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ABSTRACT 

Virtual cornmunities are established to facilitate non-collocated collaborative work. Usability 

evaluations for single-user apphcations are insuffkient to evaluate virtual communities. The 

evaluation method have to assess the usability of the interface as well as the effectiveness of 

group cornmunica tion. 

This thesis presents an evaluation methodology to improve the infrastructure and parîicipation of 

virtual communities. Three evaluation studies on the Bell University Labs website were used as a 

framework for evaluation. The studies discovered that the participation of the website was low, 

members used the website as a file sharing space, and there were usability and functionality 

problems in the website. Three types of user profiles were identified: one type with negative 

attitudes, a second type with different views on different componmts, and a third group with 

neutral opinions on the website. Suggestive steps for the user interface redesign and the 

evaluation methodology are recommended. 
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CHAPTER 1 : INTRODUCTION 

1 INTRODUCTION 

Individuals are no longer doing business or research solely in closed enviroments; there is 

increasing use of global networks. Businesses and researchers want to stay cornpetitive by 

forming alliances. These par tna  are often h m  different organizations and may be located in 

different geographic regions. Such an alliance 1s often dificult to mtegrate; new h d s  of tools 

and processes are needed to facilitate such collaboration. Similariy, people in different 

departments within an organization are often separated. They may be located in separate 

buildings, campuses, or even cities. These people, located separately and with different schedules, 

have dificulty meeting physically. Extra time must be allocated for these meetings since 

travelling is oAen required by much of the group. Moreover, there is usuaily not enough version 

control in key documents, causing duplication of work or delay in work progress. Thus, there is a 

demand for collaboration at a distance, which requires a medium for connecting with others. For 

example, the more traditional telephone, radio and TV connect people at a distance by carrying 

messages fiom one p w  to another. The message communication method is typically highly 

structured, and it follows a predetermined route (Brinck, 1998). Other technoIogy can also take 

advantage of this structure to improve communication. This process is termed "technology 

mediated communication". 

Technology advances including the Internet accelerate the trend of moving office space to Wtual 

(i.e., onIine, network, cyber-) space, thereby organizing community networks. Many cornputer 

users have networks with high bandwidth and fewer constraints, making communication via the 

Internet possible and reliable. Virtual communities that can be accessed through the Internet are 

advantageous for people wanîing to cornmunicate and collaborate at a distance. The space alIows 

groups to make schedules, plan proposais, and present deliverables and other documents to the 

rest of the group. hdividuals gain a sense of belonging in the relationships that jointly define 

group membership. These virtual communities provide an environment where people cm work 

separately whde feeling mutualiy close. In this thesis, a virtual community is defrned as a 

technologically mediated, persistent environment that supports multipIe interaction and multi-user 

engagement (Mehlenbacher et a[, 1994). 
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2 RESEARCH MOTIVATION 

Vimial community is another f o m  of group collaboration. Support for group collaboration has 

been of interest to the research cornmunity (Mynatt et al, 1997). Vimial communities gather 

researchers in a single virtual workspace to work, but do the virtual communities enable effective 

collaboration? What are the parameters for collaboration effectiveness? Different work groups 

each have unique cultures. Thus, each group should have its own personalized virtual workspace 

to promote useful information flow. For example, different types of multimedia interfaces will be 

required for various personalized versions of the workspace to support diversity online. 

Moreover, even if a -al community has been built, will researchers use it and continue to do 

so? This question leads to interesting issues ofactual usage duration, and of the amount of 

activity that virtual community participants carry out over time, i.e., issues of longevity and 

stickiness. Sociologists have been studying physical cornrnunities to quanti@ relationships 

within groups. It is not weIl understood how these theories could tramfer to virtual communities 

(Brown et al., 1999). Studies are required to discover what kind of attributes from physical 

comrnunities c m  be applied to their virtual counterparts. From the review by Pinelle & Gutwin 

(2000), almost a third of groupware systems were not evaluated formally. Even then, only a 

quarter of the evaluations involved a practical setting in which a vanety of evaluation techniques 

were used. This thesis focuses on how to evaluate the usefulness of features in virtual 

cornmunities that are built to facilitate research collaborations. The evaluations should help to 

guide subsequent improvernents in the vimial community's infrastructure and its participation 

rate. 

3 ' RESEARCH QUESTIONS 

Evaluation of virtual communities is required to build successful systems over time. Usability 

evaluation is required to evaluate participants' preferences within virtual communities and their 

effectiveness in improving collaborative work. 

Some questions that need to be considered are: - What kind of idkstructure for virtual communities can enhance collaborative work? 

What methodology is required to effectively evaluate these virtual communities? 

What kinds of features or components in a m a l  comrnrmity should be evaluated to test 

its e ffectiveness? 
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4 THESlS GOALS AND OBJECTIVES 

The objectives of this thesis can be grouped as follows: 

To determine if the selected h a 1  cornmunity is easy to use and meets users' 

expectations 

To discuss how to evaluate a virtual cornmunity infiastructure 

To explore how the evaluation methodology can be extended to help build a successful 

* . d l  commimi.t;. 

To devise an improved methodology to enhance designing of a new virtual community, 

by considering how best to evaluate a virtual community 

To make design reconvnendations for the selected virtual community 

5 THESIS OVERVIEW 

This thesis claims that both usability and social issues are important in developing a successful 

virtual community. A methodology that properly evaluates a virtual comrnunity should include 

inspection criteria for both usability and social issues. The evaluation results provide leads to 

components that should be penonalized, thus helping to motivate usen to use the virtual 

community. 

Chapter I introduces the thesis topic and the goals and objective of this thesis. Chapter 2 provides 

background information and a review of virtual communities. Chapter 3 presmts the existing 

virtual community in question and the methodology used to evaluate it. Chapter 4 descnbes the 

user study, and the results of the study are then analyzed and discussed. Chapter 5 recomrnends 

improvements to the user interface of the Bell University Labs website and to the evaluation 

methodology. Chapter 6 concludes the thesis by summarizing the significance of the results of 

the user study and then outlining directions for future research. 
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CHAPTER 2: LITERATURE REVIEW 

Since this thesis claims that usability issues, social issues and stickiness affect the success of 

virnial communities, and that evaluation and personalization h d p  to minimize failure, the 

following literature review chapter will begin by providing an understanding of the attributes and 

components of virtual communities. A review of existing virtual cornmunities is made to 

understand the pwposes of virtual cornmunities. The concept of stickiness is discussed. The 

chapter then presents different methods of evaluation that will form the basis of a revised 

methodology used to evaluate virtual communities. Finally, the basis of personalization is 

introduced, 

The tems groupware, collaborative environment, and virtual community are often used to 

describe simiiar fùnctions. Groupware is a general term to describe the software or enwonment 

where people work together through compter systems in a shared workspace (GuhKin & 

Greenberg, 2000). Similarly, collaborative environment is where "users CO-operate in order to 

perfonn a task" (Steed & Tromp, 1998). Virtual community has the above hctionality. in 

addition, virtual communities provide the users ;i sense of community, where people can use them 

both for work and leisure discussions. The following section will summarize some common 

detïnitions for virtual cornmunities by other researchers. 

1.1 What are virtual communities? 

Howard Rheingold (1 993) defined m a 1  communities (VCs) as "social aggregations that emerge 

fiom the htemet [where] people carry on public discussions long enough and with sufficient 

human feeling to fonn webs of personal relationships in cybenpace". Group activities in VCs 

include playing garnes, making Wends, discussion groups, and pooling resources. The VC c m  be 

used as a place for social events, education aid, and work/research assistance. This thesis focused 

on VCs that are used by researchers. 

Most VC research focuses on highly text-based virtual envkonments (e.g. Schiano & White, 

1998; Mehlenbacher et ai, 1994; Mynatt et al, 1997); however, there are a wide range of 

environments that can be considered as VCs. Some examples of virtual communities are a 

Bulletin Board System (BBS), Internet ReIay chat (IRC), Multi Usm VirtuaI Environments 
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(MWE, or more cornrnonly MüDs and MOOs), and other collaboration software involving 

some text, graphies, andor other media. 

A BBS is like a physical bulletin board, but built electronically. A BBS contains several 

electronic bulletin boards for discussion of material of interest or announcements. The interaction 

in the BBS is not real time; members belonging to a certain group post messages simiIar to a form 

of group email to the 'board' and wait for a reply. 

IRC allows a group of people to communicate and interact through their cornputers at the same 

time. It can be thought of as a giant conference phone call. Instead of hearing the other person's 

voice, however, messages are exchanged by typing hem into a shared window (Maher, Skow, & 

Cicognani, 1999). 

MWEs are collaborative computer environments in which participants navigate and 

communicate in a virtual environment. They are represented by a certain character and use this 

identity to function in the virtual environment. MWEs facilitates penistence of environment for 

interactions by presenting a persistent meeting room. Interaction can be synchronous one to one, 

one to many, or many to many cornmunications. Multi-User Damains (or Dungeons), Le. MUDs 

are one form of textual MUVE, and typically associated with multi-user games. hKIDs Object- 

Oriented (MOO) are another version of MUDs, and are typically associated with social 

communities or education environments. 

