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A B S T R A C T  

The rapid advancements in the implementation of the internet in the past decade has brought 
about similarly expeditious ameliorations in other technological areas like mobile devices and 
internet of things. With the ever augmenting internet and mobility demands, software vendors 
are competing to bring about newer and more innovative applications that are more or less 
dependent on a ‘functioning’ internet connection and that are available for various types of mobile 
devices. The use of video telephony – like Apple’s Facetime or Whatsapp’s video chat – becomes a 
common communication support as compared to a decade ago. The adoption of video 
conferencing systems as a means of communication and cooperation in larger institutions has also 
increased noticeably. Unfortunately, despite the considerable transformations of software 
applications in general, video conferencing applications are; as perceived by this dissertation, 
incapable of supporting the dynamics of interaction in a distributed group work settings and 
inflexible as they still require potential users to install their software locally or add plugins or add-
ons when delivered through web-browsers.  

Initially, this dissertation was inspired by PASSENGER – a synchronous groupware application for 
a small group cooperating in a software design activity – that was developed at the Institute of 
Computer Engineering. PASSENGER was implemented for Windows operating systems and 
employed a floor control mechanism to support distributed synchronous cooperation. The floor 
control mechanism allows only one participant to take control over the video or audio channel 
and the shared workspace that is displayed and shared to all participants. Due to this 
characteristic, PASSENGER cannot support the dynamics of interaction.  Its limitation to Windows 
operating systems is a hindrance for flexibility and mobility, since its users must adapt Windows 
operating systems to cooperate with one another. These impediments became the incipient aim 
of this dissertation – to distinguish improvement possibilities for PASSENGERS while taking into 
consideration the current developments and the future demands of synchronous groupware 
systems.    

As a possible improvement for PASSENGER, this dissertation acquaints the notion of tailorability 
– a way to provide flexibility – where users are empowered to configure their collaboration 
environment according to their momentary collaboration needs. To prove that tailorability 
supports the dynamics of interaction, an experimental study was designed and performed using 
a partially tailorable synchronous groupware OmniJoin. It is assumed that if tailorability supports 
the dynamics of interaction, then the efficiency of collaboration should be better than that of a 
non-tailorable collaboration environment. The alternative hypothesis defined for this study is: 
tailorability increases the efficiency of collaboration. For this study, an online tutorial on the 
subject Operating Systems and Computer Networks (OSCN) was offered to students. The study 
was analysed statistically using Mann-Whitney U Test and resulted in the verification of the 
alternative hypothesis. This leads to conclusion that a tailorable synchronous groupware could be 
implemented and studied further.  

For the implementation of a tailorable synchronous groupware, trends of today and future 
software applications are taken into consideration. One aspect is the delivery of the synchronous 
groupware application through the web-browser. However, in order to increase the flexibility of 
the system, the installation of plugins and add-ons are avoided. At the time this dissertation was 
written, WebRTC was the only protocol that supported the development of plugin/add-on-free 
synchronous groupware applications. This proposal application is named Tailor-SMaDe. Tailor-
SMaDe is also equipped with activity monitoring and collaboration analysis tool which was aimed 
to be used for the further study in collaboration efficiency. 
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1 INTRODUCTION 

The advancements in mobile computing, cloud and big data solutions in the past few years have 
influenced the way users interact, communicate and collaborate with one another. Gartner 
identified ten key strategic information technology trends in 2015 [1] which include computing 
everywhere, cloud and mobile computing. Dell’s Global Technology Adoption Index 2015 (GTAI 
2015) [2] reported that mid-market organizations (companies having between 100 to 4999 
employees) around the world invested on cloud, mobility, security and big data technologies (see 
Figure 1-1. Companies that invested on mobility solutions experienced 39% improved efficiency. 
A part of these companies adopted “bring your own device” solution and another part 
implemented mobile apps solutions. Also the dawn of Industrie 4.0, organizations are confronted 
with demands for more vigorous digitalization [3]. In the areas of cloud and mobile computing, 
high performance software applications are increasingly delivered over the internet through the 
web-browser. An analogous progress can be observed in the way video or desktop conferencing 
systems are being delivered; i.e. as a web browser-based solution and accessible from a multitude 
of devices. The main focus of the aforementioned implementations appear to be the endorsement 
of flexibility. Despite the enormous improvements in the delivery of synchronous groupware 
systems, these systems still capacitate distributed synchronous collaboration by providing 
desktop or application sharing functionalities.  

 

FIGURE 1-1 DELL GTAI 2015 RESULTS ADOPTED FROM [2] 

When viewed from Computer Supported Cooperative Working (CSCW) aspects, desktop or 
application sharing functionalities cannot provide a natural collaboration environment that 
supports the dynamics of interaction. This is partly due to the fact that the notion of desktop or 
application sharing rely on the simplicity of projecting the screen view of the sharing host and 
allowing remote access to the graphical user interface (GUI) controls to another host. The 
management of the GUI remote access and control is usually regulated by the so called floor 
control mechanism. This hinders users to interact naturally – users need not need to wait for their 
turns which they need to apply for – within a cooperative setting.  This fact triggered the question 
that is attempted to be answered in this dissertation – why not provide users with a truly flexible 
system that supports a natural flow of interaction in a distributed collaboration settings?  

Additionally, synchronous groupware applications today expect users to adapt themselves to the 
application, instead of otherwise. Users cannot configure their collaboration environment 
according to the group needs. This could also add to the influencing factors of why the usage of 
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synchronous groupware applications are still overshadowed by asynchronous groupware 
applications. This observation engendered the question – can a truly flexible synchronous 
groupware application help increase the efficiency of distributed collaboration which can result 
in the increase in the usability of synchronous groupware systems? When yes, how flexible should 
the system be?  

This research work was initially inspired by a synchronous groupware application PASSENGER 
[4] which was previously developed at the Institute of Computer Engineering, Faculty of 
Engineering of the University of Duisburg-Essen. PASSENGER enabled distributed users to 
cooperate in a software design settings and was designed and implemented according to CSCW 
principles. However, PASSENGER has its shortcomings. It cannot compete with the synchronous 
applications of today, since it does not provide mobility and is operating system dependent.  

This dissertation hence concentrates on determining improvement possibilities for PASSENGER 
while also taking recent advancements in information technologies into consideration, so that a 
PASSENGER similar system that is conformant to the future trends of information technologies 
evolution can be proposed or even be developed. 

This dissertation commences with an overview of Computer Supported Cooperative Work 
(CSCW) and synchronous groupware systems and elaborates on some most recent applications 
available today in the market. Since this research study attempts to explore the contribution of 
groupware flexibility (tailorability) the emphasis is made on tailorable synchronous groupware. 
Section 3 elucidates on recent standards, protocols and technologies used in synchronous 
groupware applications. In section 4, this research work proceeds with elaborating on the 
preliminary (pilot) study of tailorability performed in this research work. The study is aimed to 
determine whether tailorability contributes to efficient collaboration; i.e. to evaluate the 
alternative hypothesis. The study encompasses market study of the existing synchronous 
groupware applications, determination of the existence of a tailorable synchronous groupware 
and the methodology used to select a tailorable synchronous groupware that is to be used in the 
pilot study. Section 5 accounts the evaluation of the pilot study using inferential statistical analysis 
method. It commences with explaining the fundamentals of statistics and experimental design, 
with the focus of distinguishing the most appropriate statistical analysis method for the evaluation 
of the pilot study. The most appropriate inferential statistical analysis method was resolved to be 
the non-parametric inferential statistics Mann-Whitney U test. This section also elucidates the 
design and implementation of the pilot study and finally concludes with the evaluation of the 
collected data using the selected non-parametric inferential statistical method the Mann-Whitney 
U test. As a result, this section proves that the alternative hypothesis is accepted, thus confirming 
that tailorability does increase the efficiency of collaboration. Section 6 uses the results obtained 
in section 4 and 5 for the design and implementation of a web browser-based tailorable 
synchronous groupware (Tailor-SMaDe). For the web browser-based characteristic of the 
synchronous groupware, the recently developed internet technology WebRTC is used in the 
implementation. To satisfy the requirements of real-time distributed collaboration, WebSocket is 
applied in the implementation. It also appends a proposal on a methodology to perform a 
tailorability study on this system which can be supported by the activity monitoring and activity 
analysis tool (Tailor-Track) that is implemented additionally to Tailor-SMaDe. Section 7 provides 
a proposal on the procedures for conducting future tailorability studies using Tailor-SMade and 
Tailor-Track. Section8 and 8.3 respectively provide conclusions to this research work and 
suggestions on future works.  
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1.1 OBJECTIVES 

This dissertation focuses on firstly to find out whether or not tailorability in synchronous 
groupware helps in increasing the efficiency of collaboration. Secondly, it aims to provide a 
suggestion on how tailorability should be implemented in synchronous groupware such that it 
helps in increasing collaboration efficiency. The background for this is the fact that although 
synchronous groupware is available abundantly, the popularity of synchronous groupware is still 
overshadowed by asynchronous groupware. Although asynchronous groupware is used for team-
work, tasks are performed individually, unlike synchronous groupware, where team members 
work together on a common workspace on a shared object.  Asynchronous groupware need solely 
to support single-user requirements, whereas synchronous groupware must support multi-user 
needs which are ever-changing and not really predictable. One possible reason for synchronous 
groupware unpopularity is its inflexibility. Often users are forced to adapt to the system, instead 
of otherwise. To accommodate unforeseeable changes in cooperative settings, synchronous 
groupware should enable users to adjust their collaborative environment according to their 
momentary needs [5], [6], [7], [8], [9].  

This work perceives that providing flexibility in synchronous groupware by incorporating the 
dynamics of cooperative work [9] could enhance the efficiency of collaboration which will in turn 
increase the usability of synchronous groupware application. Therefore, the research question 
that is aimed to be answered in this study is: does tailorability increase the efficiency of 
collaboration? To answer this question, the following alternative hypothesis has been defined and 
implemented for this study. 

 

In this case, the alternative hypothesis H1 is a directional hypothesis or one-tailed, since it points 
in the positive direction; i.e. tailorability increases collaboration efficiency. The alternative 
hypothesis is declared in section 5.2.1. 

If the alternative hypothesis is rejected, i.e. that the results obtained from the analysis of the 
collected data exhibit either the opposite direction of the alternative hypothesis or completely 
different result than the alternative hypothesis, then the null hypothesis is accepted. The null 
hypothesis in this case is formulated as follows: 

Null Hypothesis H0: Tailorability in synchronous groupware does not increase the efficiency 
of collaboration.   

 

In order to verify the hypothesis, a tailorable synchronous groupware is required to serve as a 
collaboration platform. Regrettably, the existence of such a system is extremely rare, that for the 
purpose of this study only a partially tailorable synchronous groupware application (OmniJoin) 
could be used.   

If the alternative hypothesis is verified, then a ‘truly’ tailorable synchronous groupware should be 
designed and implemented, to serve as the collaboration platform for further tailorability studies. 
From the results demonstrated in section 5.3.3, the alternative hypothesis was accepted. This 
leads to the design and implementation of a ‘true’ tailorable synchronous groupware Tailor-
SMaDe, which is elucidated in section 6.    

  

Alternative Hypothesis H1: Tailorability in synchronous groupware increases the efficiency of 
collaboration. 
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1.2 CONTRIBUTIONS 

This section describes briefly the contributions achieved by this research work. The first 
contribution is the proof that the alternative hypothesis– tailorability does increase the efficiency 
of collaboration – is accepted. This is described in the following section. Section 1.2.2 explicates 
the second contribution that is the suggestion of the implementation of tailorability in a 
synchronous groupware.  The conclusions made on the suggestion is based on the outcome of the 
market study on tailorable synchronous groupware described in section 4 and the combination of 
CSCW theories concerning group work and own observations on possible improvements of 
synchronous groupware.  

1.2.1 ALTERNATIVE HYPOTHESIS VERIFICATION 

One contribution of this work concerns the verification that flexibility (tailorability) in 
synchronous groupware helps in improving the efficiency of collaboration. The design and 
implementation of a pilot study for tailorability is described explicitly in section 5.2 and 5.3. The 
pilot study was constructed such that a comparison between collaboration efficiencies attained 
from two real-time collaboration environments – non-tailorable and partially tailorable – was 
performed. For this, a real-time groupware was selected as the collaboration platform. The 
selected real-time groupware (OmniJoin) underwent a market-study – described in section 4.2 – 
that was constructed to:   

1. provide an observation on the trends of today’s synchronous groupware applications and  
2. deliver improvement suggestions for today’s synchronous groupware applications for 

supporting efficient real-time distributed collaboration. 

For the pilot study, an online tutorial for the subject Operating Systems and Computer Networks 
(OSCN) consisting of four tutorial topics was set-up. Groups of maximum four students were 
formed randomly through students’ selection of time-slots to attend the four online tutorial 
sessions. This means that a student could by chance belong to a group with the same group 
members throughout all four online tutorial sessions. However, it could as well be the case that a 
student could belong to groups of completely different members in each of the four online tutorial 
sessions.  

The online tutorial employed OmniJoin as the web browser-based synchronous collaboration 
application, where students could collaborate through the internet to solve a common task; which 
is a topic of the subject OSCN. To produce the contrasting collaboration environments – non-
tailorable and partially tailorable – OmniJoin was configured respectively as such: 

 Non-tailorable collaboration environment: the user-roles of group participants were 
defined prior to the running collaboration session and were maintained throughout the 
collaboration session.     

 Partially tailorable collaboration environment: the user-roles of group participants were 
initially defined prior to the running collaboration session but were adjusted during the 
running collaboration session according to the group work requirements. The only 
consistent user-role that was not changeable in this environment was the host user-role; 
the user-role for a person that is responsible for the management and organisation of a 
running collaboration session. This characteristic is a condition that is defined by 
OmniJoin.  

The procedure of the pilot study is described in detail in section 5.2.1.  

The data collected during the collaboration sessions were the duration for groups to complete a 
task and the scores obtained by the groups to solve the task. The duration represents the time 
taken by the groups to solve a task, while the scores obtained represent the result of the 
assessment of their solution against the correct solutions. These data points are then used to 
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calculate the efficiency of collaboration and later transformed into rank order data. The 
procurement of efficiency of collaboration and transformation into rank order data is explicated 
in section 5.2.2. 

The transformed data is then analysed using a non-parametric inferential statistical method; the 
Mann-Whitney U test. This non-parametric inferential statistical method was selected based on 
the facts that the amount of data collected is small (less than 100 observations), the rank ordering 
of data and the inability in determining the distribution of the sample due to the small amount of 
data collected. With the aid of the inferential statistical analysis method, the alternative 
hypothesis declared in section 5.2.1 is either accepted or rejected.   

The computed result of the Mann-Whitney U test confirms that the alternative hypothesis is 
accepted. The outcome of the Mann-Whitey U test provides an implicit statement regarding the 
positive impact of tailorability on collaboration efficiency. This sustains the reason why a 
tailorable synchronous groupware should be implemented.   

Contribution 1: Verification of alternative hypothesis H1 
 
The alternative hypothesis H1 declared in section 5.2.1 is accepted using the non-parametric 
inferential statistical method the Mann-Whitney U test. The acceptance of the alternative 
hypothesis H1 means confirms that tailorability in a synchronous groupware helps increase 
collaboration efficiency in a distributed real-time collaboration setting.  
 

1.2.2 DESIGN AND IMPLEMENTATION OF A WEB BROWSER-BASED TAILORABLE 
SYNCHRONOUS GROUPWARE 

The second contribution of this work pertains to the design and implementation of a web 
browser-based tailorable synchronous groupware (Tailor-SMaDe), which is absolutely add-on 
and plug-in free. Latest standards like HTML5, WebSocket and WebRTC are utilized for the 
implementation of Tailor-SMaDe. With Tailor-SMade, this dissertation aims to provide a 
suggestion on how tailorability could be implemented in a synchronous groupware. 

The implementation of a tailorable synchronous groupware was preponderantly made dependent 
on the results of the hypothesis testing described in section 5.3.3. This research work considers 
the verification of the alternative hypothesis H1 as the prerequisite to the design and 
implementation of a tailorable synchronous groupware. Since the alternative hypothesis H1 is 
accepted as elucidated in section 5.3.3, this research work then proceeds with the design and 
implementation of a tailorable synchronous groupware.  

For the design of a tailorable synchronous groupware, the following aspects are taken into 
account:  

 Today’s requirements and future trends of software applications 
 Recently developed enabling technologies for web browser-based synchronous 

groupware  
 Computer Supported Cooperative (CSCW) requirements  
 Observations and conclusions derived from the conducted market study as described in 

section 4.2.2 

The main feature of Tailor-SMaDe is the existence of tailoring functions within a running session 
that empowers tailors to adapt the group’s collaboration environment according to their 
momentary need. Tailors are able to add/remove tools, add/remove participants to or from their 
collaboration environment and perform fine adjustments individual user access rights to the tools. 
All collaboration activities are performed and displayed within a shared workspace to ensure 



 

6 
 

workspace awareness. Group awareness is sustained through colour-coded telepointer for each 
participant and running session history. Each participant in the group are assigned a colour 
manually or automatically by the system, which is displayed in their telepointer, text chat 
messages and in the running session history. The running session history enlists all activities 
performed by all participants of the session. Communication is supported via video and text chat 
transmission.  

Contribution 2: 
 
Design and implementation of a tailorable synchronous groupware. Tailor-SMaDe was 
designed and implemented for further tailorability studies. 
 

1.3 STATE OF THE ART 

This section provides an overview of the state of the art of synchronous groupware 
implementations found in the market today.  As synchronous groupware is actually supposed to 
serve as a tool that supports distributed cooperation, it is paramount that synchronous groupware 
application designers consider both the technological aspects as well as the social aspects that 
influence the implementation and later the usage and utilization of a synchronous groupware 
system.   As advancements in the area of network technologies, computer networks and internet 
technologies instigate mobility and flexibility of software applications, ameliorations in 
synchronous groupware applications also took on the direction of mobility and flexibility support. 
Regrettably, most synchronous groupware applications still neglect the social aspects of 
Computer Supported Cooperative Working (CSCW) which involve the provision of awareness 
mechanisms in synchronous groupware applications. Typically synchronous groupware 
applications accommodate distributed cooperation or collaboration by means of desktop or 
application sharing.  

The following sections attempt to shed a light on the state of the art of the technological aspect 
and social aspect of the actual implementations of synchronous groupware applications.   

1.3.1 TECHNOLOGICAL ASPECTS 

The demands of mobility and interoperability have increased drastically in the past few years, 
partially due to the rapid and innovative advancements in mobile computing and internet 
technologies and continual improvements in the area of networking technologies. Along with the 
emergence of HTML5, web browsers continue to evolve to expose new platform capabilities for 
delivering high performance applications. New internet standards and protocols have been 
devised to facilitate secure, reliable and efficient transmission of media data. As web browsers 
perceptibly evolves to become an efficient, reliable, secure and interactive platform, high-quality 
sophisticated applications are increasingly delivered over the web browser. Also the flourishing 
spread of cloud solutions extends the possibilities of application delivery over web browsers.  

Many synchronous groupware vendors like Cisco, Citrix and Polycom have started to offer their 
otherwise software-oriented applications as either on-premises cloud or fully-hosted cloud 
solutions which are accessible through the web browser in order to cope up with the increasing 
mobility demands.  Lamentably, add-ons or plug-ins are often required to be installed in the 
corresponding web browser.  

When perceived from user’s point of view, being able to access a synchronous groupware 
application (or any other high-performance applications) through a web browser absolves them 
from installing the corresponding software in their environment and performing configurations 
which can at times be tedious and time consuming. Users who are not authorized to perform 
installations on their system benefit more from this solution. However, they again are confronted 
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with the same problem as soon as plug-in or add-ons installations are required in the web 
browser.    

The advent WebSocket Protocol and WebRTC carries along with it the promise of installation free, 
reliable and secure, real-time transmission of multimedia data and direct access to 
communication devices by the web browser.  These achievements expose a completely new 
dimension that will reshape the way web browsers behave and will influence the ways users 
interact, utilize and exploit web browsers.   

In the area of synchronous groupware applications, however, apart from the advances made in 
catering synchronous groupware application as web browser-based solutions, this dissertation 
failed to recognize any compelling improvements made in the past few years. Synchronous 
groupware applications still provide the same old off-the-shelf solution equipped with the same 
tools, only with a different, more attractive, more interactive, user-friendly look. The products do 
not address the factors that may influence efficient and effective distributed cooperative work or 
attempt to support them in any way. For example, many web conferencing tools available in the 
market today still rely on simple desktop/application sharing technology (ITU-T T.120 [10]) to 
accommodate distributed cooperative work. The notion of workspace awareness is completely 
neglected here. Another example is, real-time shared whiteboarding, text editing or graphic 
editing applications usually mediate workspace awareness – to a certain degree –, however omits 
real-time communication means, leaving users to switch to another application that delivers that. 
Additionally, users are confronted to cope with default settings in their collaboration environment 
– even though these settings are most probably not suitable for their group requirements – and 
are hence assent to adapt themselves and their cooperative behaviour to the system. 

This research work distinguishes this phenomenon where users are forced to adapt to the system 
in order to achieve a halfway efficient collaboration to originate from synchronous groupware 
inflexibility. This becomes the impetus for this research work to perform a study on the provision 
of a flexible (tailorable) synchronous groupware in order to support users to achieve efficient 
collaboration.  

1.3.2 SOCIAL ASPECTS 

When viewed from the social aspect of group work, the typical synchronous applications found in 
the market still neglect the importance of group and workspace awareness. This is mostly due to 
the fact that those synchronous groupware applications focus more on the compatibility of the 
systems implemented rather than the user experience or efficiency of collaboration in distributed 
synchronous settings. Those typical synchronous groupware application implement desktop or 
application sharing technologies to enable distributed cooperation. Desktop and application 
sharing applications ‘simply’ sends the screen views of the sharing host to other participants.  

To elucidate the disadvantages of such a system, this dissertation refers to the author’s own 
experience when using AdobeConnect Meeting to attend an online seminar. During the online 
seminar, a group work session was initiated with the goal of generating a group documentation 
concerning a certain topic that was discussed during the seminar. The documentation tool to be 
used was left open, and was enabled through the application sharing functionality of 
AdobeConnect. AdobeConnect provides a fixed screen layout for the collaboration environment. 
AdobeConnect requires an add-on to be installed for the web browser. The following figure 
depicts an example of AdobeConnect collaboration environment with a specific screen layout.  
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FIGURE 1-2 EXAMPLE OF ADOBECONNECT LAYOUT AND FUNCTIONALITIES FROM 
HTTPS://EDUCAUSE.ADOBECONNECT.COM  

In Figure 1-2, the application sharer’s picture is shown in the area indicated by 1. Participants of 
the session are able to communicate over a text chat window indicated by 2.  All the participants, 
except the application sharer, sees the shared application screen view in the shared workspace 
indicated by 3. The areas 4, 5 and 6 are polling tool, participant list and general information 
windows respectively.  

The following disadvantages were be observed during an online group work meeting:  

 Loss of workspace awareness when sharing an application: when sharing an application, 
the application sharer’s view is not the same as that of the other participants in the shared 
workspace. The application sharer saw his original application’s screen while the other 
participants saw a blank page, or only part of the application screen view. This led to some 
confusion during the discussion and while typing the documentation. As a result, more 
time was spent on configuring the shared application rather than working on the common 
goal.  

 Inflexibility in performing actions on the shared application: by default, the application 
sharer is the person possessing the control over the GUI of the application. Other 
participants must be specifically granted the floor to take over control of the GUI. This 
prevents a natural interaction behaviour of the participants during a cooperation session.  

Another example is the omitted workspace awareness in OmniJoin. This is explained in detail in 
section 6.5.2. An application sharer in OmniJoin is completely detached from the collaboration 
environment and the shared workspace, seeing only his shared application and his actions. He is 
thus unaware of the other participants’ actions within the shared workspace.  

  

https://educause.adobeconnect.com/
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Further shortcomings of the typical synchronous groupware applications nowadays is the fact 
that most of them do not possess running session participant activities history, multiple 
telepointer and colour coding. This dissertation sees these functionalities as an enhancement to 
the group and workspace awareness. For participants that joined the session later or some who 
simply missed the activities due to temporary presence, a running session participant activities 
history can be helpful for them to gain an overview to the past and present participants activities. 
The display of multiple telepointer with colour coding can help increase the group and workspace 
awareness, since they provide information on the location of the telepointer of the participants 
and who they are. These functionalities are described in detail in sections 2.1.1.  
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2 CSCW, SYNCHRONOUS GROUPWARE AND TAILORABLE 
SYNCHRONOUS GROUPWARE 

Groupware applications were first introduced three decades ago mainly to support business and 
work settings. They slowly but steadily seeped into our daily activities as our life styles are turning 
to be more and more ‘high tech’. Unaware of the term groupware, people today constantly use 
groupware applications to support them in their daily activities. Ranging from social networks 
like Facebook, to office applications like Outlook with group calendaring and project management 
extensions, LinkedIn and Twitter for business purposes, Skype and Whatsapp for communication, 
Webinars and E-Learning platforms for education and many more – groupware are alive and 
kicking in our daily lives!   

The most commonly known and used synchronous groupware systems are video conferencing 
systems. Rapid development in the area of telecommunication technologies facilitated expeditious 
transformation of videotelephony systems into video conferencing systems. Video conferencing 
systems usually focus on enabling audio and video communication between hosts, however they 
are also commonly complemented with desktop sharing and/or application sharing as well as file 
exchange and storage capabilities. Video conferencing systems can be classified into two types: 
dedicated system and desktop-based system. The implementation of dedicated video 
conferencing systems is in comparison to desktop-based system more complicated, costly and 
requires a set of special telecommunication networks consigned for data exchange within the 
system, special hardware and software that are often only compatible for that specific system, 
special standards and protocols peculiar for that system. A desktop-based system, in contrast, 
makes use of the existing telecommunication network for data exchange, common hardware and 
software that implement standard protocols.  

The less commonly known alternatives of synchronous groupware systems are available as 
application area specific systems for example in Online-Learning tools like BigBlueButton [11], 
project management tools like projecturf [12] and BinFire [13], office collaboration tools like 
FengOffice [14] and graphical design tools like AutoCAD A360 [15]. Real-time collaboration in 
these tools are usually catered without real-time communication means, at most a text chat 
feature is included. For example, AutoCAD A360 supports real-time sharing and editing of 
graphical design models, however requires an additional software like Skype, Yahoo! Messenger 
and the like to enable real-time communication. Application area specific synchronous groupware 
applications are available as software-based solution and web browser-based alternative.  

This section provides an overview on Computer Supported Cooperative Work (CSCW), groupware 
and tailorable groupware.  The focus of this work is on synchronous groupware where users 
interact with one another at the same time from different places. Additionally, tailorability in 
synchronous groupware is examined closely.   
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2.1 CSCW AND GROUPWARE 

The acronym CSCW pertains to the study of computer systems that support people in interacting 
and working together, while groupware refers to the technology realizations to this study  [16], 
[17], [18]. In some literatures, the second C in CSCW (Cooperative) is defined as Collaborative 
instead [17], [19]. The distinction in the definition of the second C is made to differentiate the size 
of the audience the system should support. As for Cooperative, the study focuses on supporting 
small groups of users, while Collaborative shifts the focus of the study to a larger audience like 
departments or even organization-wide [17]. The reason behind this is that small groups often 
share a common goal, hence they tend to react well to cooperative approach in using technology. 
In contrast, larger groups that represent departments or even organizations usually have 
conflicting goals. This research work adheres to the original C (Cooperative) as it focuses on 
supporting a small group of users working on a common goal.  

CSCW was first introduced in the early 80s which brought about groupware products that covered 
almost all application areas like office applications, software engineering, management, 
manufacturing as well as telemedicine [17]. Examples of groupware products are desktop 
conferencing and dedicated video conferencing systems, collaborative authorship applications, 
electronic meeting rooms, group support systems, electronic mail, computer aided software 
engineering (CASE), concurrent engineering, distance learning as well as computer-assisted 
design/computer-assisted manufacturing (CAD/CAM). The definition of groupware viewed to be 
most appropriate for this research work is aligned to that of Ellis et.al. [18] – “groupware is 
computer-based-systems that support groups of people engaged in a common task (or goal) and 
that provide an interface to a shared environment” – especially on the notions of common task and 
shared environment. 

Groupware developments have undergone several evolutionary stages along with the 
advancements made in the area of networking technologies. Initially, it started with stationary, 
expensive and infrastructure intensive systems [17] like dedicated video conferencing systems,  
usually only affordable for large companies.  transforming single-user off-the-shelf products into 
multi-user applications [17], [20], Later on, the systems were revamped to become compact, less 
expensive, interoperable and user-friendly groupware applications such as desktop conferencing 
systems. With the recent advancements in the area of internet technologies, mobile computing, 
mobile and wireless networks, groupware applications evolved to be a fundamental part of our 
daily life and are literally accessible anytime and anywhere.  Nowadays, an abundant offer of 
synchronous groupware (in the business world often known as collaboration software) providers 
are adopting web browsers as a means to promote flexibility, interoperability and mobility to 
users.     

One way to distinguish a groupware is by the way the system is being used according to time and 
place. Ellis et.al. [18] defined a time-space taxonomy which classifies groupware systems 
according to their usage in time and space.  For example, synchronous groupware support 
interactions between multiple of users occurring at the same time in distributed as well as same 
locations, whereas asynchronous groupware capacitate interactions of single as well multiple 
users occurring at different times for both same place as well as different places. In a way, 
asynchronous application can be viewed as an extension of single user application, where a single 
user can additionally pass his work to another member in his work group for further work.   
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FIGURE 2-1 TIME-SPACE TAXONOMY ADAPTED FROM [18] 

Examples of synchronous groupware systems are real-time virtual classroom, video conferencing 
systems and real-time shared editing applications, while E-mail systems, Basic Support for 
Cooperative Working (BSCW) [21], E-Learning systems as well as social networking represent 
asynchronous groupware systems and applications.  

Ellis et.al. [18] also suggested an alternative perspective to distinguish groupware systems: by 
common task dimension and shared environment dimension. The common task dimension 
provides a measure on how tightly coupled individuals work with one another in order to 
complete their work, while the shared environment dimension indicates the level of information 
on users and their working environment that need to be provided by a groupware system. 
Asynchronous groupware systems support groups of users that share a common task, however 
need not to share a common working environment. In contrast, a synchronous groupware support 
groups of users sharing a common goal that require a common shared working environment.  

2.1.1 AWARENESS IN GROUPWARE 

Although synchronous distributed collaboration nowadays is slowly becoming a favorite 
alternative to face-to-face meetings, it cannot by far replace face-to-face meetings. To enable 
effective distributed collaboration, a synchronous groupware must cater users with information 
that support them in deciding what to do next as well as in determining others’ activities 
throughout the whole interaction [22].      

Gutwin and Greenberg [23] distinguished group awareness as one important element in a 
synchronous distributed cooperative work. Group awareness is the “up-to-the minute knowledge 
of other people’s activities” [23], which are essential for a group member to include in their plans 
on completing and coordinating their contribution in a group work.  Gutwin and Greenberg [23] 
defined three elements of group awareness: physical environment, task environment and social 
environment. In face-to-face interaction, interacting users obtain information about who their 
counterparts are, how many are they and where they are located from the physical environment. 
To support this, a synchronous groupware should provide participants with information like 
participants’ list and their location on the workspace. The task environment provides interacting 
user with information; like what kind of activities the others are engaged in, what their intended 
task-specific actions are, which is necessary for managing shared tasks. A synchronous groupware 
could support this by providing communication channels for hearing and seeing. As for social 
environment, participants obtain information like whether they are paying attention, who is ready 
to give assistance and so on.  A synchronous groupware could furnish users with such information 
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through the communication channels or by integrating functions like emoticons to describe the 
users’ emotional state.    

When providing a shared workspace, workspace awareness [24] must be taken into account. 
Workspace awareness concerns information about participants’ activities and whereabouts in the 
shared workspace, as well as their intended movements. Gutwin and Greenberg [24] proposed a 
framework that addresses the problems in presenting workspace awareness. The framework 
considers three aspects: the type of information to collect and distribute, the presentation of the 
information to users and the point of times when the information should be presented.  Allowing 
“consequential communication” [24] where users’ actions and sounds are projected is one 
effective way to support workspace awareness. Another useful way is to display manipulations 
upon objects or artifacts performed by participants. Communication must be supported so that 
information can be exchanged between participants.     

Stefik et al. [25] introduced the term What You See Is What I see (WYSIWIS) as a means of group 
awareness provision. In Colab [25] – the system they used to conduct their study – participants 
were provided with private and public window. The private window served as a sketch board 
where users can put down their ideas or make their private notes while the public window 
displayed the information that are to be shared to all the participants.  They distinguished two 
types of WYSIWIS; strict and relaxed. Strict WYSIWIS requires that every participant see the same 
workspace and the related activities in it, hence all participants possess identical views of their 
workspace containing the latest updates, i.e. public window overrules private window. In relaxed 
WYSIWIS, participants are allowed to switch between private and public window. At a point of 
time, the screen displays of participants may differ from one another. According to Stefik et al. 
[25], the provision of relaxed WYSIWIS depends on how interactive the synchronous cooperation 
could be. The more interactive the meeting could be, the more relaxed WYSIWIS must be.  

This dissertation discerns the notions of group awareness and workspace awareness to play a 
cardinal role in the outcome of the cooperation, hence incorporates these notions for synchronous 
groupware design and evaluation. Table 2-1 presents the notions of group awareness and 
workspace awareness and their possible implementations that are included in the design of a 
tailorable groupware as described in section 6.2.    

TABLE 2-1 IMPLEMENTATIONS OF GROUP AND WORKSPACE AWARENESS IN SYNCHRONOUS 
GROUWPARE 

 
SYNCHRONOUS GROUPWARE IMPLEMENTATION 

Group Awareness Workspace Awareness 

PHYSICAL ENVIRONMENT Participants list Telepointer position on the workspace 

TASK ENVIRONMENT 

Task-Person assignment list Telepointer movements in the workspace 
 Display participant activities in the workspace 
User activity History WYSIWIS 

Sounds to indicate activities 
Audio-video communication 

Name display on each telepointer  

Colour assignment to each participant (for participants list and telepointer) 

SOCIAL ENVIRONMENT 
Audio-video communication 
Text-based communication  

Emoticons  
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2.1.2 TAILORABILITY IN GROUPWARE 

Flexibility has been considered to be a highly desirable feature of software design and 
implementation [26]. In IEEE Standard Glossary of Software Engineering, Software flexibility is 
defined to be “the ease with which a system or component can be modified for use in application 
or environments other than those for which it was specifically designed” [27]. Flexibility is 
synonymous to adaptability [27]. The modification performed on an adaptable system is initiated 
and manually executed by the user, rather than the system itself. The latter is referred to as 
adaptivity – where the changes are system-initiated [28].  Bentley and Dourish [29] and Kahler 
[30] proposed tailorability as a way to provide software adaptability. Tailorability means that 
the software provides a feature for tailoring. Kahler [30] referred to tailoring as the human act of 
modifying the functionality of a software while using the software.    

Specifically for groupware systems, Grudin [31], [20] enunciated that one of the most critical 
problems faced by groupware users is the system inflexibility towards social dynamics which is 
ever present in interaction. Bardram [9] accentuated that groupware are often implemented with 
a lack of understanding of “cooperative work”. He highlighted that cooperative work is “not one 
thing, but different things at different times and in different places” [9] – hence is dynamic. When 
viewed from the group aspect, dynamics of cooperative work include events where cooperation 
is being developed, broken down and changes over time, while when viewed from the perspective 
of the group members, it could be perceived differently [9]. Addressing the dynamics of 
cooperative work could ameliorate effective use of groupware. This work perceives that by 
providing tailorability in synchronous groupware, users are endowed with the ability alleviate or 
even eliminate potential problems that arise from the dynamics of cooperative work, by adjusting 
their groupware environment according to their momentary needs.  

Bentley and Dourish [29] promoted tailorability in their system through high-level customization 
which is expressed through a tailoring interface for users. Similarly, Malone et.al. [32] foster 
flexibility by enabling tailorability in their system called OVAL. Users are encouraged to tailor 
their cooperative work environment by selecting components and combining them.     

In this work, the definition of groupware tailorability is defined as follows: 

Groupware Tailorability Definition:  
A feature provided by the groupware that supports groupware users to adjust or configure the 
components of their cooperative work environment according to their momentary needs 
during a running session (on the fly).  

 

2.1.2.1 TAILORING 

According to MØrch [8] and Henderson and Kyng [33] tailoring can be categorized into tailoring-
as-design and tailoring-as-use, where the former refers to the continued development and 
modifications of an application based on an application framework and the latter corresponds to 
the modifications performed on an application to mitigate the difficulties in using the application. 
Tailoring-as-design is performed by software developers while tailoring-as-use is done by 
software end-users. Hence, the tailors are software designers, developers and end-users. In this 
dissertation, the notion of tailoring is limited to tailoring-as-use where the tailors are software 
end-users.  

Kahler [30] suggested that tailoring helps users to configure a generic software – a software that 
was designed to serve a wide range of users to perform a wide range of tasks – such that it 
supports the user to perform a particular task efficiently. MØrch [8] distinguished the term 
tailoring to be the adaptation performed by software application users during or right after the 
installation of a software application. He viewed tailoring to be necessary since most of software 
applications are delivered as package, off-the-shelf software products aimed to cover general user 
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requirements, which obviously cannot satisfy individual user requirements. Tailoring is 
performed by software users to ease the usage of the software to cater to their individual 
demands.     

