very reliable for the teathese the tool.

7.3 Benefits, limitations and future work

The advantages of VIMS are:
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a) The VIMS tool generates dynamic interactive visualisationsda@a be rendered
while a discussion is taking place or after it is complete.

b) VIMS is built on Moodle platform, so there is no need to learmesv
environment.

c) VIMS has been constantly upgraded taking the instructors requirenrgot
consideration.

d) The tool can be adopted to support other Learning Management Systdmst
just restricted to the use in Moodle environment.

In relation to the software itself, we have found that VIMS hasiderable advantages
as a visualisation tool. However, there are areas for developmiret software and in a
discussion with large number of messages; it may still be somel¥heult to navigate
on-screen. Having said that, we feel our tool would still provide éhrolgarer and more
easily navigable visualisation than other tools would, if using the saessage data. It is
important to acknowledge the limitations of the VIMS tool toas ih essence a support
for coding and management of the data, rather than offering in arselbfa new method
for analysing that data. For that analysis, we need to consideridee model used by
Schrire or indeed to pursue existing qualitative methods. It doegnaligw us a way to
analyse either the multi-modal nature of the student discourse in uratextieorums or
the inclusion of images, sounds and other media which students are nstoaed to

using. However this can be implemented as extension of our tool in future.

Although the tool helps us to find the percentage of relevance sulblject, we still need
to find the level of critical thinking during and after the ongoingcussion. This
limitation could however lead us to future research in this afea.tdol gives the SVG
graph of the participants on a weekly basis but could be improviseddaygaanother
functionality to depict the representation on a daily basis. WMoigld help users to
identify the level of interaction on a daily basis.
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The goal is to release VIMS as an open source project aatlheseopportunity, so that
interested people can explore the usability of VIMS and resaarcha expand the tool
in the near future. The visual representation can be extended tmgiewnail, wiki's

and synchronous chat messages.

As future work, we also want to look at tracking the emotional behasfiothe
participants. This can be done by capturing emoticons, which indeatesd interaction
being more expressive and searching for the prevalence of ALIERRFASE letters,
which indicates shouting and/or fighting. We would also be interéstedking at more

statistical findings which had been indicated in section 6.4.2.

7.4 Closing Remarks

This research described and presented a tool, building on the eristirextensive work
undertaken by other researchers, in methodologies for the analysisymthronous
discussion forums in virtual learning environments. Our piloting and diaiuaf the

visual representations presented by the tool suggests thatrg affeappropriate and
effective means of coding and managing discussion forum messagegsual format
which then facilitates decision-making in relation to additiomatlepth analysis. The
initial visual pattern suggests broad categories into which discudisreads may be

falling, and again, offers directions for further analysis.

In relation to the methodological concerns, we propose that the seftl#aeloped and
piloted offers the ability to analyse large numbers of discussiessages quickly and
comprehensively. The facility with which interaction pattern mashe produced using
the VIMS software described here should enable greater numbeacbits to analyse
CMC interactions, typically in VLE forums. The embedding of the tehin a VLE

will allow anyone editing a course space to use it. The vispatsentation benefits from

a clear structure and uncluttered appearance on-screen, buos rétai message text
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through hyper linking to the Forums. Data is anonymised during themggn®cess. The
visualisations can then be used to assess whether thereawasdegoing on by finding
the percentage of relevance to the subject, or the formatioocwdl snetwork, or a
combination of the two.

The patterns of interaction as described by Schrire help tgsanide maps and identify
patterns of collaborative learning as opposed to linear messagidgeper analysis of
the structure and quality of the postings, as well as studentstigegabilities, will give
indications of higher-order thinking and a clear insight of collatbeg learning. The
instructor can also view the profile of the student with a dickhe node that represents
that student. This gives a detailed description and involvement of tidenst by
highlighting all of their posts in the discussion under investigatam,well as an

aggregation of their contribution history compared to the other participants.

In relation to the software itself, we have found that VIMS hasiderable advantages
as a visualisation tool. First, the discussions are shown in tansatsc way, with

participant’s initiating the discussion placed at the firstlleizasy to visualise where a
posting is located within the structure of a thread. It is easyeiw the complexity or

simplicity of a thread. There is no on-screen clutter from ngestaxt. All threads in a
discussion forum can be viewed at a glance. Navigation on-screers dlie discussion
to be viewed as a whole, or for the viewer to zoom in on certaas afediscussion. One

or more threads can be compared easily. The presence of lurkers is also shown.