Virtual workspace allows people to work separately while stilI experiencing a mutual sense of 

presence. For example, the workspace allows individual members to be 'seen' by other members 

of the group. Members can provide extra Uiforrnation, such as a web site, email address, and 

research interests, for other members to see. Communities contain individuals who form 

relationships, and who have a sense of group membership and belonging within their group 

(Techkget, 1999). VCs are ofien constructed to utilize not only regular net tools like email, ftp 

and the web for posting and reading of communications, but also some type of real t h e  

communication environment. In this work, a VC is dehed  as a teclmologically mediated, 

persistent, environment which supports multiple interaction styles, a capability for real time 

interaction, and multi-user engagement (Mehlenbacher et al, 1994). 
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McLaughlin, Osborne, & Smith (1995) argued against using the term 'community ' to describe the 

type of virtual 'cornmunity' that cornputer-mediated communication created. They believed the 

use of the community metaphor to desmie the social aspect is inaccurate, since 'community' 

may refer to a network of strangers exchanging information or a group of virtual fiends having a 

discussion. In addition, Baym (1998) questioned the ability of the on-line 'community' to 

substitute for off-line community in any meaningfid way. Even though Schuler (1996) was 

enthusiastic about creating new forms of communities. he questioned the potential for cornputer 

mediated communication to reproduce 'real' social relations in a 'virtual' medium. Others (e-g., 

Blanchard & Horan, 1998; Rheingold, 1993b) assumed that virtuai communities are 'real' 

comrnunities. Rheingold (1993b) suggested virtual communities could be viewed as real 

communities or pseudocommunities, or they might be something entirely new in the realm of 

social contracts. 

Walls (1993) viewed online networks as "virtual groups" and "virtual communities" where 

networked sources of information, ideas or other forms of enrichment are provided for 

participants belonging to "real" group cornmunities for whom face-to-face relationships are 

primary. Face-to-face communities, linked through task-focused online networking across 

geographical, political, and cultural boundaries, can preserve the interests of face-to-face 

communities. These vimial networks are built to support the goals and relationships of real 

communities, which are compIementary to the social networks in those communities. 

Roberts (1998) defined cornmunity by the following dimensions, rated by Newsgroup participants 

across a variety of groups: cohesion, effectiveness, help, relationships, language and self- 

regulation. Cohesion relates to group identity and memben' sense of belonging. Effectiveness is 

how much the group has an impact on its members, both on line and off line. Help indicates how 

helphil the group is when its memben ask for assistance. The relationship dimension reflects the 

extent to which group members will form individual relationships with other members. Language 

checks if fhere is any specialized jargon of the group. Self-regulation is how well the group can 

control its policies. The community shodd have a feeling of belonging and a sense of closeness. 

The shidy suggested that the amount of tirne and effort participants spmt in the community is in 

proportion to their satisfaction with the sense of cornmunîty. 
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Durlacher Research marathe, 1999) identified four principle types of communities online: 

communities of purpose, practice, circumstance, and interest. Communities of purpose are those 

where people gather to achieve a similar objective. These communities have a functional 

purpose, which will provide an added value for usen. Communities of practice involve people 

sharing the same profession, situation, or vocation. Their professional bond builds networks of 

relationships that may be m l a t e d  into commercial value. Similarly, people in cornmunities of 

circunstances also build networks, but by their position, circumstance, or life expaiences, not by 

their profession. These cornmunities are more penonally focused and built around life stages. 

The fourth type is communities of interest, where people exchange ideas and thoughts about a 

cornmon interest or passion. 

Blanchard & Horan (1998) distinguished two different types of online cornmunities. One 

involved the traditional sense of a physically based community enhanced by electronic resources; 

the second type was a geographically dispened cornmunity that shared a cornmon interest. They 

argued that physically based communities have the potential to increase social capital more than 

geographically dispersed ones. These two types of cornmunities carry a different type of 

relationship, and couId be in cornpetition. Virtual communities that have both computer- 

mediated and face-to-face communication have a stronger sense of community because much of 

the online contact is between acquaintances and real-life locals, and it is easier to disnipt online 

only relationships (Blanchard & Horan, 1998; Wellman & Gulia, 1999; Schuler, 1996). 

Blanchard & Horan then proposed the linking of the physical based and interest based 

communities by creating a new type of viltual community fom in which a new "space" is 

available for people to interact with their physical and virtual neighbors. 

1.2 Review of existing online communities 

The above section defined what VCs are. The definition provided background fùndamentals of 

VCs. This section will explore some VCs which are in use, to apply the fundamentals to real life 

situations. The pros and cons of each system are identified. Factors and issues that other 

researchers discovered through their own irnplementation of VCs can help to improve the 

devetopment of fùture VCs. 

One of the oldest and largest o n h e  communities in used today is LambdaMo0 (Schiano & 

White, 1998). This is a typical social MUD. Schiano and White performed research on the social 

interaction in LambdaMOO, aimed to characterize aspects of "life in LarnbdaMOO". Their 
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research methods included an online survey, personal interviews, and system data logs. Schiano 

and White concluded that the social interaction in MUDs and MOOs was a strong focus and users 

had better interaction skills with increasing experience. Their findings suggested that social 

interaction must be a focus when designing virtual spaces, which should provide a strong sense of 

place. 

North Carolina State University built an education MO0 called TechComm-VC for use in 

composition and technical writing courses (Mehlenbacher et al, 1994). When this environment 

was tested in a c1assroom environment, its "multiple interaction styIes" were not sufficient. 

Technical communication students and practitioners using the MO0 criticized it as tirne- 

consuming and exhaustive when typing in text. They also had difficulties in following 

overlapping and multiple conversations. Moreover, the tool did not support WYSISYG 

manipulation of text, since the MO0 worked only with ASCII text. Even with these 

shortcomings, Mehlenbacher et al's s w e y  data supported the benefits the student-teacher 

collaboration added by their MO0 environment. 

Mynatt et al (1997) used several MLDs as examples to describe collaboration in network 

communities. They used Pueblo and Jupiter -- the MUDs used at PARC and EuroPARC. These 

virtual communities required a sense of shared space which had flexible boundaries for various 

levels of interaction and awareness such that the users could move easily fiom the physical world 

to the virtual world. The network comrnunities were intended to allow learning opportunities for 

members to bridge the gap between the social and technical systems. 

Koku, Nazer, and Wellman (1999) recentIy studied a group of researchers in the early stages of 

building both a physical and a virtual community, and was referred to by the pseudonym 

'Technet". Technet was a multidisciplinary research organization that relied on personal 

relationships between researchers, various seminars, and social events to create cohesion and a 

sense of community. In addition, there was ongoing work in Technet to develop a virtual 

community through the development initially of a Website and ultirnately of a suite of 

functionalities within a collaborative workspace, or ''Virtual Campus". In their interviews, 

members stated that they found more "kindred souls" in Technet then they did in their home 

departments. This creates a strong motivation for building a virhial community that c m  create 

vimial presence arnongst these kindred souls. This requirernent is important in organizations like 
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Technet where oppolhuiities for face-to-face interaction are limited, but where collaboration and 

community-building are highiy valued. 

1.3 Community-Building Tools and Techniques 

A VC is a comrnunity which brings people together, whether from a physical or pure cornputer 

mediated community. The previous two sections listed some factors that needed to be considered 

in order to build a successful VC. From the few VCs that were reviewed, the researchers found 

that social interactions need to be faciIitated in such environments. VCs facilitate and augment 

face to face interactions (Poltrack & Engelbeck, 1997), therefore they should be supplemented 

with face to face interactions. People establish communication, collaboration, and coordination 

with each other through face to face interactions. Enhancing these three capabilities is a 

technique for community-building. 

VC members communicate with each other using the components available in the community. 

Most VCs have a central meeting place accessible through the intemet. This central workspace is 

where al1 of a project's communications and documents reside (Alwang, 1998). Members can get 

updates on the group's mission statement, check important deadlines and instructions, initiate or 

join a discussion or real-time conference, and post documents. The tools for these VCs have to 

contain threaded discussion features, private email boxes, group email management, calendering 

and scheduling, voting utilities, chat spaces, customizable interfaces, newsgroups, document 

management, and real-time conferencing (Alwang, 1998; Boetcher, 1999; Marathe, 1999). Since 

the focus of this work is with research work groups, some intemet based methods that members 

can access and approach each other are: some form of notice boards on a website, group-based 

email for discussion or information sharing, and shared media archives for asynchronous access 

to project materials by group members. 

Effective communication among comrnunity members is a key element to success for working 

collaboratively over the VC. Collaboration requires a higher order of involvement as well as a 

different approach to sharing and creating information. "Collaboration creates a shared meaning 

about a process, a product, or an event" (Schrage, 1990). in Whial commtmities, group members 

comrnunicate what they think and want to do, then they collaborate by solving the created 

problem or discovering something within the group's expertise, t h e ,  money, cornpetition and 

conventional wisdom. Virtual space supplements, rather than replaces other more traditional 

means of group communication (Toomey et ai, 1998; Harasim, 1993; Walls, 1993). If the 



communication in the virtual environment is not transparent enough, and its members revert to 

the more traditionai means of group collaboration, the VC c m  be labeled unsuccessfbl. Worlcing 

collaboratively over networks is ultimately about facilitating real communication (McGrath, 

1998), enhanced by a virtual presence. Virtual environments facilitate a variety of 

comrnunication strategies for VC participants. 