According to MØrch [8], tailoring can be provided in several levels [8]:  

1. Customization: this is by far the most prevalent way to enable tailoring, where tailors are 
provided with a set of parameters they can choose from, while the system preselects the 
default parameter. This aspect is similar to that defined by Fischer and Girgensohn [34] as 
end-user modifiability. Mackay’s [35] refers to customization as the situation where users 
are enabled to modify their personal software environment and perceive the changes 
throughout the session. Tools for customization are called customization forms. These can 
be implemented in form of menus that provide setting options for preferences such as 
windows layout, fonts, and special behaviour to choose from.   

2. Integration: involves the adding of new functionality to an application. This is achieved 
by combining components of a system to attain a new functionality without accessing the 
code.  The creation of macros and scripts [35] to automate frequently recurring 
commands, adding functionality to existing object classes [34] or allowing the application 
to be integrated with other components of the same application or other applications [36]. 
This level is suitable for tailoring tasks that require no changes of the implementation 
codes as it assumes that the integration of a component will occur seamlessly.  

3. Extension: adds new functionality to the application by means of adding new code. This 
augments the integration level for the cases that components to be integrated are 
unavailable or not functioning properly.  This kind of tailoring requires tailors to possess 
experience and knowledge in programming language.  

This dissertation adheres to the providing the first level of tailoring: customization. As suggested 
by Mackay [37], customization encompasses the following aspects: users’ interaction with the 
system, software mechanism, persistence and preservation. Customization influences the way 
users interact with the system. For instance, customizing background colour could improve users’ 
preference to use the system. Customization must be made available through some customization 
mechanism that allows users to adjust the behaviour of the system. A customized component 
should persist throughout the session, until further change is induced by the user. Customized 
system should remain preserved and accessible to users in a form that can be shared with other 
users.    

Wulf [38] indicated that tailoring activities vary between groups of users, hence they are only valid 
for a set of usage situation. He named this to be the scope of validity. The scope of validity is in fact 
the ambit of a certain tailoring activity performed by some user on the component to be tailored 
with respect to time. To define scope of validity, tailoring activities should be clearly classified 
according to tailoring stages, concerned group of users, as well as the time span. Tailoring activity 
stages involve for example initiating tailoring activity, proposing a tailoring activity and 
performing tailoring activity. The concerned group of users could be for example a single user, a 
subset of group members or all group members, while the time span could be a session or a phase 
of usage. For instance, assuming that a tailoring activity ‘change individual screen layout’ is to be 
made available in a synchronous groupware environment. The scope of validity of this tailoring 
activity could be defined such:  

 The component to be tailored: screen layout of each participant in a cooperating group. 
A set of pre-defined screen layouts are made available for selection. An example of a screen 
layout is shown below:  
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FIGURE 2-2 SCREEN LAYOUT EXAMPLE 

 The user: any member of a cooperating group assigned with any user role. This means 
that all users connected in the collaboration environment can change their individual 
screen layout. The changes will only be visible for the individual user and does not have 
any effect on the other members of the group.  

 The time span: during a running session. The running session spans from the point of 
time the synchronous groupware environment is activated and made available for access 
for the dedicated participants until the time the environment is deactivated and made 
inaccessible for the dedicated participants.  

Wulf [38] viewed it paramount that this aspect of tailoring is considered during the design of 
tailorable groupware. 

This dissertation adopts the notions of scope of validity as defined by Wulf [38] and tailoring 
mechanisms as suggested by Mackay [37].  

This dissertation refers to tailoring as follows:  

Tailoring Definition:  
 
The tailoring level is restricted to the customization level. Users are provided with a set of 
parameters they can choose from in order to perform the required changes to their working 
environment. Specifically for a tailorable synchronous groupware, a distinction of the scope of 
validity must be defined. User roles are to be implemented to determine whether or not a 
member of the group is a tailor.     
 
A tailor is a user that is assigned a special user role that enables him to perform tailoring. 
Tailors are catered with tailoring mechanism like an additional tailoring menu that contains all 
the possible tailoring activities. The output of a tailoring activity must be preserved until 
additional changes are induced by the tailors. For the definition of a user role that includes 
tailoring, the scope of validity must be clearly indicated. 

  

Example of tailoring 

Assume a group of five participants located in different countries is scheduled to carry out a team 
introduction meeting at 08:00 GMT+1. For this group, video and audio communication as well as 
a power point presentation is required. Once the group members have introduced themselves, 
they proceeded with indulging themselves in a brainstorming session to exchange ideas on the 
current project. The existing communication and collaboration tools are sufficient to support the 
brainstorming session. At approximately 08:20, the team has obtained a result from the 
brainstorming session and intends to proceed with the requirement analysis discussion. For this, 
only three members are involved and the other tools are required. Thus, the meeting manager 
tailors their collaboration environment by removing the two participants and adding the 
necessary tools into the session. Figure 2-3 depicts the previously postulated tailoring scenario in 
a running session. Note that tailoring provided in Tailor-SMaDe is of a broader scope and more 
fine-grained (see section 6).  
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FIGURE 2-3 TAILORING IN A RUNNING SESSION – CHANGING USER AND TOOLS COMPOSITION 

 

2.1.2.2 CHALLENGES IN PROVIDING TAILORABILITY 

“Tailorability is hard to provide” [33] – not only for the software designers but also for the users. 
For software designers, the mechanisms for providing tailoring functions and making them visible 
must be considered in the implementation, while not neglecting the importance of catering users 
with intuitive and user-friendly user interface. Also, mechanisms for saving the changes and 
restoring the initial state must be provided. On the other hand, for the users who are the tailors, 
having a system that can do more means more learning [33]. They need to know what the system 
can do and how their tailoring activities affect the behavior of the system. To learn how the system 
works and to use the system effectively requires time in advanced.  

Another challenge in the provision of tailorability is to make the users know of the existence of 
the system’s tailoring capabilities. According to MacLean et al. [39], most users do not expect that 
they are allowed to induce any changes to the system they are using. Hence, it is imperative to 
acquaint users to their tailoring power and to show them the effects of the changes they made. It 
is a challenge to present users with an interface that is easy to use, simple to understand and that 
makes them conscious of their tailoring power.  

Wulf and Golombek [40] identified one crucial problem in tailoring – to find the tailoring 
functions. This problem originates from two possible factors; either users do not know where the 
tailoring functions are or they do not remember where the functions are located. Therefore, it is 
essential to make sure that tailoring functions are directly accessible and visible to users.  

Another danger in tailoring is tailoring overhead [30], since the time taken for tailoring activities 
is lost for the primary work. Additionally, tailors will have to learn to use the tailoring functions 
before being able to effectively work with them. 

Being aware of the risks induced by tailoring activities as discussed by previously mentioned 
researchers, this dissertation deduces that enabling tailorability has to be focused on keeping the 
system easy and intuitive to use. This could be achieved through a customization mechanism as 
mentioned in section 2.1.2.1 that shows the existence of tailoring functions and guides tailors 
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while performing tailoring activities. Such a mechanism reduces the time to learn the system 
capabilities, minimizes the time spent on finding tailoring functionalities of the system and 
curtails tailoring overhead.  

2.2 SYNCHRONOUS GROUPWARE SYSTEMS 

Nowadays, the terms “Webinar”, “Online Live Classroom”, “Skype” or “NetMeeting” are commonly 
used, however the least of users do know that what they really are using is just a type of 
synchronous groupware, delivered in different forms, accessed in different ways and serve 
different purposes.  This section attempts to shed a light on the types of synchronous groupware 
by referring to some current systems or applications available on the market.  

2.2.1 SYNCHRONOUS GROUPWARE CLASSIFICATION 

Groupware in general can be classified according to several aspects. This dissertation focuses only 
on the classification approaches that concern synchronous groupware systems. The classification 
approaches include the distribution architecture approach [41], [42] application level approach 
[18], [43], the degree of support aspect [44] and platform type aspect [43].  These approaches are 
elaborated in sections 2.2.1.1 – 2.2.1.4. The following table summarizes the classification 
approaches.  

Classification 
Approach 

Description Types Explanation 

Distribution 
Architecture 

Physical 
implementation 
of the 
groupware 
system 

Centralized 
This employs a server-client architecture where 
the server processes requests from clients 

Replicated  
No centralized server is available, 
synchronization mechanism is required.   

Hybrid 
A mixture of centralized and replicated 
architecture, application is decomposed into 
components that are implemented respectively.  

Application level  

Type of 
application the 
synchronous 
groupware 
represents 

Multiuser editors Shared editing system 

GDSS, ERM 
Systems to accelerate group decision, which can 
be implemented in electronic meeting rooms.   

Computer Conferencing 

Systems that mainly act as communication 
medium.  They can be implemented in dedicated 
rooms or as desktop solution, however can also 
be equipped with collaboration or cooperation 
support.   

Degree of 
support 

Type of support 
the 
synchronous 
groupware 
provides 

Communication 
Focuses mainly on supporting communication 
between users 

Cooperation 
Implements mechanism that allow cooperation 
between participants 

Coordination  
Provides mechanism that allow coordination of 
tasks between members  

Platform 

Distinguishes 
the types of 
platform the 
synchronous 
groupware 
runs on 

Mobile  
Groupware are accessible through mobile 
devices 

Operating system based 
Groupware applications are only deployable on 
a specific operating system 

Browser-based 
Application is accessible through the web-
browser 

Platform independent 
Groupware can be deployed on any type of 
operating systems 

 

This dissertation views that applying only one classification approach to classify synchronous 
groupware systems is not sufficient and hence proposes that various classification aspects must 
be applied. This dissertation proposes a method to apply the various classification approaches. 
This is described in section 2.2.1.5.    
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2.2.1.1 DISTRIBUTION ARCHITECTURE ASPECT 

As a synchronous groupware application is ultimately applied to support group work over 
distributed locations, it becomes inevitable to consider on how the groupware application should 
physically be implemented. This brings about the necessity to define the distribution architecture 
of synchronous groupware applications. Generally, groupware applications can be distributed 
according to centralized, replicated and hybrid architectures. In centralized architecture the 
application resides in a shared server while in replicated architecture each user possesses a copy 
of the application and synchronization mechanisms are implemented. Being aware that 
collaboration is composed of several stages – such as session preparation, joining a session, 
performing collaboration through some collaboration tool and storing an artefact – that need to 
be supported by the synchronous groupware application, the assignment of distribution 
architecture may differ between collaboration stages [42]. For example the collaboration tools 
may be implemented according to replicated architecture run while the storage of shared files 
(artefact) may be implemented as centralized architecture.  

Patterson [41] proposed a taxonomy to classify synchronous groupware applications viewed from 
the software distribution architecture aspect. He identified four levels of states that applies to any 
application:  

 Display state: is the information necessary for the user display. An example is a video 
hardware that drives a user’s physical display.  

 View state: is the information that relates the user’s display to the underlying information 
in the application. It forms a logical visualization of the underlying data or information.  

 Model state: is the underlying data or information 
 File state: is the persistent representation of the underlying information 

According to Patterson [41], a synchronous groupware must ensure that all members of a 
cooperation session must be provided the same display of some form of consistent state. 
Consistency can be achieved by either maintaining one copy or multiple copies of the state. He 
categorized the former to shared state architectures and the latter to be synchronized state 
architectures. Maintaining multiple copies of the state requires some sort of consistency 
maintaining protocol. He proposed the following architectures for maintaining consistency states: 

 Shared State Architectures: the initial assumption here is that each user has an 
individualized display state. All the states above the first shared state are assumed to be 
shared. The following figure depicts the possible shared state architecture types.  

 

FIGURE 2-4 SHARED STATE ARCHITECTURES ADOPTED FROM [41] 

 Synchronized State Architectures: this type of architecture allows users to maintain 
their personal copy of the file. Some synchronization mechanism is to be implemented in 
the states where consistency is to be maintained. The following figure depicts the possible 
synchronized state architecture types.  
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FIGURE 2-5 SYNCHRONIZED STATE ARCHITECTURES ADOPTED FROM [41] 

 Hybrid Architecture: is a mixture between shared state and synchronized state 
architectures where the view state is synchronized via a protocol while the model state is 
shared.  

 

FIGURE 2-6 HYBRID ARCHITECTURE ADOPTED FROM [41] 

Similarly, Roth [42] defined a taxonomy for distribution architectures as follows:  

 Architectures with centralized components: groupware application is run from a 
central server to which the users connect to. Users are not directly connected to each 
other. 

 Architectures with direct communication: groupware application are installed locally 
and users connect directly to each other. A central component does not exist.  

 Hybrid architecture: groupware applications are implemented such that some 
components are hosted in a server and some connect directly.  

 Asymmetrical structures: a central server does not exist, the distribution of components 
among users is not identical. This means that at some point of time, a user groupware 
application may need to act as a server to a certain user temporarily.  

 Multiple servers: more than one servers are used in this scenario.  

The previously mentioned taxonomy is depicted in the following figure. Components of a 
groupware application is represented by a rectangle.  

 

FIGURE 2-7 ROTH’S DISTRIBUTION ARCHITECTURES ADOPTED FROM [42] 
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In his taxonomy, Roth [42] indicated that groupware applications are decomposable into three 
components: application core, windows system and coordination components. The application 
core component embodies the application’s function. The window system component manages 
the application windows and receives events like mouse and keyboard usage. The coordination 
component encompass tasks like user input synchronization, floor control or concurrency control.  

This dissertation refers to the simplified version of the distribution architecture as proposed by 
Patterson [37], since the asymmetrical classification [42] is simply an extension of the hybrid 
classification and the multiple terminals [42] classification is actually an extension of the 
centralized distribution.  

2.2.1.2 APPLICATION LEVEL CLASSIFICATION APPROACH 

Ellis et al. [18] proposed a taxonomy to classify groupware in general. As for synchronous 
groupware, they categorized synchronous groupware according to the type of application these 
systems are used for as follows: 

 Multiuser Editors: a shared editing system that allows multiple users to edit a certain 
part of an artefact – for example a text file – while providing read access to any part of the 
text file. Such systems could also support notification services that informs users of other 
users’ actions. 

 Group Decision Support Systems (GDSS) and Electronic Meeting Rooms (ERM): this 
kind of synchronous groupware provide computer-based facilities to improve or 
accelerate group decision making processes by means of ranking and voting tools, idea 
generation and issue analysis tools. A common implementation of GDSS is ERM where a 
network of computers with large public displays and audio/video equipment is set up in 
a meeting room.   

 Computer Conferencing: these are applications that mainly act as a communication 
medium. Ellis et.al. [18] further classified these systems into:   

o Real-time Computer Conferencing: are workstation-based systems that allow 
synchronous interactions between a group of users in an ERM or physically 
dispersed by means of audio link and cooperation tools that implement some kind 
of concurrency control mechanism.   

o Computer Teleconferencing: the emphasis of such systems is the provision of 
communication channels like audio and video communication. Such a system is 
often implemented in large rooms (main sites) equipped with high-end 
audio/video infrastructure and connections are made between these main sites.  

o Desktop Conferencing: this type of system combines the capabilities of real-time 
computer conferencing and computer teleconferencing systems; i.e. workstations 
are used as the conference interface that allows applications to be shared between 
users while providing audio and video communication channels.  

2.2.1.3 THE 3C MODEL – DEGREE OF SUPPORT  

Teufel [44] propounded the 3C-model – Communication, Coordination and Cooperation – which 
emphasized on the degree of support of the three phenomena (3Cs) that a groupware system 
provides. Communication support allows the exchange of messages for negotiations of 
commitments between users, coordination support enables the management of resources, group 
members and activities, while cooperation support aids group members in working together. 
Similar to Ellis et.al. [18], Teufel [44] viewed the groupware systems from the application level 
aspect and categorized these according to their degree of support towards the three previously 
mentioned phenomena. The following figure depicts Teufel’s [44] 3C-model.  



 

22 
 

 

FIGURE 2-8 THE 3C-MODEL ADOPTED FROM [45] 

For instance, conferencing systems are meant to mainly support group communication rather 
than coordination which in turn is the support focus of coordination support systems.  

2.2.1.4 ADDITIONAL CLASSIFICATION APPROACH 

In their report, Rama and Bishop [43] stated additional means to classify groupware applications 
that include functional, architectural as well as user involvement criteria. Most of the classification 
aspects they mentioned were similar to the aspects described in the previous chapter. However, 
one criterion they used in their work that differ from the previously mentioned classification 
methods is the platform criteria where it classifies a groupware systems according to the type of 
platform the groupware application is implemented in. The classification is described as follows: 

 Platform criteria: distinguishes the platform where the synchronous groupware is 
executed.  

o Mobile platform: groupware application are implemented in mobile and 
handheld devices. 

o Operating System based platform: groupware application can only be used for 
systems running the same operating system.  

o Browser based platform: groupware application is accessible through the web 
browser.  

o Platform independent: this is the opposite to the operating system based 
platform, where groupware application can interact independent of the 
underlying operating system.  

This dissertation views this type of classification to be highly applicable due to the latest 
developments on the area of mobile devices like tablets and smartphones as well as web-
browsers.    

2.2.1.5 APPLYING SYNCHRONOUS GROUPWARE CLASSIFICATIONS 

This dissertation deduces that the classification approaches described in sections 2.2.1.1 – 2.2.1.4 
are all necessary to describe synchronous groupware systems. In fact, they actually complement 
one another. For example, the 3C-Model introduced by Teufel [44] extends the application level 
approach proposed by Ellis et.al. [18] by adding the degree of support aspects. The distribution 
architecture aspects proposed by Patterson [41] and Roth [41] are important when it comes to 
the physical implementation of the synchronous groupware. While the additional mentioned by 
Rama and Bishop [43] are also useful especially since nowadays many synchronous groupware 
application are implemented for access from mobile devices and over the web-browser.  
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This dissertation proposes the following method to apply the various classification approaches.  
As a starting point, the synchronous groupware system is categorized according to the application 
level classification approach. From this stage, the functionalities of the synchronous groupware 
are to be determined. Once the functionalities are defined, the degree of support according to the 
3C-Model and the platform criterion can be applied.  The functionalities and the platform criterion 
are then used to determine the distribution architecture of the synchronous groupware system. 
The following figure depicts the described method.  

 

FIGURE 2-9 PROPOSED METHODOLOGY IN APPLYING THE CLASSIFICATION APPROACHES 

As an example, the software TeamViewer (www.teamviewer.com) is classified into a desktop 
conferencing system according to the application level classification approach. TeamViewer is 
software based and needs to be installed. TeamViewer provide the following functionalities: 

 Remote access mode: enables remote access to another computer providing a 
TeamViewer client is also installed in that computer. This mode supports the following 
functionalities: 

o Remote access anytime: enables anytime remote access to another computer 
without needing to request a confirmation password from the corresponding 
computer. The PartnerID and Password which are automatically generated by 
TeamViewer, however, must be known. 

o One time remote access: enables remote access to another computer. When the 
connection is being established, the password need to be requested from the 
corresponding person at the other computer. This can be communicated through 
the telephone for instance.  

o Data exchange: TeamViewer builds a file transfer channel between the connected 
computers.  

http://www.teamviewer.com/
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FIGURE 2-10 REMOTE ACCESS MODE IN TEAMVIEWER 

 Meeting mode: provides multiple users to cooperate through desktop and application 
sharing and communicate with one another through VoIP for audio transmission and 
proprietary video communication.  The meeting mode consists of the following 
functionalities: 

o Presentation mode: a meeting ID is automatically generated by TeamViewer and is 
used for any user to join a meeting. The presenter (the meeting initiator) 
automatically shares his desktop to other participants. He also use whiteboard 
tools to annotate his desktop or the application he shared. This mode also allows 
file exchange between participants.  

o Video call: also uses a certain meeting ID to open a video channel between the 
participants.  

o Audio call: based on the same meeting ID, participants can use VoIP to make audio 
calls.  

 

FIGURE 2-11 MEETING MODE IN TEAMVIEWER 

 Meeting planner: allows users to schedule a meeting, manage meeting calendars and 
contacts. This requires users to register and create a profile.  
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Based on the functionalities provided by TeamViewer, the following classification can be made: 

Functionalities 
3C-Model 

Degree of Support 
Platform 
Criterion 

Distribution 
Architecture 

Remote Access 
Mode 

Remote Access anytime 
Cooperation  Multiplatform Replicated One-time Remote Access 

Data Exchange 

Meeting Mode 

Presentation meeting Cooperation  

Multiplatform 

Replicated 
Video Call 

Communication  
Centralized (through a 
separate video and VoIP 
server) 

Audio Call 

Whiteboard 
Cooperation  Replicated 

Data Exchange 

Meeting 
planner 

Plan a meeting 
Coordination  Multiplatform Centralized 

Meeting manager 

 

2.2.2 EXAMPLES OF SYNCHRONOUS GROUPWARE SYSTEMS 

This section provides examples of synchronous groupware systems. It does not provide a 
catalogue of all the existing synchronous groupware systems, rather it provides an overview on 
the implementation of synchronous groupware systems. The examples featured in the following 
sections are representations of synchronous groupware application types ranging from dedicated 
systems, desktop conferencing systems and tailorable groupware systems. Dedicated 
synchronous groupware systems are often implemented and managed on premise and hence are 
usually hardware-intensive, infrastructure-intensive and cost-intensive, requiring a great deal of 
administrative skills and manpower. Alternatively, desktop conferencing systems offer a 
minimum infrastructure and hardware requirements, simpler to implement, less costly and 
flexible solution. Most importantly for this dissertation is tailorable synchronous groupware. As 
the existence of such systems are still rare, the groupware OmniJoin is featured in this section. 

2.2.2.1 DEDICATED VIDEO CONFERENCING SYSTEM 

This type of synchronous groupware is characterized by the extent of its implementation in order 
to address an audience with a large number of participants. It is common that such systems are 
implemented in large rooms and are connected to each other through some network. This 
dissertation focuses on one example: dedicated video conferencing system. 

Dedicated video conferencing systems are usually delivered as a package of proprietary end-
devices such as remote controllable video camera, omni-directional microphones, control 
computer system equipped with the corresponding software and hardware as well as display 
devices like large TV monitors or beamers. These systems are available for installation in large 
rooms as well as medium to small rooms, and are typically rather costly. Examples of such systems 
are Cisco TelePresence Server suite (www.cisco.com) and Polycom RealPresence Room 
(www.polycom.de) solution. Dedicated video conferencing systems are interoperable with video 
systems of other vendors since they rely on the same standards and protocols. 

Back in the 30s, the first videotelephony was realized as Gegensehn-Fernsprechanlagen [46] by 
Fernseh-AG of the Deutsche Reichspost. This system utilized broadband coaxial cable to transmit 
40.000 pixels per frame at 25 frames per second [46].  AT & T’s PicturePhone [47] introduced in 
the 60s used a regular PSTN (Public Switched Telephone Network) telephone line to transmit 
video signals. These inventions were pioneers to the evolution of video conferencing systems 
which was enabled with the dawn of digital data transmission networks like High Speed LAN 
(Local Area Network), ISDN (Integrated Services Digital Networks), and the internet.  

  

http://www.cisco.com/
http://www.polycom.de/
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Cisco Voice and Video Conferencing System 

To elaborate on dedicated video conferencing system, this work refers to a renowned video 
conferencing system provider Cisco. Cisco video conferencing systems normally adopt a client 
server architecture [48], where one device (a server) acts as the intermediate entity for receiving 
and distributing media streams between clients.   

The following figure shows the components of a video conferencing deployment connected via 
Local Area Network (LAN) and Public Switched Telephone Network (PSTN).  

 

FIGURE 2-12 VIDEO CONFERENCING DEPLOMENT WITH VARIOUS VIDEO ENDPOINTS AND DEVICES 
SOURCE [48] 

As illustrated in Figure 2-12, a variety of video devices can be integrated in the video conferencing 
system which is managed and controlled by a Multipoint Control Unit (MCU). The MCU is 
responsible in receiving and redistributing streams as well as terminating all streams in a 
conference. The MCU is composed of two main components:  

 One Multipoint Controller (MC): It manages signaling prior to starting the conference and 
controls the resources needed for voice and video conferencing.   

 One or more Multipoint Processor (MP): it receives streams from clients, mixes audio 
streams and video streams and distribute the output streams back to clients.  

Video terminals shown in Figure 2-12 represent video terminals that adhere to the standards 
H.320 (see section 3.2.2.1), H323 (see section 3.2.2.2) and Session Initiation Protocol (SIP) (see 
section 3.3). The H.320 GW (Gateway) ensures real-time, two way communication between H.320 
and H.323 terminals [49] and H.323 Gatekeeper mainly provides address translations services 
and access control [50]. The Cisco Unified Call Manager interacts with Cisco Skinny Call Control 
Protocol (SCCP) device. SCCP is Cisco’s IP-based proprietary protocol for real-time calls and 
conferencing. 

For bandwidth constrained terminals to be able to receive high-bandwidth video stream, Cisco 
suggests a Video Transrater, which lowers the video bitrate according to the low-bandwidth 
terminals’ capacity [48]. 
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Cisco video conferencing systems are also equipped with security measures to protect the system 
and its users from attacks like: confidentiality attacks, denial-of-service attacks, authentication 
and identity attacks, network infrastructure attacks, endpoint infrastructure attacks and server 
attacks [48].  

2.2.2.2 DESKTOP CONFERENCING SYSTEMS 

Traditionally, this type of synchronous groupware systems require a minimum of an installation 
of the client software in a personal computer, tablet or mobile devices. Such systems are provided 
as an alternative to the costly and ‘bulky’ hardware-oriented solution, especially when the scope 
of audience is not large in amount and the collaboration level is maintained within a department 
or a team. However, this does not limit its usage in combination with hardware-oriented 
synchronous groupware systems which typically can integrate software-oriented synchronous 
groupware applications in their conferences.   

Some software-oriented synchronous groupware providers advise their users to adopt the 
corresponding proprietary end-devices, however are free to apply other compatible end-devices. 
Examples of such systems are Polycom RealPresence Desktop, Cisco WebEx Meetings 
AdobeConnect and Skype.  

The recent developments in web technologies and the widespread installment of web browser in 
almost every computing device, web browsers are becoming a promising, pervasive and secure  
platform for deploying high-performance applications [51], such as synchronous groupware. Up 
to the time of writing this dissertation, most web browser based synchronous groupware require 
a special add-ons or plugins to be installed on the browser. These plugins or add-ons are actually 
a web-browser version of their client software that define for instance the layout of the conference 
menu bars, the size of the window to display and the tools provided within the application 
depending on the platform that is being used. For example, the conference menu bars layout of a 
PC client application would differ to that of a smartphone client. 

The following sections 2.2.2.2.1 and 2.2.2.2.2 elucidate two well-known desktop conferencing 
systems: Cisco WebEx Meeting and Voice over IP (VoIP).  

2.2.2.2.1 CISCO WEBEX MEETING CENTER 

The following figure depicts a company-wide implementation architecture of Cisco WebEx 
Meeting Center.  

 

FIGURE 2-13 CISCO WEBEX MEETING CENTER ARCHITECTURE ADOPTED FROM [52] 
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Cisco WebEx Meeting Center provides a synchronous collaboration platform for a company-wide 
distribution. As illustrated in Figure 2-13, it allows access to the collaboration platform through a 
multitude of video conferencing systems ranging from Cisco TelePresence system up to third 
party solutions over high-end conference rooms, desktop, tablet and mobile phone devices. It also 
proffers a Cloud version, which minimizes the implementation of the required components as 
depicted in Figure 2-13 down to the deployment of Call Center component at the local site [52]. 
Cisco WebEx Meeting Center Cloud is hence delivered through the web browser for conference 
participants.  

Cisco WebEx Meeting Center is composed of the following modules:  

 Call Control: represents minimum requirement for any communications deployment 
which caters endpoint registration, endpoint addressing scheme and call admission 
control. To enable instant messaging and audio and video conferencing, Cisco Instant 
Message and Presence servers are required. For integration with third party chat servers 
the Unified Communication Manager component is mandatory.  

 Endpoints: are access devices ranging from single-line phones, mobile phones and 
desktop soft-clients (software clients) to Cisco TelePresence endpoints.  

 Conferencing: capacitates real-time point-to-point audio and video conferencing for 
multiple users. The key player of this module is the TelePresence Conductor which 
manages, allocates and optimizes conferencing resources. 

 Collaboration Edge: administers connectivity and security for various networks like 
PSTN, Virtual Private Network (VPN) and the internet.  

 Applications: are additional core applications that can be included in addition to Cisco 
WebEx Meeting Center. This includes applications for automation of administrative 
processes, provision of unified messaging and voicemail services, integration of 
conference scheduling features and advanced video features.  

Cisco WebEx Meeting Center accommodate voice and/or video calls, conferencing, voicemail, 
instant messaging and desktop sharing. All conferences are managed and organized by a group of 
users who are authorized a specific user roles by Cisco WebEx Meeting Center administrator. 
Cisco also allows integration with third party applications like Microsoft Outlook. When using the 
cloud solution, add-on or plug-in is required to installed in the web browser.    

2.2.2.2.2 VOIP 

Voice over IP (VoIP) is a well-known communication service often associated with internet 
telephony, where voice (and video) signals are sent over an IP-based network. Although VoIP only 
provides communication services, it is included in this section due to the role it plays in the 
provision of synchronous groupware applications. Most prominent synchronous groupware 
vendors enable the integration of their proprietary systems with third party VoIP applications. 
Examples of VoIP applications are Avaya Communicator Client [53], Asterisk, Cisco IP Phone and 
Nortel [54]. 

 VoIP is composed of the following components [55]: 

 Call server: any VoIP calling device like telephones registers itself with the call server. It 
handles the administration control and security of the phone connections. Voice and data 
transmission may also flow through the call server, however they are typically handled by 
the transport protocol.  

 Gateway: is a device that serves as the interface between the internal and the external 
network. It is responsible for translation of signaling protocols, data formats and provide 
features.  

 VoIP protocols: the protocols used are signaling and transport protocols. Signaling 
protocol is responsible for call setup functionalities like the number of connections to be 
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established, when the phones must ring, which routes should be set up for use, while 
transport protocol is employed to encapsulate or carry the actual voice data. Commonly 
used signaling protocols are SIP (see section 3.3) and H.323 (see section 3.2.2.2), and the 
RTP (Real-Time Transport Protocol, see section 3.5) is used as transport protocol.   

 Codecs: VoIP phones always contain codecs. These are used to convert analog voice 
signals into digital signals and vice versa as well as compress voice data. Typically, ITU-T 
G series (G.711, G.722, G.726, G.729.1) are implemented as audio codec, while ITU-T H 
series (H.261, H.263, H.264) are used as video codecs. 

 VoIP phones and softphones: these are the endpoints that represent traditional 
telephones. They are available as desktop VoIP phones and softphones which are software 
based.  

The following figure depicts a typical architecture of a VoIP system.  

 

FIGURE 2-14 TYPICAL VOIP ARCHITECTURE ADOPTED FROM [55] 

From Figure 2-14, the VoIP clients first contacts Dynamic Host Configuration Protocol (DHCP) to 
obtain an IP address, Trivial File Transfer Protocol (TFTP) is used to switch between signaling 
protocols other than SIP (e.g. H.323 or Skinny) and to make sure that the latest configuration, the 
Network Time Protocol (NTP) is used to exchange time information amongst each other.  

VoIP systems does not only provide call functions, but also interoperability with terminals 
running on PSTN networks, voicemail systems, automatic call routing and distribution, call paging 
(where a call received call is announced along with how it should be retrieved), call parking 
(where calls are allowed to be answered in a location other than that they were received) and 
Interactive Voice Response (IVR) where the system processes a request from a caller and returns 
an answer to the caller (for example automatic call center) [54].   

2.2.2.3 TAILORABLE GROUPWARE SYSTEMS 

This section specially focusses on the selected tailorable groupware system OmniJoin which is 
later used as a collaboration platform for the pilot study of tailorability described in section 4.1. 
OmniJoin has been selected due to the following reasons:   

 OmniJoin provides tailoring that is analogous to that defined in this work (see 2.1.2.1). It 
allows users to tailor their collaboration environment during a running session by 
permitting customization of tools components. The tailoring functions available are user 
roles, screen layout, video and audio configuration and user access rights to tools. When 
compared to the other candidates AdobeConnect and Citrix GoToMeeting, it facilitates 
more tailoring possibilities. AdobeConnect and Citrix GoToMeeting only enables changing 
of user roles during a running session.  

 OmniJoin is a web browser-based synchronous groupware application, hence it is 
accessible via a web browser, however requires add-on to be installed in the browser.  
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 Another candidate was BSCW [21], however since it is asynchronous in nature, its 
behavior and functionalities differ than those of synchronous groupware.  

OmniJoin [56] (previously known as Nefsis) is a proprietary synchronous groupware application 
owned by Brother International Corporation. It is a cloud solution for web conferencing, catered 
with desktop, application sharing and file sharing functionalities, as well as whiteboarding, cloud 
storage and Microsoft Lync connectivity. It is also furnished with session recording functionality. 
Participants are invited to a conference session through Email where a link to the conference 
“room” and the password (if defined) is specified. Figure 2-15 presents OmniJoin’s web-
conference user interface for a host.   

The upper section (indicated as 1 in Figure 2-15) contains the tools displayed in tabs as a means 
to categorize them into conference, desktop/application sharing, video, audio and screen layout. 
In the conference tab, the following functions are provided:  

 Add participant: additional participants can be invited ad-hoc from here. The 
participants will be notified through an Email that contains the link to this conference 
room.  

 Record session: a session can be recorded and saved in the cloud storage provided by 
OmniJoin.  

 Redeem presenter’s access: since OmniJoin only provides desktop/application sharing 
functionalities, only one participant can share his desktop/application and allow another 
participant to take over the control of his shared desktop/application. Using this function, 
the host can redeem the control over from the controlling participant.  

 Lock conference: if the conference was configured to be an open conference where any 
interested user can join, the host can lock the conference to prevent more attendees from 
joining the session. 

 Leave conference: the function to exit the conference. 
 Terminate conference: the function to terminate the conference prior to the predefined 

duration.    

 

 

FIGURE 2-15 OMNIJOIN WEBCONFERENCE SESSION USER INTERFACE (HOST VIEW) 
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Through the desktop/application sharing tab participants can opt whether to share their desktop 
or application with other participants. For the sharer, the shared desktop/application is displayed 
within a blinking green frame, while the other participants can see the shared desktop/application 
in the shared workspace (indicated as 6 in Figure 2-15). At this state, the sharer is “taken away” 
from the shared workspace window in OmniJoin and is presented his own shared application. 
While the other participants can see and follow what he does on the shared workspace in 
OmniJoin as well as are aware of the ongoing group activities like some chat inputs, he is 
completely unaware of the other participants’ activities within OmniJoin.  

The audio and video tabs accommodate the audio and video controls and setting functionalities. 
The audio and video controls encompass mute and unmute voice, play video, pause video and stop 
video.   

From the screen layout tab, participants (if given the permission and access from host) can select 
their preferred screen layout from four default layouts. The changes are executed for the 
individual participant. However, if the host uses this function, he can choose to execute the 
changes for himself or for all participants in the session.    

The second section (indicated as 2 in Figure 2-15) represents the video container. Video windows 
of participants who can and want to transmit their video are displayed here. The arrangement of 
the video display can be changed (if allowed by host). 

The third section (indicated by 3 in Figure 2-15) contains the audio and video controls. Here, the 
user can mute or unmute his microphone, activate, pause and stop his own video transmission.   

The fourth section (indicated as 4 in Figure 2-15) enlists the participants of the conference. It 
displays the names and the audio or video devices they are using. A speaker symbol is also shown 
as soon as the person speaks. If this person also happens to be transmitting his video, his video 
window is displayed in a blinking green frame.  

The fifth section (indicated as 3 in Figure 2-15) displays the remote control function. A sharer can 
select a participant he wishes to pass his shared desktop/application control to. The remote 
control can be retrieved any time by the sharer or the host.  

The sixth section (indicated as 6 in Figure 2-15) indicates the shared workspace. Shared 
desktop/application and shared whiteboard is displayed here. There is no workspace awareness 
mechanism implemented here, which means that a user (if allowed by host) can choose to cover 
this section with other loose components.   

OmniJoin distinguishes four types of user roles:  

 Host: A user who creates and manages conference sessions are assigned the role host. 
During conference configuration, this role concedes the user to configure a conference 
session by adding participants, setting the time, date and duration of the session and send 
invitations to participants. During a conference session, a host user can perform tailoring 
as well as obtain system information of the participants. Practically, the host is the 
administrator of a session. 

 Presenter: is a participant who is granted access to almost all of the tools available in a 
conference session. This role is manually assigned by the host during a running session to 
any participant who intends to contribute to the cooperative work. 

 Participant with some rights: is assigned to “audience” participants, hence have access 
to a very limited range of session tool. All participants who are invited to a session is 
automatically assigned this role by the system.  

 Participant with no rights: represents the “silent” participants; they have absolutely no 
rights to access any tool.  
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Table 2-2 presents the default settings of user roles to tools access rights. Participants with some 
rights and Participants with no rights are indicated as Participant Type A and Participant Type B 
respectively.  

TABLE 2-2 USER ROLES - ACCESS RIGHTS MAPPING 

 

Tailoring is not accommodated in the session configuration (scheduling) phase, rather, a host can 
only specify the name of the session, add the participants and select the date and time of session. 
A scheduled session is “open” or accessible to participants 15 minutes prior to the time of 
commencement.  
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During a running session, the following tailoring functions are available for host:  

 Change user role: as aforementioned, by default participants are automatically assigned 
the role Participant with some rights. When need be, the host can change the role of any 
participant on-the-fly. The changes made will take effect immediately.  