This visual aid is a supportive tool to help the instructor develomli@aborative
environment. The tool supports the instructor to visualise the active rexative
participants and gives clues if the participants respondingesatiohg from the subject
lines, allowing the teacher roles in implementing interventionasbyng the lurkers and
inactive participants to participate in the collaborative networkl #or participants

diverging from the topic to return to it.
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We cannot conclusively argue that phases of critical thinking @si¢hose identified by
Schrire) are present or absent from the threads we have ahedysear but can identify
if the participants posts are relevant to the subject of thewusdsion. A further issue is
the blurring of threads as ‘moderated’ or ‘unmoderated’: although this may depend on our
own definitions of what constitutes a moderated Forum. If we regaderation as
presence of a teacher, then we have evidence of learning withlinetgd teacher
presence and, conversely, evidence of linear messaging witkcleerteatervening. The
use of ‘Topic’ spaces in Moodle as, in effect, course notice beadimews spaces also
complicates the notion of moderation as taking place only in the Fopace.sWe
suggest that conventional boundaries of moderation (Salmon, 2000) are beied biur
the flexibility of certain areas of the Moodle VLE, in particulaut we acknowledge that

this issue requires further exploration.
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Appendix A: Analytical Framework of Henri (Henri, 1992)

DIMENSION

DESCRIPTION

Student participation

Number of messages
Number of message units
Length of message unit (lines)

Interaction patterns

Chain of connected messages
- explicit interaction direct response,
explicit interaction direct commentary,
implicit interaction indirect response,
implicit interaction indirect commentary.

Social cues

Statement or part statement not related to the fo
content of the subject matter.

rmal

Cognitive skills and depth of
processing

Statement exhibiting knowledge and skills related to
learning process.
cognitive skills: elementary clarification, in-dept
clarification, inference, judgment, strategies.
processing information: surface processing, in-
depth processing.

the

>

Meta-cognitive skills and
knowledge

Statement relating to general knowledge and skills
showing awareness, self control, and self regulatio
learning.

meta-cognitive knowledge,

meta-cognitive skills.

and
n of
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Appendix B: Bloom’s Taxonomy of Cognitive Domain

(Bloom, 1956)

LEVEL DEFINITION
Student recalls or recognizes information, ide
KNOWLEDGE and principles in the approximate form in whi

they were learned.

as,
ch

COMPREHENSION

Student translates, comprehends, or interpret
information based on prior learning.

APPLICATION

Student selects, transfers, and uses data and
principles to complete a problem or task with
minimum of direction.

a

ANALYSIS

Student distinguishes, classifies, and relates

the

assumptions, hypotheses, evidence, or structure

of a statement or question.

SYNTHESIS

Student originates, integrates, and combines
ideas into a product, plan or proposal that is 1
to him or her.

1ew

EVALUATION

Student appraises, assesses, or critiques on
basis of specific standards and criteria.
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Appendix C: Principles of Social Constructivism
(http://docs.moodle.org/20/en/five_key principles)

xC

PRINCIPLES

EXAMPLES

All of us are potential teachers
as well as learners - in a trug
collaborative environment we
are both

In Moodle, ‘traditional’ roles of who-
teaches-and-who-learns can b
changed, reversed and adjusted I
changing editing permissions of @
course or an activity. Students can, fa
example, be moderators of a forum.

Y

=

We learn particularly well
from the act of creating or

A collaboratively constructed wiki
answering a complex question t

A=)

expressing something for| benefit the group is a powerful way tc
others to see learn by creating with and for others.
We learn a lot by just| Reading and posting thoughtful forum

observing the activity of our
peers

posts can challenge and reveal our oy
depth of understanding.

n

By understanding the contexts
of others, we can teach in 3
more transformational way

|

~

Via private online conversation, 4§
teacher finds out the career aspiratiof
and difficulties of a very shy and
reserved student and adjusts h

teaching approach.

NS

A learning environment needs
to be flexible and adaptable,
so that it can quickly respond

to the needs of the participants

within it

A multimedia teacher loves inserting
media and links for his creative class
her colleague in mathematics ofte
challenges his students to solve trick
problems via forum, the
students appreciate the scaffolding ¢
foreign language tasks through Lessd
modules.

language

=g ae.

n
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Appendix D: Steps involved in installing VIMS moduk

1. The block can be downloaded as a zip file.

. There are two folder files which are to be unzipped in two diftei@ders in the
two different directories of Moodle.