Coordination arnong group members is required to properly make pmgress on projects when 

more than one person is involved. People oRen coordinate by updating statu in scheduled 

meetings, where project members receive information, get task assignments, and review progress 

(Poltrock & Engelbeck, 1997). Group members do not discuss actual design problems or work in 

these meetings, but rather identifi action items and appoint certain members to follow up on 

those items after the meting. Some activities that VC must support for coordination are work- 

centered (e.g. presenting, and reviewing products), people-centered (social activities) and 

meeting-centered (conference management for the virtual meeting) (Poltrock & Engelbeck, 

1997). 

Communication and collaboration within a vixtual world 1s an example of a socio-technical 

system (schraefel et al, 2000). There are explicit and implicit policy and cultural barriers that 

emerge as one considers the issues of individuaVgroup interaction in a constrained environrnent. 

Human coordination and policy-setting are as important as the technologies and tools that are 

used in the VC. schraefel et al. (2000) stated that individual researchers should initially create and 

project a 'sense of seIf with respect to a VC. A context for collaboration is built for each 

relationship, using tools which suit the individual, the other members of the VC, and the task. 

They also proposed that members shouId be able to monitor, control and audit their contributions 

in the community, as well as to position and evolve each 'self. Policies for how communication 

is handled among group members are particularly important when there is a range of media that 

cm be used for different communication tasks. Agreements should be made among the group as 

to which is the appropriate way to deal with various forms of media (e-mail, phone messages, 

voice mail, fax) available on the VC. There should be a prefemd method of communication in 

the group to avoid confùsion and delay. For example, should the group post messages through 

the group's website, or through email or other forms of media? ShouId group members post 

documents or attached files in email? The design m u t  support collaboration at any tirne, place, 

or Ievel. The interactions in the virtual environment c m  be a cascade of events. For example, 
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casual personal interaction can tum into informal colIaborations, which may then tum into formal 

meetings andor continuous work plans. There needs to be a good understanding of network 

technology and how attniutes in the technology affect users (Brinck, 1998). 

Researchers at BT Laboratories (Sidhu & Bowman, 1999) recommended four key steps for 

supporting communication within a collaborative virtual environrnent. The VC must support 

group members in their decision to communicate. Secondly, group members can choose among a 

range of communication 'types' to perforrn this task. The VC must provide the necessary tools 

within the virtual environment to initiate communication as if users are in the real world. Finaliy, 

the VC has to support user requirements such as use of gestures during communication within the 

virtual environrnent. 

Johansen defined a 2 by 2 matrix that differentiates groupware technologies in terrns of their 

abilities to bridge time and space (Baecker et al, 1997, Kimball, 1997) (See Table 1). Interactions 

happen either at the same time (synchronous) or in different tirne (asynchronous). Geographical 

distribution cm be local (same place) or distributed (different place). 

1 (synchronous) 1 computer displays, electronic meeting 1 (telephone) conferencing, Video 
1 Same time 

(asynchronous) displays, project management l l 

Same place (CO-located) 
Face-to-face meetings: e.g. public 

Different t h e  
e.g. Voice mail, Electronic mail, 
Computer conferencing, 
Groupware fitranets) 

Different place (distriiuted) 
Remote interaction: e.g. Audio 

Table 1: Array of communication technologies (modifiai from Kimball, 1997). 

rooms, goup decision support systems 
Ongoing tasks: e.g. team rooms, group 

For VC researchers distributed in various locations, the common scenarios are cases with 

different place-same time and different place-different time. Tools such as email, audio 

conferencing, video conferencing, decision support systems, web conferencing, and document 

sharing, are relevant in this context. Each type of media will achieve a difkrent effect; choosing 

the appropriate medium among the technologies will be based on the group's goals and its 

flexibility in using the VC tools. Different media have different issues to consider. KirnbaIl 

conferencing, media space 
Communication and coordination: 

(1998) remarked that for electronic mail, noms such as email style, response t h e  and method of 

delivery need to be established. Group rnembm are required to develop relationships and 
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affective qudities, such as trust, for document sharing. Group membm have a choice to 

contribute anonymously in decision-making support systems. Participants have to know the 

presence of others for audio conferencing. For video conferencing, it is necessary to make use of 

the video channel effectively to hlly extend the attention span of participants. For asynchronous 

web-conferencing, relevant issues include allowuig group members to participate at different 

times, and providing an o v e ~ e w  or visualization of group activity. 

Marathe (1999) suggested certain charactenstics for building successful online communities. 

First, members of the VC have the option of generating content for the site and are able to 

detemine its evolution. The VC can build its own personality with a clear context, thus aiiowing 

for self-perpetuation. Second, visitors to the cornmunity shouId be able to sense the presence of 

other visitors or members, and be aware of events occurring in the VC. Visitors should be 

welcomed to join discussions and interact with other visitors or members in the community, 

Impressions made in visiting the VC may attract new users to the site and motivate them to 

retum, Third, members should find more value provided in the VC as it expands. Finally, 

innovative and integrated tools that can fuse commerce, content and community are necessary to 

establish bonds with other members of the VC. With these characteristics, the VC will be less 

centralized. Users and research groups can build and populate their structures. The VC is 

therefore free to grow and evolve based on the actions and interests of the various members of 

that comrnunity. 

2 STICKINESS IN VlRTUAL COMMUNITIES 

The previous section provided a surnmary of VCs and the tools and techniques that help to build 

them. The VC reviewed in this thesis aiready had a .  existing cornmunity, e.g., online classes and 

established research groups to work with. The irnprovement through the tools and techniques 

provided more interaction. ûn the other hand, for VCs which do not have an initial community, 

motivating users to use and to r e m  to the VC may be difficult. Stickiness is yet another strategy 

to consider when constructing successfùl VCs. The following section will give an overview of 

stickiness in virtual communities. 

'Stickiness' is a term that refers to the ability of a website to retain Internet wrs by providing 

contents that are interesting, usefut and informative to net d m  (NetPlus, 1999; TechTarget, 

1999). Similady, a 'sticky' VC is one which net Slllfkrs want to visit fkequently and regulariy to 

discover it in depth. Not only do sticky VCs provide materials which attract visitors, these VCs 
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allow visitors to build a strong comrnunity identity. Sticlciness is often measured in ternis of the 

average nurnber of hours that a user spends on a site in a given month (Netplus, 1999). A good 

website rneasures stickiness in minutes and a good virtua1 community measures stickiness in 

hours (Morgan, 1999). Measwement of stickiness requires tracking the usage patterns of 

individual users, for example through member registration and Iogin or cookies placed on the 

user's machine. 

The focus of websites and VCs has shifted frorn aesthetically pIeasing brochure design to true 

tùnctionality and content. The Working Group fiom the fmt joint European 

Commission/National Science Foundation Advanced Research Workshop proposed that the 

"content age is the key driver for 20 10" (Bruner, 1999). Website designers are shifting because 

they are looking for stickiness, since the best Web customer is a sticky customer: a consumer who 

has developed an affection, affinity or addiction to a site that compels him or her to return often 

(van den Berg, 1999). Companies such as America Online Lnc., GeoCities and Yahoo! Lnc. have 

mastered ihis concept and created portals for their own audience. Average stay for each session 

on these porta1 websites is about 30 minutes (Guglielmo, 1998). On the other hand, a not-so- 

sticky site might have the average user spending under 5 minutes each month (NetPlus, 1999). 

Online cornrnunities such as the PaIace and Agora had a maximum use of approximately two 

weeks (Long, 1999). Users generally àropped out of the comunities after two weeks. 

Researches (TechTarget, 1999; van den Berg, 1999) done by companies wanting to increase 

consumer participation suggested several approaches to stickiness: 

To allow users to personalize 

Building discussion groups or a public forum 

Provide a feedback mechanimi for users to voice their cornments 

Use hypertext cross-references to other parts of the VC 

Have content in the site which adds value or expresses ideadopinions in a new or 

different way t 'an raw information otherwise available on the intemet 

3 EVALUATION OF VC 

Mer descnbing the building blocks of a virtual community and the approach to create a sticky 

VC, it is necessary to estabiish a method for evaluating VCs. A co1Iaborative virtual environment, 

as defmed in this context, consists of a set of web pages accessed through the Internet. Web 
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pages are made up of hyperlinks, in which users navigate by choosing the appropriate link. With 

the addition of multimedia on the Internet, the web pages now consist of hypermedia links: 

hyperlinks integrated with multimedia. Multimedia applications should always be subjected to 

some form of usability testing (ChigrleIl & Waterworth, 1997). However, traditional usability 

evaluation originated fi-om single user applications and does not necessarily address issues in 

collaborative tasks. Web site development is not solely the development of a single 'page'; it is 

the close interaction of content, navigation, and appearance o f  the website. Separate evaluation 

of any part of the web site alone is not enough (Scholtz & Downey, 1998). Moreover, a 

collaborative virtual environment is not only a single website; it represents a sense of community 

where creating a sense of presence and ability for members to collaborate are the main goals. 

Collaboration requires a good understanding of groups and how people h c t i o n  within groups 

(Brinck, 1998). VCs are used by researchers dispersed geographically over the Intemet. Thus, 

several uncontrollable factors, such as internet connection speed, may affect the performance. 

Steed & Tromp (2998) described evaIuation of online network cornmunity as "a balance between 

the concems of usability engineering and scientific enquiry frameworks". Evaluation of a virtual 

cornrnunity is therefore an agglomeration of usability inspection for hypermedia applications and 

dimensions of networked community. 