 Manage access rights: when right clicking on participant name, host can adjust the 
participant’s access rights to the audio, video, chat and conferencing tools by unchecking 
the undesired features. Unfortunately, when tested (see section 4.2.2), no changes took 
effect on the user access. After having contacted the vendor, they admitted that these 
features are intended to be implemented when enough demand was there. 

 Invite participant: additional participants can be invited from a running session. 
 Change screen layout: OmniJoin provides a four default screen layouts for host to choose 

from. Changes are executed immediately.  

Applying the classification method proposed in section 2.2.1.5, OmniJoin can be categorized into 
a desktop conferencing system that enables partial tailorability. When considering the 
functionalities provided by the application, OmniJoin can classified as follows:  

Functionalities 
3C-Model 
Degree of 
Support 

Platform 
Criterion 

Distribution 
Architecture 

Desktop/Application 
Sharing 

Allow other users to 
take control of the 
telepointer 

Cooperation  Multiplatform Centralized 

Audio Audio controls Communication   Multiplatform 
Unknown since it is 
encapsulated in the 
installed add-on  

Video Video controls Communication Multiplatform 
Unknown since its 
encapsulated in the 
installed add-on  

Whiteboard Whiteboard tools Cooperation Multiplatform Centralized 
File sharing File exchange Cooperation Multiplatform Centralized  

 

This dissertation distinguishes OmniJoin to be provide only partial tailorability because: 

 During a meeting session configuration phase, tools cannot be selected according to the 
requirements or aim of the meeting. All tools are made available throughout the running 
session.  

 During a running session: 
o The host role cannot be passed on to another participant. This means that the host 

must be present throughout the whole meeting. 
o Unnecessary tools cannot be removed from the running session. 
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Apart from the tailorability aspect, OmniJoin do not fulfill the following criteria suggested by 
CSCW theories: 

 Workspace awareness:  
o Desktop/application sharing:  

 since OmniJoin implements desktop/application sharing, only one 
participant is able to take over the sharer’s pointer, provided that the 
sharer granted this access. The ‘holder’ of the telepointer is not indicated 
anywhere. This reduces the workspace awareness, since it is unclear 
(especially for participants who missed the passing of the pointer) who 
actually is moving the pointer.  

 Since only one telepointer is used, participants cannot know the 
whereabouts of other users (where they are actively pointing at). A colour 
coding could be implemented to differentiate the holder of the pointer.  

o Whiteboard: although multiple users can draw in the whiteboard at the same 
time, there is no information on who drew what. The presence of whiteboard 
activity history is missing here.  

 Group awareness:  
o Participants’ list: there is no mechanism available to differentiate participants by 

colours. All participants’ names are displayed in the same colour. If a participant 
left the session, a missing colour is more noticeable than a missing name.   

o Desktop/application sharing: the person who shares his desktop/application is 
kept in his own shared environment, while the other participants see his shared 
desktop/application within the shared workspace. This leaves the 
desktop/application sharer to be compounded in his own window, not being able 
to see what the others are doing or whether the others actually see what he sees. 
This violates the notion of WYSIWIS.  

When viewed from the flexibility aspect, OmniJoin is platform independent as it is accessible 
through a web browser. However, since it requires the installation of an add-on, its usability is 
only limited to users who are authorized to install additional software on their computer. 
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3 TECHNOLOGIES, STANDARDS AND PROTOCOLS FOR 
SYNCHRONOUS GROUPWARE 

In this section, existing technologies, standards and protocols that are useful for implementing 
synchronous groupware applications are described in detail. The focus lies on the ability of the 
technologies, standards and protocols to support real-time audio and video communication as 
well as real-time collaboration. Technologies like XML HTTP Request (XHR) Long-Polling, Server 
Sent Events (SSE) are not included here because they only support real-time data transmission 
like notifications and text chat but not real-time audio and video transmission. Since one of the 
focuses of this dissertation is the provision of flexible synchronous groupware through the web 
browser, therefore protocols that enable real-time communication over the web browser are 
highlighted. At the time of writing this dissertation, the only protocols that enable real-time 
communication over the web browser is WebRTC. 

By enabling real-time audio video communication over the web browser without any installation, 
WebRTC technology has started to change and reshape the way web browsers are used in the near 
future. WebRTC facilitates web browsers to gain control of audio and video input output devices 
like microphone and webcam.  

At the end of this section, a conclusion of the usable protocols and standards for web browser-
based synchronous groupware is elaborated.     

3.1 VIDEO STANDARDS 

One type of standard concerns video compression; these are P X64, JPEG and MPEG. The ITU-T 
H.32x family of standards define standards for video conferencing and multimedia 
communications for specific network environments video and audio coding, signaling and control 
as well as multipoint control units.  

The following video compression standards are used for videoconferencing and multimedia 
communication: 

 H.261 [57]: this ITU-T standard describes video coding and encoding methods for various 
levels of bandwidth ranging from 64 kbps to 2048 Mbps. The video formats defined are 
Common Interface Format (CIF) which is optional and Quarter-CIF (QCIF) which is 
mandatory. CIF supports 352 pels per line x 288 lines per picture (101.376 pixels per 
frame), while QCIF supports 176 pels per line x 144 lines per picture (25.344 pixels per 
frame). 

 MPEG (Moving Pictures Experts Group) [58]: is a joint working group between 
International Organization of Standardization (ISO) and the International Electrotechnical 
Commission (IEC) that defines compression and decompression techniques for moving 
pictures and audio data.  

o MPEG-1 (ISO/IEC 11172-3:1993) [59] requires a transmission rate of 1.544 Mbps. 
o MPEG-2 (ISO/IEC 13818) [60]: is a broadcast standard for interlaced images at 

780 x 480 pixels at 30 frames per second requiring bandwidth of 4-100Mbps. 
o MPEG-4 (ISO/IEC 14496) [61]: can be transmitted at an upstream rate up to 384 

kbps and downstream rate up to 2Mbps. 
o MPEG-7 (ISO/IEC 15938) [62]: is known as the Multimedia Content Description 

Interface. It defines the standard for describing audiovisual data content in 
multimedia environments by offering several granularity levels of description. 

o MPEG-21 (ISO/IIEC 21000) [63]: provides an open framework for multimedia 
delivery and consumption. It defines the efficient, transparent and interoperable 
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technology to support users in exchanging, accessing, consuming, trading and 
manipulating Digital Items (such as a web page providing video collection, music 
album). 

3.2 REAL-TIME MULTIMEDIA COMMUNICATION PROTOCOLS 

This section describes the standards and protocols used for transporting multimedia data over 
various types of networks. These protocols and standards are still commonly used by many 
synchronous groupware. However, these protocols are used for software-based applications, and 
not web browser based applications.   

3.2.1 ITU-T T.120  

This standard defines the multipoint data communication service for multimedia conferencing 
environments. It is composed of a series of recommendations that specify mechanisms for 
providing multipoint data communication services as well as define the protocols for conferencing 
applications. The T.120 protocols are enable seamless interworking of applications between 
terminals connected to different networks such as PSTN, ISDN, Circuit Switched Data Network 
(CSDN), Packet Switched Data Network (PSDN), Broadband integrated Services Digital Network 
(B-ISDN) and LAN. The following figure depicts the architecture of T.120. This is depicted in the 
following figure.  

 

FIGURE 3-1 INTERWORKING OF CONFERENCE TERMINALS ADOPTED FROM [[10]] 

The Multipoint Control Unit (MCU) shown in Figure 3-1 is the device that manages the 
interconnection of multiple terminals. MCU acts as the bridging node that bridges data and other 
media streams in the connections.   
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ITU-T T.120 is composed of the following components [10]:  

 User applications: are applications that are to interconnect with other applications from 
other terminals. They make use of the T.120 services provided by Generic Conference 
Control (GCC) defined in T.124 [64] and Multipoint Communication Service (MCS) defined 
in T.122 [65] and T.125 [66].  

 Application protocols: defines the minimum requirements for the provision of user 
application interworking. The T.126 [67] describe the application protocols for viewing 
and annotating still image, while T.127 [68] define the application protocol on 
simultaneous multipoint file transfer.  

 Node controller: this is the interface that T.120 management role at a terminal or MCU. 
It communicates with GCC and needs to issue GCC primitives that starts and controls 
communication session.  

 Generic Conference Control (GCC): caters a set of services for the set up and 
management of multipoint conference. These services encompass provision of access 
control, facilities to query MCU for locating a conference and acts as a central registry to 
applications for resource management.  

 Multipoint Communication Service (MCS): provides multipoint connection-oriented 
data service. It generates a multipoint domain which contains a collection of logical 
channels that can be used to deliver data in a one-to-one, one-to-many and many-to-one 
manner.  

 Network Specific Transport Protocols: defined in T.123 [69], which specifies a protocol 
stack for specific network by providing reliable point-to-point sequenced data delivery of 
MCS Protocol Data Units (PDU).  

For the implementation of simple whiteboard, annotated image exchange, remote computer 
application piloting and screen sharing, ITU-T 120 uses ITU-T 126 [67]. ITU-T 126 is an ITU-T 
recommendation for multipoint still image and annotation protocol.  

3.2.2 THE ITU-T H.32X FAMILY OF MULTIMEDIA STANDARDS  

The ITU-T H.32x family of multimedia standards govern videotelephony and multimedia 
communications. This family is first introduced as H.320 and has been extended ever since to 
match the developments in telecommunication network technologies.  

The following table presents the overview of ITU-T videotelephony and multimedia standards 
that fall under the H.32x family of standards, adopted from [70]. 
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TABLE 3-1 OVERVIEW OF ITU-T H.32X FAMILY OF STANDARDS FOR VIDEOTELEPHONY AND 
MULTIMEDIA SOURCE [38] 

Features 
Standard 

H.320 H.321 H.322 H.323 H.324 

Network 
N-ISBN, 

PSTN 

B-ISDN, 
PSTN, ATM 

LAN 

Packet 
network 

with 
guaranteed 
Quality of 

Service 

Packet Based 
Network 
without 

guaranteed 
Quality of 

Service 

Analog 
phone 

system PSTN 
or POTS 

Video 
Compression 

H.261, H.263 H.261, H.263 H.261, H.263 H.261, H.263 H.261, H.263 

Audio 
Compression 

G.711, 
G.722, G.728 

G.711, 
G.722, G.728 

G.711, 
G.722, G.728 

G.711, 
G.722, 
G.728, 

G.723, G.729 

G.723 

Multiplexing H.221 H.221 H.221 H.225.0 H.223 

Control H.230, H.242 H.242 H.230, H.242 H.245 H.245 

Multipoint H.231, H.243 H.231, H.243 H.231, H.243 H.323 - 

Data  T.120 T.120 T.120 T.120 T.120 

 

Today, the most commonly used standards are the H.320 [71] and H.323 [49] for use in ISDN 
channels with bit rates ranging from 64 kbps up to 1920 kbps and Packet-based networks 
(including LAN, Internet) without guaranteed Quality of Service (QoS). The following sections 
describe the standards in detail.  

3.2.2.1 H.320   

Developed during the late 80s, this standard was the first low-bit-rate video communication. It 
supports multimedia communications over Narrow-Band ISDN channels at transmission rates 
from 64kbps up to 1920 Mbps as increments of 64 kbps, typically for videoconferencing and 
videophone services. The following figure depicts a the components of a generic visual telephone 
system according to H.320 [71]: 

 

FIGURE 3-2 VIDEO TELEPHONE SYSTEM ADOPTED FROM [71] 
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Typically a visual telephone system is consists of video I/O, audio I/O and telematic equipments. 
A video I/O equipment could be cameras, monitors and video processing units, audio I/O 
equipment examples are microphones, loudspeakers and audio processing units. Telematic 
equipment includes electronic whiteboard, text chat facility and still picture transceiver.  

The system control unit performs network access through end-to-network signalling and end-to-
end signaling. The MUX/DMUX unit is responsible for multiplexing the video, audio, data and 
control signals into single-bit stream and for demultiplexing the received bit-streams into the 
corresponding multimedia signals. The network interface implements adaptations between 
network and terminal according to the user network interface requirements according to I.410 
[72] up to I.432.5 [73] standards.  

H.320 uses H.261, H.262 and H.263 as video codecs, G.711, G.722, G728, G.723.1 and G.729 for 
audio codecs.  

3.2.2.2 H.323   

This standard defines a framework for the implementation of multimedia communications 
services like real-time audio, video and/or data communications over Packet-Based Networks 
(PBN) that may not have a guaranteed Quality of Service (QoS). It is not devised for a specific 
hardware device or operating system, hence allowing it to be deployed in numerous devices such 
as PCs, telephone sets and cable modems [70]. H.323 uses ITU-T H.225.0 as call signaling protocol 
for establishing, maintaining and disconnecting a call [49]. As for whiteboarding, H.323 uses ITU-
T T.126 [67] while application sharing is supported using ITU-T T.128 [74]which are defined in 
ITU-T T.120 framework.  

In an H.323 system, H.323 components communicate with one another through the transmission 
of information streams which are classified as audio, video, data, communications control and call 
control signals.  Audio signal transmission is mandatory, whereas video and data signal 
transmissions are optional. The formatting and sending of information streams to the network 
interface is done according to ITU-T H.255.0 [49].  

The components of a H.323 system is depicted in the following figure.  

 

FIGURE 3-3 COMPONENTS OF A H.323 NETWORKING SYSTEM ADOPTED FROM [75] 
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The components depicted in Figure 3-3 are described as follows [49]:  

 Terminal: is an endpoint on a network which performs real-time, two-way 
communication with another H.323 terminal, gateway or Multipoint Control Unit. It could 
provide audio, video and/or data communications.  ITU-T H.323 [49] provides a 
recommendation of the features that a terminal must possess as such: 

 

FIGURE 3-4 H.323 TERMINAL SPECIFICATION ADOPTED FROM [49] 

 Gateway (GW): is an endpoint on a network which is provides the appropriate translation 
of real-time transmission formats between H.323 terminals on PBN and other ITU 
terminals on Switched Circuit Network (SCN) or other H.323 GWs. Other ITU-T terminals 
are those complying with H.310 (B-ISDN), H.320 (ISDN), H.321 (ATM), H.322 (GQoS-LAN), 
H.324 (General Switched Telephone Network (GSTN)), H.324M (Mobile) and V.70 (DSVD). 
Translation is performed according to H.246 [76].  

 Gatekeeper (GK): mainly executes address translation and provides controls access to 
the network for H.323 terminals, GWs and MCUs. Additionally, it could perform bandwidth 
management, GW location and zone management. A zone is a collection of terminals, GWs 
and MCUs that share the same network and is controlled by one GK. The function of GK is 
optional, hence can be replaced by another device that has GK’s capabilities.  

 Multipoint Controller (MC): provides the functions to support multipoint conferences. It 
capacitates terminals to negotiate a common level of communications as well as control 
conference resources.  

 Multipoint Control Unit (MCU): is an endpoint on a network which capacitates terminals 
and GWs to create a point-to-point or a multipoint conference. MCU always contains MC. 
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The following figure illustrates H.323 interoperability with other systems.  

 

FIGURE 3-5 H.323 INTEROPERABILITY ADOPTED FROM [75] 

As demonstrated in Figure 3-5, a H.323 terminal can communicate with any terminal running in 
various networks ranging from ISDN, General Switched Telephone Network (GSTN), ATM, T.120 
devices over Packet-Based Network over the corresponding gateways and TSAP Identifier. The 
gateways must be equipped with the specified requirements like audio and video codecs, the 
system control standard and bit streaming standard. For a connections with T.120 conferences, 
TSAP (Transport layer Service Access Point) Identifier is used to ‘transform’ the H.323 terminal 
to behave like a T.120 terminal. The TSAP Identifier is a piece of information multiplexes several 
transport connections of the same type on an H.323 entity.    
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3.3 SESSION INITIATION PROTOCOL (SIP) [RFC 3261]  

Session Initiation Protocol (SIP) [RFC 3261] [77] is a signaling protocol that operates at the 
application layer and is used for creating, modifying and terminating multimedia conferences, 
multimedia distribution or internet telephone calls between participants. It serves as a 
component that works in conjunction with other protocols to build a multimedia architecture. It 
supports user to maintain a single externally visible identifier regardless of their network 
location.  It also allows media to be added or removed from an existing session. SIP makes use of 
proxy servers to route requests to the user’s current location, authorize and authenticate users 
for the services, implement provider call-routing policies and enable features for users. The 
format of SIP messages is very similar to that of Hyper Text Transfer Protocol (HTTP) packets. As 
for the transmission of multimedia data, SIP makes use of Session Description Protocol (SDP) (see 
section 3.4). SDP is defined as an application body in the SIP message. The following figure 
illustrates a SIP session setup between two SIP clients as described in [77]. Analogous to HTTP 
response in a message exchange mechanism between client and server, SIP server responses are 
defined as 3-digit codes followed by a description of the code.  

 

FIGURE 3-6 SIP MESSAGE EXCHANGE BETWEEN CLIENTS DURING SESSION SETUP ADAPTED FROM [77] 

Client A wishes to converse with client B, hence initiates a connection establishment by sending a 
request in form of an INVITE message to his SIP proxy server atlanta.com. Upon receipt, the 
atlanta.com sends a response to the request as 100 (Trying) to indicate that the request is being 
processed. Atlanta.com locates Biloxi.com by performing a DNS (Domain Name System) lookup 
and forwards the INVITE request from its client to Biloxi.com. Similarly, upon receipt, Biloxi.com 
responses to atlanta.com with a 100 (Trying) response. It then sends an INVITE request to client 
B. While the client B’s SIP Phone is ringing, it sends a 180 (Ringing) response to Biloxi.com. When 
Client B picks up his phone, a response 200 (OK) is sent to his proxy server, which in turn forwards 
this to atlanta.com.  Atlanta.com forwards this response to his client. SIP implements a three-way 
handshake to establish a SIP session. Media session is defined through SDP. When Client B hangs 
up, a BYE message is routed directly to client A.  
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For the establishment and termination of multimedia communication, SIP considers the following 
aspects:  

 User location: determines the location of the end system that intends to communicate. 
 User availability: determines whether the called party is willing to engage in 

communication. 
 User capabilities: determines the media and media parameters to be used. 
 Session setup: setup of point-to-point, multipoint sessions according to the session 

parameters. 
 Session management: is concerned with management issues like session transfer, 

termination, session parameter modification and service invocation.  

As aforementioned, SIP can be used together with other IETF protocols like Real-Time Transport 
Protocol (RTP) [RFC 3550] [78] (see section 3.5), Real-Time Streaming Protocol (RTSP) [RFC 
2326]  [79], Gateway Control Protocol (GCP) [RFC 3525] [80] and Session Description Protocol 
(SDP) [RFC 4566] [81].  

SIP is a text-based protocol and uses UCS Transformation Format (UTF-8) [RFC 3629] [82] 
charset. A SIP message is classified as either a request from a client to a server or a response from 
server to a client. They use the standard Internet Message Format [RFC 5322] [83] with different 
syntax specifics and character set. The following figure illustrates SIP message format: 

 

FIGURE 3-7 SIP GENERIC MESSAGE FORMAT 

A SIP message is composed of a start-line, one or more message header field(s), an empty line to 
signify the end of header fields and an optional message-body. The start-line, message header 
field(s) and the empty line must be terminated by a carriage-return line-feed (CRLF). In the start-
line field, either a Request-Line or Status-Line can appear, where the former indicates a request 
message while the latter a response message.  

SIP messages can be transmitted over User Datagram Protocol (UDP) or Transmission Control 
Protocol (TCP). SIP is widely used in VoIP applications. 

  



 

44 
 

3.4 SESSION DESCRIPTION PROTOCOL (SDP) [RFC 4566]  

Session Description Protocol (SDP) [RFC 4566] [81] provides a standard representation of 
information that need to be exchanged between conference participants when initiating 
multimedia sessions. Its main purpose is to convey information about media streams of 
multimedia sessions, hence does not incorporate a transport protocol. It uses transport protocols 
like SIP [RFC 3621], Session Announcement Protocol (SAP) [RFC 2974] [84], Real-Time Streaming 
Protocol (RTSP) [85] as well as Hypertext Transport Protocol (HTTP). Applications that use SDP 
include Voice over IP, video teleconferencing, streaming media and instant messaging. 

An SDP session description is text-based using ISO 10646 character set in UTF-8 encoding. It is 
composed of session-level section, time description section and one or more media-level 
section(s).  The session-level section is commenced with a “v=” line, the time-description level “t=” 
and the media-level “m=”. The orders of the description lines must be kept as recommended in 
RFC 4566. The following figure depicts the generic format of a session description text:  

 

FIGURE 3-8 GENERIC SESSION DESCRIPTION FORMAT ADOPTED FROM [81] 

The lines indicated with “*” are optional lines. The following is an example of an SDP description.  
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FIGURE 3-9 EXAMPLE OF AN SDP DESCRIPTION 

Referring to Figure 3-9, the following types are described as followed:  

Protocol version (v) – indicates the version of the SDP. The standard version number defined in 
RFC 4566 is 0.  

Origin (o) – provides information on the originator of the session which is defined in the following 
format:  

 

where username is the user’s login on the originating host, sess-id uniquely identifies the session 
globally, sess-version is increased when a modification occurred on the session data, nettype takes 
the value IN which indicates internet, addrtype indicates the IP address versions 4 or 6 and 
unicast-address shows the IP address or domain name of the machine that created the session. In 
the example in Figure 3-9, the session originator has the username jdoe and IPv4 address 
10.47.16.5, while the two numbers in between are the session id and session version numbers.   

Session name (s) – is the textual session name. This field must be filled and exists only once per 
session description.  

Session information (i) – provides the textual information about the session depending on which 
level it being embedded in.  

URI (u) – is the Unified Resource Identifier which, if defined, acts as the pointer to additional 
information about the session.  

E-Mail (e) – specifies contact information of the person responsible for the session. 

Connection Data (c) – contains connection data which is defined in the following format:  

 

where nettype indicates the network type, addrtype shows the type of address which is not 
restricted to IPv4 and IPv6,  

Timing (t) – is composed of session start time and session end time in Network Time Protocol 
(NTP) time. To convert to UNIX time, the value is subtracted with 2208988800. From the example 
in Figure 3-9, the start time is 20.01.1991 at 21.58:16 (GMT) and the end time is 20.01.1991 
22:58:16 (GMT). 

Attribute (a) in the session level – specifies a characteristic of the session. Its definition depends 
on the media tool that is being invoked. In the example in Figure 3-9 the property of the session is 
to be started in receive-only (recvonly) mode when possible. 
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Media Descriptions (m) – describes the media to be transferred. Each session can contain several 
media descriptions by defining the m values. The media description follows this format:  

 

where media refers to the media type like audio, video, application, message and so on, port is the 
transport port for the transmission with respect to the c (connection data) value, proto defines 
the transport protocol which also depends on the c value and fmt determines the media format 
which depends on the proto value. In the example in Figure 3-9, there two media types audio and 
video that are sent over the ports 49170 and 51372 respectively, uses the transport protocol RTP 
for audio and video conferences with minimal control running over UDP with the RTP payload 
format type numbers. 

SDP attribute (a) in the media level – describes the attributes defined for the application. RFC 
4566 provides a list of non-exhaustive attributes. In the example in Figure 3-9, the attribute 
rtpmap determines the mapping between RTP payload type number to an encoding name that 
denotes the payload format to be used. The payload type number 99 requires the encoding 
standard H.263 with the clock rate of 9000.   

3.5 REAL-TIME TRANSPORT PROTOCOL (RTP) [RFC 3550]  

The Real-Time Transport Protocol (RTP) [RFC 3550] [78] presents end-to-end network transport 
functions required by applications that transmit real-time audio, video or simulation data over 
multicast or unicast network services. RTP is extended by Real-Time Transport Control Protocol 
(RTCP) in order to enable monitoring of data delivery in a scalable manner and provide control 
and identification functionality. It can also provide support for synchronization of different media 
streams and convey information about participants belonging to a session. RTP does not 
guarantee timely delivery nor does it provide guarantee for any Quality of Service (QoS), rather it 
relies on the lower-layers to provide these services.   

As RTP was designed to be malleable, hence is able to support a vast range of applications, it 
provides flexible mechanisms for generating new applications without requiring to revise the RTP 
part through defining one profile and one or many payload format specification document(s). The 
profile specification document contains information that is unique for that application class, for 
example by the modifications or extensions to RTP, the set of codec types, the mapping of codecs 
to payload formats and so on. The payload format specification document(s) describes how a 
particular payload is to be carried in RTP.  

RTCP is used in conjunction with RTP. RTCP uses the same distribution mechanism as RTP, 
however is transmitted periodically to all participants in a session. The main function of RTCP is 
to provide feedback on the quality of the data distribution. Additionally, RTCP carries a persistent 
transport-level identifier for an RTP source which is called the canonical name or CNAME which 
is paramount for keeping track of each participant of a session as well as in synchronization of 
media data from multiple streams.  

RTP and RTCP use consecutive transport-layer ports since RTP is sent over UDP, so as to profit 
from its checksum and multiplexing services. For example, in an audio and video conference, audio 
and video data are transmitted on separate RTP sessions, where RTP and RTCP packets are sent 
from each medium using two separate UDP port pairs. This means that the audio session takes 2 
UDP ports; one for RTP packets and one for RTCP packets.  The synchronization of audio and video 
data during playback is achieved by using the timing information carried in RTCP packets for both 
sessions. The following sections further describe RTP and RTCP packets.  
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3.5.1 RTP PACKETS 

An RTP packet is a data packet that is composed of a fixed-size RTP header, a list of contributing 
sources (which may be empty) and a payload data.  The following figure depicts the RTP fixed 
header format:  

 

FIGURE 3-10 RTP FIXED HEADER FORMAT ADOPOTED FROM [78] 

V (Version) – identifies the RTP version.  

P (Padding) – when set, the packet contains one or more padding octets that are not part of the 
payload. The last octet of the padding represents the count of the number of octets that should be 
ignored including itself. 

X (Extension) – when set, the fixed header must be followed by one header extension.  

CC (CSRC count) – contains the number of CSRC identifiers that follow the fixed header.  

M (Marker) – is intended to allow significant events to be marked in the packet stream. This is 
defined by a profile specification documentation.  

PT (Payload Type) – identifies the format of the RTP payload and defines its interpretation by the 
application.  

Sequence Number – increments by one each time an RTP data packet is sent. The receiver may 
use this to detect packet loss and to restore packet sequence. The initial value should be random.  

Timestamp – it reflects the sampling instant of the first octet in the RTP data packet. The initial 
value should be random. When originating from a single stream, it can be used to reconstruct the 
timing of that single stream, however not for streams of various media. For this, a comprehensive 
set of mechanisms is defined in the RFC 3550.  

Synchronization Source (SSRC) Identifier: identifies the synchronization source, where the 
identifier is chosen randomly.  

Contributing Source (CSRC) Identifiers – presents the list of contributing sources for the payload 
contained in this packet. It can only contain 15 sources. CSRC identifiers are inserted by mixers 
using SSRC identifiers of contributing sources. A mixer is an intermediate system that receives 
RTP packets from one or more sources, combines the packets and forwards the resulting new RTP 
packet in order to reduce bandwidth consumption.    

After the fixed header, the RTP payload is then defined using additional RTP payload format 
specifications which defines the particular payload data. For example, for desktop or application 
sharing applications, a special RTP payload format was proposed by Boyaci and Schulzrinne [86]. 
This is described in detail in section 3.6. 
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3.5.2 RTCP PACKETS 

An RTCP packet is a control packet that is composed of a fixed header part, structured elements 
that depend upon the RTCP packet type, however has a maximum length of 32-bits. The following 
packet types are defined: 

 SR (sender report): is a report from sender for transmission and reception statistics. 
 RR (receiver report): is a report from receivers for reception statistics. 
 SDES (source description items): contains information that describe sources that include 

CNAME. 
 BYE: indicates end of participation. 
 APP: application-specific functions. 

Multiple RTCP packets can be concatenated, without implementing any separators, to become a 
compound RTCP packet, which is typically sent in a single packet of the lower layer protocol like 
UDP. The length of a compound RTCP packet is determined by the lower layer protocols, however 
it must have a minimum of two individual packets. The format of a compound RTCP packet is 
defined as follows:  

1. Encryption prefix: IF the compound packet is to be encrypted according to the default 
encryption method – Data Encryption Standard (DES) algorithm in Cipher Block Chaining 
(CBC) mode – it must be prefixed by a random 32-bit quantity. Any paddings required 
must be added at the end of the compound packet.  

2. SR or RR: the first packet in a compound packet must be a report packet. In case of no 
transmission, hence an empty RR is sent.  

3. Additional RRs: for RR exceeding 31, the remaining RR packets should follow the initial 
report packet.  

4. SDES: this packet containing CNAME must be included in each compound packet. 
5. BYE or APP: Bye should be placed as the last packet in the compound packet.  

The following figure shows an example of RTCP compound packet as illustrated in [78]:  

 

FIGURE 3-11 RTCP COMPOUND PACKET EXAMPLE ADOPTED FROM [44] 
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3.6 PROTOCOLS FOR DESKTOP OR APPLICATION SHARING 

Many VoIP applications nowadays implement SIP as signaling protocol to initiate and establish 
conferencing connections. Although this dissertation does not consider desktop or application 
sharing to reflect a true synchronous groupware behaviour as defined CSCW principles, this is the 
technology that is commonly implemented by video conferencing vendors. This section provides 
an overview of the protocols that are commonly used for desktop conferencing systems with 
desktop or application sharing capabilities.  

Application and desktop sharing involves showing the screen-view of a certain computer that 
shares its application or desktop to other participants within a collaboration session. In desktop 
sharing, the sharing computer (also known as application host) distributes all screen updates to 
other participants, while in application sharing, only the shared application’s windows screen-
views are distributed. An inherent characteristic pertaining to an application sharing system is 
that only the screen-view of the shared application windows, including its child windows (like 
windows generated for configuring fonts, options and so on) are updated and the non-shared 
windows are blanked. Desktop and application sharing differ from the classical shared-editing or 
shared-drawing tools as they do not allow distributed modification of documents. Only one user 
is allowed to possess the control over the GUI of the shared application at a time.  

As mentioned in section 3.3, SIP serves as a component that works together with other protocols 
to build a multimedia transmission infrastructure. To enable desktop or application sharing, SIP 
uses SDP for the exchange of media description and RTP for the actual transport of the media data. 
RTP requires however, a specific format definition of the payload that is to be transmitted. The 
payload format definition is not specified in RFC 3550.  Boyaci and Schulzrinne [86] proposed an 
RTP payload format for application and desktop sharing. They also suggested the usage of SDP 
Format for Binary Floor Control Protocol (BFCP) [RFC 4583] [87] to manage the ownership of the 
shared application’s GUI. 

The following sections describe the aforementioned protocols for application and desktop 
sharing.   

3.6.1 RTP PAYLOAD FORMAT FOR APPLICATION AND DESKTOP SHARING 

Boyaci & Schluzrinne [86] introduced this protocol to allow application or desktop sharing 
through remote access to the graphical user interface (GUI). The remote access is also applicable 
for applications that were not designed to be accessed remotely. According to them, application 
and desktop sharing means sharing any software application with one or more session 
participation across the internet. Participants simply receive the screen-view of the shared 
application from an application host – the computer that shares the application. Application and 
desktop sharing implements a client-server architecture as shown in the following figure. 

 

FIGURE 3-12 APPLICATION SHARING CLIENT-SERVER ARCHITECTURE ADAPTED FROM [86] 
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As shown in Figure 3-12, the application host (AH) sends screen updates which contains the 
screen-view of the shared application to participants by means of the remoting protocol. This 
means that the participants are not required to have the shared application installed in their 
system. As for the remote access, the Human Interface Protocol (HIP) is used to send 
participants’ mouse and keyboard events to the application host. The management of participant 
remote input access is regulated by the Binary Floor Control Protocol (BFCP) [RFC 4583]. 

The following figure depicts the application sharing protocol message structure.  

 

FIGURE 3-13 APPLICATION SHARING PROTOCOL MESSAGE STRUCTURE ADAPTED FROM [86] 

The remoting and HIP protocols are RTP messages, they hence attain an RTP header, followed by 
the remoting or HIP protocol header, message-type specific header and message payload and a 
remoting or HIP message payload.  

The remoting protocol is composed of four messages – WindowManagerInfo, RegionUpdate, 
MoveRectangle and MousePointerInfo – from AH to participant and two control (RTCP) messages 
from UDP-based participant – “Picture loss indication (PLI)” and NACK request” – to AH. The 
following table summarizes the contents of remoting protocol messages. 

Remoting Protocol Message Types 
Direction Message Type Description 

Application 
Host    
Participant 

WindowManagerInfo 
Transfers the complete window manager state to the 
participants. Information on windows include positions, sizes 
and their groupings.  

RegionUpdate 
Provides information on content update on some specific 
window. 

MoveRectangle 
Informs participants to move the specified region of a window 
to a new position. 

MousePointerInfo 
This is used when a mouse pointer image is not allowed in the 
RegionUpdate message. It instructs participant to move the 
mouse pointer to a specific position. 

Participant 
 
Application 
Host 

Picture Loss 
Indication (PLI) 

Requests the AH to generate a full screen update of the shared 
region. 

NACK Request Provides information to AH about missing RTP packets.  
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The Human Interface Protocol implements seven messages going from AH to participant and are 
carried as RTP messages. These messages are namely: Mouse Pressed, Mouse Released, Mouse 
Moved, Mouse Wheel Moved, Key Pressed, Key Released and Key Typed. The following table 
summarizes the contents of the HIP protocol message types.  

Message Type Description 

MousePressed 
Tells AH to generate a mouse pressed event at the given 
coordinates of the screen. 

MouseReleased 
Instructs AH to generate a mouse release event at the given 
coordinates of the screen. 

MouseMoved 
Informs the AH to move the mouse pointer to the coordinates 
provided. 

MouseWheelMoved 
Provides information to AH to generate a mouse wheel moved 
event at the given coordinates of the screen. 

KeyPressed Instructs AH to generate a key pressed event. 
KeyReleased Tells AH to generate a key released event.  

KeyTyped 
Informs the AH to inject some number of UTF-8 encoded 
characters into the operating systems input queue. 

 

Message payload formats of the remoting and HIP protocols differ to one another since they 
contain different message types.  

3.6.2 SDP FOR BINARY FLOOR CONTROL PROTOCOL (BFCP) [RFC 4583] 

Boyaci and Schulzrinne [86] mentioned this protocol as a possibility for managing the ownership 
of AH’s human interface device (HID). From the message types defined in BFCP, five of them are 
mandatory for application and desktop sharing; namely: Floor Request, Floor Release, Floor 
Granted, Floor Released and Floor Request Queued. Floor is defined as AH’s HIDs. 

3.7 ADOBE FLASH  

Adobe implemented its own proprietary transport protocol Real-Time Media Flow Protocol 
(RTMFP) [88] that works on IP networks. It provides features that allow transport of real-time 
media like video, audio and data as well as bulk data for client-server and peer-to-peer 
communication. It is available in Flash Player 10 onwards, Adobe Integrated Runtime (AIR) and 
Adobe Media Server. RTMFP overcomes problems caused by Network Address Translation (NAT) 
by providing session multiplexing and facilities to support UDP hole-punching. Thus, media data 
can be exchanged directly between Flash Player endpoints without requiring a central relay 
server. However, since the presence of firewall might prevent peer-to-peer connection to be 
established, Session Traversal Utilities for NAT (STUN) [RFC 5389] (see section 3.9.1.3.1) and 
Interactive Connectivity Establishment (ICE) [RFC 5245] (see section 3.9.1.3.3) servers would 
need to be added.  

To be able to exploit RTMFP, Flash Player client has to connect to real-time communication service 
provided by Adobe Media Server for instance. This can be viewed as a sort of registration where 
a peer identifier is assigned to the Flash Player client. To minimize latency and reduce server costs 
direct connection between clients is preferred. This means that one client must establish a 
connection to all the participants of a session. The following figure illustrates the peer-connection 
between Flash clients.  
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FIGURE 3-14 PEER-TO-PEER CONNECTION BETWEEN FLASH PLAYER CLIENTS 

Figure 3-14 shows a peer-to-peer connection between Adobe Flash clients. Between a pair of 
communicating clients, one bidirectional, secured and congestion controlled session exists. The 
messages exchanged between clients are conveyed through unidirectional flows within the 
session. A large message flow can be fragmented for transport. Each message flow has a unique 
flow identifier so as to ensure that all message fragments are delivered completely. Only a message 
sender can close a flow and the flow is only completed when final fragment of the flow arrived at 
the receiver. Session is maintained as long as message flows are still exchanged between the 
endpoints. If a session is quiescent; i.e. no message flow is present in a session, either endpoint 
may close the session.    

3.8 EXTENSIBLE MESSAGING AND PRESENCE PROTOCOL (XMPP) [RFC 
6120] 

Extensible Messaging and Presence Protocol (XMPP) is an XML-based open technology for real-
time communication. Its services are defined in cooperation between XMPP Standards Foundation 
(XSF) [89] and Internet Engineering Task Force (IETF) [90]. The current published standards are 
RFC 6120 [91], RFC 6121[92] and RFC 6122 [93]. XMPP also introduced XMPP Extension 
Protocols (XEPs) to provide more services. In XMPP, a service is a function or feature that can be 
used by applications, for example channel encryption, authentication, contact lists, one-to-one 
messaging, multi-party messaging, peer-to-peer media session and so on [94]. Examples of 
applications are typically text chat, gaming, geolocation or VoIP.  