. All the files related to the authentication of the user havédoextracted
(unzipped) to a folder in the Moodle directory. This is the foldsualisation?.

. Name the Folder asisualisationl (case-sensitive) after downloading the files
from visualisationl.

. Now all the files related to the visualisation (folder nanseialisation?), have to
be extracted to a folder in the blocks/blocks directory. Name ftlier as
visualisation2

. The installation of this block automatically parses all the ssrg information
from the Moodle database and creates a VIMS database withabesagy tables
needed for the visualisation.

. Once these files are extracted in respected folders incteapelirectories, the

teacher or administrator can use the option of turning the student view on/off.
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Appendix E: List of Software Needed

Moodle Version 1.8 or higher

Perl Version 5.8.6 or higher

MySqgl & PHP Depending on the Moodle version
Firefox Version 3.5.9 or higher

Abode SVG Viewer (Internet
Explorer)

Only when using IE. Not necessary for Firefox
(specified version).

190




Appendix F

Appendix F: List of Perl Modules Needed to
Generate SVG Graphs

Math::Trig

Defines many trigonometric functions not defing
by the core Perl.
(http://search.cpan.org/~jhi/Math-Complex-
1.56/lib/Math/Trig.pm)

d

Math::Complex

To create and manipulate complex numbers.
(http://search.cpan.org/~jhi/Math-Complex-
1.56/lib/Math/Complex.pm)

HTML::FormatText::WithLinks

This takes HTML and turns it into plain text but
prints all the links in the HTML as footnotes.
(http://search.cpan.org/~struan/HTML-
FormatText-WithLinks-
0.09/lib/HTML/FormatText/WithLinks.pm)

Data::Dumper

Takes a list of scalars and returns a printable st

(http://search.cpan.org/~smueller/Data-Dumpert

2.126/Dumper.pm)

ring

Math::ConvexHull

Calculates convex hulls from a set of points in 2
space (http://search.cpan.org/~smueller/Math-
ConvexHull-1.03/lib/Math/ConvexHull.pm)

D

GD::Graph

A suite of Perl modules for plotting data
(http://search.cpan.org/~mverb/GDGraph-
1.43/Graph.pm)
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Appendix G: Final Feedback
Survey form and feedback materials

As mentioned in section 4.10.2 this section details the documentation and secvey.

An e-mail was sent to the teachers which are displayed below:
Dear Lecturers.

| had been working on building a visualisation tool which visualisesaiyachronous

interactions of students and teachers in any learning environment (Eg. Moodle forum)

I'm forwarding you a zipped file which consists of a few insaged a description of a
virtual interaction mapping tool. For my research purpose, | would likgetosome
feedback from few of the lecturers from computer science depatrtand so | request
you to please take a look at them and give me your comments and tsungges it
please. | would be grateful if I could get a feedback before the end afidhih please as

| need to meet the deadlines.

Description of the images (Description.pdf) to get a general idea &\ .png files of

other statistical analysis related to forum interactions are alsheatta

(You will need to download the files and view the images. The Sw&gés open only in
firefox or opera).

Thankyou.
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A Brief Description of the Visualisation Tool (VIMS)

We propose Virtual Interaction Mapping System (VIMS), whicld@drom providing a
visual representation of an online discussion can also analyse #m¢ efkinvolvement
of the participants, thereby giving a detailed picture of the conuation pattern. This
tool can help teachers or moderators to intervene in the communicatioasgrif

necessary, changing the participants’ focus and activity. Furtinesrthe visualisations

generated can support further analysis, including qualitative and quantitateeate

The messages posted by the participants are representedclas and the arrows
connecting them represented the dialogue between those connectepapdsti¢lowing
in the direction of the arrowhead. The message text can be vigweadcing the cursor
over the dot present on the message-flow arrow. The instructor cani@lsthe profile
of the student with a click on the node that represents that studest.giVes a

description and shows the involvement of the student.