3.1 Methods of evaluation 

The following section will identify some popular evaluation methods that can be used to assess a 

VC's components and attributes. Methods of interest are usability inspection, cognitive walk- 

throughs, hypmedia design mode1 and mental workload analysis. 

3.1 .l Usability inspection 

Nielsen's heuristic evaluation is an information evaluation method designed not only for designs 

aimed towards compIete novice users but for situations where the method of operation is not fu1ly 

predictabie. Heuristic evaluation involves usability inspection, where an inspection is used to list 

problems that can affect usability (Newman & Lamrning, 1995). A team of evaluators inspects 

the interface's flow and content against the set of heuristics. The tearn of evaluators then 

aggregates the issues found on the interface to form a complete list The ten design heuristics 

recornrnended by Nielsen and Molich (1990j and Nieben (1992, 1993) are a set of general 

purpose user intwface guidelines. They are surnmarized as follows: 
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Visibility of system status: The system should keep users informed through appropriate 

feedback within reasonabl e time 

Match between system and the real world: The system should use familiar concepts, and real 

wodd convention to communicate with users 

User control and fieedom: Users are abIe to leave undesired state easily 

Consistency and standards: The system should use consistent language and follow platform 

standards 

Error prevention: Carefùl design should prevent an error fiom occuming in the first place 

Recognition vs. recall: The user should not have to remember cornmands to get from one 

dialogue to another; the system should instruct or provide addition information 

Flexibility and eficiency of use: The system should be flexible for both novice and 

expenenced users, where users can tailor fiequent actions 

Aesthetic and minimalist design: Irrelevant information should be deleted 

Help users recognize, diagnose, and recover fiom errors: Error messages should use precise 

language to report the problem 

10. Help and documentation: The system should provide heIp and documentation and this 

information should be readily available to users 

This simple analysis method has its advantages since heuristics evaluation is low cost in 

cornparison to other formal usability inspection methods. The analysis is simple to perform, 

because no advanced planning is required and the team of evaluators cm do the analysis 

separately (Nielsen, 1992). However, Nielsen and Molich (1990) also note that this heuristic 

evaluation focuses on probiems rather than solution. The analysis suggests to fx mors on the 

proposed design rather than to recreate a new design. Moreover, heuristic evaluation is not as 

repeatable as other methods (Newman & Lamming, 1995) since each evaluator develops a 

separate Iist of problems from the analysis. 

3.1.2 Cognitive walkthrough 

Cognitive walkthrough is a method of analysis in terms of exploratory learning (Newman & 

Lamming, 1995). In the context of this thesis, Internet users visit the VCs without prior leaming 

of how the VC functions. In these situations, the users have to leam how to use the system by 

exploring its interface. Cognitive walkthrough meanaes how users explore and leam how to use 

the interface and therefore is concerned with success rate and recovery fiom error, instead of task 

performance (Newman & Lamming, 1995). 



The evaluators explore the interface by achieving a predefined task From this process, they 

discover problems concerning: 

1. 1s the interface sufficient to tel1 the users what to do? 

2. Is the mapping between user's action and action description correct? 

3. WiIl the system's response to user's actions be interpreted correctIy by the user? 

3.1.3 Hyperrnedia model 

Garzotto, Paolini, & Schwabe (1993) developed a hypennedia model named HDM (Hypertext 

Design Model) to describe hypertext application which can be used as a modelling device or an 

implementation device. The model has the concept of perspective, which is to have different 

presentations for the sarne content. Links are aIso categorized as structural (Iinks to rnove up or 

down the tree structure), application (links causing the context of pages to change abniptly), and 

perspective (links to different presentation of the sarne content). 

Fwther work by Ganotto and Matera (1997) on the HDM led to a usability evaluation 

methodology named SUE (Systematic Usability Evaluation). This model uses a number of 

usability attributes in which a hypermedia application will be analyzed. The dimensions are 

structure, navigation, behaviour, user control, and presentation (Garzotto and Matera, 1997). 

Structure describes the content's organization; navigation studies the Iinks of the website; 

behaviour checks the fùnctions and links of the website; user control concerns the available 

interaction components; and presentation deals with features shown to users, e.g. layout and 

visual appeal. In addition, SUE considered learnability and efficiency within the usability 

attributes. Learnability defmes how well the hypermedia feature helps novice users gain 

increasing mastery of the system. EEciency is the ability of the hypermedia feature to enable 

users to reach their goals. 

3.1.4 Mental workload analysis 

AIthough performing collaborative tasks through VC is not a concern for tirne-sharing events, the 

mental workload imposed on the users reflects usability issues. Potential users of a VC may not 

like to re-visit the VC when it requires considerable amount of mental effort to manipulate the 

tools and interfaces. The potential manbers may prefer to use a VC which can efficiently help 

them cornmunicate and collaborate with each other using simple and transparent tools and 

interfaces. 
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The mental workload analysis points out the demand a task imposes on a user's limited resources 

(Wickens, 1992). Hart and Staveland (1988) proposed factors that are associated with variations 

in subjective workload. These factors are defmed in the NASA-TLX rating scale: 

1. Mental demand 

2. Physical demand 

3. Temporal demand 

4. Performance 

5. Effort 

6. Frustration level 

Mental demand is the perceived mental activity required. Physical demand is the amount of 

physical activity to complete a task. Temporal demand is the tirne pressure created while 

cornpleting tasks. Performance is the satisfaction of u s a  with their goals and performance. 

Effort is the perceived mental and physical demand used to achieve a certain preset level of 

performance. Frustration level is the amount of annoyance or dissatisfaction of the user in 

completing tasks. Since the tasks in the VC evaluation were not physical (except from controlling 

input devices) nor time demanding (because evaluators cari complete tasks at their own pace), the 

physical demand and temporal demand ratings seem inappropriate in this context. 

3.2 Review of evaluation methodologies in use 

VC evaluation cannot be performed using a single usability testing technique, but requires some 

combination of the evaluation methods described above. Researchers have attempted to develop 

combination of usabi I i~  evaluation techniques that could be applied to groupware (e.g. Steed & 

Tromp, 1998; Gutwin & Greenberg, 2000). The following section reviewed some examples of 

the works that had been done in improving the techniques for evaluating VCs. 

Schiano and White's (1998) research on LambdaMOO attempted to incorporate subjective and 

objective methodologies to characterize people's life in online communities by performing three 

pnmary studies: online survey, personal i n t e ~ e w s  and logging s ~ d y .  The online survey 

addressed four categones of interest where participants filled in a "survey rmm" in 

LambdaMOO. Local residents were intefviewed about their experiences, views and issues on 

using LambdaMOO in an unstructured and conservational manner. The status on the virtual 
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character and room objects for LambdaMOO was logged to record the characteristics of the 

participants' path and time while using the online community. 

Steed and Tromp's (1 998) work on their collaborative virtual environment (COVEN) project 

included usability evaluations on their two prototypes. Their work proposed a framework for 

evaluating collaborative virtual environments. The framework included the traditional usability 

engineering approach such as heuristic evaluation and c o ~ i t i v e  wakthrough methods alons with 

scenarios that cover the collaborative aspects of the virtual environment, Their second study was 

to determine how participants used various communication media to collaborate through a senes 

of web-based questionnaires. They discovered that the questionnaires covered the use and 

eficiency of the collaboration services, whereas the heuristic evaluation covered the application 

component. 

Gutwin and Greenberg (2000) introduced a conceptual fi-arnework for evaluating shared 

workspaces from existing evaluative techniques. They assumed the groupware system was usable 

bom a single-user perspective and the only inspection required was for aspects of group 

interaction. The mechmics of collaboration they defined exarnined the effectiveness, efficiency 

and satisfaction of participants when using the groupware. Discount evaluation methods such as 

heuristic evaluation, walkthroughs, observations and user questionnaires were used to build up 

the framework for evaluating usability problems in groupware systems. 

Schuler (1 996) quoted a 1995 written report on the evaluation of community networks by 

KathIeen Gygi from University of New Mexico. Gygi described two main types of evaluation. 

One was to perform a comparative analysis of the cornputer-network systems in which individual 

systems (or generic cornputer-network models) were compared. The second type was to assess 

the individual community-network system according to the goals or critena that the organization 

or community designated as important. For the comparative analysis, Gygi suggested five 

dimensions (seMces, capacity, accessibility, ownership, and financing) for comparing 

cornmunity-network systems and modeIs. These dimensions were used to esbblish the network's 

initial goals and design approaches. 

These were some techniques that researchers used to evaluate cornmunity networks. Some of 

these works were concepts and some were derived fiom researchers' experiences when evaluating 
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their own community networks. A modified evaluation methodology was used in this thesis 

based on a combination of the traditional inspection methods described in the previous section. 

The methodology will be M e r  described in Chapter 3. 

Personalization is viewed as a method to increase participation in VCs (van den Berg, 1999). 