XMPP implements a client-server architecture. A client gains access to the network by connecting 
to a server, and is able to exchange small pieces of structured data –XML stanzas – with other 
clients in the same network or in another network. Exchange of XML stanzas is done via persistent 
XML streams over long-lived TCP that are established between clients and servers. The following 
figure depicts the architecture of XMPP. 
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FIGURE 3-15 CLIENT-SERVER ARCHITECTURE IN XMPP 

As shown in Figure 3-15, each connection (client-server or server-server) consists of two 
unidirectional streams. One stream (in Figure 3-15 indicated by Stream 1 and Stream A) 
represents the connection coming from the initiator (the endpoint that initiated a stream), and 
the other stream (in Figure 3-15 indicated by Stream 2 and Stream B) represents the connection 
coming from the responder (the endpoint that responds to the connection request). Each stream 
can transport unbounded numbers of XML stanzas. Server 1 in Figure 3-15 is regarded as a client 
to Server 2.  

Assuming a client-server connection is considered, the connection establishment proceeds in the 
following manner: 

1. Client starts a TCP binding (alternatively HTTP binding, not discussed here) with the 
server. The TCP connection is maintained until the connection is closed. 

2. Client initiate a stream by sending initiate stream header to server with <stream>. 
3. Server replies by sending response stream header which contains stream features. The 

stream features contains conditions (mandatory or optional) that must fulfilled by the 
client before the server will accept any XML stanza from the client. 

4. Start stream negotiation:  
a. Complete STARTTLS [95] channel encryption. This is a security mechanism to 

prevent tampering and eavesdropping.  
b. Complete Simple Authentication and Security Layer (SASL) [96] authentication 

method.  SASL provides a method for authentication to connection-based 
protocols.  

5. Complete stream negotiation.   
6. Exchange of XML stanzas.  
7. Close stream: a stream can be closed by any endpoint; client or server through </stream>. 
8. Close TCP connection. 

XMPP provides JINGLE RTP Session extension [XEP-0167] [97] to support video and audio chat 
applications and Jingle XML Streams (XEP-0247) [98] to support application sharing, shared 
whiteboarding and collaborative editing. Peer-to-peer connection is also enabled in XMPP by 
using the extension Serverless Messaging [XEP-0174] [99], however direct connection is only 
possible for peers located in the same network.  
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3.9 LATEST STANDARDS FOR WEB BROWSER-BASED REAL-TIME VIDEO 
AND AUDIO COMMUNICATION 

A known issue in providing real time communication like audio video communication and 
synchronous real-time collaboration through the web browser is the non-standard, non-
interoperable proprietary implementations. They usually require special plugins or extensions 
to be installed in the system in order to function. To solve this problem, two internet 
standardization bodies – the Internet Engineering Task Force (IETF) and W3C –  are working 
hand-in-hand in defining standard APIs and communication protocols that enable real time 
communication between any compatible web browsers [100].  

The IETF’s area of responsibility include defining the architecture and requirements for the 
communication protocols, determining the security and privacy protocol mechanism, identifying 
which media functions, extensions, codecs and formats are to be supported by the clients [101].  

The W3C on the other hand, is responsible for the definition of client-side API functions that 
enable real-time communications in the web-browsers without requiring any installation of extra 
plugins [102]. Examples of the API functions are to scan the media capture devices like 
microphone, camera, speakers in the local environment, to explore the capabilities of the media 
capture devices, to encode, decode, process media streams and to deliver the media streams to 
the users.  

3.9.1 WEBRTC 

WebRTC is a recent standard that enables real-time communication amongst web-browsers via 
peer-to-peer connection [100]. This new capability is made accessible to web developers through 
the standard [HTML5] tags and JavaScript APIs without installing any additional software or plug-
ins [103].  WebRTC allows stable real-time communication across multiple browsers of multiple 
platforms [103].   

Figure 3-16 depicts WebRTC’s architectural model involving multiple web browsers. Information 
exchange between web server and web browsers occur through HTTP or WebSocket via TCP (see 
Figure 3-16, blue lines). Client-side web applications; usually implemented in HTML and 
JavaScript, interact with the web browsers through the WebRTC API (see Figure 3-16, green lines). 
The WebRTC API allows JavaScript applications to exploit the browser’s real-time facilities (the 
so called RTC function implemented in the web browser’s core) so that the browser can provide 
the functionalities required for establishing the necessary audio, video or data channels. The 
distinguishing characteristic of WebRTC is the direct media path flow between browsers without 
any intervening servers (see Figure 3-16, red lines). When a peer-connection occurs between 
browsers, the RTC function in one browser communicates with the RTC function of another 
browser. WebRTC defined three main APIs for controlling the media; namely: MediaStream, 
PeerConnection, and DataChannel. These are discussed further in section 3.9.1.1. 

To enable interoperability with other communication systems other than web browsers, WebRTC 
separates signaling aspect from the media control aspect. Signaling is a process that allows 
WebRTC apps to exchange network and media metadata. Signaling is used for coordinating real-
time communication [104], [105], which includes peer detection, exchange of session description 
to set up media ports, send control messages like Session Description Protocol (SDP), network 
configurations like ICE candidates and media capabilities using session control messages. 
Signaling is not standardized in WebRTC, instead it needs to be specifically defined in the web 
application [103]. Examples for Signaling protocols are SIP [RFC 3261] and XMPP [RFC 6120] or 
a proprietary signalling protocol. Once signalling has occurred, multimedia streaming can take 
place directly between clients, which reduces streaming costs via an intermediary server. This is 
further discussed in section 3.9.1.3. 
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FIGURE 3-16 WEBRTC MULTI BROWSER ARCHITECTURE ADAPTED FROM [103] 

 

3.9.1.1 WEBRTC APIS 

The WebRTC API enables JavaScript application to exploit web browser’s innovative property – 
the RTC function – that provides the functionalities required for real-time audio, video and data 
communication. Datagram Transport Layer Security (DTLS) [RFC 6347] is used to encrypt all 
media and data streams [105].  The DTLS protocol offers prevention to eavesdropping, tampering 
or message forgery to UDP transport [106].  

WebRTC API exploits browsers’ real-time capabilities by extending the browser’s core with 
functionalities that support real-time communication between browsers. The APIs are 
categorized as follows: 

1. MediaStream API: is responsible for acquiring and preparing the media streams; like 
audio and video data streams, originating from local media capture devices prior to 
transmission. It manages the actions on the media streams   

2. RTCPeerConnection API: allows direct communication between browsers for audio and 
video data transfer. For streaming to commence at all, signaling must have been 
successfully completed previously. This component manages stable and efficient 
communication between streaming peers [107].  

3. RTCDataChannel API: works hand-in-hand with RTCPeerConnection API to 
accommodate direct arbitrary data transfer between two browsers without any server. 
For managing delivery semantics like out-of-order delivery and retransmission amongst 
the peer-browsers, RTCDataChannel API makes use of Stream Control Transmission 
Protocol (SCTP) (RFC 4960 [108]).  
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WebRTC refers to active real-time communication connections as media sessions. The following 
steps occur within a WebRTC media session [103]: 

1. Obtain local media: the access to the media capture devices like microphone, webcam, 
speakers, front and rear camera is attained.  This step is controlled by the MediaStream 
API.  

2. Set up Peer Connection: the communication end-points (peers) are determined and 
connection between them is set up. In case of a multi-point conference call, each pair of 
browsers (peers) must establish a single Peer Connection. This step is administered by the 
RTCPeerConnection API. This is further described in section 3.9.1.3. 

3. Attach media or data: once a connection has been established, any number of local media 
streams can be attached and sent to any number peer browsers.   

4. Exchange session descriptions: for the media flow between peers to commence, the peer 
browsers need to exchange information on the necessary transport and media 
configuration. For this, a session description – contained in RTCSessionDescription 
object from JavaScript Session Establishment Protocol (JSEP) API [109] – need to be 
exchanged between the browsers. Once this is done, the browsers can begin hole 
punching. The JSEP API is called by RTCPeerConnection.  

5. Secure media key negotiation: occurs after hole punching has been completed. 
6. Media session: when the media plane has finally been established, the media transfer can 

commence. 
7. Connection termination: when the media session is no more needed, the connection can 

be terminated. Termination can be done by any browser. This is controlled by the 
RTCPeerConnection API. 

3.9.1.2 SIGNALING IN WEBRTC 

As aforementioned, WebRTC API does not specify Signaling protocols and methods. The web 
server ensures that browsers implement the same signalling protocol using downloaded 
JavaScript code. Signaling is used in browser-browser communication for the following purposes: 

 Exchange session control messages: this includes communication initialization and 
termination as well as error reports.  

 Exchange network configurations: this includes information like IP address and port 
number. 

 Exchange media capabilities information: this includes types of codecs and resolutions 
that can be handled by the browsers intending to communicate. 

Signaling plays the following roles in real-time communication [103]:  

1. To negotiate for media capabilities and settings:  
a. Information contained in Session Description Protocol (SDP) [RFC 4566] [81] 

objects are exchanged between browsers. The SDP contains information for the 
RTP media stack on the browser necessary to configure the media session, type of 
media (audio, video, data), codecs (Opus, G.711, etc.) and their settings and 
bandwidth information. 

b. Exchange candidate addresses that represent IP addresses and UDP ports for ICE 
hole punching.  

2. To identify and authenticate participants of a session. 
3. To control media session, show progress, change and terminate a session. 
4. To set glare resolution when both sides attempt to establish or change a session at the 

same time.  
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For signalling, WebRTC needs a bi-directional signalling channel between two browsers. The 
commonly used transports are [103]: 

1. HTTP transport: the use of HTTP transport for signalling is known as REST 
(Representational State Transfer) or RESTful signalling. A browser initiates a new HTTP 
request for sending and receiving signalling information from a server. To send 
information to the server is done by using XML HTTP Request (XHR) API call in JavaScript. 
To receive information from the server, AJAX (Asynchronous JavaScript and XML) can be 
used.  

2. WebSocket transport: allows bi-directional communication between browser and server.  
3. Data channel transport: once a data channel connection is established between browsers, 

this provides a direct, low-latency connection suitable for signalling. The initial 
establishment of a data channel requires a separate signalling mechanism. 

3.9.1.3 PEER-TO-PEER MEDIA TRANSMISSION 

In WebRTC, voice, video and data connections are established directly between browsers. Direct 
connection between browsers are often hindered by the presence of NAT (Network Address 
Translation) [RFC 3022] [110] and firewalls. To facilitate this, WebRTC adopts ICE Interactive 
Connectivity Establishment [111] protocol, which in turn uses the protocols STUN (Session 
Traversal Utilities for NAT) [RFC 5389] [112] and TURN (Traversal Using Relay around NAT) [RFC 
5766] [113].  

ICE helps WebRTC clients to determine the best path to connect to peers by first trying to make a 
connection using the host address obtained from the device’s operating system and network card. 
If connection fails because client is behind NAT, ICE uses STUN server to dispose clients to 
discovering their public IP address and the type of NAT they are located behind. This information 
is then passed to the peer via the signalling mechanism. If connectivity still fails, ICE uses TURN 
server which acts as the relay point of all media data exchange between peers. The following figure 
illustrates the mechanism of RTCPeerConnection API with respect to ICE, STUN and TURN servers. 

 

 

FIGURE 3-17 RTCPEERCONNECTION API ADOPTED FROM [114] 

Figure 3-17 shows that RTCPeerConnection is responsible for managing ICE workflow for NAT 
traversal, keeps tracks of local and remote streams.  
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WebRTC’s notion of Peer Connection relies on the RTCPeerConnection API and offer/answer 
negotiation [103]. The RTCPeerConnection API defines how to create a Peer Connection. A Peer 
Connection in WebRTC is a set processes for establishing path and a negotiation machine that is 
able to determine what media or data paths should be established.  

1. Define iceServers addresses in RTCPeerConnection API;  i.e. STUN and TURN server 
addresses 

2. Get local MediaStream and send this to the other browser using the function getUserMedia 
{ addStream() }.  

3. Offer/Answer negotiation – negotiate a media session: ensures that both parties agree on 
what kind of media to transmit and receive (audio, video or data), how many will be 
multiplexed over the same transport addresses, which codec(s) to be used, encryption and 
authentication information. This is described as follows:  

a. The peer that initiates the connection (e.g. peer A) creates RTCPeerConnection 
object. 

b. Peer A creates an offer which contains an SDP session description using 
RTCPeerConnection createOffer() method, which also invokes 
setLocalDescription( ) which sets his own local description. 

c. Offer is then sent to peer B (the designated peer) through signaling mechanism. 
d. Upon receiving peer A’s offer, peer B calls setRemoteDescription( ).  
e. Peer B invokes createAnswer( ), and sets his own local session description using 

setLocalDescription( ). 
f. Peer B’s answer is sent back to peer A via the signaling  mechanism.  
g. Upon receiving peer B’s answer, Peer A sets remote description using 

SetRemoteDescription( ).  
4. Exchange network information: ICE framework is used to find network interfaces and 

ports. This is executed as follows: 
a. Peer A creates an RTCPeerConnection object with onicecandidate handler which 

is invoked when network candidates are detected. This handler sends candidate 
data to peer B via signaling channel.  

b. Upon receiving peer A’s candidate data, peer B calls addIceCandidate( ) for adding 
peer A to the remote peer description.  

5. Media stream can be started. 

3.9.1.3.1 STUN (SESSION TRAVERSAL UTILITIES FOR NAT) [RFC 5389] 

STUN [RFC 5389] [112] is a protocol for NAT traversal. It is composed of STUN client which is 
built into a WebRTC client’s browser and STUN server which is run by web servers. STUN client 
and server send and receive requests and responses respectively, as well as send indications 
which are messages that do not receive a response.   

The following figure depicts STUN message format as defined in [RFC 5389] [112]:  

 

FIGURE 3-18 STUN MESSAGE FORMAT 



 

59 
 

00 (first two bits) – indicates a STUN packet, and differentiates it from an RTP packet (01). 

STUN Message type (14 bits) – defines the message class of the STUN message (request, success, 
response, failure response or indication) and the type of transaction (request/response, 
indication). 

Message length (16 bits) – describes the entire size of the STUN packet including 20-byte header 
and any padding.  

Magic cookie (32 bits) – contains a fixed value 0x2112A442 in hexadecimal. It also helps 
differentiate a STUN packet from packets of other protocols. 

Transaction ID (96 bits) – uniquely identifies STUN transactions. It serves to correlate requests 
with responses and prevent certain type of attacks.  

To discover NAT mappings, the Binding method is used and the procedure is described as follows 
[112]:  

1. Client browser sends a Binding request to a STUN server. 
2. As this Binding request passes through one or more NATs, the NAT(s) modifies the source 

transport address (source IP address and source port) of the packet. 
3. The STUN server receives the Binding request which now contains the reflexive transport 

address; i.e. public IP address and port created by the NAT closest to the server. 
4. The STUN server copies this transport source address into an XOR-Mapped-Address 

attribute in the STUN Binding response. 
5. Binding response is sent back to the client.  
6. NAT(s) modifies the destination transport address in the IP header, leaving the XOR-

Mapped-Address untouched. 
7. The client can determine its reflexive transport address allocated by the outmost NAT with 

respect to the STUN server by performing XOR operation on it. The result is an obfuscation 
of IP address and port number.  

3.9.1.3.2 TURN (TRAVERSAL USING RELAYS AROUND NAT) [RFC 5245] 

TURN (Traversal Using Relays around NAT) [RFC 5766] [113] is a protocol that specifies relay 
control mechanisms that allows a client to communicate with multiple peers using a single relay 
address. It provides an extension to STUN, when hole punching using STUN fails. A TURN client is 
a host that implements application using TURN protocol, while a peer is any host the client wishes 
to communicate with. The downside of inducing TURN is the high costs to the TURN server 
provider due to high-bandwidth requirements. RFC 5766 only supports IPv4, hence all IP 
addresses appearing in a relayed transport address must be IPv4 addresses. 

For the communication between client and server, TCP, UDP or TLS over TCP can be used for 
transportation. However, transport between server and peer always uses UDP. Hence, if the 
message from client was sent through TCP or TLS over TCP, the server will convert these 
transports to UDP prior to relaying message to the designated peer. All TURN messages are 
formatted like that of STUN message as depicted in Figure 3-18, except for the ChannelData 
message. The ChannelData message format is depicted in Figure 3-19. 
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For the exchange of data between client and peer, the following procedure is described according 
to the TURN protocol [113]: 

1. Client sends a TURN message from its transport address to a TURN server transport 
address. 

2. TURN servers receives packets from the client with its server-reflexive transport address 
(the transport address of the NAT the client is located behind). 

3. Using TURN commands, the client can create and manipulate an allocation on the server. 
An allocation is a data structure on the server that contains information like the relayed 
transport address for the allocation. This is the address that is used by peers to send data 
to the client through the relay server (TURN server). 

4. Once an allocation has been established, client can send data to the server along with the 
indication to which peer the data is destined. This data is sent within a TURN message. If 
the peer is behind a NAT, then client must assert peer’s server reflexive transport address. 

5. Server extracts the TURN message, transforms it into UDP datagram and sends it to the 
peer.  

6. If a peer intends to send data to client, it does this to the relayed transport address for the 
allocation in UDP datagram format.  

7. TURN server encapsulates this data inside a TURN message and relays this to the client 
along with the indication of the source peer. 

For the exchange of large amounts of data like audio or video TURN offers a Channel method which 
uses ChannelData messages for sending data. The following figure depicts the ChannelData 
message structure. 

 

FIGURE 3-19 CHANNELDATA MESSAGE FORMAT 

Channel Number (16 bits) – the address of the peer that is to send or receive data. 

Length (16 bits) – specified the length of the application data field in bytes excluding the header 
size of ChannelData message. The value 0 is a valid length. 

Application Data (variable length) – contains the data to be transmitted. 

3.9.1.3.3 INTERACTIVE CONNECTIVITY ESTABLISHMENT (ICE) [RFC 5245] 

ICE [RFC 5245] [111] is a standardized protocol for hole punching. It uses the protocols STUN (see 
section 3.9.1.3.1) and TURN (see section 3.9.1.3.2) to enable endpoints in establishing direct 
connection.  ICE provides the framework for WebRTC clients to find the best path to connect peers.  
ICE initially attempts to establish a connection using the host address obtained from a device’s 
operating system and network card. Should this attempt fails, it fetches an external address using 
a STUN server. If this should also fail, then it can be deduces that a TURN server is used to relay 
the traffic.  

In WebRTC, STUN and/or TURN servers are specified in the iceServers configuration object. This 
is depicted in the following figure.  
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FIGURE 3-20 ICE'S STUN/TURN SERVER SPECIFICATION IN WEBRTC API ADOPTED FROM [115] 

The following steps are performed for end points to establish connection [103]:  

1. Gather candidate transport addresses: information about candidate’s transport address 
(IP address and port) is gathered at the time of call.  

2. Exchange candidates over signalling channel: candidates are exchanged over the 
signalling channel. The received candidates are then ordered or prioritized, usually 
according to candidate address types. Candidate pairs are the generated by pairing all the 
candidates with each other according to some rules. 

3. Perform STUN connectivity checks: as soon as the ICE agents have sent and received 
candidates, connectivity checks are carried out by generating STUN responses to any 
STUN connectivity requests they receive from their authenticated peer. The number of 
connectivity checks depend on the number of candidate pairs gathered in 2. The following 
states are possible in connectivity check: 

a. Frozen –indicate candidate pairs in queue for connectivity check. 
b. Unfrozen – candidate pair is chosen to undergo connectivity check. 
c. Waiting – the unfrozen candidate pair that was previously selected for 

connectivity check is waiting for checks due to pacing considerations, where the 
packet flood are not all sent at once.   

d. In progress – connectivity check is ongoing 
e. Succeeded or failed – when response is received or not received respectively.   

4. Choose selected pair and begin media: once all the connectivity checks have completed, 
once pair is chosen by a controlling agent. The Controlling agent is previously selected by 
using an ICE protocol algorithm. 

5. Send keep-alives: connectivity checks are sent at 15 second intervals in order to ensure 
that packets are sent.  

3.9.2 WEBSOCKET  

WebSocket is a new real-time communication technology that was introduced to minimize issues 
that were faced when HTTP is used for real-time communication [116]. HTTP does not support 
full-duplex, bidirectional connections, rather it supports half-duplex communication. This is due 
to the fact that HTTP was designed for half-duplex client-server communication between web 
browsers and web servers.  

In the classical HTTP transmission, also known as short polling, a client (browser) sends requests 
to the server to obtain updates in regular intervals. If there is no update available, the server sends 
back an empty response [117]. In a real-time setting, a bi-directional communication is essential 
to ensure timely delivery of real-time data. As a work-around, if a short polling HTTP transmission 
is used for real-time data where low latency is expected, the polling frequency is typically set to 
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be high so as to obtain new updates, since real-time data are often unpredictable. This leads to a 
high processing and network usage for frequently opening and closing connections.  

As an improvement, HTTP long polling was introduced. Here, the connection established 
between client and server is kept open until the server sends an update or if timeout has occurred  
[118]. Although this improvement could minimize latency in client-server message delivery and 
usage of network and/or processing resources, they also introduce several issues. These issues 
include: 

 High header overhead: every long poll request and response is a complete HTTP message 
containing a full set of HTTP headers. For short infrequent messages, this means low code 
efficiency as the header consumes a high percentage of the message transmitted.  

 Maximal latency: since HTTP is carried over TCP/IP, packet loss can occur. This means 
that the maximal latency can be over three transits – long poll response, next long poll 
request, long poll response, packet loss, next packet, negative acknowledgment, 
retransmit.  

 Connection establishment: this mechanism requires frequent use of opening and closing 
of TCP/IP connection. This additionally depletes network resources.  

 Resource allocation: since the mechanism demands that for each client a TCP/IP 
connection and HTTP request are kept open, the operating systems will allocate more 
resources to maintain this. Resource allocation must be considered carefully especially for 
the HTTP request.  

 Timeouts and caching: timeout settings must be defined carefully, while caching 
mechanisms must be considered carefully so as not to interfere with long poll requests. 

An alternative to long-polling is HTTP streaming where a request connection is kept open even 
after the server has sent an update [118].  Some of the drawbacks of this mechanism are: 

 Maximal latency: client memory usage grows larger with every message received due to 
JavaScript or DOM (Document Object Model) elements that are implemented in 
terminating HTTP streaming connection. To avoid this, a streaming connection must be 
terminated at a certain point of time, resulting in  packet loss and retransmission  

 Network intermediaries: although the HTTP protocol allows intermediaries like proxies 
and gateways to forward responses from server to client, this is not suitable for HTTP 
streaming as the intermediaries may buffer the whole response before sending data to 
the client.   

The two technologies use HTTP for transport in order to make use of the existing infrastructures, 
however at the cost of efficiency and reliability. Simply put, HTTP was not devised to support bi-
directional communication. 

In contrast, WebSocket naturally support full-duplex, bidirectional communication using a single 
socket connection [116]. WebSocket client establishes a connection request to the server, and 
once the connection has been established, this connection is used bi-directionally between client 
and server. The following figure illustrates a comparison between client-server communication in 
HTTP and WebSocket as described by Wang et.al. [116]. 



 

63 
 

 

FIGURE 3-21 CLIENT-SERVER COMMUNICATION IN HTTP AND WEBSOCKET ADOPTED FROM [116] 

The WebSocket protocol [RFC 6455] [119] provide the mechanism for full-duplex bi-directional 
communication that operates through a single TCP connection. It was introduced as a part of 
HTML5 standard. It is designed to operate in HTTP infrastructure like using HTTP ports 80 and 
443 and supporting HTTP proxies, but is not limited to HTTP. WebSocket provides a socket that 
is native to the browser and annihilates transmission overhead while increasing simplicity. The 
WebSocket API [120] caters the interface between web application and web browser which 
enables web pages to use the WebSocket protocol. 

Although it is possible to stream multimedia data through WebSockets, the technology and API 
does not support efficient, robust streaming as WebRTC does, since the focus of WebSocket’s 
design was to support bi-directional communication between client and server.  
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3.9.2.1 WEBSOCKET PROTOCOL [RFC 6455] 

The WebSocket protocol is composed of two parts: a handshake and a data transfer, A WebSocket 
connection is established by upgrading the current client and server HTTP protocol to the 
WebSocket protocol during their initial handshake.   

Opening Handshake 

The handshake is initiated by a client HTTP upgrade request: 

 

LISTING 3-1 WEBSOCKET CLIENT HANDSHAKE REQUEST EXAMPLE 

The “Request URI” of the GET method [RFC 2616] [117] retrieves the information for identifying 
the endpoint of the WebSocket connection. This allows multiple WebSocket endpoints to be 
served from one IP address.  

The |Host| request-header field [RFC 2616] [117] specifies the host and port number of the origin 
server. The WebSocket protocol uses the HTTP port 80 for regular WebSocket connections and 
port 443 for tunneled connections over Transport Layer Security (TLS) [RFC 2818].  

The |Origin| header field [RFC 6454] [119] informs the server of the script origin generating the 
WebSocket connection request. This is to prevent unauthorized cross-origin use of a WebSocket 
server by scripts using the WebSocket API in a web browser.  

The |Connection| and |Upgrade| header fields execute the HTTP upgrade. 

The |Sec-WebSocket-Version| indicates the WebSocket version used by the client.  

The |Sec-WebSocket-Key| is an auto generated key to verify that the server has received client’s 
WebSocket handshake. The server concatenates this key with the Globally Unique Identifier 
(GUID) [RFC 4122] [121] "258EAFA5-E914-47DA-95CA-C5AB0DC85B11" in string form, encrypt 
this with SHA-1 algorithm, then encodes it to base-64 to produce the value 
"s3pPLMBiTxaQ9kYGzzhZRbK+xOo=". This value is included in the server’s handshake response 
header |Sec-WebSocket-Accept|.  

The protocol provides additional header fields for options in the WebSocket protocol. Typical 
options of this protocol version are subprotocol selector |Sec-WebSocket-Protocol| and list of 
extension supported by the client |Sec-WebSocket-Extensions|. 
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The server responses to the client handshake request: 

 

LISTING 3-2 SERVER HANDSHAKE RESPONSE 

The server confirms the handshake has completed with the status value “101”.  

The |Connection| and |Upgrade| header fields complete the HTTP upgrade. 

The |Sec-WebSocket-Accept| confirms that the server will accept the connection.  

Data Transfer 

Once the connection is successfully established, WebSocket data frames (messages) can be sent 
between client and server in bi-directional manner, which means both client and server can 
exchange data independent of one another.  

WebSocket uses a binary framing format as depicted in Figure 3-22, splits the message into one 
or more frames. They are then transported to the destination and reassembled. The receiver is 
then notified that a complete transmission of the message has been achieved.  

For security reasons, the client is obliged to mask all frames it sends to the server, otherwise the 
server will close the connection if it receives an unmasked frame. On the other hand, the server 
must not mask any frame it sends to the client, otherwise client will close the connection upon 
receiving a masked frame. 

The format of WebSocket data frame is defined by the base framing protocol as follows:  

 

FIGURE 3-22 BASE FRAMING PROTOCOL 

FIN – indicates the final fragment in a message.  

RSV1, RSV2, RSV3 – reserved for extensions, set to 0 unless an extension is negotiated and has 
non-zero values. If a non-zero value is received and none of the extensions conform to that 
definition, the receiving endpoint will receive_Fail_WebSocket_Connection.   

Opcode – indicates the type of transferred frame, for e.g. text, binary, ping, pong. 
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MASK – indicates whether payload data is masked. A client must set this value to 1 and masking 
key is included. 

Payload length –defines the length of the payload.  

Masking key – the masking key of a client frame. 

Payload data – payload data is defined as extension data. 

Closing Handshake 

A control frame (Close frame) containing a specified control sequence (opcode 0x8) to start the 
closing handshake is sent by any peer, either client or server. An endpoint that receives a Close 
frame must then send a ‘Close’ frame in response. The server will close the connection 
immediately. Any frames coming from other endpoints will be discarded.   

3.9.2.2 WEBSOCKET API 

The WebSocket API [120] includes methods and attributes that enable web applications to 
maintain bidirectional communication with web browser. It provides the interface to control the 
WebSocket protocol and create WebSocket applications.  

The WebSocket API is purely event driven [116], hence once a full-duplex connection has been 
established between client and server, the server updates the client with new data. The 
WebSocket API is composed of these components: WebSocket Constructor, WebSocket events, 
WebSocket methods and WebSocket object attributes.  

WebSocket Constructors 

The WebSocket constructor is used to create a WebSocket connection by instantiating a 
WebSocket object which points to a URL that represents the endpoint intended to be connected. 
The constructor defines one obligatory argument URL and one optional argument protocols. URL 
indicates the URL of the server and protocols specifies the protocols the client can use. The 
following listing shows an example of a connection creation: 

 

LISTING 3-3 WEBSOCKET CONSTRUCTOR EXAMPLE 

The WebSocket protocol defines two URI schemes: ws and wss. The ws (WebSocket) scheme is 
analogous to an HTTP URI scheme while the wss (WebSocket Secure) scheme indicates a 
WebSocket connection over Transport Layer Security (TLS). 
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WebSocket Events 

As the API is purely event driven, the application only needs to listen for events n WebSocket 
objects. The API dispatches four events: open, message, error and close.  

1. WebSocket Event: Open  
Once the server has established the connection, the open event is triggered. The event 
handler is the onopen.  

2. WebSocket Event: Message  
This event is fired upon arrival of a message. The corresponding callback to the message 
event is onmessage. WebSocket messages can handle string, binary data which is handled 
as Blob (Binary Large Objects) messages or ArrayBuffer messages.  Blobs are typically 
images and multimedia data like audio, video and graphic objects. ArrayBuffer is a fixed 
length binary buffer with no format or mechanim for accessing its contents. 

3. WebSocket Event: Error  
In case of unexpected failures, the error event is fired. The event handler is called onerror.  

4. WebSocket Event: Close  
This event is triggered when the WebSocket connection is closed. The event handler is 
onclose.  

WebSocket Methods 

WebSocket objects implements two methods: send( ) and close( ). 

1. WebSocket Method: send( )  
This method can be invoked while the connection is open to send messages between client 
and server. 

2. WebSocket Method: close( )  
This method is used to close a connection. 

WebSocket Object Attributes 

The WebSocket Object attributes can be used to give more information on the WebSocket object. 
These attributes are: readyState, bufferedAmount and protocol.  

1. WebSocket Object Attribute: readyState  
this read-only attribute reports the state of the connection. This is useful especially prior 
to sending a message. 

2. WebSocket Object Attribute: bufferedAmount  
this attributes shows the size of the buffered data. This is useful since the web browser 
buffers outgoing data.  

3. WebSocket Object Attribute: protocol  
this attribute provides protocol information that are chosen by the WebSocket server 
during the opening handshake negotiation.   

3.10 CONCLUSIONS ON USABLE PROTOCOLS AND STANDARDS FOR WEB 
BROWSER REAL-TIME SYNCHRONOUS GROUPWARE 

Today, H.323 and SIP protocols are commonly used in synchronous desktop conferencing 
systems. They provide a framework of protocols for real-time multimedia communication and 
real-time data transfer. These protocols suites are usable in a multitude of networks such as DSL, 
Wi-Fi/3G, LTE and the like, hence are able to support a vast amount of devices across any network. 
As these protocols were actually devised to support video conferencing systems, awareness 
aspect of CSCW is often neglected, and is replaced by simulating awareness using desktop and 
application sharing mechanisms. H.323 uses the aging ITU-T T.120 protocol suite for desktop or 
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application sharing as well as whiteboarding and telepointing. SIP can be used in corporation with 
other protocols like SDP and RTP to enable desktop and application sharing.   

WebRTC is, at the time of writing this dissertation, still the only protocol that enables real-time 
audio and video communication over the web-browser without the installation of any plugins or 
add-ons. WebRTC requires signaling protocol for connection establishment and management and 
provides WebRTC API for media and data exchange. For the signaling service, WebSocket can be 
used as a messaging service. The advantage of using WebSocket is that the web browsers that 
support WebRTC also support WebSocket. The following Figure 3-23 illustrates the listing of web 
browsers that support both WebRTC and WebSocket. Optionally, WebRTC can implement SIP, 
XMPP or other signaling protocols for connection management.  

 

FIGURE 3-23 WEB BROWSERS THAT SUPPORT WEBRTC AND WEBSOCKET ADOPTED FROM 
WWW.CAIUSE.COM  

Since this dissertation aims to provide flexibility through interoperability and platform 
independence and hence intends to implement web browser as the platform for collaboration, 
WebRTC and WebSocket are the remaining solutions to realize the goals.  

  

http://www.caiuse.com/
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3.10.1 WEBSOCKET PROTOCOL STACK 

The following figure depicts protocol stack used by WebSocket.  

 

FIGURE 3-24 WEBSOCKET PROTOCOL STACK 

To initiate a three-way handshake, WebSocket uses HTTP upgrade request as depicted in   Listing 
3-1 and Listing 3-2.  Once the connection has been established, WebSocket protocol is used for 
data transmission. The following screenshot illustrates WebSocket communication between a 
WebSocket client web browser and WebSocket server.    

 

FIGURE 3-25 WEBSOCKET CLIENT-SERVER DATA EXCHANGE 

The following figure depicts the complete protocol stack of one IP packet transmission carrying 
WebSocket protocol.  
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FIGURE 3-26 ONE IP PACKET CARRYING A WEBSOCKET PROTOCOL 

3.10.2 WEBRTC PROTOCOL STACK 

The following figure provides WebRTC protocol stack.  

 

FIGURE 3-27 WEBRTC PROTOCOL STACK 

All protocols used in WebRTC  are transported using UDP. ICE, STUN and TURN are used for the 
establishment and maintenance of peer-to-peer connection over UDP.  Secure Real-Time 
Transport Protocol (SRTP) [RFC 3711] and Stream Control Transport Protocol are used to 
multiplex the different streams, exercise congestion and flow control and enhance a more reliable 
delivery.  

The following figure depicts a STUN response upon a binding request.  
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FIGURE 3-28 STUN REQUEST TO A BINDING REQUEST



 

 
72 

 

4 THE IMPACT OF TAILORABILITY ON COLLABORATION 
EFFICIENCY 

As mentioned in section 1.1 and 1.2 this work perceives it imperative to determine whether 
tailorability in synchronous groupware helps in improving collaboration efficiency. For this, this 
dissertation produces a tailorability study methodology and procedure.   

In the early days, where groupware development was still at an early stage, groupware system  
development was more focused on the technical communication engineering, where technical 
aspects of communication were evaluated based on technical Quality of Service definitions. The 
human perception of Quality of Service was utterly disjointed from the technical perceptions. The 
groupware merely serve as a mean to enable distributed communication and cooperation, hence 
forcing distributed cooperation groups to adapt themselves towards the system. Although the 
groupware systems were implemented using sophisticated communication technologies, it was 
observed that the usage of synchronous groupware systems often do not increase the efficiency 
in collaboration. As aforementioned in section 1.1, the fact that users are mostly forced to adapt 
to the system actually reduce the efficiency of distributed collaboration. This becomes the 
motivation for this dissertation to investigate the effects of tailorability – as a mean of providing 
flexibility – in a synchronous groupware settings for distributed collaboration.   

4.1 PRELIMINARY STUDY OF TAILORABILITY – A PILOT STUDY 

The main purpose of performing this pilot study is to gain an experience on whether or not the 
alternative hypothesis mentioned in section 1.1 and 5.2.1 can be supported. Assuming that the 
alternative hypothesis is supported in this study, then a similar study can be performed on Tailor-
SMaDe in order to further confirm the alternative hypothesis.  

This pilot study was commenced with a market study on tailorable synchronous groupware which 
was performed from January to March 2014. The market study served two purposes; namely: to 
gain a general overview of the recent developments made on tailorable synchronous groupware 
and to select one tailorable synchronous groupware that can be used for the pilot study, since the 
implementation of Tailor-SMaDe was still ongoing at that time. The market study is described 
further in section 4.2.  

Once the synchronous groupware has been selected, the procedures of the pilot study was 
designed and implemented. This is elaborated in section 5.2.  

The analysis and results of this pilot study are expounded in section 5.3.3. 
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4.2 SYNCHRONOUS GROUPWARE MARKET-STUDY AND GROUPWARE 
SELECTION FOR THE PRELIMINARY TAILORABILITY STUDY 

The aim of this market study is mainly to determine the latest status of development in 
synchronous groupware available nowadays. This market study was conducted between January 
2014 and March 2014. The main subject of interest of this research work is:  

a) Tailorability issues:  
i. Availability of tailoring functions: the main concern here is to determine whether 

or not a synchronous groupware system allows end-users to tailor their 
collaboration environment. Tailoring functions can be provided prior to a running 
session (usually during session creation or configuration), and/or during a 
running session.   

ii. Degree of tailorability: if tailorability is provided by the system, to which degree 
can a user tailor his collaboration environment? The degree of tailoring is 
explained in section 6.2.2. Within this study, the degree of tailorability is 
distinguished into two types; collaboration component level and user role level. The 
collaboration component level concerns the collaboration tools that are available 
within a groupware and the user role level concerns the access rights of the 
available user roles.  