The interactions are depicted in layers: the person startinghtbad is placed at the
centre (the first level), and the people responding to the threaglaced at different
levels around it. The presence of the node on the farthest @fa@ach thread) indicates
its level and depth in the structure. The increase in layerdhanddvement of circles far
away from the centre indicates conversation in progress. The deptheandmber of

levels represent the complexity of the discussion thread, andreitly clear from this

structural layout. The arrow between the two nodes representowheff information

(the message). For example, an arrow from one node in level2 ceshtecnother node
in levell with the arrow head (always) facing to the lower ntele(1) indicates that the
participant at level2 is responding to the participant at levethelparticipant at levell
(starter of the thread) replies to the participant at levk&h that message is indicated at

level3. If there are more than one nodes with arrows pointing to aat@®wer level,
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this implies that there were more respondents to that post. fidwehaads with a dot in

the nodes at the first level are used to view the post of the initiators.

The dotted outline surrounding a set of circles represents a bowardand a particular
thread within the discussion. Tabs located to the right of the visualisation showetite de
of the participant, lurkers, and other statistics about the forum tfi&eotal number of
posts, views, participants, threads, lurkers; the average number sfpgogtarticipant,
average number of views of a typical discussion and average numbesrdd per

message).

Click on the circles to view information of the participant who posted that message.
Click on the dots on the arrow reveals the message with its relevance to the subject

Mouse on the boundary (dotted line) gives information of the thread.

Figurel: One of the forum discussions (Group C)
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From Figurel we see that there are six discussion thread$omira started by Lisa,
Rebecca, Jayne and Thomas. Four threads [1] have no responses. Thteddbgta
Rebecca has one reply [2] by Lisa and there are four resplondes message posted by
Jayne. This conversation moves onto the next level where Lisasrbpli& to Stefan and
Rebecca [3].

Indicators of VIMS:

You can actually visualise the indications of the participationl lelstinguish between
teachers and students, view the student and message details, anldevierers. You

can even view the relevance of a message to the subject and a few statisiisal de

Statistical Analysis:

With help of correlation (if total time for the conversation inek& are the same among
the groups) and time-warping (if the time-frame of the conversat weeks differ by a
small range) find out which of the other groups are close enough farrpance
compared to the most consistent group (Group who Ranks Firstyris td number of
posts, number of views and number of participants. If correlation asten there is a

large difference in the time frames and hence cannot be compared.

Depending on the ‘ranking’, ‘consistency of Groups and individuals"@mndelating the
other groups with the most consistent group’, advice is given to ttieetsaat the bottom
of the page. This helps the teacher to intervene between and #raargups in order to

make the interaction environment more meaningful and collaborative.

I would be delighted if you could please give a feedback on this ittoyaur comments
and valuable suggestions.
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1. In your opinion how useful is a Visualisation tool with resgct to monitoring
the student’s online discussions in a Learning ManagementyStem (LMS)
like Moodle?

2. What other indicators like time difference between two pds, posts read ...
do you think can be added to the visualisation in VIMS tool? (Irother words
what other important aspects of the forum details would you pefer to be
viewed) If you can think of a few more indicators that could hip the teachers
through visualisation, please mention.

3. Can you suggest from your experience what needs to be improved the
tool? (Could be help information on the buttons or the graphs).

README.TXT

All the SVG (Scalable Vector Graphics) files could be openttein Firefox or opera.
Internet explorer might need an svg-viewable plug in.

GroupA.svg, GroupB.svg, GroupC.svg, GroupD.svg, GroupE.svg, GroupF.svg are
visualisations of interaction in those groups who belong to the same course ‘A-SP’.

(You can ignore all the .js files....they are just embedded into the svg images)

Look_at_this.svg and Look_at_this2.svg are two more examples of visoaksaf two
other groups. This is to show the difference between those two grougctides. The
visuals show the group that is very active and the group that is very silent.

Picture_0.jpg — This details more statistics of the course AvlBdse 6 groups visuals
(svg’'s) are attached.

Picture_1.jpg — This is related to some more statistical aaafthe same course A-SP.
This image shows the ranking of the groups based on the number of activipgras
and the total number of posts posted. It also gives how the other greupsralated to
the Group A, which stands first in ranking when the number of gaatits is taken into
consideration. Also gives advice to the teachers based on the ranking.

Picture_2.jpg — This give the analysis of some other group. This istgushow a
variation of the Picture_1.jpg.

Selection.bmp — this is just to show how a teacher can make selection. Theatisualis
can be viewed as a whole or could be seen weekly.
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GroupB.svg

GroupC.svg
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GroupD.svg

GroupE.svg
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GroupF.svg

Look_at_this.svg
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Look_at_this2.svg

Lsa2Gpl.svg
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Picture_1.jpg

Picture_2.jpg
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Picture_0.jpg

Selection.bmp
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