People want a system that they c m  control more easily and one which fits their own needs. The 

study of personalizing the interface for users is necessary to present an interface that is easy, 

efficient, and effective to use. Al1 the building blocks of the VC could be tailored to its users; 

however, it is not clear which components need to be personalized and how personalization 

should happen. Evaluation methods described in the previous section determine if the VC had 

met the needs and requirements of users. The results from these evaluations identify which 

components required personalization. In a VC, the experience and skills of the participants rnay 

vary. Advanced computer users may be uncomfortabIe using interfaces designed for novice 

computer users, and vice versa. An effective VC has the ability to identify its target users and be 

familiar with the activities for different situations. Usability is concemed with achieving harmony 

between the user, task, system and environment (Benyon, 1993). 

Jakob Nielsen distinguished between the two tenns: personalization and customization. He 

defined customization as an act "under direct user control [which] the user explicitly selects 

between certain options", e.g. preference settings (Nielsen, 1999). On the other hand, 

personalization "is driven by the computer which tries to serve up individualized pages to the 

users based on some forrn of [user] model", e.g. agents (Nieken, 1999). The following section 

will provide an introduction to personalization and some simple techniques for personalizing. 

4.1 Penonalizing For The User 

Information about the individual user must be considered when personalizing for the individual. 

A good personalization system uses its knowledge about the user to make the user cornfortable in 

using i t  Factors used most commody for system input are: characteristics, abilities, uiterests, 

behaviour, needs and preferences (Dieterich et al, 1993). Benyon (1993) also added other factors 

nich as: factual lmowledge that could be misimderstood; cognitive factors such as the usa's level 

of spatiaI ability, preferred learning style or field dependency; and persona1 'profiIe' 

characteristics such as previous experience, age, and gender. Brusilovsky (1996) defined five 
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different pmonalization factors fiom his hypermedia studies. The factors were: user's goals, 

knowledge, background and expenence, hyperspace experience, and preferences. 

Various researchers perforrned studies of adaptive user interfaces as an attempt to overcome 

increased complexity of user interfaces. Adaptivity is a means to accommodate users with 

different needs, background knowledge, interaction style, and cognitive characteristics, using 

techniques such as artificial intelligence. Adaptive user interfaces consider both the individual 

needs of users, and changing conditions within an application environment. 

Adaptive systems are usefùl when users cannot or prefer not to accommodate to the system. An 

efficient adaptive system requires only those features which give the largest impact on the 

interaction between the users and system, and adapt to the needs of intermittent and discretionary 

users (Benyon & Murray, 1993). Common adaptive systems provide an adaptive interface, help, 

navigation support, functionality, content, or filtering. 

Adaptive interfaces change the interface to suit users. Their use is by far the most common 

method of pmonalization. Adaptation cm occur through choosing a divenity of presentation 

forms of content, or through changmg the layout configuration of the system interface according 

to user charactenstics and expertise (Brusilovsky & S c h m  1997; Dieterich et al, 1993; 

Gukauf, Thies & Domik, 1997). Adaptive help systems provide user support through different 

represmtation of help. The help can be designed to match the experience level and media 

preferences of usen. Adaptive navigation support techniques can significantly decrease user 

search and navigation efforts, thus decreasing the time required to complete a task (Bwilovsb, 

1997). Adaptive hyperlink systems assist users in fmding their paths in hyperspace by presenting 

links according to their goals, topic of intemt, context for that situation, howledge, and other 

personality characteristics of the users (BrusilovsS., 1997; Bmilovsky, 1996; Simons, 1997; 

S tefani & Strapparava, 1998). Adaptation of functionality adapts to the usen' w o r h g  style, 

generating macros, hot keys, and other hinction keys that the users use fiequently. Tasks are 

dynamically allocated to either the system or the ftmetion, depending on the stress or needs of the 

users. The system adjusts the content of the page according to the particular user's current 

knowledge, goals, and other characteristics ( B m i i o v s ~ ,  1997; BrusilovsIq, 1996; Brusilovsky 

& Schwarz, 1997; Not & Zancanaro, 1998). Similarly, inmemental interfaces disable features 

and contents, or introduce those features incrementally with hints. The adaptive system removes 
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or filters undesirable documents for users perforrning Intemet search. The system uses the 

information obtain through the web browser to filter more documents accorciing to the documents 

read by the user, clicking behaviour, and the user group to estimate user's browsing strategy or 

reading capacity (Simons, 1997). 

Dieterich et al. (1 993) summarized several other researchers' work to produce a list of the 

necessary information that m u t  be considered when designing adaptive systems. The list divided 

into three main categories: user, application, and design constraints. The systems need to 

separate the difference between a typical user, user groups, and individual users where each type 

has unique needs, preferences, user charactenstics, abilities, interests, behaviour, personal 

howledge and experience. 

4.2 Methods and techniques of personalization 

One simple way to perform personalization or customization is to let users set preferences and 

system behaviors themselves. This type of system does not require much intelligence. The 

system receives the input fiom the users, cornputes the values and makes the appropriate 

adjustments. There are several customiwtion techniques: e.g. preferences, templates, 

customizable work spaces, and end-user programming via script (Baecker et al, 1995; Long, 

1999). Building customizabIe features in the system to handle users' needs is a simple and 

efficient method, however there is also an interface component required for choosing the options. 

Customizable tools and tool integration are significant ingredients for an environment's success. 

With the variety of communication media available for research VCs, should the VC provide a 

default set of tools or to allow for successfùl integration of tools with which a user may already 

be cornfortable? If the user fmds the VC version of a tool too constraining (e.g., files can only be 

submitted via using the VC's method, excluding other foms of FTP access), then the user may 

simply avoid uploading matenal to the communi~ (schraefel et al., 2000). 

An "intelligent" interface is a system which is more active and takes the initiative to adapt its 

interface or its interaction model to fit the perceived needs of its users (Baecker et al., 1995). The 

users delegate a range of tasks to the system to act on their behalf. The adaptation process 

normally consists oE enabling the system to collect data about the user either directly or 

indirectly; processing the data to build or update the wr model; applying the wr model to 

decide upon the changes; executing the adaptation. Designers for adaptive systerns should make 
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sure the user never feel out of control, disturbed, or misled (Encamacao, 1997). The intelligent 

VC keeps track of the member's usual behaviour, e.g. the5 most visited place, the most used tool, 

the usual contact list. With this learned information, the VC can intelligently assist the members 

in performing tasks in the VC. 

5 CONCLUSIONS 

This literature review has provided an o v e ~ e w  of virtual communities and how they help 

researchers to work together when they are not located in the same physical space. This chapter 

reviewed the traditional methods of usability evaluation, such as heuristic evaluation and 

cognitive walk-through. It observed that there are insuficient methodologies for evaluating 

virtual communities; there are many challenges in understanding, designing, and evaluating them. 

There are not enough non-task based virtual communities, and the stickiness for those studied 

was not high. Not only is it necessary to provide good usabiIity for a virtual community, there is 

a need to devise a way to attract and make members continue using a virtual community for 

collaboration purposes. Methods such as personalizing or customizing a virtual community for a 

group or individuals were recommended. There is a potential for a usability-based approach to 

evaluation of virtual communities. Such evaluation requires an understanding of the properties of 

virtual comunities and appropriate design for those so as to improve stickiness. The following 

chapter will introduce a methodology for such evaluation and will prove a case study that 

evaluates a VC. 
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CHAPTER 3: METHODOLOGY AND SAMPLE 

M e r  identi-g components that could potentially be integrated into virtual communities, and 

the pool of evaluation methods for inspecting them, this thesis will explore a methodology by 

carrying out an evaluation on a virtual comrnunity. Since most researchers developed their 

evaluation framework thmugh continuous user snidies and monitoring the progress of their VCs, 

a similar approach will be used in this thesis to develop an improved methodology for evaluating 

and building VCs. The Bell University Labs website was chosen as the VC to be evaluated 

because it was at its initial stage of development during this thesis research. The goal of this VC 

is to create a flexible virtual workspace through the use of different tools designed for 

collaboration. Evaluation in this environment could identify the tools most useful to support 

research collaboration at a distance. This chapter provides a bnef history of Bell University Labs 

and its website. The evaluation methodology used to evaluate the Bell University Labs website 

will be discussed. Finally, the background information of the user study's participants will be 

described. 

1 BELL UNIVERSITY LABS (BUL) 

The Bell University Labs (BUL) is a research and commercial network bringing together Bell 

Canada and the Universities of Toronto, Waterloo, and Quebec Leaming Institutions, to 

collaborate in the development of shared intellectual capital. The Bell University Labs website 

was designed to function as a Wtual campus. This Wtual campus created an institutional 

environment where participants interacted with each other in the website's conference and 

research centers. The participants posted documents, appointments, deliverables, and more on the 

website. The works posted on the website were under the explicit control of the originator in 

order to protect and properly recognize the contribution of each participant. 

The BUL website had five general areas: Labs, Pubs, Cornmonr, Conference Center, and Library. 

The Labs was a secure area where participants discussed work in progress in private groups, thus 

allowing collaboration and technology tramfer betwem the commercial and academic settings in 

focused team. The content was secured mtil the work was published in the Library or elsewhere 

by the author@). The c o n i n c e  centre was the area to invite a broader audience or the gmeral 

public to participate in work discussions. The Pub was a fiee fomiiiiscussion area of the site that 
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was completely open to new topics and many forms of discussions. The Comrnons was a public 

event announcernent area. 

Access was a key issue to consider so that researchers were able to access the information even 

when in places not on the company's intranet network system. Moreover, they were more 

cornfortable in allowing third party access to this virtual campus than to the company's intranet. 