Additionally, as a by-product, this market study will gain knowledge and confirmation on the ways 
in which the current synchronous groupware have been implemented with regards to the 
following aspects: 

b) Awareness issues: here, it is interesting to find out on how much group awareness 
support are provided in the existing synchronous groupware applications. 

c) Real-time technologies: with the recent developments of standards and protocols for 
supporting real-time applications especially in using web-browsers, it is interesting to 
find out on: 

i. Collaboration technologies: which technologies, frameworks or protocols are 
used to support real-time collaboration activities like real-time joint text editing, 
graphic editing? 

ii. Communication technologies: which technologies, frameworks or protocols are 
used to support real-time communication activities like audio, video and text 
chat? 

d) How popular is the trend of web-browser based synchronous groupware generally.  
e) Do the synchronous groupware applications provide an integrated collaboration 

platform? 

The conclusions to this study is elaborated in section 4.2.2. 

The result of this study is then used as an aid for selecting the most appropriate groupware 
application for conducting the preliminary study of tailorability; explained in section 5.2. The 
groupware selection procedure and result is described in section 4.2.3. 
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4.2.1 MARKET-STUDY PROCEDURE 

The market study was commenced with finding applications that possess synchronous groupware 
characteristics. For a similar type of a specific application area like collaborative text editor, not 
all existing applications are tested, rather those perceived worth testing by the author.  

This market study excludes products such as video conferencing systems that require specific and 
costly endpoints like Polycom, Tandberg and Cisco Telepresence for the following reasons: 

 To conduct a pilot study with such proprietary systems is non-economical and 
representative, as they require proprietary end-devices and sufficient infrastructure. 

 Proprietary solutions have the tendency to be non-interoperable with other systems, 
hence automatically reducing the flexibility of the system for the users.  

The synchronous groupware applications are first categorized into 2 types; web browser-based 
and software based. The web browser-based (WB) applications are accessible through a web 
application and are mostly hosted in a web-server or are hosted as a web service by the vendor. 
The software-based (SB) groupware applications are provided as installation package of the client 
software, thus must be installed in the local computers. These categories are then further 
classified into the types of collaboration that is supported by the groupware application. The first 
class is the real-time communication and collaboration groupware class (WB1, SB1); where both 
real-time communication as well as real-time collaboration activities are supported by the 
groupware application. The second class is the real-time collaboration groupware class (WB2, 
SB2); where only real-time collaboration activities are supported by the groupware application. 
Text chat or instant messaging in this work is not considered as real-time communication, unlike 
audio and video chat.  

The features that were compared in this market-study are: 

1. Software/Plug-In/Add-on installation: whether or not a software or plug-in or add-on 
installation is a pre-requisite to using the groupware application. 

2. Tailorability:  
a. Tailoring functions: does the groupware application exhibit tailoring functions? 
b. Collaboration components level tailoring:  

i. Add/remove collaboration components during running session: can the 
collaboration components like shared joint text editor, joint graphic editor 
be added or removed according to the group’s needs? 

ii. Change individual user layout: can group members (individuals) change 
their own screen layout? 

iii. Change group layout: can one or more persons change the screen layout 
of the group? 

c. User role level tailoring:  
i. Multiple user roles: does the groupware provide more than one user 

roles? 
ii. Roles changeable during running session: are the roles interchangeable 

during a running session? For example, if a member was initially assigned 
the role participant at the beginning of the session, will the role be 
changeable to moderator or even host during a running session? 

iii. User role modification: can the default configuration of the pre-defined 
user roles be modified? For instance, in the default configuration of the 
role participant with access right to the video tool is only ‘send own video’ 
option. If this user role is modifiable, then it is possible for this role to also 
be granted the access to ‘minimize video window’ and ‘move video 
window’ options.  
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3. Awareness: what kind of group awareness is provided in the collaboration software? 
a. Multiple telepointer: the pointer of each participant in the session is displayed to 

other participants, for example within the shared whiteboard. This means, that if 
there are five participants in a session, five pointers are visible for all participants.  

b. Display of online users: participants who are online are usually displayed in a 
participant list. This list is often used to show the roles and audio or video 
activities of the participants.  

c. Colour coding: each participant can be assigned a colour in order to increase the 
awareness, especially for shared whiteboards that support multiple telepointer 
and allow concurrent activities.  

d. Running session history: enlists the activities performed by the participants of a 
session. This is particularly useful for open group sessions that allow participants 
to enter and exit running sessions whenever necessary.  

e. What You See Is What I See (WYSIWIS): the notion of WYSIWIS is that all 
participants of the session have the same view of the whiteboard; i.e. all activities 
that performed by the participants are visible to everyone in the session.  

f. Shared whiteboard/workspace: is a common working space or whiteboard 
provided in the synchronous groupware? 

g. Concurrency and consistency control mechanism: does the synchronous 
groupware implement any concurrency and consistency control mechanism? 

i. Operation transformation: is a consistency maintenance technique for 
synchronous collaborative text editors that attain concurrent insert, 
delete and update operations from multiple users [18].  

ii. Locking mechanism: is a consistency maintenance technique for 
collaborative systems that prohibits concurrent conflicting updates on 
shared data objects [19].  

iii. Floor control: only the participant holding the floor is allowed to perform 
actions on the shared application [122]. 

4. Real-time Collaboration technologies: what kind of underlying technologies, 
frameworks and protocols that are used to enable real-time collaboration?  

a. Desktop Sharing: is supported by protocols that enable several terminals 
belonging to one session to share the desktop of a terminal to other terminals. 
Other terminals can, under a specified condition, take control over the shared 
desktop [86].   

b. Application Sharing: is supported by protocols that enable several terminals 
belonging to one session to share the screen view of a shared application of one 
terminal. These terminals can, under a specified condition, take control of the 
shared terminal’s application, by sending keyboard and pointing device 
information, giving the impression that the application instance is run locally 
[123], [124], [86], [125]. Only the shared applications’ window updates are sent 
to the other terminals. The applications shared are single-user applications [126].  

5. Real-time Communication Technologies: what kind underlying technologies, 
frameworks and protocols are supported to enable real-time communication? 

a. Audio (proprietary): audio communication is supported by the software vendor. 
b. Third party media server/devices for audio (also VoIP): allows integration with 

third party software and/or devices for audio communication. 
c. Video (proprietary): video chat is supported by the software vendor. 
d. Third party media server/devices for video: allows the integration with third 

party media server/devices for video communication.  
e. Text chat (proprietary): text chat is provided by the software vendor. 
f. Third party text chat (YM, IM, etc.): allows the usage of third party text messaging 

software like Yahoo! Messenger, Instant Messenger, Skype and the like.  
g. WebRTC for audio and video: the technology that allows web-browser to take 

over the audio and video controls provided that the user permits it. See also 
section 3.9.1.  
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The comparison table is presented in APPENDIX 2. 

4.2.2 MARKET STUDY CONCLUSION 

From the comparison table presented in APPENDIX 2, the conclusions regarding the following 
aspects as mentioned in section 4.2.1 were drawn: 

a) Tailorability issues:  
a. Availability of tailoring functions: OmniJoin, AdobeConnect Meetings and Citrix 

GoToMeeting provide tailoring functions for the end-users possessing the role 
host (highest degree of access rights). OmniJoin and Citrix GoToMeeting 
automaticall assign this role to any user that created a session. AdobeConnect 
Meetings, however, requires a user to belong to the user group host (this is done 
by an administrator), before it allows a user to be assigned this role.   

i. During session creation or configuration: all three groupware cater 
tailoring functions through a session creation wizard which assists users 
in creating or configuring their desired collaboration environment.  

ii. During running session: all three groupware supply tailoring functions in 
form menu bar or as drop-down menu by right-clicking a certain 
component.  

b. Degree of tailorability: if tailorability is provided by the system, to which degree 
can a user tailor his collaboration environment?  

i. Collaboration component level:  
1. Add/remove collaboration components during running session: 

OmniJoin, AdobeConnect Meeting and Citrix GoToMeeting are the 
only synchronous groupware applications that allow session host 
to select the collaboration components. However, the selection 
palette is limited to communication components; like text chat, 
video chat and audio chat, and desktop sharing. OmniJoin provides 
in addition application sharing and shared whiteboard for joint 
sketching.  

2. Change individual layout: OmniJoin is the only synchronous 
groupware application that allow all participants in a session, 
regardless of their role, to change their screen layout by providing 
a set of default screen layouts.  

3. Change group layout: OmniJoin and BigBlueButton allow session 
host to change the group screen layout by providing a set of default 
screen layouts.  

ii. User role level: 
1. Multiple user roles: almost all of the synchronous groupware 

applications implement multiple user roles to differentiate the 
access rights to the features and tools of the groupware. 
Groupworld, Scriblink and CoDoxWord do not implement multiple 
user roles due to their specific application areas. Groupworld is a 
mentoring platform where tutors and students interact using the 
same role, whereas Scriblink and CoDoxWord users have the same 
access rights to the specific tools; shared whiteboard and 
Microsoft Word for multiple users; respectively.  

2. Roles changeable during running session: OmniJoin, 
AdobeConnect Meetings, GoogleDocs, BigBlueButton and Citrix 
GoToMeeting allow hosts to change the roles of other users during 
the running session. However, the host role cannot be passed on 
to another user.   

3. User role modification: none of the synchronous groupware 
application allow individual modification to the default user roles.  
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b) Awareness issues:  
a. Multiple telepointer: Only GoogleDocs and CoDoxWord provide multiple 

telepointer. They assign to every participant individual colours that are displayed 
as their telepointer colour. 

b. Display of online users: CoDoxWord is the only groupware application that does 
not specifically display online users within a list. It displays the ‘editors’ names 
under their coloured pointers to indicate the cursor positions.  

c. Colour coding; GoogleDocs and CoDoxWord assign individual colours to all 
participants of a session. GoogleDocs assign the colours to the users’ telepointers, 
hence, when performing real-time joint text-editing, users see the pointer position 
of the participants, but not the text edited by them. In CoDoxWord, users see the 
cursor positions of the participants, and in case of co-editing, the edited texts are 
highlighted in the colours respective to the editors.  

d. Running session history: GoogleDocs provide a separate website for the running 
session history, where all the editing activities of all participants are enlisted. In 
CoDoxWord, editors can enable the comment and changes tracking feature 
provided as in Microsoft Office, to see the changes the others have made.  

e. WYSIWIS:  OmniJoin, AdobeConnect Meetings and Citrix GoToMeeting do not 
provide strict WYSIWIS, instead they provide differing screen display between 
‘viewer’ participant and the application/desktop sharer. While the ‘viewer’ 
participants see the shared application/desktop within the groupware 
application window, the ‘sharer’ participant sees his shared application/desktop 
window highlighted in a certain colour.  CoDoxWord allows both relaxed and 
strict WYSIWIS for multiple editors and single editor respectively [127].  

f. Shared workspace/whiteboard: most of the groupware provide shared 
workspace/whiteboard where participants can perform or view others’ activities. 
However, since OmniJoin, AdobeConnect Meetings and Citrix GoToMeeting cater 
only desktop sharing tool, the participant who shares his desktop does not view 
this within the groupware application, rather in a highlighted window detached 
from the groupware application. 

g. Concurrency and consistency control mechanism:  
i. Operation transformation: CoDoxWord implements Operation 

Transformation algorithm to synchronize concurrent input from all the 
participants sharing the same text document in the multiple editor mode.   

ii. Locking mechanism: none of the synchronous groupware applications 
implement the locking mechanism.  

iii. Floor control: CoDoxWord implements this mechanism for the single 
editor mode.  

c) Real-time technologies:  
a. Collaboration technologies: most of the synchronous groupware applications still 

implement desktop and/or application sharing technologies based on ITU-T 
T.120 [125] standard suite or IETF protocols [124], [86] to support joint activities.  

b. Communication technologies: most of the groupware applications provide 
proprietary audio, video and text chat based on proprietary protocols or on ITU-
T T.120 standard suite or IETF real-time protocol [128]. Only BigBlueButton uses 
the recently introduced WebRTC technology.  

d) Trend of web-browser based synchronous groupware: with the increasing popularity 
on cloud computing, the trend of web-browser based synchronous groupware is 
becoming more popular. Most of the synchronous groupware applications providers 
nowadays enable access to their services through the web-browser.  Unfortunately, most 
of synchronous groupware application providers required the installation of some plug-
in or add-ins for the web-browser.  

e) Provision of an integrated collaboration platform: since most of the synchronous 
groupware applications provide desktop and/or application sharing, they therefore give 
the impression that they provide an integrated collaboration platform to users.  
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4.2.3 GROUPWARE SELECTION FOR THE PILOT STUDY  

The aim of the preliminary tailorability study is to determine whether or not tailorability in 
synchronous groupware can increase the collaboration efficiency of distributed synchronous 
group work. Therefore, for a synchronous groupware to be considered as the most appropriate 
synchronous groupware to be used in the preliminary tailorability study, it has to fulfil the 
following criteria: 

1. Real-time collaboration and communication: it has to provide real-time 
communication tools like video or audio chat and text chat as well as real-time 
collaboration tools like shared whiteboard.  

2. Availability of some tailoring functions: the groupware functions should be alterable to 
a certain extent by one or more participants in the collaborating group during a running 
session. For example, changing of the display layout, changing user access rights, changing 
tools and so on.  

3. Web-browser based: groupware should be accessible through a web-browser 
4. No installation of plug-in or add-in: preferably the groupware should not require 

installation of plug-in or add-ins. This is especially useful for users who have little access 
rights on the computers they work on.  

5. Cost-effective: as the subjects of the tailorability studies are undergraduate students, it is 
important to select a groupware that is preferably free of costs. Selecting a groupware that 
involves extra costs may lead to refusal in taking part in the tailorability study.  

6. Longer licence: if it is a trial software, it should provide a test-license for a period of at 
least 30 days. This is essential for conducting the online tutorials for a large number of 
participants.   

The selected groupware is OmniJoin, because it fulfils most of the previously mentioned criteria 
except for point 4 – no installation of plug-in or add-in. Omnijoin requires the installation of an 
add-on for the web browser, which enables the web-application to be executed from a new web 
browser window. The add-on predefines the size of the OmniJoin web browser window, along 
with the predefined layout of OmniJoin application – which include the placement of the video 
window, the shared workspace and the tool bar – and the size of the video windows. It also 
manages the real-time communication channels like video, audio and chat tools as well as the 
display of the shared desktop/application views.  It is equipped with a partial tailoring function 
that allows the host (equivalent to session administrator) to modify the user rights during within 
a running session, however the role host cannot be passed to any other member of the session. As 
a demo version, Omnijoin allowed 30 days trial period.  
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5 EXPERIMENTAL DESIGN AND STATISTICAL ANALYSIS OF THE 
PILOT STUDY 

In this section, the concepts and methodologies applied for the design of the experimental study, 
for data collection and for the analysis of the collected data are elaborated. In section 5.1 statistical 
definitions and concepts – which encompasses the exposition of experimental design and 
statistical analysis methodologies – are explicated. Section 5.2 delineates the design and 
implementation of the experimental study performed for this research work. Section 5.1 
commences with elucidating the methodology used to select the most appropriate statistical 
analysis method to be applied on the data collected from the experiment. It then proceeds with 
demonstrating the analysis of the data collected using the previously selected statistical analysis 
method. As a conclusion, this section provides the results obtained from the selected statistical 
analysis method.  

5.1 FUNDAMENTALS OF EXPERIMENTAL DESIGN AND STATISTICAL 
ANALYSIS METHODS OF EXPERIMENTAL RESULTS 

Experiments are designed to support the collection of data, which are then evaluated using 
statistical analysis methods. Experiments are typically defined through the experimental 
conditions which describe the conditions employed for the experiments [129]. Experimental 
design also distinguishes independent and dependent variables. 

An independent variable is the variable that differentiates the experimental conditions in any 
experiment that involves two or more experimental conditions [129]. The number of different 
experimental conditions indicate the levels of independent variables. The dependent variable 
provide the explicit measure which is predicted or hypothesized to be influenced by or associated 
with the independent variable [129].  

For example: assuming that the null hypothesis of an anti-depressant treatment study is: 
depressive patients that receive an anti-depressant drug will not score (feel better) better than 
patients who receive a placebo. The experiment consists of two levels of independent variables, 
which are anti-depressant drug and placebo. The patients’ scores represent the dependent 
variable, since it is hypothesized that the depression score of a patient depends on the type of 
treatment (independent variable) they receive.    

5.1.1 FUNDAMENTALS OF STATISTICS 

Statistics concerns the summarization and analysis of data [129]. Data collected from an 
experimental study like a survey, interview and the like are termed to be sample data [130]. 
Sample data is derived from a larger group of data which is known as the population data [130] 
and is used to provide information about the population [131].  In normal cases, the population 
data can comprise a huge amount of data. Hence, in order to simplify the analysis of the population 
data, samples of the population are extracted and analyzed.  

Statistics can be categorized into two general areas: descriptive and inferential statistics. 
Descriptive statistics uses sample data for descriptive purposes and not to make predictions 
[129], [130]. It provides a rich description on the behavior of the collected data and produces 
quantitative summaries of the numbers by applying statistical calculations like means, variances, 
and correlation coefficients.  

Inferential statistics is used to derive conclusions or make predictions from the collected 
population data [129], [130]. Its central implementation is for testing ideas, theories and 
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hypotheses about the collected data.  For example, the survey results of 1000 voters are used to 
predict the behaviour of a population for a national election. Data from the 1000 voters is treated 
as the sample data, while data of all national voters are considered the population data. Kenny 
[130] refers to population data to consist of an infinite size, while the sample data forms a subset 
of the population data and hence is assumed to have a finite size.  From the sample data, the 
preferences of the 1000 voters can be distinguished. This is an example of descriptive statistics. 
When the descriptions obtained from descriptive analysis are employed to predict the results of 
the election based on the preferences behaviour of all the national voters, then this is referred to 
inferential statistics. 

One goal of this dissertation is to analyse the data collected from the pilot study described in 
section 5.3, so that a statement (verified or rejected) can be produced for the hypothesis declared 
in this research work (see section 5.2.1). Therefore, the focus of this section lies on the concepts 
of inferential statistics.   

5.1.1.1 LEVELS OF MEASUREMENT 

Usually, data collected are represented by numbers. The numbers collected can be used to draw 
three types of information; namely: information to differentiate objects, to rank objects and 
quantify objects. For analysis purposes in a research, it is important to define the level of 
measurement the data represent, i.e. the amount of information with respect to the data measured 
[129], [130].  The levels of measurement is categorized into four types [129], [130],[131]:  

 Nominal/categorical level measurement: this type of measurement employs numbers 
to simply identify the objects. Examples are social security numbers assigned to people, 
students’ identity card numbers, credit card numbers and the like.  

 Ordinal/rank-order level measurement: this type of measurement differentiates 
objects as well as ranks them. For instance, top 40 musical hits, first 3 places in a European 
football championship, top 100 customers and so on.  

 Interval level measurement: this type of measurement not only identifies and ranks the 
objects, it also provides differences that can be quantified. For example if IQ is employed 
as an interval scale, then the one point difference between a person having an IQ of 100 
and a person having an IQ of 101 is equal to the one point difference between a person 
having an IQ of 140 and a person having an IQ of 141.  

 Ratio level measurement: this type of measurement is similar to interval level 
measurement. However, it additionally has a true zero point, which allows meaningful 
ratio statements like x is so many time more than y. For instance, a temperature of 200 
Kelvin (K) is not only 100 degrees higher than 100 K, but it is exactly twice as much as 100 
K.  

For example, a survey on child obesity was made on children at the age of 12. The data collected 
were the heights and weights of the children and later on used to calculate the body mass index 
(BMI). Assuming the number of children studied were 100, the numbers 1 to 100 can be used to 
differentiate the individual child. Children having BMI between 16.0 and 18.5 are ranked to be 
underweight while children having BMI between 30.0 to 35.0 are ranked to be obese. Based on 
these ranking, it can be deduced that obese children need to reduce their weights by so much in 
order to be healthier. This relation is the quantification of the data collected. Child number 1 has 
BMI of 34 while child number 75 has a BMI of 17. Child 1’s BMI is twice as much as child 75’s BMI.  
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5.1.1.2 SAMPLE DATA AND SAMPLING DISTRIBUTION 

A statistic is a quantity that is computed from a sample data while a parameter is a quantity 
computed from population data [129], [130], [131]. Assuming that multiple samples are used to 
compute their statistics, then the variation of the statistics from sample to sample is referred to 
as sampling error [129], [130], [131]. Although sampling error is an inevitable and unintentional 
outcome of statistical computation, it can be reduced and quantified by applying random and 
independent sampling [130].  

In random sampling it is a prerequisite that objects are equally likely to be selected from the 
population to become a member of a sample. Choosing objects randomly does not mean selecting 
objects arbitrarily; rather, a certain selection method that leads to a decision should be applied. 
For example, dice rolling, coin flipping or by employing a random number table. In independent 
sampling, the probability of choosing an object being sampled does not change when any other 
object is sampled. For example, rolling a two on one trial does not change the probability of rolling 
a two on the next trial.  

A sampling distribution of a statistic is a theoretical distribution of fictionally repeated sampling 
and computation of a statistic [130]. A sampling distribution is characterized by the properties 
mean and standard deviation. The mean of the sampling distribution describes the tendency of 
the statistic on average. The standard deviation states the variations of the statistic when 
calculated from different samples of the same size.  

When considering a random sampling distribution of a statistic, the standard distribution of such 
is known as standard error of the statistic [130]. The standard error of the statistic provides a 
measurement of how likely the statistic will change when recomputed on another sample of the 
same size. The larger the sample size is, the smaller the standard error will be.  

5.1.1.3 PARAMETRIC AND NON-PARAMETRIC INFERENTIAL STATISTICS 

Inferential statistical tests are categorized into parametric and non-parametric tests. Parametric 
tests presume specific characteristics of the data collected like the sampling distribution, 
standard deviation or mean into consideration, whereas non-parametric tests make less 
assumptions of the underlying parameters of the population [129],[132]. Most parametric 
procedures assume that the distribution of the data collected is normal. The distribution of 
collected data can be tested for normality if the amount of the data collected is large enough; i.e. 
with a sample size larger than 100 observations [131].  It is advisable to perform normality test 
prior to selecting the appropriate inferential statistical procedure. The simplest and most effective 
way to perform normality test is by using a histogram to visualize the distribution of the data 
[131].  

Apart from the normality test of the data, the level of measurement can be used to choose whether 
between parametric and non-parametric test. Generally, it can be implied that parametric tests 
are suitable for evaluating interval or ratio data, while non-parametric tests are applicable for 
ordinal/rank order or nominal data evaluation [129].  

Hence it can be summarized that to choose the most appropriate inferential statistical method to 
be applied on the collected data, the following data characteristics must be determined [129], 
[131], [132]: 

1. The amount of the data collected: if the amount of the collected data (n) or sample data is 
more than or equals to one hundred (n ≥ 100), then parametric methods can be selected. 
Otherwise, non-parametric methods should be selected.  

2. The distribution of the data collected or the variable that is to be analyzed: if the 
distribution of the data collected or the variable to be analyzed is normal, then parametric 
methods can be used. Otherwise, non-parametric. Non-parametric methods can be 
employed to a normally distributed huge amount of data. There are, however, some 
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considerations that must be taken when doing so. This will not be discussed in this 
dissertation.  

3. The type of measurement of the collected data or the variable: as previously mentioned, 
ordinal/rank order and nominal data can be evaluated using non-parametric method, 
while interval or ratio data can be computed using parametric methods.  

4. The type of variable of the experiment from which the data is collected: the type of 
variable (dependent or independent) and in case of independent variable the levels of the 
variable must be known. This is imperative to select the most appropriate method 
applicable for the evaluation. 

5. The number of samples used in the experiment: the number of samples also help in the 
selection of the most appropriate inferential statistical method. This is analogous to the 
levels of independent variables, and can be generally categorized into single sample, two 
samples and multi samples.  

Sheskin [129] provided decision tables for selecting the most appropriate inferential statistical 
method. The decision tables are divided into three types of data: interval/ratio data, ordinal/rank 
order data and categorical/nominal data. Since the data collected in this research study is very 
small (n=17) (see section 5.3) and a normal distribution of the data cannot be determined, 
therefore, this dissertation will concentrate on the concepts of non-parametric inferential statistic 
procedures. This dissertation also adopts Sheskin’s [129] approach in selecting the most 
appropriate inferential statistics method according to the level of measurement. Hence, this 
dissertation focuses on non-parametric inferential statistical methods for ordinal/rank-order 
data shown in APPENDIX 1. 

5.1.1.4 BASIC CONCEPTS OF NON-PARAMETRIC INFERENTIAL STATISTICAL TESTS 
FOR TWO SAMPLES 

As aforementioned in the previous section, non-parametric inferential statistical procedures 
provide methods to analyse data under relatively lean assumptions. The distinguishing 
characteristic of non-parametric method is its distribution-free property, which does not regard 
the distribution of the data collected. Therefore, for small sample sizes where the distribution of 
the data cannot be explicitly determined, it is suggested to apply non-parametric methods for the 
analysis [131], [132]. For each existing parametric method, there is at least one non-parametric 
counterpart.  

Non-parametric inferential statistic methods can be categorized into the following classes [131]:  

 Tests for independent samples to demonstrate differences between groups. 
 Tests for dependent samples to demonstrate differences between variables. 
 Tests for relationships between samples.  

Furthermore, the number of samples to be evaluated are classified into [129], [130]: 

 Single sample 
 Two samples 
 Two or more samples 

Referring to Sheskin’s [129] decision table for inferential statistical methods (see APPENDIX 1) 
and Hill’s [131] overview of non-parametrical tests, the methods that can be used in this 
dissertation are methods that evaluate ordinal/rank order data for two independent samples.   
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These methods are [129], [131]:   

 Mann-Whitney-U-Test: this test evaluates the hypothesis that tests whether two 
independent samples represent two populations with different mean values. If the result 
of Mann-Whitney U test is significant, then it can be deduced that there is a significant 
difference between the two sample medians, which means that there is a high likelihood 
that the samples represent populations with different median values. To employ this test, 
the data collected must either already exist as rank order or has been transformed into 
rank order. This test can be employed to evaluate samples of unequal sizes.  

 Kolmogorov-Smirnov test for two independent samples: this test evaluates the 
hypothesis that tests whether two independent samples represent two different 
populations. For the evaluation, a cumulative probability distribution of the samples must 
be computed and compared. This test requires that the data collected to exist in rank 
order.  

 The randomization test for two independent samples: is used to confirm the normality 
of the population distribution. Through repeated resampling of collected data, the 
sampling distribution of the data can be determined. This test requires either 
interval/ratio data or rank order.  

 The bootstrap: is applicable for determining the characteristics of the underlying 
population to estimate a population parameter. Regarding the sample size, a minimum of 
30 to 50 observations are required. 

 The jackknife: is an alternative method to bootstrap for estimating a population 
parameter. Although it is considered as to a computer-intensive procedure, it delivers a 
more accurate estimation value as compared to the bootstrap. It uses repeated 
resampling of the collected data by defining the so-called jackknife samples which are 
used to compute the mean and the variance of the samples.   

 The median test for independent samples: this test computationally represents a set of 
tests that evaluates the hypothesis that there is an equal proportion of observations in 
each k of groups that are above or below a composite median. For small amount of samples 
this test is represented by the Fischer exact test.  

 The van der Waerden normal-scores test for k independent samples: belongs to the 
family of normal-scores tests that transform a set of rank-orders, based on the standard 
normal distribution, into a set of standard deviation scores. This test evaluates whether 
independent samples were derived from identical population distributions. If the test 
result is significant, it can be deduced that the independent samples were not derived from 
the same population. 

The randomization test, the jackknife and the bootstrap are considered to be computer-intensive 
tests [129]. Such tests perform computer-intensive procedures and hence are computer 
dependent. This is partially due to the fact that computations performed in such tests require 
repeated resampling of data. In data resampling, a subset of samples are extracted from the 
original set of data.  
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5.1.2 HYPOTHESIS TESTING 

Inferential statistics implements hypothesis testing and estimation of population parameters 
to draw inferences about one or more populations [129]. In hypothesis testing, data is used to test 
whether a hypothesis statement can be verified. In estimation of population parameter, the value 
of one or more parameters can be estimated by applying point estimation method or interval 
estimation method [129]. The first method derives the estimation value of a parameter from a 
computed value of a statistic, while the latter computes a range of values in which the researcher 
can state the true value of the parameter with a high degree of confidence.  This dissertation 
focuses on hypothesis testing methodology.  

Hypothesis testing employs sample data to evaluate a hypothesis. A hypothesis is distinguished 
into two categories: research hypothesis and statistical hypothesis [129]. A research hypothesis 
provides a statement of what the researcher predicts. For the evaluation of research hypothesis, 
statistical hypothesis is employed. Statistical hypothesis provides a summary of the research 
hypothesis through the use of symbolic format and it is represented as null or alternative 
hypothesis.  These are discussed further in the section 5.1.2.1.   

Hypothesis testing can be performed according to the following procedure: 

1. Definition of null and/or alternative hypothesis. 
2. Evaluation of collected data by applying the appropriate inferential statistical test. 
3. Obtainment of test statistic. 
4. Determination of statistical significance of the obtained results.  

The following sub-sections explicate in detail the individual steps of the hypothesis testing 
procedure.  

5.1.2.1 THE NULL AND ALTERNATIVE HYPOTHESES 

To evaluate a research hypothesis, null hypothesis or alternative hypothesis should firstly be 
defined to state the research hypothesis [129]. The null hypothesis – represented by the notation 
H0 – is a statement of no effect or no difference [129], [133]. Meaning that the expected result of a 
research study is not observed. In a research study, the null hypothesis is the hypothesis that a 
researcher expects to reject. The alternative hypothesis – represented by the notation H1 or Hα – 
states that an effect or difference is present [129], [133]. This means that the effects ort difference 
predicted in a research hypothesis can be observed, hence this is the hypothesis that a researcher 
expects to support.  

As an example, within a research study on the mean of children’s BMI for children of the age 12, 
the null hypothesis can be stated such that H0 = 25, while the alternative hypothesis can be stated 
that H1 ≠ 25. If the result of the hypothesis testing is 25, then the null hypothesis is accepted, due 
to the absence of an effect or difference to the hypothesis statement. On the other hand, if the 
result is more or less than 25, then the null hypothesis is rejected, or the alternative hypothesis 
accepted.  

The alternative hypothesis can be further specified by determining the direction of the prediction. 
In the previous example, the alternative hypothesis H1 ≠ 25 is a non-directional (two-tailed) 
alternative hypothesis because it simply predicts the presence of an effect. A directional (one-
tailed) alternative hypothesis specifically states the predicted direction of the result; either 
positive H1 > 25 or H1 < 25 negative. The directional alternative hypothesis can only be verified if 
the result of the hypothesis testing is greater than 25, thus rejecting the null hypothesis.  
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5.1.2.2 APPLYING THE APPROPRIATE INFERENTIAL STATISTICAL TEST 

Once the data for a study has been collected, an inferential statistical test is performed. An 
inferential statistical test represents the set of procedures that need to be performed upon the 
collected data and is composed of a mathematical equation that describes the operations to be 
performed upon the data collected for the study [129]. This yields a test statistic.  

A test statistic is hence obtained from an inferential statistical test and is evaluated in reference 
to a sampling distribution [129]. The sampling distribution is the distribution of the sample data. 
The value of a test statistic is interpreted by referring to special tables that contain critical values 
of the test statistic.  

5.1.2.3 STATISTICAL SIGNIFICANCE 

Through statistical significance, the result of a research study is tested for its chance of 
occurrence; i.e. whether the result obtained is due to chance or instead due to the non-chance 
factor that is declared in the alternative hypothesis [131] and that the similar behaviour will be 
found in the population data [131].  In other words, the sample data represents the population 
data. The statistical significance is derived from consulting the critical values of a test statistic – 
which are information on the extreme values that the test statistic can assume [129]. The critical 
values that are commonly employed in determining the statistical significance are 5% (or α= .05) 
and 1% (or α= .01). This means that there can be no more than a 5% or 1% likelihood that the 
difference in the test statistic results is due to chance [129], [130]. The significance level employed 
in a test statistic relies on the researcher’s decision.  

5.2 EXPERIMENTAL DESIGN OF THE PILOT STUDY 

This preliminary study is aimed to obtain a tendency on whether or not tailorability in 
synchronous groupware could increase the efficiency of collaboration.   

Scenario: Operating Systems and Computer Networks (OSCN) online tutorial with OmniJoin. 

Short Description:  
In the OSCN online tutorial, groups of students were to cooperate synchronously and distributed 
in order to solve multiple choice questions of their selection. The platform used for the 
synchronous group work is the synchronous desktop & application sharing software OmniJoin 
described in section 2.2.2.3. Participation on the online tutorial was voluntary and supplementary 
to the lecture and exercises. There was no pre-requisites applied for participating the online 
tutorial; any student who were interested were welcome. In total there were four sessions for 
each student to attend and four multiple choice question topics to complete. The tutorial sessions 
took place between June until July 2014. 

The subjects:   
The subjects who participated in this study were undergraduate students attending the lecture 
Operating Systems and Computer Networks (OSCN). The students belong to the various study 
courses like Wirtschaftsingenieurswesen, International Studies in Engineering (ISE) in 
Automation Control Engineering (ACE), Computer Science and Communication Engineering 
(CSCE) and Computer Engineering (CE) as well as European Exchange Student Program 
ERASMUS.  The level of knowledge and experience in solving OSCN multiple choice questions vary 
from student to student – some had sat for the examination and failed, some have had the subject 
in their home university (valid for the exchange students), some attended the lecture for the first 
time.     
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The groups:  
Due to the various study courses that the students belong to and the fact that the participation on 
the online tutorial is voluntary, it was more feasible to allow the students to select the most 
convenient session appointments themselves; instead of assigning them to fixed groups and fixed 
appointments. Students were provided a set of appointment time slots to select from, where each 
time slot (session) is limited to accommodate a maximum of four (4) participants. In the worst 
case, a student A may encounter four (4) groups of different members.   

The materials:  
Four topics (memory management, cache memory, process scheduling and Dijkstra’s algorithm) 
related to the OSCB lecture were selected and converted into four sets of multiple choice questions 
accompanied with the correct solutions. The question sets had different levels of difficulty which 
are marked by the average time to solve the questions. Initially, the materials were intended to be 
distributed during the online tutorial session, however, upon students’ request, they were 
distributed prior to the online tutorial sessions. Only the last topic, i.e. Dijkstra’s Algorithm was 
distributed during the online tutorial session.  

The collaboration platform:   
OmniJoin is a web-browser based synchronous desktop and application sharing software. A plug-
in need to be installed in the client browser prior to attending a session. Only one person 
administers the sessions - the session creator whom OmiJoin assigns the role host.  Since a tutor 
is always present at every session to monitor and manage the group activities, it was sufficient to 
instruct the students on how to use OmiJoin on-the-fly.   

Methodology: 
For an online tutorial session, a group of maximum for (4) students were allowed to choose a topic 
to solve as a group. The students were to cooperate either within a non-tailorable collaboration 
environment or a partially tailorable collaboration environment. The environment in which 
the groups worked in were assigned by the tutor. In the non-tailorable collaboration environment, 
tailorability is suppressed by assigning the role moderator to one group member and the role 
participant with some rights to the rest of the group members throughout the whole session; 
regardless of the groups' needs and progress. In the partially tailorable collaboration 
environment, the roles moderator and participant with some rights are assigned interchangeably 
to the subjects during the session; depending on the needs and progress of the group.  The setting 
of the collaboration environment was done by the tutor, who in this case assumes the role host. 
This setting is summarized in Table 5-1. 

A tutor is always present in every session. The presence of a tutor is necessary for the following 
reasons:  

i. to record the time taken by student groups to solve questions. 
ii. to adjust the collaboration environment from non-tailorable to partially tailorable and 

vice versa whenever required.  
iii. in the non-tailorable collaboration environment: to assign the role moderator to one 

student selected by the other group members to act as the ‘performer’ who shares the 
documents and applications required for the collaboration, as well as perform actions like 
draw or type for the group. 

iv. in partially tailorable collaboration environment: to change the user roles for document 
or application sharing to any number of members in the group. 

v. to observe the collaboration activities of the groups and the behaviour of the group 
members during the sessions. 

The efficiency of the collaboration is measured using the time required by the group to solve the 
problems and the marks obtained by the group. The less time taken and the more marks obtained 
by a group indicate a high collaboration efficiency.  
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General procedure:  

1. Before the online tutorial sessions:  
a. Time slots selection: Students were to select time slots most applicable for 

themselves. Each available time slots can contain a maximum of four students.  
b. OmniJoin Link: students were provided a link that leads to the corresponding 

online tutorial session they registered for. The sessions are joinable 15 minutes 
prior to the announced starting time. 

2. During the online tutorial sessions:  
a. Self-introduction: each session is commenced with introducing member’s names 

provided that any member in that session is a new member.  
b. Topic selection:  the group select one topic to solve.  
c. Loading the question: question paper is loaded into the shared workspace.  
d. Browsing through the questions: when opted, students were allowed to browse 

through the questions until they are ready to start working for solution.   
e. Recording of collaboration time: the start time is recorded only when the group 

decided to start to work on their solution. Similarly, the end time is recorded when 
the group agreed to ‘submit’ their solution.   

f. Solution assessment: group solutions are assessed against the correct solutions.  
3. After the tutorial sessions: students who participated on the online tutorials were 

provided a survey. Their participation on the survey was voluntary and anonymous.  

The above procedure is further refined for the corresponding collaboration environments as 
described in sections 5.2.1.1 and 5.2.1.2. The following Table 5-1 compares the collaboration 
environment settings of this preliminary study.   

TABLE 5-1 SUMMARY OF COLLABORATION ENVIRONMENTS' SETTINGS 

Type of 
Settings 

Non-Tailorable Collaboration 
Environment 

Partially-Tailorable Collaboration 
Environment 

User Roles 
and 
Participants 

1 host 1 host 
1 moderator 1 to n moderators 
n-1 participant with some rights n-1 participants with some rights 

Tools 

Audio, video, text chat Audio, video, text chat 

Desktop sharing for: .pdf reader  
Desktop sharing for: .pdf reader, other 
applications as required  

- Shared whiteboard 
Participant list Participant list 
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5.2.1 HYPOTHESIS DECLARATION 

In the course of this research work, there was no experimental studies discovered that conducted 
an attempt to proof that tailorability indeed increases the efficiency of collaboration. It is 
imperative to unravel the effects of tailorability on the efficiency of collaboration in synchronous 
groupware settings, so that it can be justified whether or not it is worth to provide tailorability, 
since providing tailorability in a system automatically increases the complexity of the system. The 
more fine grained the tailorability is, the more complex the system becomes, hence the more 
costly. Therefore, the research question that is aimed to be answered in this study is: does 
tailorability increase the efficiency of collaboration?  

Null Hypothesis H0: tailorability in synchronous groupware does not increase the efficiency of 
collaboration.   

Alternative Hypothesis H1: tailorability in synchronous groupware increases the efficiency of 
collaboration. 

In this case, the alternative hypothesis H1 is a directional hypothesis or one-tailed, since it points 
in the positive direction; i.e. tailorability increases collaboration efficiency.  

As aforementioned, the degree of tailorability of a synchronous groupware influences the 
complexity of the system. Since this issue could have an impact on the effort and costs of 
development, implementation and maintenance of a synchronous groupware, it would also be 
interesting to find out to how fine grained should tailorability be implemented? This question is 
however, not dealt-with in this research study, but it makes a good candidate for further 
researches in this area.  

5.2.1.1 NON-TAILORABLE COLLABORATION ENVIRONMENT SETTINGS 

In the non-tailorable collaboration environment, the initial settings of the session regarding user 
roles and user access rights to the collaboration components are not changeable during the 
running session. The participants were initially assigned the role participant with some rights 
throughout the session. This role grants them the access to the private and group chat 
components; own audio and video components and the display of the participants list. During the 
online tutorial session, the tutor assigned the role moderator to one student selected by the group 
member. With the role moderator, this elected student is able to perform the group collaboration 
activities. The collaboration activities included: discussing on solution via audio and video chat 
and sharing the .pdf reader application to display the questions. The possibility to share 
whiteboard for showing a calculation was not introduced so as to maintain a strict non-tailorable 
collaboration environment.  
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Procedure:  

1. Students appoint one group member who will lead and perform the group activities 
throughout the session. This member retains his function throughout the session.  

2. Tutor assigns the role moderator to the selected member.  
3. Selected member starts a .pdf reader application and shares it in the shared workspace. 
4. When opted, students screen through the questions shortly. 
5. Students announce their decision on starting to work on the solution.  
6. Tutor records the start time.  
7. Students work on the solution by speaking to the other members, while the selected 

student performs the collaboration activities like marking the answers the group agreed 
upon on the display, adding notes on the shared .pdf file, highlighting some important 
words, adding calculations on the shared .pdf file and so on. 

8. The tutor stopps the timer once the students were ready to submit their solution.  
9. Group solutions were assessed against the correct solution.  

5.2.1.2 PARTIALLY-TAILORABLE COLLABORATION ENVIRONMENT SETTINGS 

In the partially tailorable collaboration environment, the initial settings of the collaboration 
session regarding user roles and user access rights to the collaboration components are 
changeable during the running session. The participants were initially assigned the role 
participant with some rights, and assigned the role moderator on-the-fly whenever necessary. The 
assignment of the role moderator occurs depending on the students’ progress, requirements and 
decisions at that moment.  The role moderator grants the user the access rights to share their 
desktop, application, whiteboard and other collaboration components in the shared workspace. 
In this collaboration environment settings, the members were made aware of the availability of 
the collaboration components they can share. 

Procedure:  

1. Students select one group member who will lead the group activities. This member, 
however is not obliged to retain this function, rather he is allowed to pass his function to 
another member.   

2. Tutor assigns the role moderator to the selected member.  
3. Selected member starts a .pdf reader application and shares it in the shared workspace. 
4. When opted, students screen through the questions shortly. 
5. Students announce their decision on starting to work on the solution.  
6. Tutor records the start time.  
7. Students work on the solution lead by the selected member. Selected member can share 

his desktop, application or the other collaboration tools in OmniJoin. He can also allow 
other members to take over the control of the shared application, and retrieve the control 
back at any time.  

8. If other members also wish to contribute to the editing activities, they can request the 
tutor for the role moderator. 

9. The tutor stops the timer once the students were ready to submit their solution.  
10. Group solutions were assessed against the correct solution.  
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5.2.2 DETERMINING COLLABORATION EFFICIENCY 

The collaboration environments; i.e. non-tailorable and partially tailorable, were the controlled 
variables used in obtaining the measurements for the efficiency of collaboration.  

In order to accept or reject the null hypothesis declared in section 5.2.1, the efficiency of 
collaboration must be somehow measured. Efficiency can be measured by for example the time 
taken to achieve or complete a certain goal [134],[135]. In this research study, the collaboration 
efficiency (or efficiency of collaboration) can be measured by the time taken to complete a task 
and/or the score obtained by each group. Therefore, for the measurement of collaboration 
efficiency, the raw data collected are: 

 Duration: time taken for the group to solve a task, i.e. a set of questions from a selected 
topic, measured in minutes.  

 Marks obtained: the score obtained from assessing the group’s solution against the 
correct solutions, measured in percentage.  

The data collected from the experiment are shown in APPENDIX 3 Appendix Table 2.  

As described in section 5.2, the groups of students were assigned to work in a collaboration 
environment that is set up by the tutor. The group composition, however, were formed by chance, 
i.e. each student were to choose the tutorial time they could attend. The group numbers are 
identical to the session numbers.  

The following table shows the assignment of the group session numbers to the collaboration 
environments.  

TABLE 5-2 ASSIGNMENT OF THE SESSIONS TO THE COLLABORATION ENVIRONMENTS 

Collaboration environment 

Non-Tailorable Partially-
Tailorable 
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2 

3 5 

4 6 

9 7 

12 8 

14 10 

15 11 

17 16 

- 18 

 

The two variables duration and mark obtained provide the main values for the determination 
of the collaboration efficiency. To determine whether or not a collaboration is efficient, the 
following procedures are applied: 

1. for each group, the two variables duration and marks obtained are transformed into 
efficiency score (henceforth referred to as ES)(APPENDIX 3 Appendix Table 2) by means of 
efficiency score assignment list (henceforth referred to as ESA-list) (APPENDIX 4 Appendix 
Table 3). 

2. the ES of the two variables are then added to produce a final score called combined 
efficiency score (henceforth referred to as CES, see Table 5-3).  

3. The CES is then compared to an efficiency ranking list (henceforth ER-list, APPENDIX 3 
Appendix Table 4).  
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The ESA list is generated by defining ranges in which the variable value could belong to with 
respect to the mean values (APPENDIX 3 Appendix Table 2) of the variables; i.e. mean value for 

marks obtained Ō = 58% and mean value for duration Ī = 19,6. The ES values are determined 
arbitrarily and where the smallest value represents the lowest score and the highest value 
represents the highest score.  

The following table summarizes the final result obtained from for the efficiency ranks of the 
groups working in the two collaboration environments.   

TABLE 5-3 EFFICIENCY SCORES AND RANKS OF THE GROUPS 

Non-Tailorable Partially-Tailorable 
Group 

Session 
Number 

Combined 
Efficiency 

Score (CES) 

Efficiency 
Rank  

Group 
Session 
Number 

Combined 
Efficiency 

Score (CES) 

Efficiency 
Rank 

1 7 Fairly Efficient 2 5 Fairly Efficient 
3 3 Not Efficient 5 5 Fairly Efficient 
4 5 Fairly Efficient 6 4 Fairly Efficient 
9 1 Not Efficient 7 8 Efficient 

12 5 Fairly Efficient 8 12 Very Efficient 
14 7 Fairly Efficient 10 9 Efficient 
15 4 Fairly Efficient 11 10 Efficient 
17 1 Not Efficient 16 9 Efficient 
- - - 18 7 Fairly Efficient 

 

As demonstrated in Table 5-3, the groups that worked in partially-tailorable environment are 
more efficient as compared to the groups that worked in non-tailorable environment. In the 
following section the values obtained in Table 5-3 are used to verify the alternative hypothesis 
declared in section 5.2.1. 

5.3 STATISTICAL ANALYSIS OF THE PILOT STUDY 

This section is commenced with elucidating the methodology used to select the most appropriate 
statistical analysis method for verifying the null hypothesis. The methodology is described in 
section 5.3.1. It then proceeds with the implementation of the selected analysis method, which is 
described in section 5.3.2. The conclusion of this study is elaborated in section 5.3.3. 

5.3.1 SELECTION OF THE MOST APPROPRIATE INFERENTIAL STATISTICAL 
PROCEDURE TO EVALUATE THE COLLECTED DATA 

Adhering closely to the statistical concepts discussed in section 5.1 , the following characteristics 
of the data collected are determined:  

 The amount of data collected: n = 17 
 The distribution of the sample: not determinable due to the small sample size. This is 

shown in the plotted line diagram in Figure 5-1. 
 The type of data to be evaluated: rank order. The combined efficiency scores represent a 

ranking of values that has been calculated in section 5.3.2. 
 The type of variable: two independent variables - the control (not manipulated) variable 

is the non-tailorable environment (see section 5.2.1.1), and the manipulated variable is 
the partially-tailorable environment (see section 5.2.1.2). The variables are considered 
independent because the groups are composed of students’ random choices of time slots.   

 The number of samples: two – one representing the control variable and one 
representing the manipulated variable.  
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FIGURE 5-1 LINE DIAGRAM OF THE CES OBTAINED BY THE GROUPS 

Since the data characteristics include transformed rank order and not normally distributed 
data due to small amount of sample size, it can be deduced that a non-parametric method is the 
most appropriate statistical analysis method that can be applied to accept or reject the null 
hypothesis.  

Referring to the enlisted non-parametrical methods discussed in section 5.1.1.4, the most 
appropriate non-parametric inferential statistical method that can be employed on the collected 
data is Mann-Whitney U test, mainly because it is the only test that allows the usage of data that 
has been transformed into a rank order format. The data transformation was demonstrated in 
section 5.3.2. Moreover, Mann-Whitney U test allows the evaluation of samples of unequal sizes.  

The Kolgomorov-Smirnov test cannot be employed in this pilot study since it does not support 
evaluation on transformed rank order data, rather it assumes that the data exist in rank order. 
The implementation of randomization test is considered to be inappropriate for the evaluation of 
the collected data since randomization test aims to determine the distribution of the collected data 
though repeated resampling. This is not conformant to the aim of the alternative hypothesis 
declared in section 5.2.1. The bootstrap cannot be employed in this research due to the fact that it 
requires at least 30 observations to be able to provide a good estimate.  

The aim of median test for independent samples is to determine whether an equal proportion of 
groups can be categorized to be above or below a composite median. The result, however, does 
not help in verifying an alternative hypothesis. Therefore, this test cannot be applied for the pilot 
study.  

The van der Waerden normal-scores test for k independent samples aims to determine whether 
the samples tested come from the same population based on the similarities of the original sample 
distributions – which does not have to be a normal distribution. This test does not yield an answer 
to the research question stated in this research work, and hence cannot be applied in the pilot 
study.   
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5.3.2 ANALYSIS OF DATA USING MANN-WHITNEY-U-TEST METHOD 

As previously mentioned in sections 5.1.1.4 and 5.3.1, the Mann-Whitney-U-Test for two 
independent samples has been selected for verifying the alternative hypothesis.  

The alternative hypothesis H1 declared in section 5.2.1 is directional, hence it is evaluated with a 
one-tailed test. The one-tailed directional alternative hypothesis is declared as:  

𝐻1 ∶  𝜃𝐺𝑁
<  𝜃𝐺𝑃

 

Where the median of population GN (group of people collaborating in non-tailorable environment) 
is less than the median of the population GP (group of people collaborating in partially-tailorable 
environment). The rank assumes the value 1 to represent the lowest value. With respect to the 
unequal size of the sample data, the previously defined one-tailed directional alternative 
hypothesis H1 is translated into:  

𝐻1 ∶  �̅�𝐺𝑁
<  �̅�𝐺𝑃

 

where �̅� represents the mean of ranks. 

It can be deduced from Table 5-1 in section 5.2.1 that: the two collaboration environments with 
the corresponding group session numbers represent two samples that are independent of one 
another. The first sample represents the groups who worked in a non-tailorable environment; i.e. 
Group Non-Tailorable (GN), where the number of elements in this sample is 8; i.e. 𝒏𝑮𝑵

= 𝟖 . The 

second sample represents the groups who worked in a partially tailorable collaboration 
environment; i.e. Group Partially-Tailorable (GP), where the number of elements in this sample 
is 9; i.e. 𝒏𝑮𝑷

= 𝟗.  The original scores of sample elements are shown in the following Table 5-4.  

TABLE 5-4 INITIAL DATA FOR MANN-WHITNEY-U-TEST 

Group Non-Tailorable (GN) Group Partially-Tailorable (GP) 
Group 

Session 
Number 

Sample 
Identification 
(ID) Number 

Original 
Efficiency Score 

Group 
Session 
Number 

Sample 
Identification 
(ID) Number 

Original 
Efficiency Score 

1 GN,1 7 2 GP,2 5 
3 GN,3 3 5 GP,5 5 
4 GN,4 5 6 GP,6 4 
9 GN,9 1 7 GP,7 8 

12 GN,12 5 8 GP,8 12 
14 GN,14 7 10 GP,10 9 
15 GN,15 4 11 GP,11 10 
17 GN,17 1 16 GP,16 9 

  - 18 GP,18 7 

 

The Mann-Whitney-U-Test procedure: 

Step 1. The Mann-Whitney-U-Test firstly combines the elements of the samples into a set of 𝑵 =
𝒏𝑮𝑵

+ 𝒏𝑮𝑷
. These elements are then ranked from the lowest to the highest. This is 

demonstrated in the following Table 5-5.  
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TABLE 5-5 INITIAL RANKING ASSIGNMENT IN MANN-WHITNEY-U-TEST 

Sample 
ID 

Number 
G

N
,9

 

G
N

,1
7
 

G
N

,3
 

G
N

,1
5
 

G
P

,6
 

G
N

,4
 

G
N

,1
2
 

G
P

,2
 

G
P

,5
 

G
N

,1
 

G
N

,1
4
 

G
P

,1
8
 

G
P

,7
 

G
P

,1
0
 

G
P

,1
6
 

G
P

,1
1
 

G
P

,8
 

Score 1 1 3 4 4 5 5 5 5 7 7 7 8 9 9 10 12 

Ranking 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

 

Step 2. The Mann-Whitney-U-Test proceeds with adjusting the ranks where the scores of the 
elements are equal. Mann-Whitney named such elements as tied-elements. This is done by 
computing the average of the ranks; i.e. adding the assigned ranks of the elements and 
dividing it by the number of elements. For example, the elements GN,9 and GN,17 have the 
same score of 1. The assigned ranks 1 and 2 are thus added and then divided by 2, which 
results in the value 1.5. The value obtained from this operation is called tied-adjusted rank. 
The tied-adjusted rank is then assigned to all the tied-elements. The resulting adjustment 
is shown in the following step.Table 5-6. 

TABLE 5-6 TIED-ADJUSTED RANK IN MANN-WHITNEY-U-TEST 

Sample 
ID 

Number 

G
N
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G
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P

,1
0
 

G
P

,1
6
 

G
P

,1
1
 

G
P

,8
 

Score 1 1 3 4 4 5 5 5 5 7 7 7 8 9 9 10 12 

Tied-
adjusted 

Rank 
1,5 1,5 3 4,5 4,5 7,5 7,5 7,5 7,5 11 11 11 13 14,5 14,5 16 17 

 

Step 3. The elements are then re-sorted into their origin samples (see Table 5-7), their obtained 
ranks are summed up and the average is calculated.  

TABLE 5-7 RE-SORTING OF THE ELEMENTS INTO THEIR ORIGINS 

Group Non-Tailorable (GN) Group Partially-Tailorable (GP) 
Sample ID Number Final Rank (RN,i) Sample ID Number Final Rank (RP,j) 

GN,1 11 GP,2 7,5 
GN,3 3 GP,5 7,5 
GN,4 7,5 GP,6 4,5 
GN,9 1,5 GP,7 13 
GN,12 7,5 GP,8 17 
GN,14 11 GP,10 14,5 
GN,15 4,5 GP,11 16 
GN,17 1,5 GP,16 14,5 

- - GP,18 11 

 

The average of the ranks of the two samples are:  

�̅�𝐺𝑁
=  

∑ 𝑅𝑁,𝑖

𝑛𝐺𝑁

= 5,9 �̅�𝐺𝑃
=  

∑ 𝐺𝑃,𝑗

𝑛𝐺𝑃

= 11,7 

 

Where  𝒏𝑮𝑵
= 𝟖  and 𝒏𝑮𝑷

= 𝟗 .  
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From the above computation, it can be concluded that the alternative hypothesis H1 is verified, 
since the average rank of the groups working in the non-tailorable environment are less efficient 
as compared to the average rank of the groups working in partially-tailorable environment. 

The Mann-Whitney U test Result 
 
The alternative hypothesis 
  

𝐻1 ∶  �̅�𝐺𝑁
<  �̅�𝐺𝑃

 

 
has accepted been supported, since the value of �̅�𝐺𝑁

 is smaller than the value of �̅�𝐺𝑃
 . 

 

Step 4. The Mann-Whitney-U-Test calculates U-values in order to determine the statistical 
significance (see section 5.1.2.3) of the result. To determine the U-values of the samples, 
the following formulas are applied: 

 

Equation i.    𝑈𝐺𝑁
=  𝑛𝐺𝑁

 𝑛𝐺𝑃 +   
𝑛𝐺𝑁

(𝑛𝐺𝑁
+1)

2
−  ∑ 𝑅𝑁,𝑖  

 

Equation ii.                 𝑈𝐺𝑃
=  𝑛𝐺𝑁

 𝑛𝐺𝑃 +   
𝑛𝐺𝑃

(𝑛𝐺𝑃
+1)

2
−  ∑ 𝑅𝑃,𝑗 

 

Hence, the U-values obtained are 𝑼𝑮𝑵
= 𝟔𝟎, 𝟓 and 𝑼𝑮𝑷

= 𝟏𝟏, 𝟓. 

Step 5. The smaller U-value; in this case 𝑈𝐺𝑃
= 11,5,  is selected and compared to the Table of 

Critical Values for the Mann-Whitney-U Statistic [136]. For this study, the critical value of 
α = .05 and α = .025 are used. The table excerpts are depicted in APPENDIX 6.  The one-
tailed test critical values at α = .05 and α = .025 for 𝒏𝑮𝑵

= 𝟖 and 𝒏𝑮𝑷
= 𝟗 are 18 and 15 

respectively. For the U-value to be statistically significant, it has to be less than or equal 
to the tabled critical values. The obtained U-value from this study is less than the tabled 
critical values, hence it is statistically significant.  

Therefore, this preliminary study of tailorability shows that a partially-tailorable collaboration 
increases the efficiency of collaboration, since the alternative hypothesis H1 is supported.  The 
results obtained did not occur by mere chance, since the U-value obtained is statistically 
significant.  

5.3.3 CONCLUSION OF PILOT STUDY 

The preceding section 5.3.2 demonstrate that providing a certain degree of tailorability in a 
synchronous groupware increases the efficiency of collaboration of the groups. In this study, the 
degree of tailorability is very small; i.e. it only allows adjustments in the user access rights to the 
desktop sharing and shared whiteboarding facilities. Although these do not completely represent 
the notion of tailorability that is defined in Tailor-SMaDe, it does provide an indication that 
supporting a higher degree of tailorability could further increase the efficiency of collaboration. 
From the results obtained from performing the Mann-Whitney U test, this research work 
successfully demonstrated that enabling a slight tailoring possibility already increases the 
efficiency of synchronous real-time collaboration. The inclusion of more tailoring functions in a 
synchronous collaboration environment is expected to further increase the efficiency of 
collaboration. 
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The results procured in section 5.3.2 demonstrate the necessity to provide a more fine-grained 
tailoring ability in synchronous groupware. Unfortunately, the existence of fine-grained tailorable 
synchronous groupware up to the date where the market study was conducted (see section 4.2.2), 
is still scarce. This becomes the motivation for this research work to implement such a fine-
grained synchronous groupware, so that a further study on the collaboration efficiency can be 
performed.   
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6 TAILOR-SMADE A WEB BROWSER-BASED TAILORABLE 
SYNCHRONOUS GROUPWARE 

The pilot study of tailorability elaborated in sections 4.1 and 5.3.3 provide an indication that 
tailorability of a synchronous groupware can increase the efficiency of collaboration. 
Unfortunately, up to the time of the development of Tailor-SMaDe, such a system did not exist. 
Hence, such a system must be developed in order to be able to investigate further.  

The name Tailor-SMaDe is derived from Tailorable synchronous groupware for Software 
Modeling and Design. Tailor-SMaDe was intended to provide a tailorable, interoperable and 
integrated synchronous collaboration platform. The notion of tailorability is elaborated in section 
6.2.2.  

Tailor-SMaDe was conceptualized to provide the following features: 

 Tailorable: users are empowered to shape and defined their collaboration environment 
according to their momentary needs, in order to support the dynamics of cooperative 
work. For this, they are endowed tailoring functions which are present both during session 
configuration and during a running session.  

 Interoperable: Tailor-SMaDe promotes interoperability by delivering the application 
through a web browser with absolutely installation free. Recent standards like WebSocket 
and WebRTC are the enabling technologies used in the implementation. 

 ‘true’ synchronous groupware characteristics: in contrast to those products available in 
the market, the notion of group awareness and workspace awareness are often neglected. 
Tailor-SMaDe is equipped with awareness mechanisms like colour-coded name display on 
each participant’s telepointer, running session history, continuous synchronization of 
participants’ activities in the shared workspace and running session history. 

6.1 MOTIVATION 

The initial idea of Tailor-SMaDe’s implementation was inspired by a synchronous groupware 
application for software engineering in design phase – PASSENGER [4] – which was previously 
developed at the Institute of Computer Engineering. PASSENGER uses a client-server architecture, 
which requires the installation of client software in users’ computer. Users are able to collaborate 
through the internet as long as they belong to the same private network. Despite of its special 
features like floor-control, CASE-Tool (Computer Aided Software Engineering), non-coverable 
shared workspace, and strict WSYIWIS, PASSENGER exhibits characteristics that are no-longer 
conformant to today’s demands for high interoperability, flexibility and mobility. With the 
dawn of Web 2.0 more and more software applications employ web browsers to deliver their 
functionalities over the internet, to allow to users access the applications regardless of their of 
operating system types and in most cases, the web browser types. Today’s application enable high 
flexibility where users can individualize their applications according to their momentary needs 
or preferences. Device ubiquity, where a vast variety of devices are used and mobility where 
access to information and application is supported for mobile devices by the underlying 
communication networks infrastructure are expected. PASSENGER does not support 
interoperability, since it requires all the server and client systems to run on Windows XP 
operating system. Simply due to this specific requirement, PASSENGER can neither provide 
flexibility nor mobility. A web browser-based application on the other hand, allow users to access 
the application regardless of their operating system type. This obviously provide a higher 
interoperability. This became the first motivation for designing an interoperable synchronous 
groupware platform.  
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Interoperability and mobility motivations. 
 
A synchronous groupware platform that is conformant to today’s interoperability and mobility 
and flexibility requirements should be web browser-based and plug-in or add-on free.   
 

 

According to the market study performed for this research work in section 4.2.2, many web 
browser-based synchronous groupware applications. However, most of them allow either only 
real-time communication like audio and/or video conferencing, or real-time collaboration like 
text editing and graphical designing. Most of them do not support both real-time communication 
as well as real-time collaboration functionalities. Examples of an up-to-date collaborative 
software design platform are creately (www.creately.com) and gliffy (www.gliffy.com).  These 
commercial platforms provide a web browser-based real-time software design platform. They are 
equipped with various diagramming tools like database diagrams, UML diagrams, UI mockups and 
charts. When subscribed, the diagrams can be shared and edited with other users in real-time. 
However, real-time communication is not supported by the platforms. Users can edit a shared 
diagram in real-time, but must divert to other real-time communication tools to communicate. 
Users are made aware of the editing activities through Email or link notifications and a full 
revision history of all changes.  

Integrated Platform motivation  
 
In order to support efficient synchronous collaboration, it is necessary to provide an integrated 
platform that allow both real-time communication and collaboration functionalities. Users 
should not be expected to switch between two applications that support either real-time 
communication or real-time collaboration functionalities.  
 

 

Additionally, the market study on tailorable synchronous groupware described in section 4.2.2 
concludes that:  

 The existence of tailorable synchronous groupware is still scarce.  
 Web browser based synchronous groupware are readily available, however most of them 

require plug-ins or special software to be installed. 

As such, a highly flexible (tailorable), plug-in or add-on free web-browser based synchronous 
groupware has until yet not been developed or implemented anywhere.  

Tailorable synchronous groupware motivation 
 
A flexible collaboration environment should be able to cater to changes in collaboration 
requirements during a collaboration session. A fine-grained tailorable groupware can support 
this requirement by supplying tailoring functionalities at least within a running session. 
 

 

High flexibility in this work focuses on the flexibility that the groupware can provide towards 
users’ requirements as elaborated in section 2.1. This becomes the second motivation for this 
research work to implement such a synchronous groupware.  

http://www.creately.com/
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‘True’ group awareness motivation 
 
A ‘true’ synchronous groupware must provide group awareness to all members of the 
cooperating group. This cannot be wholly achieved through desktop or application sharing 
mechanism, rather by providing one shared workspace where all group activities are updated 
and displayed in real-time.  
 

 

Additionally, to conduct a further study on the impact of tailorability on collaboration efficiency 
in collaborations using synchronous groupware, a tailorable synchronous groupware is required. 
Hence, this becomes the third motivation to implement a tailorable synchronous groupware. 

6.2 DESIGN CONSIDERATIONS 

Particularly, the design of Tailor-SMaDe was intended to provide users the power to shape their 
own collaboration environment through the provision of tailoring functions. The reason for this 
is: if users are able to define their own collaboration environment according to their momentary 
needs, they may be able to achieve a highly efficient distributed collaboration. This way, we can 
eliminate groupware rigidity from the list of impeding factors in achieving efficient distributed 
collaboration.  

Tailor-SMaDe was initially conceptualized to support real-time distributed collaboration on a 
specific scenario; software engineering in the design phase. For this, a portion of this work was 
dedicated on analysing the requirements from the human interaction aspects of software 
engineering in design phase. This is described in section 6.2.1.  

As explained in section 4.2.2, the existing synchronous groupware applications use desktop 
and/or application sharing to provide integrated collaboration platform. Tailor-SMaDe intends to 
cater a true integrated collaboration platform, where several tools (like text editor, graphic editor, 
communication tools and so on) are available within the same application accessible through the 
web browser. The synchronization of user activities are transparent to users and are displayed 
within the same web browser window. The design considerations for this is elucidated in sections 
6.2.1 to 6.2.6.  

6.2.1 SOFTWARE DESIGN REQUIREMENTS 

According to Olson et al. [137], a classical software design meeting dedicates 90% of the total 
design meeting times to communicate with one another; where 40% were used for discussing on 
issues, alternatives and clarification purposes, 35% were dedicated for walkthrough, summary 
and other clarifications. The activities that were Wu et al. [138] also confirmed that software 
design activities involve a high frequency of communication. Hence, to support the 
communication requirements in distributed software design, Tailor-SMaDe should fulfil the 
following requirement: 

Requirement A-1. Real-time communication tool.    
A reliable and stable communication tool should be present. This is 
realized through real-time audio/video component.      

Wu et al. [138] also indicated in their study that software designers prefer to use general purpose 
and lightweight tools as compared to specific software development tools. For example, in 
brainstorming (informal) phases of software design, tools like whiteboard and paper were 
preferred; whereas in formal design phase where design artefacts are created and archived, text 
editor tools were preferred. Therefore, to support synchronous distributed software design 
activities, Tailor-SMaDe should fulfil the following requirement: 
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Requirement A-2. Real-time Collaboration Tool.  
A set of tools for informal and formal design phase should be available for 
designers to select from. This can be realized through shared whiteboard 
with text editor and graphic editor. 

From Olson et al.’s [137] findings, 25% of the total communication time was allocated for project 
management and meeting management purposes. Therefore, to support design teams to 
coordinate their meetings, Tailor-SMaDe should fulfil the following requirement: 

Requirement A-3. Coordination Tool.   
A tool for coordinating meetings should be present. This can be realized 
by a meeting management component which is equipped with calendar 
tool and group management component. To increase the capability of the 
system, the meeting management component can be accompanied with a 
project management component where teams can manage and control 
their project. 

6.2.2 TAILORABILITY ISSUES 

In this research work, the main purpose of providing tailorability in synchronous groupware to 
address the dynamics of group interaction which is dynamic in nature [9], [139] and is marked by 
“opportunistic, non-routine user behaviour” [126]. This means that group requirements change 
with specific group composition, specific types of group work and specific working mode [22]. 
The up-to-date available groupware are often implemented to satisfy the requirements of a wide 
variety of users, but are incapable of fulfilling specific group constellations [140], [40]. This work 
conceives that facilitating users to tailor their collaboration environment – according to their 
group requirement at a specific point of time for a specific group task – could resolve inflexibility 
issue of generic groupware.  

Referring to the tailorability concepts mentioned in section 2.1, this work confines tailoring to 
adhere to the following criteria: 

1. Type of tailors: tailors that are addressed in this work are users with no or very little 
knowledge of the system and/or programming skills.   

2. Level of tailoring: 
a. Customization: this level is visible for the tailors, in which they are presented a 

set of alternative functionalities to select from. The system preselects a default 
functionality. 

3. Tailoring scope (scope of validity):     
a. Usage situation: sessions are subjected to tailoring. A session involves a period 

of synchronous interaction [18], provides users with an interface to a shared 
context and consists of a group of participants at any point of time and is limited 
to a certain time period [141].  

b. Time span: 
i. During session configuration: a session configuration involves activities 

concerned with the definition of session parameters by a tailor. This take 
place prior to the running session, and requires only one user to define the 
parameters of a session. The session parameters include information like 
date and time, number of participants and participants’ roles, 
communication and collaboration tools and the like. The mechanism that 
governs the user management is elaborated in section 6.3.5. 

ii. During running session: a running session (synchronous interaction 
session) can be modified during run-time by tailors. Tailors can perform 
actions like adding/removing tools and users, modifying default user 
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access rights to the individual tools attributes. The mechanism that 
governs the user management is elaborated in section 6.3.5. 

4. Tailors: only one person of a group can be a tailor for a session. The tailor is automatically 
assigned the role manager by the system. Although anyone of a group can be a tailor, it is 
suggested that the group’s tailor possess the following qualities: 

a. Knowledge of the group’s structure, processes, functionalities, tasks and 
interaction manners. 

b. High sensibility on group members’ personalities, working modes, attitudes 
towards cooperation, changes and conflicts. 

c. Leadership skills or qualities to lead/guide the collaborating group. 
 

The following tailorability requirements have been defined to be implemented in Tailor-SMaDe: 

Requirement B-1. Tailoring functions visibility. 
Tailoring functions must be displayed and locates such that users 
know about their existence and can find them easily. 

Requirement B-2. Tailoring during a running session.  
The system must facilitate tailoring within a running session. 
Tailoring activities like adding, removing and modifying 
components, user roles or user access rights (see section 6.3.5), 
meeting duration, screen layout and so on must be supported by 
the system. 

Requirement B-3. Fine-grained tailoring. 
Components must be defined in a fine-grained manner in order to 
support deep tailoring of the components.  

6.2.3 AWARENESS ISSUES 

Awareness is paramount to the success of distributed synchronous collaboration. Through 
awareness, collaborators are able to attain information on collaboration activities like who did 
what when, which will then be used as part of their decision making process on what they intend 
to do next [142], [24], [143].  

As elaborated in section 2.1.1, awareness provision in Tailor-SMaDe is defined as follows:  

1. Group awareness:  
a. Relaxed WYSIWIS: as part of tailorability support, Tailor-SMaDe should allow 

users to configure the settings of their screen layout individually. The screen 
layout presents the layout of the Tailor-SMaDe GUI within a running session (see 
6.3.1). The screen layout is divided into several containers which serve to house 
components of communication and coordination. When opted for by the tailor, 
participants should be able to move their collaboration components between the 
container locations according to their preference. However, to enforce workspace 
awareness, the center container is reserved for collaboration tools and is not 
moveable anywhere. The implementation could be realized in the following 
manners: 

i. Fixed screen layout: this is the default setting preselected by the system. 
Here, the tailor is the only participant in a running session allowed to move 
the collaboration components between the containers.  

ii. Flexible screen layout: the tailor can allow either some participants or all 
participants in the running session to configure their screen layouts 
individually.  
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FIGURE 6-1 RUNNING SESSION SCREEN LAYOUT  

b. Participants list: as a default, a list of online participants should be displayed to 
all participants. The names are shaded with colour assigned to them (see below). 

c. Session history: all participants’ activities are listed in the session history. The 
information displayed here include time of login/logout and the time which 
activities are performed by whom. 

d. Notification service: is responsible for the display of session information like the 
time remaining for the running session and the time remaining for a session 
restart, in case the tailor decided to restart the session. 

2. Workspace awareness: 
a. Multiple tabs: users (depending on their role and access right settings – see 

section 6.3.4) should be allowed to select tools they require for collaboration. To 
ensure workspace awareness, the newly inserted tool should be displayed in a 
new tab. To enforce workspace awareness, the newly added tab should be 
indicated with some visual marking like blinking window. 

b. Multiple telepointer with name display and colour coding: each participant 
should be equipped with a telepointer (cursor) where the name of the participant 
is displayed in the colour that was previously assigned to them. This is to make 
sure that every participant can see where the others are pointing to. The 
telepointer should be made visible especially within the shared workspace.  

6.2.4 USER MANAGEMENT AND USER ROLES 

As defined in section 6.2.2, tailoring can be performed during session configuration phase (i.e. 
prior to a running session) or during a running session. For the collaboration efficiency, the more 
important tailoring is during a running session, since this is the time frame where participants 
collaborate with one another. This work sees it imperative to enforce a mechanism which ensures 
that the act of tailoring within a running session does not hinder the group from achieving an 
efficient collaboration. This is the reason why this work allows only one tailor is to be present 
within a running session (section 6.2.2).  

Participants of a running session can be distinguished into: tailor, active participant and inactive 
participant. A tailor is a user who performs tailoring during a running session. An active 
participant is a participant who contributes to the group work in a running session. An inactive 
participant is a participant who is present in a running session but do not necessarily contribute 
to the group work. To manage the access rights of these three classes of users, user roles must be 
defined for the system. 
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The following user roles have been distinguished for the implementation of Tailor-SMaDe: 

1. Manager: this role provides users with access rights to all the components of a running 
session and their attributes (parameters) and to the tailoring functions. This is the role 
that is automatically assigned to a session creator. This role can be passed on to another 
participant during a running session.   

2. Contributor: this role provides users with access rights to some components’ attributes 
of a running session. Generally, this role enables a participant to actively contribute to the 
group cooperation. This role can be configured individually, if the tailor sees it necessary.  

3. Viewer: this role caters the least access rights to some components’ attributes of a running 
session. This role can be used for participants who intend to act as a ‘silent’ participant, 
who do not need to contribute to the group cooperation and is simply there to watch the 
cooperation.  

 User management and tailorability should be governed according to the following criteria: 

1. During session configuration: a session configuration can be performed by any user, 
regardless whether he will participate in the running session or not. In common meetings, 
it not unusual that a meeting organizer is installed simply to organize the meetings but not 
participate in the meeting itself. Such users are registered in the system databases 
according to the configuration actions they perform. The configuration actions are 
classified such: 

a. Session creation: a user can create a session from scratch. This user is registered 
in the system database as the author of the session.  

b. Session modification: a user can only modify a session if he is the session owner. 
This mechanism is necessary to protect session owners from ‘losing’ their sessions 
because it was modified by another person.   

c. Session replication: a user can copy a session created by another user or himself. 
This is way, the configurations of the session is retained. Here, the system will 
issue a new session ID and make sure that the session name is not identical to any 
existing session.  