Thus the virtual campus provided necessav protection for the researchers. 

2 EVALUATION METHODOLOGY 

Summarizing the evaluation methods described in chapter 2, the first step of heuristic evaluation 

provided quick feedback of the website's perf'ormance and participants' preferences by an expert 

user. Other foms of the evaluation methods were carried forward in the fom of a questionnaire 

and persona1 interviews. The questionnaire is an instrument used to study a research problem 

with a collection of questions and statements given to a sample of individuals (Mantei & 

Marshall, 1998)' and is used for gathering enough data to perform statistical analysis (Newman & 

Lamming, 1995). The questionnaire asked for participants' preferences on structure, navigation, 

behaviour, user control, presentation and functionality of the BUL website. Persona1 interviews 

with actual participants of the VC were used to study their personal experiences kom using the 

BUL site. As Newman and Lemming (1995) mentioned that interviews are a quick and common 

way to perform an analysis where results are available immediately. The Iast method used was 

the web server log study. The web server log contained data necessary to track the usage of the 

vc. 

2.1 Questionnaire 

A questionnaire was handed out to a number of participants who were cunently using the VC for 

theîr research projects. Users of the VC could Lieely accept or decline to fiIl out the 

questionnaire. There were a total of 33 questions to identify the participants' satisfaction of the 

VC. The questions were based on Nielsen's ten heuristic for the web (Nielsen & Molich, 1990)' 

Garzotto and Matera's SUE methodology (Garzotto & Matera, 1997), and NASA-TU( ratkg 

scale (Hart & Staveland, 1988). The questionnaire was divided into six categories: 

(1) structure of the content's organization 

(2) navigation of links used to explore the website's structure 

(3) behaviour of bct ions and Iinks of the website 

(4) user control of available interaction components 
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(5) presentation of features s h o w  to users, e.g. layout and visual appeal, and 

(6) functionality of the component and workload anaIysis 

The questionnaire is attached in Appendix A. Participants were asked to indicate their 

agreements with the statements presented in the questionnaire on a 5-point Likert sca1e (Strongly 

Disagree, Disagree, Neutral, Agree, Strongly Agree). In the 1 s t  section of the questionnaire, 

participants were asked to provide ratings. again on a 5-point Likert scale (Low. Below Average, 

Average, Above Average, High) for the statements. 

2.1.1 Cluster analysis 

Cluster analysis was used to analyze the questionnaire data. The cluster analyses used in this 

thesis were carried out using the clustering methods available in SPSS for Windows version 10. 

Cluster analysis classifies a set of observations into two or more groups based on the nature of the 

variables (see Everitt, 1993 for a discussion of the available techniques). The purpose of cluster 

analysis is to organize the observations which share similar properties into groupings where the 

observations within each group are similar to each other, but different fiom observations in other 

groups. The similarity of group members can then be used to predict the behaviour or properties 

of people based on which group or cluster they belong to. The aim in cluster analysis is to create 

groups which minimize the variation between individual members in each cluster while 

maximizing the difference between groups. There are a number of algorithms for combining the 

groups; different algorithms may result in a different grouping structure for a givm set of data. 

Hierarchical clustering with agglomeration was used as one technique (Ward's method), while K- 

means partitionhg was used as the other method in the data analysis for this study. Both of these 

widely used clustering methods are generally reported to give good resuIts. 

Hieratchical clusters are organized so that one cluster rnay be entirely contained within another, 

but no other kind of overlap between clusters is allowed. As more and more objects are grouped 

together and amalgamated into larger and larger clusters of dissimilar elements, the result data 

should be structured into branches of similar clusters. The agglomerative techniques start to 

place each object into a subgroup and then combine like subgroups together until ody  one group 

remains. (Statsoft, 2000) 

When forming the clusters, there are several ways to calcdate the distances between objects. The 

distance memaes can be based on singIe or multiple dimensions. Some common measurements 
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are: Euclidean (geometric distance in multidimensional space), city-block (average distance 

across dimensions), Chebychev (diffaence in any one of the dimensions), or power distance 

(parameters for the weighting for progressive weightings) between the objects. Ward's method 

uses an analysis of variance approach to evaluate the distances between clusters (Everitt, 1993). 

The method tries to rninirnize the sum of squares of any two cluters that cm be formed at each 

step. Even though this method is considered very efficient, it tends to create small-sized clusters 

of roughly the same nwnber of observations. 

Another rnethod for clustering which differs £?om hierarchical clustering is k-means clustering. 

There is no hierarchy; the number of clusters supplied partitions the data. Cluster variability is 

measured with respect to their means for the c l a s s i ~ g  variables (See Anderberg, 1973 for a 

more detail discussion). The objective is to minimize variability within clusters and maxirnize 

variability between clusters (Statsofl, 2000). 

2.2 Personal interviews 

in addition to questionnaires for the inspection of the BUL website, persona1 i n t e ~ e w s  with VC 

members were uxd to M e r  explore the issues in the VC. On top of the systern and usability 

issues, participants were asked for their experience in using this VC and its effectiveness for the 

network community. individual participants of the VC were interviewed in a location where they 

could discuss their experience while using the VC and express their views on issues. Each 

session lasted about 30 minutes. 

2.3 Server log study 

The logs of the web server were recorded and analyzed. Logging &ta for 6 months were used in 

the study, fkom September 1999 to Mach 2000. The web log data were recordcd through 

Microsoft Information Server 4.0 fiom the web server for the Whial commmity. The data w m  

logged whenever there was a transaction in the server. The data contained time for each 

transaction with the server, the script called or page visited, and the status of the server. A p a l  

script was written to parse the data for analysis. The login and logout times were calculated for 

the login duration. The usage of each feature was tabulated and timed when there was a record of 

the particular webpage or code called fkom the server. 
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3 SUBJECT BACKGROUND 

3.1 Choice of subjects 

Since the intended audience for the Bell University Labs website were groups who were not 

working in the same location or tirne, the participants chosen for this study were working in 

groups in which face to face communication was difficult to manage. 15 participants of the VC 

filled out the questionnaire. Al1 participants were unpaid voluntem. 12 participants used the VC 

for schoolwork while the other 3 participants used it for work. The twelve students used the BUL 

website as a tool to support projects within a graduate class on mobile cornputîng. The students 

were encouraged to use the website to support their projects, but participation was optional. Out 

of the eight groups in the graduate course, three groups chose to use the BUL website actively 

during the evaluation penod. The other five groups either were not interested in participating or 

they converted back to more traditional communication methods. 

The three industry partner participants worked on projects which involved collaboration with 

separate companies. They learnt about the VC in management meetings and were interested in 

trying the VC for this type of inter-company collaborative work. rt was not convenience for thsm 

to email large files to al1 rnembers of the group. Moreover, they need a central file storage space 

where the collaboration parties could obtain the latest documents at a common repository. 

Al1 the participants were given a brief overview of the p q o s e  and hctionality of the BUL 

website. Al1 of them had used the intemet for over 3 yean (s.d. 0.49) (Figure i), and typically 

used the internet more than once a day. 
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Years of internet use 

4 1 to 3 3to5 > 5 

Number of years 

Figure 1: Questionnaire user profile: Years of Internet use 

There were more variations in the amount of expenence in using internet chat software, 

newsgroups or other discussion sites (Figure 2), with 40% (s.d. 1 .OS) of respondents having one 

to three years of experience. 

Years of collaborative software usage 

Number of years 

Figure 2: Questionnaire user profile: Years of cdaborative software usage 
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47% of the participants (s.d 1.96) used the Intemet collaborative soAware (e.g., chat, newsgroups 

or other discussion activity on the Intemet) more than once daily (Figure 3). 

Frequency of collaborative software usage 

Frequency 

Figure 3: Questionnaire user profile: Frequency of collaborative software usage 

Five vixtual community members participated in the interview session. Their Ievei of experience 

ranged fiom low to very expenenced in Intemet collaboration software. The intenriewed 

participants used the VC for project collaboration at the time of the interview; they had their team 

set up first, and then joined the VC; therefore they were al1 acquainted as classrnates or CO- 

workers. 
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CHAPTER 4: USABlLlTY ANALYSE OF BUL WEBSITE 

As explained in the previous chapter, an empirical study was undertaken of the BUL website 

users. This study was performed in order to determine if the BUL website was easy to use and 

met users' expectations, and to explore a methodology to help build a successfbl virtual 

comrnunity. This chapter will present the results of that sîudy. 

1 QUESTIONNAIRE RESULTS 

1 .  Descriptive statistics 

The results were f ~ s t  analysed descriptively. (A summary of the questionnaire is provided in 

Appendix B.) For most statements in the structure section, most of the responses were close to 

the center of the Likert scale (with means from 3.27 to 3.53). By contrast, participants generally 

agreed with statement 4 ("The maps or o v e ~ e w s  help me to locate where 1 am within the 

website"), with a mean of 4.0. 

For questions in the navigation section, again, most responses were neutral, with means fiom 3.13 

to 3.47 on the Likert scale, with the exception of statement 2 ("1 cm logout of the website 

quickly") which had a mean of 3.60, indicating that the participants slightly agreed with this 

statement. 

The responses in the behaviour section tended to be slightly positive (with means ranging from 

3.60 to 3.87). The two statements in the user control section had means of only 2.73 and 2.93 

respectively; the participants disagreed with the statement that ''The website supports undo and 

redo bctionality" and "1 can cancel my previous action and proceed to another page". 