2. During a running session: previously assigned user roles can be changed and/or 
modified at any time during a running session. The following restrictions should be 
implemented:  

a. Manager role: a session must have one user possessing the manager role. If this 
user needs to step out of the session, he must to assign another participant this 
role. In case of connection loss or network problems, where a manual assignment 
was not yet done by the initial manager, the system will assign a person previously 
assigned the contributor role the role manager at reconnection.  

b. Contributor and Viewer roles: tailors can change other participants’ roles at any 
time during the session.  

c. Modifying participants’ roles: the previously assigned user roles can be 
modified by tailors (possessing manager role) at any time during the run-time. 
This means that the default settings of the roles can be altered individually, For 
example, a user with the role contributor has by default the rights to edit in a text 
editor, but not maximize the window size. The manager can decide to grant him 
this right by modifying the role. 
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6.2.5 USER INTERFACE ISSUES 

As mentioned previously in section 6.2.2, the users addressed by this groupware are users with 
no or little knowledge of the system and possess no or little programming skills. To enhance 
collaboration, the groupware user interface should facilitate learning and usage of the system. 
Therefore, the following criteria have been defined for Tailor-SMaDe’s graphical user interface: 

1. Intuitive and user-friendly graphical user interface: the functionalities of the 
groupware should be visually presented such that they are easily understood by the 
users. 

2. Interactive graphical user interface: to provide an interactive graphical user interface, 
direct manipulation [144] style is preferred. Direct manipulation has the advantage that 
it displays the functionalities of the objects by showing the immediate result of the 
actions. 

3. Visibility of tailoring function: users must be made aware of the existence of the 
tailoring functions. The location of the tailoring functions should be immediately 
accessible, not hidden somewhere. 

4. Tailoring function by direct manipulation: tailoring functions should also be 
implemented in direct manipulation style. 

As elucidated in section 6.2.2, there is a distinction between tailors participant and other 
participants, the user graphical interface of these two user classes must differ. The obvious 
difference lies on the availability of the tailoring functions for the tailors.  

6.2.6 TAILORABILITY STUDY TOOL REQUIREMENTS 

One of the main purpose of implementing Tailor-SMaDe is to perform a tailorability study similar 
to that described in section 4.1. To attain a more quantitative result, the system needs to record 
relevant information for evaluation purposes. According to ISO 9241-11:1998 [145], efficiency is 
defined to be the “resource expended in relation to the accuracy and completeness with which 
users achieve goals”. Efficiency can be measured by taking the time to complete a task [146]. For 
this purpose, an application called activity monitoring and activity analysis tool has been 
conceptualized. The activity monitoring tool serves as the interface that collects users’ 
collaboration information from running sessions. The activity analysis tool analyses users’ 
collaboration behaviour and displays them for analysis.  

6.2.6.1 ACTIVITY MONITORING TOOL 

The activity monitoring tool records all the activities performed by participants during running 
sessions.  

A running session is composed of two types of activities: tailoring activities and collaboration 
activities. Tailoring activities are those performed by tailors in the course of defining the 
collaboration environment depending on the momentary needs of the group. Collaboration 
activities are those carried out by participants when working together in a group. Therefore, it 
can be deduced that a running session time (RST) is composed of tailoring time (TT) and 
collaboration time (CT).  

The following expression is used to describe a running session time:    

𝑅𝑢𝑛𝑛𝑖𝑛𝑔 𝑆𝑒𝑠𝑠𝑖𝑜𝑛 𝑇𝑖𝑚𝑒 (𝑅𝑆𝑇) = 𝑇𝑎𝑖𝑙𝑜𝑟𝑖𝑛𝑔 𝑇𝑖𝑚𝑒 (𝑇𝑇) + 𝐶𝑜𝑙𝑙𝑎𝑏𝑜𝑟𝑎𝑡𝑖𝑜𝑛 𝑇𝑖𝑚𝑒 (𝐶𝑇) 

The information are collected from all users within a running session.  
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6.2.6.2 ACTIVITY ANALYSIS TOOL 

The activity analysis tool is a reporting tool that exploits the information collected by the activity 
monitoring tool, transforms it into analysis information and displays the information in form of 
diagrams. The activity analysis tool provides drilling functions for showing users’ tailoring and 
collaboration behaviours.  

For the activity analysis tool, information are extracted from the system database and processed 
such that the following averages are achieved:  

1. Average running sessions duration: aggregates all running session durations from all 
performed sessions and calculates the average.   

2. Average tailoring activities: aggregates all tailoring activity durations from all performed 
sessions and calculates the average. 

3. Average collaboration activities: aggregates all collaboration activity durations from all 
performed sessions and calculates the average.  

The drilling functions apply to individual sessions performed in Tailor-SMaDe. This way, a 
detailed tailoring and collaboration behaviours of each session can be analyzed. The following 
information can be obtained from the drilling functions of each session: 

1. Distribution of tailoring and collaboration activities of the session: this is displayed in a 
pie chart, which when drilled will display the activities performed by all the participants.  

2. Distribution of tailoring and collaboration activities of each participant: this is displayed 
in a pie chart, which when drilled will display the detailed activities and the duration of 
the activities. 

6.3 SYSTEM ARCHITECTURE 

Tailor-SMaDe is implemented as a client-server web application, where the web browser 
(momentarily chrome) as the client, interacts with an Apache HTTP (web) erver that is hosted at 
the Institute of Computer Engineering. The web application functionalities were programmed 
using PHP and JavaScript as well as JQuery for interactive GUI. It utilizes MySQL database as data 
storage. It also exploits the latest web-technologies WebSocket and WebRTC to support real-time 
collaboration and real-time communication, respectively. Tailor-SMaDe is accessible through any 
HTML5 and WebRTC-enabled web browser.  To access and use Tailor-SMaDe, a user must first 
register himself in the system.  

Adhering to the design constraints explained in the previous section 6.2, Tailor-SMaDe was 
implemented in four main modules: the real-time collaboration module, the real-time 
communication module, real-time coordination module and the tailoring module. The real-time 
collaboration module comprises of functions that allow users to perform collaboration activities 
in real-time. The components included in this module are mxgraph (graphic editor), text editor, 
pdf reader and html editor. The real-time communication module support real-time 
communication activities like text chat, audio and video communication. The real-time 
coordination module support users in coordinating their activities within a running session. In 
Tailor-SMaDe, this module is limited to running session history and telepointer settings. The 
tailoring module is a special module that allows tailors to modify or adjust the collaboration 
environment configuration of the sessions during running session. Tailor-SMaDe realizes this in 
form of Session Control. The modules are explained in detail in section 6.3.2 until 6.3.4. 

Tailor-SMaDe is supplemented by activity monitoring and activity analysis tool called Tailor-
Track. Tailor-Track provides a web-based real-time reporting platform for analysing user 
activities in Tailor-SMaDe’s running sessions. It is also hosted in the same web server as Tailor-
SMaDe, however has its own database and WebSocket server. The WebSocket technology utilized 
here simply aims to enable real-time reporting. These are elucidated in section 6.3.6. 
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The following figure depicts the system architecture of Tailor-SMaDe.  

 

FIGURE 6-2 SYSTEM ARCHITECTURE OF TAILOR-SMADE 

6.3.1 TAILOR-SMADE’S GRAPHICAL USER INTERFACE (GUI) 

Tailor-SMaDe’s GUI is classified into two types: session configuration GUI and running session 
GUI. The session configuration GUI provides the user interface for defining sessions and it is 
available for any registered user. User registration was implemented as a prerequisite for users 
who intend to use the web browser-based groupware. To minimize the design and 
implementation overhead, user registration was implemented as the initial security measure to 
protect users’ data and information. The running session GUI provides the interface for real-time 
collaboration for all session participants while accommodating tailoring interface for the session 
tailors.  

6.3.1.1 SESSION CONFIGURATION GUI 

Tailor-SMaDe is accessible through a given IP address.  Users are required to create a user profile 
in the system before they are allowed to use the application. This mechanism enables tailors to 
select their participants from the existing user profiles. Once a user has logged in to the system, 
they are presented with the following modules:  

1. Session Management Module: this module provides the interface for users to manage their 
sessions. Here, users can perform create, copy, modify and delete operations on the sessions. 
Session integrity is guaranteed by mechanisms explained in section 6.2.4. This module is 
composed of the modules: 

a. Create New Session: this module allows a user to create a session from the scratch. 
Information like session name, session date and time, collaboration tools that are to be 
used in the running session, participants’ roles and colour are defined here. The 
participants’ role definition is the most important part of this module, as this also 
reflects the fine-grained structure of Tailor-SMaDe, where participants can be 
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configured individually for each collaboration tool that the participant is authorized to 
use. The following figure depicts the participant selection step, where participant role, 
colour and individual access rights to for each collaboration tool can be configured.   

 

FIGURE 6-3 PARTICIPANT SELECTION AND CONFIGURATION STEP 

As elaborated in section 6.2.4, participants’ access rights are predefined in the system 
according to the roles. If the tailor sees it necessary to individually configure the selected 
role for a certain participant, he can do this by using the button More Settings, displayed 
next to the colour drop down menu in Figure 6-3. As example, by the user role contributor 
has the right to minimize/maximize window, create a private chat with another 
participant and write texts. If the tailor sees it necessary that this participant should be 
granted the access right to re-position his chat window, the he can grant this by checking 
the function he wished to grant the participant. This is illustrated in the following figure. 

 

FIGURE 6-4 TAILORING FOR PARTICIPANT'S INDIVIDUAL ACCESS RIGHT TO A COLLABORATION TOOL 

b. Modify Session: this module enables users to copy, modify or delete a created session. 
Sessions that are running are can only be copied. A session creator can copy, modify 
and delete his sessions (provided it is not running) as he wishes, however can only copy 
other users’ sessions. The following figure depicts the modify session module and its 
restrictions concerning editing permissions.  
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FIGURE 6-5 EDITING RESTRICTIONS IN MODIFY SESSION MODULE 

2. Conference Management Module: through this module, users are able to view the list of 
available sessions according to their status (active, past, to be started). The following figure 
shows the list of conferences module. Sessions that are active (running) are displayed in green, 
sessions that are yet to start are displayed in yellow, while sessions that have expired are 
displayed in red.   
 

 

FIGURE 6-6 INVITED AND NON-INVITED USER'S VIEW IN THE LIST OF CONFERENCES MODULE 

An invited user (see Figure 6-6 left hand side) is able to join an active session (running session, 
see section 6.3.1.2) through this interface, by clicking on the Go button that appear next to the 
session he was invited to. A non-invited user (see Figure 6-6 right hand side) is able to see the 
sessions, however cannot join a running session since the Go button is not displayed for him.    

3. User Management Module: this module allows users to manage their login information.  
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The following figure shows the site map of Tailor-SMaDe.  

 

FIGURE 6-7 TAILOR-SMADE SITE MAP 

6.3.1.2 RUNNING SESSION GUI 

A user is transferred to a running session through the conference management module as 
described in section 6.3.1.1.  

As a default, the running session GUI layout is presented as depicted in the following figure: 

 

FIGURE 6-8 RUNNING SESSION GUI DEFAULT LAYOUT 

The functions available for a tailor (manager role) and a participant during a running session 
differ. The tailoring functions, depicted as blue boxes in Figure 6-8, are only displayed for users 
with the role manager and are placed in the upper container. All the other functions, depicted as 
white boxes in Figure 6-8, are available for all participants. By default, coordination functions like 
running session history or telepointer settings and collaboration components drop down menu 
are also displayed in the upper container. The chat tool is displayed in the left container, and the 
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video tool in the right container. The center container houses the shared workspace where the 
collaboration tools are displayed.  

As aforementioned, the default settings of the container contents are changeable by the tailor.  

The following figure shows the tailoring functions available for a tailor in a running session. 

 

FIGURE 6-9 TAILORING FUNCTIONS IN RUNNING SESSION 

The main tailoring function is provided within the session control function. Tailors can add 
and/or remove tools in the select tool function. The communication tools are comprised of video, 
audio and text chat. The collaboration tools are composed of text editor, html editor, pdf reader 
and mxgraph editor. The coordination tools are made of the session history and telepointer 
settings. The latter allows users to (un)display his own telepointer in his own view.  

 

FIGURE 6-10 TAILOR-SMADE'S GUI WITH TAILORING FUNCTION FOR THE ROLE MANAGER IN A 
RUNNING SESSION 

As depicted in Figure 6-10, tailoring function (shown as Session Control button) is only visible to 
the group participant possessing the role manager – which is the tailor. Through this tailoring 
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function, the tailor can add or remove tools, extend or shorten the running session time, kick 
participants or change participants roles and colour assignments. In the chat window (displayed 
on the bottom left hand side in Figure 6-10) user texts are displayed according to the colours 
assigned to them, in order to increase group and workspace awareness. The running session 
history (displayed on the upper left hand side in Figure 6-10) – which enlists user activities 
throughout the running session – is also displayed according to the assigned colour. Similarly, user 
telepointers are displayed with their names and assigned colour.  As a reminder for the tailor, 
the session time remaining is also displayed on the right top corner, so that the tailor can react on 
time if he needs to extend the running session time.  With the help of the drag and drop icon, the 
tailor can change the positions of the tools windows as he or the group wishes.  

6.3.2 REAL-TIME COLLABORATION MODULE 

Real-time collaboration in Tailor-SMaDe is provided through a shared workspace which is 
displayed in the center of the screen layout. In each session, a group can use several collaboration 
tools. The collaboration tool can be selected by right-clicking a new tab added. A selection menu 
containing the collaboration tools defined by the tailor (either in the session configuration phase 
or during the running session) will appear.  Figure 6-11 (left hand side) depicts collaboration tool 
selection menus for a running session equipped with text editor, pdf editor and mxgraph editor, 
while the right hand side in Figure 6-11 shows a collaboration tool selection menu for a running 
session equipped with only one collaboration tool mxgraph editor. This is a typical example of 
how a running session’s collaboration tool can be added or removed by the session’s tailor.  

 

FIGURE 6-11 COLLABORATION TOOL SELECTION MENUS 

Each invoked collaboration tool will be displayed in a new tab within the shared workspace. The 
following Figure 6-12 shows the shared workspace viewed by a participant ‘Angela Hirlehei’. The 
collaboration tools added by participants Peter Müller and Stefi Meyer are displayed as new tabs 
with their names and assigned colours. 

 

FIGURE 6-12 SHARED WORKSPACE WITH NAME AND ASSIGNED COLOUR 

By default, only users with manager roles have full access to the functions of the tools. The 
contributor role is usually accompanied with editing functions, while the viewer role allows mere 
display of the group activities in the shared workspace.  

During a running session, a manager can modify the access rights of other group members through 
the session control function.   
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The real-time collaboration module is composed of the following components: text editor, html 
editor, graphic editor and pdf. reader. Once a component is invoked through the drop down menu, 
the selected component is displayed in a new tab along with the tools belonging to it. Only 
participants with editing rights can perform editing actions on the editor. To allow a natural and 
smooth collaboration while guaranteeing data integrity, a locking mechanism is implemented.  

The activities within the shared workspace are synchronized to other participants in real-time by 
the WebSocket server. As elucidated in section 3.9.2, WebSocket allows a bi-directional 
communication between client and server and is able to transport binary large objects (BLOB) or 
ArrayBuffer data types.  

6.3.2.1 WEBSOCKET ON TAILOR-SMADE 

Synchronization of group activities in Tailor-SMaDe is managed by WebSocket server. WebSocket 
provide a low latency, stable and resource efficient standard for the transmission of large binary 
data for real-time activities. In Tailor-SMaDe, WebSocket is implemented within the running 
session.  

To invoke a real-time collaboration tool in a running session, a user simply needs to click on the 
New Tab and select the corresponding tool they intend to use - like mxgraph as a diagramming 
tool – by right-clicking the tab. 

The WebSocket server is defined in the class PHPWebSocket. This class contains all necessary 
information regarding the WebSocket server including URL and port number, maximum number 
of clients that can be supported by the server, maximum length of payload data per frame and per 
message. The server is started by creating a WebSocket object by socket_create: 

 

LISTING 6-1 SERVER OBJECT CREATION 

AF_INET refers to the protocol address family IPv4, SOCK_STREAM indicates the TCP oriented, full 
duplex streaming and SOL_TCP defines the TCP protocol parameter sets to be used. 

Once WebSocket object is created, the IP address and port number are bound to it: 

 

LISTING 6-2 SOCKET BIND 

 This bounded WebSocket object then listens to any incoming connections coming from the client: 

 

LISTING 6-3 SOCKET LISTEN 

The implementation of WebSocket in Tailor-SMaDe is depicted in Figure 6-13. As soon as a user 
joins a scheduled session, a handshake request from the client is passed on to the WebSocket 
server, which will return a handshake response that indicates whether the connection will be 
accepted. Once a WebSocket connection has been established between client and server, the 
WebSocket server starts to listen to data coming from the client. Suppose client 1 adds a new tab, 
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this action is sent to the server. The server processes the message using the function 
wsOnMessage defined in server.php which results in the other users seeing the new tab being 
created in the shared workspace. As the client 1 adds a component in the new tab; for example 
mxgraph editor, the server processes the message and as a result, the other users will also load 
the component mxgraph editor in their shared workspace. The function wsOnMessage processes 
clients’ messages with respect to the following information:  

 Which session sent the message? 
 Which component of the session sent the message? 
 Which user of the session sent the message? 
 Which users in the session should receive the message? 

 

FIGURE 6-13 WEBSOCKET IN RUNNING SESSION SEQUENCE DIAGRAMM 

6.3.3 REAL-TIME COMMUNICATION MODULE 

The real-time communication module is composed of text chat, audio chat and video chat 
components.  

The synchronization of activities in text chat component is managed by WebSocket in the same 
manner as for the real-time collaboration module described in section 6.3.2.1. The text chat 
component is implemented for private chat mode; where a chat conversation is performed 
between two participants, and public chat mode; where all messages coming from all participants 
are displayed to all participants in a public tab.  

The audio chat and video chat components are implemented using WebRTC described in section 
3.9.1. This enables audio, video communication to be provided as a web browser’s native without 
the need to install any plugins, add-ins or additional software. The communication between 
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browsers are done in peer-to-peer manner, hence saving more processing and network resources 
that are otherwise required when using client-server techniques like WebSocket. Transmission of 
media data is performed using RTCPeerConnection API, signaling and Offer/Answer Negotiation 
described in section 3.9.1.3.  

In a WebRTC conferencing settings (p-way call), each session participant’s web browser receives 
and handles media streams generated by p-1 web browsers.  The number of peer-peer connection 
increases with a high number of participants within a running session. The number of connections 
can be calculated using the formula:  

𝑛𝑐 =
𝑝(𝑝 − 1)

2
 

where n is number of connections and p is the number of participants in a session. In other words, 
a mesh topology results from the connections between the peers or participants’ web browsers. 
This could result in disturbance in the video transmission, if the computer is not equipped with a 
strong processing power.  During Tailor-SMaDe’s implementation, this dissertation did not 
explore the most suitable computer specifications for an acceptable video processing quality, not 
did it explore other possibilities. However, at a later time, during the correction period of this 
dissertation, a suggestion to eradicate this problem from Loreto and Romano [105] was found. 
They proposed the implementation of star topology instead of a mesh topology, where a dedicated 
server is used to handle and manage the conferencing connections. This way, each participant only 
need to deliver a single stream to the dedicated server and receive single stream from the 
dedicated server.  

6.3.4 REAL-TIME COORDINATION MODULE 

The real-time coordination module is composed of running session history and telepointer 
settings.  

The activities performed by participants of a session are displayed in the running session history 
and is managed by the WebSocket server in the same manner as described in section 6.3.2.1. The 
running session history can provide valuable information for users in case of connection loss, 
system reload or simply not when a participant is engaged with some other activity that he missed 
the actions performed by his group members. The following figure shows the display of the 
running session history tool. 

 

FIGURE 6-14 RUNNING SESSION HISTORY TOOL WITH ASSIGNED COLOUR DISPLAY 

The telepointer settings allow participants to display or not display their telepointer in the shared 
workspace. The telepointer also displays the names of the other participants and the 
corresponding colour assigned for them.  This is depicted in the following Figure 6-15. 
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FIGURE 6-15 TELEPOINTER WITH NAME DISPLAY AND COLOUR ASSIGNMENT 

6.3.5 TAILORING MODULE 

The tailoring module provides the tailoring functions to users in two categories: during session 
configuration which is facilitated through the session management module (see section 6.3.1.1) 
and during a running session (see section 6.3.1.2).  

The more important contribution of the tailoring module is during a running session, where a 
manager can modify the group’s collaboration environment according to the group’s needs. 
Analogous to the real-time collaboration module, the components of the tailoring module is 
connected to the WebSocket server, so that changes made by the manager are also visualized to 
the other participants in form of notification. As soon as the manager clicks on the button ‘save’, 
the modifications performed are saved into the database and the session will restart either in 1 
minute, three minutes or five minutes time.  The restart time options serve as a preparation time 
for the group to make the final changes to their group work or at least to save their work. The 
system is not yet able to reload the latest state of the objects in the loaded in the workspace. The 
following figure shows the features of the Session Control function within a running session as 
seen by a manager.  

 

FIGURE 6-16 TAILORING MODULE IN A RUNNING SESSION 

The Session Control is the heart of Tailor-SMaDe’s tailoring module. By selecting the Session 
Control button (box 5 of Figure 6-16), manager can: 

 Add or remove communication, collaboration and coordination components of the 
session. By selecting a component on the Tools box (box 1 of Figure 6-16), a component 
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is added into the list of components as shown in box 2 of Figure 6-16. Clicking a 
component on box 2 of Figure 6-16 deselects the component. 

 Add, remove participants, change or assign roles and configure their access rights 
individually (see Figure 6-17). 

To simplify the alterations, a session summary (box 3 of Figure 6-16) is provided as a reference of 
the current configurations.  

 

FIGURE 6-17 PARTICIPANT ROLE AND ACCESS RIGHTS CONFIGURATION 

Box 1 of Figure 6-17 illustrates the list of users who are registered in the database. Box 2 of Figure 
6-17 shows the participant role and colour assignment mask. When the button ‘more settings’ is 
selected, the individual options of the component is modifiable. This fine-grained tailoring is 
depicted in Box 3 of Figure 6-17.  

The other tailoring functions of the tailoring module as depicted in box 5 of Figure 6-16; kick user, 
session termination, session extension and session summary are shortcuts for manager to 
administer the session.  In case of group conflict, blockage or some other problems that prohibits 
the group from making progress, the manager can terminate the session on the fly by selecting 
the Session Termination button.  Manager can also ‘kick’ a user from the current session by 
selecting the button Kick User from Session. Once a participant has been banned from the 
session, he cannot rejoin the session unless the manager adds him again into the current session. 
It is not uncommon that a scheduled meeting elapses the planned meeting duration. Any 
participant can be kicked from a session, except for the manager. In case that there are two or 
more managers in a session, the system ensures that at least one manager is present and prevents 
a manager from kicking himself out. Hence, the presence of the option to extend the session 
duration on the fly is also provided in the tailoring module.  This is accessible through the button 
Extend Session Time. Any changes performed through the tailoring functions in box 5 of Figure 
6-16 are only executed when the ‘Save’ button is clicked. Again, a reload time of 1, 3 or 5 minutes 
is provided for participants to save their changes and prepare for the ‘new’ session. 

6.3.6 ACTIVITY MONITORING AND COLLABORATION ANALYSIS MODULES 

As elaborated in sections 5.3.3 and 6.1, Tailor-SMaDe was conceptualized and implemented to 
serve as a synchronous collaboration platform for performing a further tailorability study.  To 
accommodate this, a web-application called Tailor-Track is also implemented as an extension to 
Tailor-SMaDe. Tailor-Track is composed of two modules: activity monitoring module and activity 
analysis module (see Figure 6-2). Tailor-Track also exploits WebSocket technology to provide 
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real-time reporting. Tailor-Track is hosted in the same web server as Tailor-SMaDe, however, 
employs a separate WebSocket server with a different port number than that of Tailor-SMaDe and 
a separate database.  

The activity monitoring module of Tailor-Track serves only to extract user activities from Tailor-
SMaDe’s session configurations and running sessions as well as to store the data collected in its 
own database. From session configurations in Tailor-SMaDe, tailoring activities are recorded, 
while from Tailor-SMaDe’s running sessions, both tailoring activities and collaboration activities 
are recorded.  

The activity analysis module of Tailor-Track is responsible to process the collected data into 
activity reports and visualize the information in form of a cockpit with drill-down functionalities.  
Tailor-Track’s implementation is depicted in the following figure. 

 

FIGURE 6-18 TAILOR-TRACK IMPLEMENTATION  

As soon as a user joins a running session (for e.g. Session ID 100 in Figure 6-18) in Tailor-SMaDe, 
a tracking function in the activity monitoring module is invoked which in turn establishes an 
additional WebSocket connection from the client browser to the WebSocket server run in Tailor-
Track. The connected client now updates all his activities to the WebSocket server, which then 
relays the data to Tailor-Track activity monitoring module as events. The activity monitoring 
module sorts the events into the two categories: tailoring activity event and collaboration activity 
event. The tailoring activity events are extracted from users with manager role and the tailoring 
function Session Control, while the collaboration activities are extracted from all participants of 
the running session. The duration of an event as well as the whole duration of a running session 
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is also recorded according to the performed running session, and not the configured session. All 
these information are stored in the Tailor-Track database.  

The activity analysis module is equipped with calculation rules required for generating activity 
reports. It obtains its raw data from the Tailor-Track database. The aim of generating activity 
reports is mainly to demonstrate the distribution of tailoring activities and collaboration activities 
within running sessions. The activity reports are presented in three levels: average of all sessions, 
per session, per user. The all sessions report displays the distribution of tailoring and 
collaboration activities over all sessions. The average tailoring distribution shows the distribution 
of tailoring activities between session configuration and running session. This is shown in the 
following figure.  

 

FIGURE 6-19 AVERAGE TAILORING ACTIVITIES DISTRIBUTION 

The pie chart ‘Distribution of Tailoring Activities’ in Figure 6-19 displays the distribution of the 
tailoring activities performed in session configuration and running session. When drilled-down, a 
more detailed distribution of the activities is obtained. For instance, the pie chart ‘Session Control 
Activities’ depicted in Figure 6-19 on the right side, represents the detailed distribution of the 
average tailoring activities performed in all running sessions. On mouse hover over the pie charts, 
the actual percentage is also displayed. 

The per session report provides a more detailed view on the distribution of user activities of a 
specific session. For example, in ‘Diss Tailor-Track’ with session ID 108, as depicted as 1 in Figure 
6-20, tailoring activities took 2.75% of the running session. Due to event like session reloads after 
tailoring had occurred, connection loss and the like, the running session is not always occupied by 
participants. This is the reason why the report displays timelines: session and active timelines. 
The session timeline indicates the complete duration of the session as defined in the session 
configuration phase. The active timeline, depicted by 2 in Figure 6-20, implies the actual duration 
that participants are online and present in the running session.  
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FIGURE 6-20 ACTIVITY REPORT FOR SESSION 108 

When the pie chart is drilled-down, for example by clicking on the collaboration part (see 1 of 
Figure 6-20), a detailed distribution of the activities is shown with respect to the user who 
performed it. For example, Figure 6-21 displays the distribution of collaboration activities that the 
two participants in Session 108 performed; where a large portion of the collaboration activities 
was dominated by the usage of mxgraph editor.  

 

FIGURE 6-21 DETAILED COLLABORATION ACTIVITIES OF EACH PARTICIPANT 

Through clicking the name of a participant, the distribution of the activities performed by the 
participant is presented, where when drilled down, the actions detail are displayed. The red arrow 
in Figure 6-22 shows the action details of the chat activity belonging to the selected participant 
‘Angela Hirlehei’.   
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FIGURE 6-22 PARTICIPANT'S ACTION DETAILS OF CHAT ACTIVITY 

The three levels of activity report presentation are aimed to provide explanations for 
collaboration efficiency, such as: 

 In case of unsuccessful or inefficient collaboration demonstrated by failure to achieve the 
aimed goal or result within the predefined time:  

o The per session reports (see Figure 6-21) can be used to determine which 
participants actually contributed to the group work, the amount of time the 
participants actually perform any activities, what kind of activities were carried 
out.  

o The per person reports (see Figure 6-22), the action details could provide 
possible explanation for the failure. For example, from the text chat action details 
in this report it could be determined that a conflict between two participants 
occurred during the group work, which may lead to the inefficient collaboration. 

 In case of efficient collaboration demonstrated by successful attainment of goal or result 
within the intended time: this is paramount to conclude whether tailorability actually 
played a role in the success of collaboration.  

 For defining the tailoring granularity: from the tailoring distribution of per session 
reports, detailed tailoring activities can be observed, hence a conclusion on the level of 
granularity of tailoring is required to support efficient collaboration.   
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6.4 DEVELOPMENT STATUS 

Tailor-SMaDe’s development was initiated with the aim to produce a tailorable web browser-
based synchronous groupware platform that does not require any plug-in or software installation 
at all and does not simply imitate a groupware behaviour (like desktop sharing), but truly employs 
CSCW principles. Therefore the focus of implementing Tailor-SMaDe was primarily to establish a 
web based synchronous groupware backbone that is extendable for future developments and 
improvements.  

The status of Tailor-SMaDe’s development is summarized in the following table: 

TABLE 6-1 TAILOR-SMADE DEVELOPMENT STATUS 

 

As shown in Table 6-1, most of the components of Tailor-SMaDe were successfully implemented 
(green marked boxes). The red marked boxes show the functionalities that were considered as 
‘nice to have’, hence are made visible for selection, but do not have any functions when selected. 
These functionalities are ‘manage user profile’ of User Management module, ‘Audio Chat’ 
component, ‘create/edit html documents with other authorized users’ in HTML editor component 
and ‘’colour coding on the text’ in Text editor component. At the moment, the ‘User Management’ 
component is only implemented for creating a user profile through a registration link. For a more 
comprehensive use of Tailor-SMaDe, this component can be extended with the option for users to 
connect to social/business networking platforms or for user to register through a social/business 
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networking platforms. The audio chat component was intended to serve as an alternative to video 
chat component, in case of group constellations that prefer not to see each other through video 
transmission. For a later development of Tailor-SMaDe, this should be completely implemented.  
Due to time constraint, colour coding is not yet implemented in the Text editor component 
although it is an important factor in provision of workspace awareness. For future improvements, 
this must be implemented. The HTML editor was implemented as a dummy component. This could 
be replaced by other components like UML editor for software design collaborations or project 
management tools.  

The yellow marked boxes of Table 6-1 show the components that were successfully implemented, 
however exhibit some issues that need to be improved or corrected. The following enlists the 
issues manifested by the components and the suggestions to elevate the problems: 

 mxgraph editor:  
o Issue: if one graphical object is being accessed by several participants, the 

application simply hangs.   
o Improvement suggestion: a concurrency control mechanism need to be applied 

on the graphical object level.  
 Text editor: 

o Issues:  
1. It often occurs that the texts inputted by users are not displayed to the 

other users. 
2. In the displayed text, there is no distinction on who inserted the text 

where.  
o Improvement suggestion:  

1. Concurrency control mechanism need to be implemented, for example 
Operation Transformation.  

2. Colour coding that is already implemented for the users’ telepointer 
should be applied here too. 

 Video Chat:  
o Issues: 

1. When making a call, the progress stops at ‘connecting’ status.  
2. After a connection has been established, the video windows are displayed 

as black.  
3. No hang up button, users cannot stop a video conversation. 
4. At times, the video connection cannot be established at all. 

o Improvement suggestion: 
1. Signaling mechanism may need to be revised and improved. Alternatively 

SIP or Jingle should be considered as signalling protocol.  
2. TURN server should be used in addition to the currently used STUN server. 
3. The same as in 1.  
4. Hang up function should be implemented. 
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6.5 COMPARING TAILOR-SMADE WITH OTHER SYNCHRONOUS GROUPWARE 

In order to emphasize on the advantageous characteristics that are possessed by Tailor-SMaDe, 
this dissertation selected two existing synchronous groupware applications – PASSENGER and 
OmniJoin – for comparison purposes. The two synchronous groupware systems were selected due 
to the following characteristics they exhibit: 

1. PASSENGER:  
a. Exhibit true synchronous groupware characteristics: PASSENGER was developed 

according to CSCW principles. This means that group awareness and workspace 
awareness were implemented according to CSCW principles. PASSENGER also 
employed concurrency control and synchronization mechanisms to support group 
and workspace awareness. Similarly Tailor-SMaDe was designed according to 
CSCW principles and exhibits true synchronous groupware characteristics. 

b. Number of users: PASSENGER was implemented for a distributed software design 
scenario for a group size of maximum 4 participants. This was due to the optimal 
size of the video windows that can be displayed within a screen. Although Tailor-
SMaDe was not designed only to support 4 users, it is however recommended to 
limit the number of video connections in order to ensure the video transmission 
quality.  

2. OmniJoin:  
a. Web browser-based synchronous groupware application: although OmniJoin 

requires the installation of an add-on, it is accessible through a web browser.  
b. Partial tailorablility: OmniJoin supports a small degree of tailoring; which is 

adjusting participant roles during a running session. The changes can be 
performed by the participant holding the role host.  

Comparing Tailor-SMaDe with the other synchronous groupware applications that were used for 
market study as mentioned in section 4.2.2 is not considered necessary, as most of are 
implemented similarly to OmniJoin, hence making OmniJoin a representative synchronous 
groupware application.  

All in all, Tailor-SMaDe provide the following advantages as compared to PASSENGER and 
OmniJoin: 

1. Web browser-based and add-on free: Tailor-SMaDe is accessible through a web 
browser (at the moment chrome and firefox) that acts as a client application. It does not 
require installation of add-ons or plugins. This feature makes Tailor-SMaDe more usable 
especially for users who are not authorized to install additional software in their systems. 

2. Platform independent: since Tailor-SMaDe is web browser-based, it is platform 
independent since it can be run from any type of operating systems. This feature increases 
the flexibility and usability of the system.  

3. True synchronous groupware based on CSCW principles: Tailor-SMaDe is designed 
according to CSCW principles that also puts users’ perception as well as group dynamics 
in focus. Tailor-SMaDe emphasizes support on: 

a. Group awareness: by employing colour assignment to users, Tailor-SMaDe 
focuses on increasing group awareness. Colour assignment is implemented in 
online participant list, chat text, multiple telepointer and running session history.  
This is elucidated in section 6.3.4. 

b. Workspace awareness: this features differentiates Tailor-SMaDe from the other 
synchronous groupware application, especially since it applies WYSIWIS 
principles on the workspace.  

i. User name display with a new collaboration tool: when a user adds a 
new collaboration tool, this is displayed in the shared workspace as a new 
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Tab which is indicated with the name of the user and the colour assigned 
to him. This is elaborated in section 6.3.2. 

ii. Multiple telepointer with user name and assigned colour display: 
multiple telepointer gives the advantage that all participants of a session 
can localize the cursor position of other participants within the shared 
workspace. This increases the workspace awareness in the groupware 
application. Equipped with the user name and assigned colour display, the 
multiple telepointer increases the workspace awareness, by enhancing 
participants with information on where they are pointing at and who are 
they are.  

4. Tailorability: Tailor-SMaDe is devised to support tailoring which – according to the pilot 
study of collaboration efficiency described in section 5.3.3 – can have a positive 
contribution to the efficiency of collaboration through the provision of groupware 
flexibility. Tailorability enables synchronous groupware users to adapt their collaboration 
environment according to their momentary requirements. Tailor-SMaDe implements 
tailorability such that: 

a. Tailoring functions are visible: the presence of visible tailoring function within 
the running session makes it easier for tailors to adapt the collaboration 
environment settings on-the-fly. Tailors need not look for the tailoring function. 
‘Normal’ applications provide system functionalities though standard menu bars 
that are usually categorized respectively. The problem with such menu bars is that 
often important functionalities are hidden somewhere and users are often 
demanded to search for the functions they are looking for. Tailor-SMaDe, in 
contrast, relieves users from wasting time in search for the tailoring function.   

b. Tailoring levels: tailoring functions are provided in the following levels: 
i. Collaboration component level: this is the tailorability provided 

regarding the collaboration tools within a running session. Tailors can 
perform the following actions: 

1. Add/remove collaboration tools: tailors can add or remove 
collaboration tools into or from the running session on-the-fly, 
regardless of the initial session configuration defined during the 
session configuration phase.  

2. Layout change: when allows by the tailor, participants are able to 
interchange the positions of the collaboration tool windows and 
change the layout of their collaboration environment during a 
running session. 

ii. User role and user management level: this level of tailorability allows 
tailors to manage users within a running session. Tailors are supported to 
perform the following actions:  

1. Change user role: tailors can change a previously assigned user 
role on-the-fly. For example, a user was initially assigned the role 
viewer at the session configuration phase. During the running 
session, the participant notified the tailor that he wanted to 
contribute to the group work. The tailor can simply change his role 
into a contributor role during the running session. 

2. Individualize assigned user role: in addition to the standard user 
role assignment, tailors can individualize user access rights to a 
certain collaboration tool by adding or removing parameters 
within that specific tool. This increases the groupware flexibility 
regarding user access rights. 

3. Pass on moderator role to another user: tailors are 
automatically assigned the role moderator within a running 
session. For some reasons or another, it is possible that the person 
holding the moderator role needs to leave the running session 
earlier or wants to give up his role.  Tailor-SMaDe enables this 
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function with the restriction that at least one participant of a 
running session has to hold the moderator role.  

4. Change assigned colour: each user is assigned a colour which are 
displayed when invoking a new collaboration tool within the 
shared workspace, in the multiple telepointer along with the user 
name, in the running session history and the chat text. The 
assigned colours can be changed during a running session.  