Responses in the presentation section tended to be neutral, ranging fiom a mean of 3.13 to a mean 

of 3.67. Exceptions to this pattern were found in statements 3 and 6, where a mean of 2.87 

(slightIy disagreeing) for 'There were irrelevant and extraneou materials on the website that 1 

found distracting", and a mean of 2.67 (slightly disagreeing) for the statement 'The help function 

provided is useful", respectively. The response for the last question was interesting, because 

while there was a '%elp" button, there was no help information actually available if the help 

button was pressed. Item 9 had the lowest level of agreement m the questionnaire, with a mean of 

only 2.4, for the statement ''In the event of an error, there are helpful solutions to solve the issue". 
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Finally, for the functionality section, responses were neutral. The participants were also asked to 

provide ratings of the perceived workload when using the VC. The responses were close to the 

neutrai rating point, with a mean ranging fiom 2.93 to 3.53. 

The participants were generally satisfied with the structure and organization of the VC. They 

stated that the structure and organization of the site were represented consistently and were easy 

to understand. The participants were also satisfied with the navigation tools available in the VC. 

They were able to go to the links to other pages via the provided links. However, they became 

disoriented at times and did not know where they were in the VC. Participants were satisfied 

with the VC's general behaviou.; they undentood the text used, and the functions presented were 

familiar to them. The participants were dissatisfied with the user control aspect of the VC: they 

were not able to make changes or to cancel their previous action. Most participants responded 

that the layout of the VC was appealing. They responded that the features were consistent and 

that the mappings of the buttons and functions were consistent. However, more help and 

information would be useful. Even though the participants were able to accomplish their goals 

using the VC, and did not have difficulty finding items, they had to put more than normal effort 

into looking and searching for reIevant pages in order to achieve their goals. However, though 

the difficulty level in finishing tasks was average, the level of discouragement or annoyance was 

below average. 

1.2 Cluster analysis 

Cluster analysis was used to identim possible relationships among the participants. Three ciuster 

analyses were performed: one with the whole questionnaire, one with only structure and 

navigation questions and the third one with only presentation and functionality questions. Since 

it was a large questionnaire, separate cluster analyses of subsections of the questionnaire were 

done in order to get more focussed groupings of the subjects. For the one analysis, questions on 

the grouping structure and navigation were used (a total of 13 questions). The presentation and 

functionality questions were used for a second cluster analysis (a total of 15 questions). Only 

these four sections of the questiomaire were selected, because some of their questions 

contn'buted to the cluster membershîps (explained firrther in section 1.2.1), and these four 

sections contained the bulk of the items in the questionnaire. The structure and navigation 

questions were very similar and thus grouped together, leaving presentation and functionality 

questions for the 0th- analysis. 



CHAPTER 4: Usability Analysis of BUL Website 36 

1.2.1 Cluster analysis for the whole questionnaire 

The first analysis carried out cluster analysis on al1 the items in the questionnaire. Using Ward's 

methoci, subjects were grouped into three main clusters (TabIe 2). The numbers correspondeci to 

the subject ID numbers and were used in this case to signie cluster membership. 

Table 2 : Cluster membership for subjects using Ward's method 

A similar grouping was obtained using k-means cluster analysis with k 3  (Table 3). There were 

only three differences in the groupings obtained using the two methods: subject 3 was grouped 

with the first cluster (in k-means, but not Ward's clustering), and subjects 12 and 15 were 

swapped between two clusters for the two methods. The overall similarity between the two 

clustering methods increases confidence in the groupings obtained. 

Table 3 : Cluster membership for subjects using k-means method 

For interpretative purposes, the k-means clustering solution was chosen for M e r  analysis. 

ANOVA was used to identiQ which of the questionnaire items contrïbuted to the questionnaire 

effect (with cluster membmhip being used as a pseudo-factor'). 

Ten questionnaire items were significant in f o h g  the clusters. One significant difference in the 

cluster members was the fiequency of Internet collaboration software usage between participants 

(F=6.O 15, p = ~ . ~  163. Cluster 1 and 2 members used such software at least once per day, whereas 

cluster 3 members used the software less than once per week. 

' Since ANOVA used the cluster membenhip as a grouping variable, where gmup clusters had been 
formed by maximizing the ciifferences in the sarne data, the F-test could o d y  be used for descriptive 
purposes. The purpose of this ANOVA was to identm wbich questionnaire item was differentiating 
between the clusters. 

The P value obtamed was not comcted for these maximized dinernices of clustn membmhip; thmfore 
it should not be interpreted a test of the hypothesis that the cluster means were equal, 
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In the presentation section of the questionnaire, statement 2 ("The titles and headers are worded 

consistently throughout the website") was assigned a low probability value (F6.083, p=û.OlS: 

cluster 1 members tended to disagree with the statement, while cluster 2 and 3 rnembers tended to 

agree with the statement). Staternent 3 ("There were irrelevant and extraneous materials on the 

website that I found distracting") also appeared to differ between cluster (F4.302, p=0.039: 

cluster 1 members tended to agree with the statement, and clusters 2 and 3 members seemed to be 

neutrat), The statement "The screen Iayout of the website is appealing" - statement 4 -- 
(F=3.9 13, p-0.049) also was diagnostic. Clusters 1 and 3 members agreed with the statement, 

but cluster 2 members disagreed with the statement. 

In the structure section of the questionnaire, statement 2 ('The organization of materials on the 

website is easy to understand") differed with F=34.8 and p=0.000: cluster 1 members disagreed 

with the statement, while clusters 2 and 3 members agreed with the statement. Statement 3 

('There are too many levels of nesting on the website") diffkred with F=%8 15, pQ.007: cluster 1 

members strongly agreed with the staternent, and clusters 2 and 3 members were neutral for the 

statement. Statement 4 ("The maps or overviews help me to locate where 1 am within the 

website") differed with F=5.52 and pQ.020: cluster 1 memben were neutral with the statement, 

and cluster 2 and 3 members agreed with the statement. Statement 5 ("1 am able to visualize the 

whole structure and layering of the website") differed with F=22.235 and p=0.000: cluster 1 

members disagreed with the statement, where clusters 2 and 3 members agreed with the 

statement. Statement 6 ('Yhe organization of materials on the website is represented 

consistently") differed with F= 15.120 and p=û.00 1 : as in statement 5, ciuster 1 members 

disagreed with the statement, where clusters 2 and 3 members agreed with the statement. 

Finally, the three clusten tended to differ in navigation statement 3 - "There are enough links to 

jurnp to relevant area in the website without going through too many linksw- (F=15.120, 

p=0.001). Cluster 1 members strongly disagreed with the statement, while clusters 2 and 3 

members agreed with the staternent. 

Cluster 1: Negative responses 

These usen had 3-5 years Internet and collaboration software experience. They used Intemet 

more than once a day and they used Intemet collaboration software at least once a day. This 

group of users liked the screen layout (agreed to the staternent for item 4 of the presentation 
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section: "The screen layout of the website is appealing"); however, they agreed that ''ththe were 

irrelevant and extraneous materials on the website that 1 fond distracting" (item 3 of presentation 

section) and disagreed with the statement that ''the titles and headers are worded consistently" 

(item 2 of presentation section). The users believed ihat much work was required to complete any 

task on the VC (The rarings they provided for the arnount of work spent on looking for relevant 

pages -- functionality item 4- was high and the difficulty and arnount of effort used to perform 

tasks was above average -Functionality items I and 2). This made it hard for users to achieve 

their ultimate goals. Subjects tended to disagree with the statement for fûnctionality item 6: "1 

was able to perforrn tasks and accomplish my goals on the website eficiently". The subjects did 

not like the organization and nesting of materials on the VC. Subjects tended to disagree with the 

statement- structure items 1, 2 , 5 ,  and 6: "It is easy for me to find desired items on the website", 

''The organization of matenals on the website is easy to understand", "1 am able to visualize the 

whole structure and layering of the website", ''The organization of materials on the website is 

represented consistently", and strongly agreed with the statement -- structure question 3 : 'There 

are too many levels of nesting on the website". The navigation on the VC caused disorientation 

(subjects in this cluster tended to agree with the statement of navigation section item 5: "1 got 

disoriented at times and wasn't sure where 1 was in the website"), also, there were not enough 

links to go to relevant areas in the VC (subjects in this cluster strongly disagreed with the 

statement of navigation section item 3: "There are enough links to jump to relevant area in the 

website"). Members of cluster 1 also disagreed with the statements about user control section 1 

and 2: "The website supports undo and redo functionality" and "1 can cancel my previous action 

and proceed to another page". 

Cluster 2: Slightly positive group 

The second group of users had more than 5 years of Intemet experience and used the Internet 

more than once daily, but they only had 3-5 years of regular collaboration software experience. 