5. Latest standards for real-time cooperation and communication support: for the real-
time synchronization of user activities in the shared workspace, chat text, multiple 
telepointer with user name and assigned colour display and running session history, the 
latest development in internet technology WebSocket is used. This way, Tailor-SMaDe 
exhibits a true synchronous groupware application rather than to simply simulate a 
synchronous groupware through desktop or application sharing mechanisms. To enable 
real-time communication support over the web browser without the installation of plug-
ins or add-ons, Tailor-SMaDe employs WebRTC, which is the latest standard for real-time 
communication channel over the web browser.  

The following table provides the summary to the comparison between Tailor-SMaDe and 
PASSENGER and OmniJoin. The comparisons are described in detail in sections 6.5.1and 6.5.2. 
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TABLE 6-2 COMPARING TAILOR-SMADE WITH PASSENGER AND OMNIJOIN 

 

6.5.1 TAILOR-SMADE VS. PASSENGER 

PASSENGER [4] is a synchronous groupware application that supports distributed software 
design cooperation. It was developed at the Institute of Computer Engineering, Faculty of 
Engineering, University of Duisburg-Essen, as a result of a research project performed by Dr.-Ing. 
S. Werner. PASSENGER can only run on Windows operating systems. Up to the time this 
dissertation was written, there were two PASSENGER versions that existed; Windows XP and 
Windows 7 compatible versions.  PASSENGER was designed and implemented as a client-server 
software and allows IPv6 addressing to be used. Real-time audio and video transmission was 
realized as a peer-to-peer (client to client) connection and was governed by its own-developed 
protocol PASSENGER Real-Time Transport Protocol (PRTP). Real-time collaboration activities 
from the shared/private whiteboard (workspace), chat tool and a telepointer were synchronized 
with the PASSENGER server and distributed to the PASSENGER clients. This is governed by the 
own-developed protocol PASSENGER Session and Collaboration Protocol (PSCP).  
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PASSENGER implements a shared and private whiteboard solution with integrated CASE tool to 
support software design activities. Participants can sketch their ideas within their private 
whiteboard, while the shared whiteboard is used to share the group design. The usage of the 
shared whiteboard, in contrast to the private whiteboard, is strictly regulated by a floor control 
mechanism. This means that only one participant can hold the token as the floor holder, and 
hence insert his inputs into the whiteboard. As a floor holder, the user also has access to the audio 
channel. Workspace awareness within the shared whiteboard is implemented as a strict WYSIWIS, 
where changes in the shared whiteboard are immediately shown to other participants, even 
though they were working within their private whiteboard.  

PASSENGER allows 4 participants to cooperate at a time.  The participants are assigned either the 
role Tutor or non-tutor. The tutor role is analogous to the administrator role. This role grants the 
user holding it with the right to retrieve the floor control from the participant holding the floor 
control.  In general, the floor control mechanism employs a Floor-List which contains information 
of the actual floor holder and the participants who requested for the floor in successive order 
according to the arrival of the request for floor. This Floor-List is overwritten if a tutor removes 
the floor control from one participant.  

As aforementioned, PASSENGER allows four participants to cooperate within one session. One of 
the reason for this is the optimal size of each video window (277 x 208 Pixel) that can be displayed 
horizontally in a monitor with a resolution of 1024 x 768 Pixel. The left most video window 
displays the video of the participant holding the tutor role. The other three video windows are 
displayed in a random order. To indicate the actual floor holder, the name of the participant on 
the video window is displayed in green. If another participant requests for the floor, his name in 
his video window is displayed as yellow. PASSENGER client GUI is depicted in Figure 6-23.  

 

FIGURE 6-23 PASSENGER CLIENT GUI ADOPTED FROM [4] 

The design of Tailor-SMaDe was, in a way, inspired by PASSENGER. Some features possessed by 
Tailor-SMaDe reflect the features owned by PASSENGER, enhanced with improvements 
considered necessary for Tailor-SMaDe’s application area.  The similar features shared by the two 
applications include:  

 True synchronous groupware based on CSCW principles: both applications were 
designed and implemented according to CSCW principles.  
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 Workspace awareness: both applications implement mechanisms to govern workspace 
awareness. PASSENGER enforces this through the shared whiteboard, while Tailor-SMaDe 
implements shared workspace with colour coding. Both applications apply WYSIWIS in 
the shared whiteboard.  

 Group awareness: both applications apply mechanisms to support group awareness by: 
o Running session history: both applications display participant activities within 

a running session history. PASSENGER enlists the participants’ activities, while 
Tailor-SMaDe integrates participant’s assigned colours in the activity list.  

o Participant list display: both PASSENGER and Tailor-SMaDe do not possess the 
classical participant’s list, however displays the same information through the 
running session history (Tailor-SMaDe) and real-time audio video channel 
(PASSENGER and Tailor-SMaDe) and text chat (Tailor-SMaDe) with assigned 
colour display.  

Except for the aforementioned similarities, Tailor-SMaDe can be considered an improvement to 
PASSENGER by far. The improvements implemented in Tailor-SMaDe are enlisted as follows: 

1. Groupware flexibility: Tailor-SMaDe exhibit several properties that enhance the 
flexibility of the system, especially user’s ever changing requirements during a distributed 
cooperation. The following properties are considered to augment Tailor-SMaDe’s 
flexibility: 

a. Tailorability: the presence of an extensive tailoring mechanism in Tailor-SMaDe 
overruns PASSENGER’s stiff behaviour towards users’ requirements.  

b. Platform independence: as a web browser-based synchronous groupware 
application, Tailor-SMaDe can be accessed from any computer running any type of 
operating system through a web-browser (at the moment chrome and firefox). 
Access using mobile devices like tablet and smartphones are not considered in this 
dissertation. However, to realize this possibility, a mobile app can be developed.   

c. Free movement without floor control: PASSENGER’s floor control, although it 
supports fairness in contribution, is somewhat restrictive when viewed from the 
human natural cooperation dynamics’ point of view. Tailor-SMaDe in contrast 
does not implement floor control mechanism, which allows users to contribute 
freely to their common goal.   

2. Group awareness:  
a. Assigned colour mechanism: that is implemented in text chat, running session 

history and multiple telepointer enhances group awareness. PASSENGER users 
must inspect the running session list carefully to find the participant activity they 
want to view.  

b. Text chat with assigned colour display: Tailor-SMaDe treats text chat as a 
communication tool which plays an important role should audio video 
communication fail. To enhance the group awareness, exchanged texts are 
displayed in the colour assigned to the participants. This makes it easier for users 
to localize the chats they exchanged with a certain participant. Otherwise, they can 
also use the private chat option.  

c. Text chat within the collaboration environment: PASSENGER displays text chat 
in another window that is separated from the shared whiteboard. This means that 
participants to view their text communication, participants must switch to the chat 
window. This increases the danger that participants will miss important updates 
in the shared whiteboard. Tailor-SMaDe, in contrast, displays text chat in the same 
collaboration environment. Users need not to switch to another web browser 
window to view their text chat, nor do they need to get detached from the shared 
workspace. This way, Tailor-SMaDe elevates the group awareness.  

3. Workspace awareness: 
a. Multiple telepointer with username and assigned colour display: Tailor-

SMaDe integrates username and assigned colour in the multiple telepointer 
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enhances the workspace awareness. This way users are informed with the 
whereabouts and activities the other participants are engaged in within the 
workspace.  

b. New collaboration tools in the shared workspace with username and 
assigned colour display: user activities that concern the group work are 
displayed in the shared workspace. This makes sure that the group’s main focus is 
the shared workspace. Additionally, to indicate the addition of a collaboration tool, 
the new tab generated to contain the invoked collaboration is displayed with the 
username and assigned coloured.  In PASSENGER, this is not the case, as 
participants must refer to the running session history and search for the updates 
in the list.  

The comparison and similarities described above is summarized in the following table.  

TABLE 6-3 COMPARISON BETWEEN TAILOR-SMADE AND PASSENGER 

 

6.5.2 TAILOR-SMADE VS OMNIJOIN 

OmniJoin was elaborated in detail in section 2.2.2.3. Just like with PASSENGER, Tailor-SMaDe 
possesses similar characteristics to OmniJoin. These include:  

 Web browser-based: both OmniJoin and Tailor-SMaDe are web browser-based. This 
increases groupware flexibility as it is platform independent. OmniJoin, however, requires 
add-on to be installed for the web browser.  

 Tailoring: both applications allow tailoring. Tailoring in OmniJoin, however, is limited to 
inviting more participants and assigning another user role to a participant.  
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Tailor-SMaDe, however, also possesses properties that are considered to be improvements to 
OmniJoin’s shortcomings. These augmentation include:  

1. True synchronous groupware: Tailor-SMaDe exhibits a true synchronous groupware 
characteristics that implements synchronization and concurrency control mechanisms for 
user activities. OmniJoin in contrast imitates a synchronous groupware behaviour by 
implementing desktop or application sharing mechanisms.   

2. Flexibility: as Tailor-SMaDe does not require installation of any add-on or plugins, it is, as 
compared to OmniJoin more flexible. 

3. Tailorability: Tailor-SMaDe is distinguished by the following tailorability characteristics: 
a. Visible and directly accessible tailoring function: in contrast to OmniJoin 

tailoring functions in Tailor-SMaDe is visible and directly accessible. OmniJoin 
embeds its tailoring functions within a categorized menu bar, which obligates 
users to search for the function. 

b. Collaboration component level tailoring: Tailor-SMaDe enables tailors to add 
or remove the collaboration tools they want to use within their collaboration 
environment. OmniJoin on the other hand provides a menu bar with all the 
available tools.  

c. User role level tailoring: Tailor-SMaDe implement this level of tailoring as 
follows:  

i. Individual adjustment of access rights of a user role: OmniJoin allows 
the participant with the role host to change user roles within a running 
session. As an enhancement, Tailor-SMaDe additionally allows a tailor to 
individually adjust the access rights to certain collaboration tools for a 
certain user role.  This feature is explained in detail in section  6.3.2  

ii. Moderator role is transferable to another participant: Tailor-SMaDe 
allows the moderator role to be passed on to another participant. This 
could be advantageous in cases such an unexpected event that forces the 
moderator to leave the session abruptly.  

4. Group awareness:  
a. Assigned colour mechanism: that is implemented in text chat, running session 

history and multiple telepointer enhances group awareness. OmniJoin is not 
supplied with this feature. 

b. Text chat with assigned colour display: Tailor-SMaDe treats text chat as a 
communication tool which plays an important role should audio video 
communication fail. To enhance the group awareness, exchanged texts are 
displayed in the colour assigned to the participants. This makes it easier for users 
to localize the chats they exchanged with a certain participant. Otherwise, they can 
also use the private chat option.  

5. Workspace awareness: 
a. Multiple telepointer with username and assigned colour display: Tailor-

SMaDe integrates username and assigned colour in the multiple telepointer 
enhances the workspace awareness. OmniJoin implements a single telepointer 
which is only accessible for one participant.   

b. New collaboration tools in the shared workspace with username and 
assigned colour display: user activities that concern the group work are 
displayed in the shared workspace. This makes sure that the group’s main focus is 
the shared workspace. Additionally, to indicate the addition of a collaboration tool, 
the new tab generated to contain the invoked collaboration is displayed with the 
username and assigned coloured.  OmniJoin also displays the shared desktop or 
application within a shared workspace. However, there is a difference in 
workspace awareness for the sharer’s display and the viewer’s display. This is 
discussed in the next point. 

c. WYSIWIS: in Tailor-SMaDe, all participants see the same things in the shared 
workspace. In OmniJoin, an application sharer’s view is detached from the shared 
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workspace and the OmniJoin collaboration environment. This reduces the group 
awareness for the sharer.   

The comparison made above is summarized in the following table.  

TABLE 6-4 COMPARISON BETWEEN TAILOR-SMADE AND OMNIJOIN 
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7 PROPOSAL OF TAILORABILITY STUDY USING TAILOR-SMADE 

As verified in section 5.3.3, tailorability in synchronous groupware increases the efficiency of 
collaboration. The chance is that, if a synchronous groupware provides more tailorability options, 
the more flexible the synchronous groupware becomes, hence a higher collaboration efficiency 
could be achieved. However, the degree of tailorability must be provided with great caution so as 
not to hinder the collaboration. For example, too many tailoring options may lead to confusion or 
reluctance to using the tailoring functions, too many users with tailoring rights may lead to 
hindrance of the group collaboration due to conflicting individual interests. Therefore, a further 
study in this area is needed.  

The following section proposes the methodology to perform a tailorability study on Tailor-SMaDe. 

7.1 SCENARIO DESCRIPTION AND PROCEDURE 

Analogous to the pilot study explained in section 5.2, the first study that should be performed is 
to determine whether tailorability provided by Tailor-SMaDe enhances the efficiency of 
collaboration. As this work is convinced that tailorability does help increase the efficiency of 
collaboration, the hypothesis are declared to be:  

Null Hypothesis H0: tailorability in synchronous groupware does not increase the efficiency of 
collaboration.   

Alternative Hypothesis H1: tailorability in synchronous groupware increases the efficiency of 
collaboration. 

If H1 is verified, then the study of the degree of tailorability could be pursued. The following 
sections illustrate the procedures to perform the two tailorability studies using Tailor-SMaDe.  

7.2 TESTING HYPOTHESIS USING TAILOR-SMADE 

When designing a methodology to test the hypothesis using Tailor-SMaDe, the following aspects 
must be considered: 

a. Scenario Settings: the type of collaboration that is to be used should be quantitatively 
evaluable. For example, a group is assigned a set of multiple choice questions to solve 
within a certain duration.   

b. Groups Settings: the WebSocket server in Tailor-SMaDe is able to accommodate up to 100 
client connections, where each IP can make up to 1000 connections. However, the number 
of participants in a group is suggested to be between 4 and 6 participants, since a group 
larger than 8 is not a typical synchronous collaboration group. Additionally, since video 
connection using WebRTC is a peer-peer connection, the larger the number of participant 
is, the more connections a peer needs to establish. This consumes high processing power 
and computer’s resources.     

c. Collaboration Environment Settings: to obtain a comparable result, the collaboration 
environment must be set such that one type is used without applying the tailoring 
function, and the other type uses the tailoring functions during a running session.  
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The following procedure is an example of a test methodology: 

1. Preparation:  
a. Scenario: analogous to section 5.2, answering a set of OSCN multiple choice 

questions tutorial. The answers obtained by the groups and the duration needed 
to complete each questions are recorded.  

b. Group settings: two types of groups should be set up – the tailorable group and the 
non-tailorable group. For each type, the groups should not consist of more than 6 
participants. Both types are then assigned the same questions as in 1 and 
collaboration environment accordingly throughout the whole test.  

c. Collaboration environments: two types of collaboration environments should be 
set up – the tailorable collaboration environment and the non-tailorable 
environment. The tailorable environment is the default setting of Tailor-SMaDe, 
no special considerations must be taken into account. The non-tailorable 
environment can be obtained in two ways. The simpler one is by refraining 
manager from performing any tailoring during the running session.  The more 
tedious one is to implement a non-tailorable collaboration environment selection 
on Tailor-SMaDe, where the tailoring function will be removed from a running 
session.     

d. Groupware training: a training session on how to use Tailor-SMaDe should be 
provided to all participants.  

e. Tutor sets up the collaboration environments for the collaboration sessions. The 
initial collaboration environment for both groups is set up with the components: 
text chat, .pdf reader, mxgraph editor.  

2. Execution:  
a. Once a session has been started and all participants are available, the tutor 

distributes the question sheets by using the .pdf reader component of Tailor-
SMaDe.   

b. Group members are instructed to work out the questions by using any 
collaboration component they see most appropriate. For the tailorability group, 
tutor must perform the tailoring if this is required by the group.  

c. Tutor should note the time the group work starts and the time the group obtains 
the answers. For a more precise evaluation, the collaboration duration should be 
recorded for each question.  

d. The answers obtained by the groups are either submitted through the Email or, in 
tailorability group, generated using the Text editor component.  

e. The answers are the assessed and graded.  
3. Analysis: 

a. Tailor-Track can be used to verify the duration of collaboration noted by the tutor. 
b. Depending on the number of participants that took part in the test, a statistical 

method must be selected. If the number of participants is so small that a normal 
distribution cannot be obtained, then the efficiency of collaboration could be 
attained according to the procedure described in section 5.3.1. 
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7.3 DETERMINING THE DEGREE OF TAILORABILITY USING TAILOR-SMADE 

Assuming that tailorability enhances the efficiency of collaboration, the degree of tailorability has 
to be determined, so as to provide the most optimal tailorability settings that maintains a balance 
between system complexity and the usage of tailoring. 

As explained in section 6.3.5, Figure 6-16 and Figure 6-17 Tailor-SMaDe provides a fine-grained 
degree of tailoring for the user access rights on each selected component in a session. To 
determine whether or not a fine-grained tailoring is used by users, a general impression can be 
obtained from the session control activities of the average tailoring activities report as shown in 
Figure 6-19. If a considerable percentage of the ‘participant selection and access rights 
adjustments activity’ is observed, then it is wise to inspect further on the individual level reports. 
Again in the individual level reports, the focus should be kept on the ‘participant selection and 
access right adjustment activity’. This will give a more detailed picture of the whether or not fine-
grained tailorability is often used by managers.  

Apart from using Tailor-Track, a qualitative evaluation can also be performed by distributing a 
survey on the usage of the fine-grained tailoring in Tailor-SMaDe. Here, it is important to 
determine user preference on the degree of tailorability.  

When the two observations – quantitative from Tailor-Track and qualitative from user survey – 
were collected, a conclusion can be drawn from the results.  
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8 CONCLUSIONS AND FUTURE WORK 

In this dissertation, the impact of tailorability in synchronous groupware on the efficiency of 
collaboration is examined. For this study, a web browser-based synchronous groupware OmniJoin 
was selected as a platform to perform distributed synchronous collaboration. OmniJoin provides 
one tailoring function which is the modification of user role during a running session. In this 
dissertation, this feature is considered to be partially-tailorable for the reasons enlisted in section 
5.2. The result of the study verified that a minimal degree of tailorability in synchronous 
groupware increases the efficiency of collaboration. It is therefore postulated that providing a 
more fine-grained and larger scope of tailorability in synchronous groupware may also lead to a 
higher efficiency of collaboration.  

Since up to the time of writing this dissertation no web browser based synchronous groupware 
applications was found to exist, a ‘true’ tailorable synchronous groupware platform named Tailor-
SMaDe was designed and implemented. The main purpose of this application is to serve as the 
collaboration platform, where tailoring activities are to be performed in conjunction with 
collaboration activities. Further tailorability studies can hence be performed using Tailor-SMaDe. 
In addition, a supplemental activity monitoring and analysis tool named Tailor-Track was 
implemented. The main purpose of this tool is to collect raw data on users’ collaboration and 
tailoring activities which can then be analysed through a visual presentation of users’ 
collaboration and tailoring activities.  

Section 8.1 accounts the procedure taken to conduct the research work and proofing of the 
hypothesis of this dissertation. Section 8.2 summarizes the results obtained in this dissertation.  

8.1 DISSERTATION PROCEDURE 

In order to answer this fundamental question, this dissertation commences with the first phase – 
state of the art of synchronous groupware systems – as depicted in Figure 8-1. This phase is 
composed of four steps: literature review, PASSENGER examination, market study and hypothesis 
definition. A substantial literature review to determine the state of the arts in synchronous 
groupware applications concerning flexibility and interoperability was performed. As a result, this 
dissertation derived the definitions of flexibility and interoperability support that a synchronous 
groupware system must provide, so that the efficiency of synchronous distributed collaboration 
can be increased. Flexibility in this dissertation is provided through tailorability – where users 
within a cooperating group are empowered to configure their collaboration environment 
(functionalities of the synchronous groupware) according to their momentary group needs.   

 

FIGURE 8-1 WORKFLOW OF THIS DISSERTATION 

In the third step of the state-of-the-art phase, a market study was conducted to determine the 
existence of a synchronous groupware system that supports tailorability and interoperability.  
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From the market study, it was concluded that:  

 Tailorability: none of the examined synchronous groupware systems enable a ‘true’ 
tailorability as described in section 2.1.2. 

 Awareness: since most of the synchronous groupware applications provide 
desktop/application sharing functionalities instead of catering ‘true’ synchronous 
groupware functionalities as described in section 2.1.1, the provision of awareness is 
considered to be minimalistic, hence need to be improved.  

 Real-time technologies: most of the examined systems apply desktop/application 
sharing technologies based on ITU-T T.120 standard suit for distributed collaboration 
support. For the communication support, proprietary protocols or ITU T.120 
communication technologies are applied to support real-time audio, video and text-chat 
communication.  

 Trends on web browser-based synchronous groupware: many synchronous groupware 
vendors support web browser-based solution alongside the locally installed software 
solution. However, web browser-based solutions are require add-ons or plugins 
installation. 

 Provision of integrated collaboration platform: the examined synchronous groupware 
systems simulate an integrated environment for collaboration by displaying the shared 
application or desktop view in the shared workspace area of the synchronous groupware 
application.     

The information gathered from the literature review, examination of PASSENGER and other 
products indicate that the question – would a more flexible synchronous groupware system 
actually increase the efficiency of collaboration? – still needs to be answered. This lead to the last 
step in the state-of-the-art phase: hypothesis definition. As explicated in section 5.2.1, the 
hypothesis that is tested in this dissertation is defined as follows:  

Alternative Hypothesis H1: tailorability in synchronous groupware increases the efficiency of 
collaboration. 

 

where the null hypothesis is:  

Null Hypothesis H0: tailorability in synchronous groupware does not increase the efficiency of 
collaboration.   

 

The ultimate aim of hypothesis testing in this dissertation is that the alternative hypothesis H1 is 
accepted and the null hypothesis rejected. This means that if H1 is accepted, then tailorability 
increases the efficiency of collaboration. This in turn could mean that the usability of tailorable 
synchronous groupware could also increase.  

Having defined the hypothesis to be tested, the second phase of this dissertation – the proofing 
the hypothesis phase – came to live. This phase consists of four steps: tailorability study design 
and implementation, statistical analysis of the collected data and hypothesis verification. The data 
collected during the experiments are then analysed using a non-parametrical inferential statistical 
analysis method; the Mann-Whitney U Test. This method was selected due reasons stated in 
section 5.3.1. The results obtained from the Mann-Whitney U Test accepted the alternative 
hypothesis H1. The results obtained are proven to be statistically significant which means that 
they did not occur by mere chance.  

The attained results mark the final step of the proofing the hypothesis phase with the conclusion 
that tailorability does increase the efficiency of collaboration. However, in order to further 
confirm the alternative hypothesis H1, a tailorability study on a ‘true’ tailorable synchronous 
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groupware must be conducted. This triggers the need to design and implement a tailorable 
synchronous groupware.     

Consequently, this marks the starting of the penultimate phase of this dissertation – Tailor-SMaDe 
& Tailor-Track – depicted in Figure 8-1. This phase is concerned with the design and 
implementation of a web browser-based tailorable synchronous groupware Tailor-SMaDe that 
fulfils the requirements determined in section 6.2. To capacitate automated analysis of 
collaboration efficiency, a data collection and analysis application is also needed. This brings 
about the design and implementation of Tailor-Track; an application that collects data on users’ 
collaboration activities and serves as an analysis platform. Both Tailor-SMaDe and Tailor-Track 
employ the latest internet protocols WebRTC and WebSocket. This phase is ended with testing of 
functionalities and evaluation of Tailor-SMaDe and Tailor-Track. The results of the tests are 
explained in section 6.4.  

The final phase of this dissertation – proposal tailorability study with Tailor-SMade – aims to 
proffer a guidance on performing a tailorability study using Tailor-SMaDe.  

8.2 RESULTS OBTAINED IN THIS DISSERTATION 

Initially, this research work was inspired by a synchronous groupware application PASSENGER. 
PASSENGER facilitated synchronous distributed collaboration in a software design settings. 
PASSENGER was designed and implemented according to CSCW principles which incorporates 
social aspects and technological aspects of synchronous distributed collaboration. Discerning the 
trends and developments of today’s software applications as elaborated in section 1, it becomes 
obvious that PASSENGER is limited in several aspects. This becomes the initial objective of this 
dissertation; namely: to distinguish improvement possibilities for PASSENGER that integrates 
current and future trends and developments in the areas of internet and its technologies as well 
as their impacts on user’s behaviour in communicating and collaborating with one another. This 
objective is achieved through the design of Tailor-SMaDe, as explicated in sections 6.2 and 6.5.1.  

The second objective of this dissertation engendered from the information gathered from the 
literature reviews, PASSENGER examination and proposal of improvements as well as the market 
study of synchronous groupware performed within this research work. In the course of this 
research work, it was determined that a study on whether providing an adaptable synchronous 
groupware could increase the efficiency of collaboration. This became the research question that 
this dissertation attempted to answer. Through the preliminary study of tailorability that is 
described in detail in sections 5.2 and 5.3, the hypothesis – tailorability increases the efficiency of 
collaboration – was accepted and verified. Bearing in mind that the preliminary study was 
conducted on a partially tailorable synchronous groupware OmniJoin, the hypothesis verification 
indicates the necessity to design and develop a synchronous groupware that provides tailorability, 
so that further tailorability studies can be performed on a ‘true’ tailorable synchronous 
groupware.    

The third contribution of this research work is the implementation of Tailor-SMaDe. Similar to 
PASSENGER, Tailor-SMaDe was designed with human users as the main focus, while determining 
the enabling technologies to support them to accomplish their tasks. As expounded in sections 
2.1.1 and 2.1.2, social aspects of distributed collaboration influence the efficiency of collaboration, 
and thus are incorporated in the design of Tailor-SMaDe together with the remaining design issues 
as described in section 6.2.   
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All in all, Tailor-SMaDe embodies a synchronous groupware that accommodates: 

 tailorability that empowers collaborating users to adapt their collaboration environment 
according to their momentary group needs 

 group and workspace awareness to support distributed team members in collaborating 
with one another 

 interoperability through its web browser-based implementation 
 add-on or plugin free real-time video and audio communication based on WebRTC 

technology 
 ‘true’ synchronous collaboration through WebSocket technology 
 Integrated platform where collaboration and communication tools are housed in the 

same application 

Finally, to support further tailorability studies on ‘true’ tailorable synchronous groupware, Tailor-
Track was designed and implemented. Tailor-Track collects data on users’ collaboration and 
tailoring activities and provides an interface to visually analyse the collected data.  

The following table summarizes the results acquired within this research work.  

TABLE 8-1 SUMMARY OF OBJECTIVES AND RESULTS OBTAINED IN THIS DISSERTATION 

OBJECTIVES RESULTS 
Improvement suggestions for PASSENGER Design proposal of Tailor-SMaDe 
Define a research question  Market study and its conclusions 

 Definition of alternative hypothesis H1 and null 
hypothesis H0 

Design and implement experimental test to test the 
hypothesis 

 Groupware selection – OmniJoin 

 Scenario development (OSCN online tutorial) 

 implementation of the scenario 
Hypothesis Testing  Selection of inferential statistical method 

 Analysis of collected data using Mann-Whitney U Test 

 Alternative hypothesis H1 accepted and verified 
Answer the question – is it worth the while to develop a 
‘true’ tailorable synchronous groupware 

Yes – through the verification of H1 

Design and implement a ‘true’ tailorable synchronous 
groupware 

Tailor-SMaDe design and implementation 

Design and implement an automated analysis application Tailor-Track 
Test and evaluation of tailorable groupware Yes, in experimental environment.  
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8.3 FUTURE WORK 

Concerning the work itself, there are some improvements that can be applied on Tailor-SMaDe. 
Suggestions of improvement areas are mentioned in section 6.4.  This work also suggests further 
tailorability studies to be performed using Tailor-SMaDe. The tailorability studies should be 
initialised with a study on the impact of tailorability on collaboration efficiency for a larger 
audience and using all the tailoring functions provided by Tailor-SMaDe. Once the initial has been 
concluded, a subsequent study that determines the granularity level of tailoring should be 
performed. For this study, both quantitative and qualitative evaluation could be applied. 
Additionally, as Tailor-SMaDe’s implementation was performed on experimental basis, special 
security mechanisms were deliberately not implemented in the platform. Should Tailor-SMaDe be 
launched as a productive system, security measures must be implemented.   

Concerning the engulfing and rapid development of mobile devices, it would be interesting to 
unravel the opportunities of integrating web browser-based tailorable synchronous groupware 
into mobile devices browsers.  

Up to today, this research work failed to observe existence of synergy between web browser-
based asynchronous groupware systems and web browser-based synchronous groupware 
systems. These applications are often utilized separately, simply because the vendors provide 
only one or the other type, but probably not because users do not want it. For example, E-Learning 
platforms are dominantly asynchronous in nature, even user interaction and communication are 
supported asynchronously. A research study could be set out to find out on the opportunities of 
providing of synchronous groupware in parallel to asynchronous groupware, in order to support 
an integrated collaboration platform. For example, instead of providing blended learning as a 
mixture of E-Learning and co-located synchronous learning, synchronous groupware could 
replace the co-located learning through synchronous distributed learning.  
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APPENDIX 1 DECISION TABLE FOR ORDINAL/RANK-ORDER 
DATA  

The following table provides aid in selecting the most appropriate inferential statistical method 
for ordinal/rank-order data.  This table was used to derive the conclusion on the most appropriate 
inferential statistics method for the collected data in this research study as discussed in section 
5.1.1.4.   

APPENDIX TABLE 1 Table of Non-Parametric Statistical Methods 

Number of 
Samples 

Sample Types Hypothesis evaluated Test 

Single sample Hypothesis about a 
population median or the 
distribution data in a single 
population 

Wilcoxon signed-ranks test 
Kolgomorov-Smirnov goodness-of-fir test for a 
single sample 
Lilliefors test for normality 
Single-sample test for the median 

T
w

o
 s

a
m

p
le

s 

Two 
independent 
samples 

Hypothesis about two 
independent population 
medians or some other 
characteristic other than 
variability of two 
independent populations 

Mann-Whitney U test 
Randomization test for two independent 
samples 
The bootstrap  
The jackknife 
Kolgomorov-Smirnov test for two independent 
samples 
The van der Waerden normal-scores test for k 
independent samples 

Hypothesis about variability 
in two independent 
populations 

Siegel-Tukey test for equal variability  
Moses test for equal variability 

Two dependent 
samples 

Hypothesis about the 
ordering of data in two 
dependent populations 

Wilcoxon matched-pairs signed-ranks test 
Binomial sign test for two dependent samples 

T
w

o
 o

r 
m

o
re

 
sa

m
p

le
s 

Two or more 
independent 
samples 

Hypothesis about two or 
more independent 
population medians or some 
other characteristic of two 
or more independent 
populations 

Kruskal-Wallis one-way analysis of variance by 
ranks 
The van der Waerden normal-scores test for k 
independent samples 
Median test for independent samples  

Two or more 
dependent 
samples 

Hypothesis about two or 
more dependent population 
medians 

Friedman two-way analysis of variance by ranks 
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APPENDIX 2 COMPARISON TABLE OF MARKET-STUDY 

The following screenshot shows the comparison table of the features of the synchronous 
groupware applications that were examined in the market study, as described in section 4.2.1. 

 

APPENDIX FIGURE 1 SCREENSHOT OF SYNCHRONOUS GROUPWARE MARKET STUDY FEATURES 
COMPARISON TABLE 

Legend 

√ Available - Not available ± Partially available 
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APPENDIX 3 OBTAINED MARKS AND DURATION IN PILOT 
STUDY 

The following table shows the obtained marks and duration data – indicated by ON,i, OP,j and IN,i, 
IP,j for the non-tailorable and partially tailorable environments respectively – collected from the 
online tutorial sessions categorized by the group session numbers and the collaboration 
environment settings. i and j represent the individual group session numbers for the respective 
environments. This table is used in section 5.2.2.  

APPENDIX TABLE 2 MARKS OBTAINED AND DURATION BY EACH GROUP AND THE CORRESPONDING 
COLLABORATION ENVIRONMENTS 

Non-Tailorable Partially-Tailorable 
Group 

Session 
Number 

Obtained 
Marks ON,i 

(%) 

Duration 
IN,i (mins) 

Group 
Session 
Number 

Obtained 
Marks OP,j 

(%) 

Duration 
IP,j (mins) 

1 100% 25 2 80% 38 

3 40% 21 5 20% 13 

4 60% 24 6 0% 15 

9 30% 30 7 65% 17,5 

12 58% 23 8 100% 3,5 

14 80% 20 10 75% 16 

15 50% 20 11 95% 16,5 

17 25% 27,5 16 58% 9 
- - - 18 58% 15 

 

 

APPENDIX FIGURE 2 LINE DIAGRAM OF OBTAINED MARKS FOR EACH GROUP 
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APPENDIX FIGURE 3 LINE DIAGRAM OF DURATION FOR EACH GROUP 
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APPENDIX 4 EFFICIENCY SCORES ASSIGNMENT LIST (ESA-
LIST) 

The following tables present the specification of the efficiency score ranges and the mapping of 
the efficiency scores for the two collaboration environments. The mean values used are marks 

obtained Ō = 58% and mean value for duration Ī = 19,6. These tables are used in section 5.2.2.  

APPENDIX TABLE 3 EFFICIENCY SCORE ASSIGNMENT LIST (ESA-LIST) 

Obtained Mark ON,i, OP,j   Duration IN,i, IP,j 
Ranges 

E
ff

ic
ie

n
cy

 
S

co
re

 

Ranges 

E
ff

ic
ie

n
cy

 
S

co
re

 

Range Description Calculated Range Range Description Calculated Range 

ON,i, OP,j  more than 
51% greater than Ō 

ON,i, OP,j  > 87,6% 6 
IN,i, IP,j more than 

51% greater than Ī 
IN,i, IP,j > 30 0 

ON,i, OP,j  between 
26% to 50% greater 

than Ō 

73,1%< ON,i, OP,j 

<87% 
5 

IN,i, IP,j between 26% 
to 50% greater than 

Ī 

24,6 < IN,i, IP,j < 
29,4 

1 

ON,i, OP,j  between 
1% to 25% greater 

than Ō 

58,6%< ON,i, 
OP,j<72,5% 

4 
IN,i, IP,j between 1% 
to 25% greater than 

Ī 

19,8 < IN,i, IP,j < 
24,5 

2 

ON,i, OP,j  equals to Ō ON,i, OP,j  = 58% 3 IN,i, IP,j equals to Ī IN,i, IP,j = 19,6 3 
ON,i, OP,j  between 

1% to 25% less than 
Ō 

43,5%<ON,i, 
OP,j<57,4% 

2 
IN,i, IP,j between 1% 
to 25% less than Ī 

14,7 < IN,i, IP,j < 
19,4 

4 

ON,i, OP,j  between 
26% to 50% less 

than Ō 
29% < ON,i, OP,j < 43% 1 

IN,i, IP,j between 26% 
to 50% less than Ī 

9,8 < IN,i, IP,j < 14,5 5 

ON,i, OP,j  more than 
51% less than Ō 

ON,i, OP,j  < 28,4% 0 
IN,i, IP,j more than 
51% less than Ī 

IN,i, IP,j < 9,6 6 

 

The following table contains the mapping of combined efficiency score (ES) ranges onto the 
efficiency ranking. This table is used in section 5.2.2. 

APPENDIX TABLE 4 EFFICIENCY RANKING LIST (ER-LIST) 

Combined Efficiency Score 
(CES) range 

Efficiency Ranking (ER) 

0-3 Not efficient 
4-7 Fairly efficient 

8-11 Efficient 
12-15 Very efficient 
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APPENDIX 5 TRANSFORMATION OF RAW DATA TO EFFICIENCY 
SCORES 

The following table demonstrates the transformation of collected raw data for the variables 
obtained marks and duration into the efficiency scores as explained in section 5.2.2. 

APPENDIX TABLE 5 EFFICIENCY SCORES OF THE GROUPS 

Non-Tailorable Partially-Tailorable 

G
ro

u
p

 
S

e
ss

io
n

 
N

u
m

b
e

r 

Obtained 
Marks ON,i 

(%) 

E
ff

ic
ie

n
cy

 
S

co
re

 (
E

S
) 

Duration IN,i 
(mins) 

E
ff

ic
ie

n
cy

 
S

co
re

 (
E

S
) 

G
ro

u
p

 
S

e
ss

io
n

 
N

u
m

b
e

r 

Obtained 
Marks OP,j 

(%) 

E
ff

ic
ie

n
cy

 
S

co
re

 (
E

S
) 

Duration IP,j 
(mins) 

E
ff

ic
ie

n
cy

 
S

co
re

 (
E

S
) 

1 100% 6 25 1 2 80% 5 38 0 

3 40% 1 21 2 5 20% 0 13 5 

4 60% 4 24 1 6 0% 0 15 4 

9 30% 1 30 0 7 65% 4 17,5 4 

12 58% 3 23 2 8 100% 6 3,5 6 

14 80% 5 20 2 10 75% 5 16 4 

15 50% 2 20 2 11 95% 6 16,5 4 

17 25% 0 27,5 1 16 58% 3 9 6 

- -  - - 18 58% 3 15 4 
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APPENDIX 6 TABLE EXCERPTS OF CRITICAL ONE-TAILED 
VALUES OF U FOR MANN-WHITNEY 
INDEPENDENT GROUPS TEST FOR Α= 0.5 AND 
Α=0.25 

The following screenshots show excerpts of the original tables from [136] which are used in the 
computation of significant values in section 5.3.2. 

 

 

APPENDIX FIGURE 4 TABLE EXCERPT OF CRITICAL ONE-TAILED VALUES OF U FOR α = 0.5 

 

APPENDIX FIGURE 5 TABLE EXCERPT OF CRITICAL ONE-TAILED VALUES OF U FOR α = 0.25 
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