These usea did not like the screen layout (subjects in this cluster tended to disagree with the 

staternent f?om item 4 of the presentation section: "The screen layout of the website is 

appealing"), and they complained that there were no helpfbl solutions when an imknown error 

happened (subjects in cluster 2 tended to agree with the statement "There are unknown m o r  

without proper messaging" and tend to disagree with the statement "In the event of an mor, there 

are helpful solutions to solve the issue"). Cluster 2 members stated that an average amount of 

work was required to finish a task (items 1,2, and 4 of the functionality section), but they needed 
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above average effort to perfom a task (item 1 of the Functionality section). The organization and 

navigation assistance of the website made it easy to find items, and cluster 2 mernbers were 

satisfied with it (e.g., subjects tended to agree with the statements items 1,2 of the navigation 

section: "It is easy for me to fmd desired items on the website" and 'The organization of 

materials on the website is easy to undentand", as well as with most other questions in the 

structure and navigation sections). 

Cluster 3: Less experienced but positive users 

Cluster 3 memben responded very similarly to cluster 2 mernbers. The significant difference was 

in their collaboration software skills. These users were the weakest group of the three clusters in 

tems of Internet collaboration software skill; they only had 3-5 years of Lntemet experience and 

1-3 years of regular collaboration software. This is the positive group, whose their responses were 

either 3 or 4 on the Likert scale. For example, they claimed that average workload was required 

to use the VC (items 1,2,4 of the functionality section), and responded positively to most aspects 

of the VC. 

1.2.2 Cluster analysis for subsections of the questionnaire 

Structure and Navigation (Sm clustering: 

Both Ward's and K-means methods for cluster analysis were performed for this section of the 

questionnaire. For the SN section, the cIusterings obtained were almost identical aaoss die two 

clustering methods. Using Ward's method, three clusten were fomed as shown in Table 4. 

Table 4 : CIuster rnembership for subjects using Ward's method (SM questions only) 

For k-rneans, with b 3 ,  the only difference was subject 13 being grouped in cluster 1 (Table 5). 

Table 5 : Cluster membership for subjects using k-means method ( S N  questions only) 
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interpreting the k-means cluster analysis with the smaller number of question groupings, the 

clusters could be classified as having negative, positive, and neutral attitudes towards the 

structure and navigation aspects of the VC. 

ANOVA of the cluster membership was again used to identify which questionnaire items 

conttibuted to the questionnaire effect. The three groups differed most in questions 1-6 of the 

structure section and questions 2 and 3 of the navigation section. The organization of rnatenals, 

the level of nesting, and the maps/overview affected the ease of searching items on site md in 

visualizing the whole structure. The number of links available for participants to leave the VC 

quickly also affected preferences. 

Cluster 1: Negative attitude for structure and navigation 

Participants in this cluster did not like the structure and navigation of the VC. They disagreed 

that "the organization of materials on the website is easy to understand" (Structure item 2), and 

they strongly agreed "there are too many levels of nesting on the website" (Structure item 3). 

This caused them not to be able to ''visualize the whole structure and layering of the website" 

(Structure item 5). These participants strongly disagreed with the statement that "there are 

enough links to jump to relevant area in the website" (Navigation item 3) and agreed they "got 

disoriented at times and wasn't sure where [they were] in the website" (navigation item 5). 

Cluster 2: Positive attitude for structure and navigation 

Participants in this cluster were pretty satisfied with the structure and navigation of the VC. They 

agreed to most of the positive statements in the sections, for example, items 1-2,4-8 in the 

structure section, and items 1-3 in the navigation section. 

Clttster 3: Neutra1 for structure and navigation 

These participants tended to be neutral in how they felt about the structure and navigation aspects 

of the VC. They responded neuûally for most of the questions in these two sections. 

Presentation and Functionaiity (PIF) ciustering 

In contrast to the earlier cluster analyses, cluster analysis on the presentation and functionality 

sections yielded different groupings across the two clustering methods used (Ward's method and 

k-means). UsIng Ward's method, three clusters were again formed (Table 6). On the other hand, 
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with k-means, with k-3,  the cluster groupings were relatively similar to the k-means clusters 

formed for the SM analysis (Table 7). 

Table 6 : Cluster membership for subjects using Ward's method (PIF questions only) 

Table 7 : Cluster membership for subjects using k-means method (Pl F questions only) 

K-rneans anaiysis was thus more consistent in the groups of subjects obtained with different 

questions used for the cluster analyses. For example, subjects 1,3,5 and 2,4, 8 were always 

grouped together for the three k-means cluster analyses perforrned. Therefore, k-means analysis 

was again chosen for interpreting for the presentation and functionality portion of the 

questionnaire. 

Cluster 3: 
6, 21, 15 

Ciuster 1: 
1,3,5 

From ANOVA of the cluster memberships, questions 2 ,3 ,8 ,9  of the presentation section and 

questions 2,3,  and 4 of the functionality section appeared diagnostic of differences between 

clusters. The clusters differed mostly on preferences concerning on the consistency of wording, 

distracting information, unknown errors, and dificultylannoyance while using the VC. 

Cluster 2: 
2,4, 7,8,9, 10, 12, 13, 14 

Cluster 1: Negative attitude for presentation and functionafity 

The fmt group of participants had a negative attitude towards the presentation and functionality 

aspects of the VC. They disagreed with the statement "The titles and headers are worded 

consistently throughout the website" (presentation item 2) and agreed that "there were irrelevant 

and extraneous materials on the website that [they] found distmcting" (presentation item 3). They 

also disagreed with the statement "In the event of an error, there are helpfui solutions to solve the 

issue" (presentation item 9). The amount of work spent on looking and searching for relevant 

pages were high (functionality question 4), which caused the subjects not to be able to perform 

tasks and accomplish goals efficiently in the VC (functionality item 6). However, stnprisingly, 

cluster I members were pleased with the screen layout - they agreed with the statement that ''The 

screen layout of the website is appealing" (presentation item 4). 
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Cluster 2: Neutra1 group for presentation and functionality 

Cluster 2 rnembers were between the other two clusters in terms of attitude. They were satisfied 

with the presentation and fùnctionality of the VC. The workload for them using the website was 

Iow, and most of the other responses were neutral. 

Cluster 3: Disiike presentation and required effort to use VC 

The third group found the VC hard to use, mostly because of screen Iayout and unknown mors 

without proper advice. The ratings for effort and difficulty in using the VC were above average 

(fwictionality items 1-3). They disagreed with the statement that "The screen layout of the 

website is appealing" (presentation item 4). They strongly agreed that "There are d o w n  errors 

without proper messaging" (presentation item 8) and strongly disagreed with the statement that 

''ln the event of an error, there are helphl solutions to solve the issue" (presentation item 9). 

1.2.3 Comparing the 3 cluster analyses 

As mentioned in the section above, k-means cluster malysis seemed to provide more consistent 

cluster groupings than did Ward's method for this set of questionnaire data. Even so, the clusters 

obtained through k-means analysis were not identical for the three analyses performed, Le., one 

with al1 questions, a second one with structure and navigation questions, and a third one with 

presentation and functionality questions. 

The three clusters obtained by k-means analysis are listed here agad:  

1 (negative) 
Structtire/naviga tion ( 1,3,5, 13 

1 1 (negative) 1 (negative) 1 (neutrai) l 
Presentation/functionality 

Table 8 : CIuster membership for subjects for di cases using k-means method 

(positive) 
2,4,6,7,8,9,10,12 

The different groupings between the three analyses were due to the differences of the significance 

of particular questionnaire item in contributing to the clusta membmhip. Some of the questions 

@osi tive) 
11, 14, 15 

(negative) 
1,3,5 

3 The cIusters are Iabeled in numeric order according to the cluster numbers provided by SPSS. The 
numbers do not signify equivalence of cluster across the three analyses. 

(positive) 
2,4,7,8,9,10,12,13,14 

(neutrai) 
6,11,15 
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were significant in the F-test with cluster membership for the overall analysis, but were not 

significant for the subsection analyses, or vice versa. This hd ing  showed that there was a 

difference in how the clusters were formed with different sets of questions. 

The way in which the participants had been clustered indicated that some participants liked some 

aspects of the site, but not other aspects. In the two subsection analyses, subject 14 was placed in 

the neutral cluster. but was placed in the less experienced but positive cluster in the overall 

analysis. This subject felt neutrally about al1 aspects of the VC. Subject 6 was in the positive 

cluster for overall and structurehavigation analyses, but was grouped with the negative cluster for 

presentation/functionality analysis. This subject was satisfied with the VC as a whole, but 

disliked the presentation and functionality of the VC. 

Some participants were always grouped together in the three analyses. These participants 

behaved as a group of their own. Comparing the clusters formed, only the cluster 1 members 

were relatively stable across al1 three analyses. Subjects 1,3, and 5 stayed in the same cluster 

grouping throughout. Cluster 1 in al1 three analyses contained participants who had negative 

opinions on the VC; therefore these three participants were not satisfied with any of the aspects of 

the VC that were assessed in the questionnaire. 

Subjects 2,4, and 8 remained together for al1 three analyses; they were in the positive attitude 

group for the overall analysis and SM analysis, and in the neutral group for PE analysis. These 

three participants were satisfied with the structure and navigation of thc VC, but were uncertain 

about the presentation and functionality of the VC. En the overalI analysis, these participants 

were grouped with members who did not like the layout, even though they were pleased with the 

organization. This finding agreed with the positive tendency in the structure and navigation 

analysis (cluster 2), and the neutral tendency in the presentation and functionality analysis (cluster 

2). 

Subjects 1 2 and 15 also remained in the same cluster in al1 three analyses. These two participants 

had different preference in the two sections of the questionnaire. They were grouped with the 

neutrals for the structure and navigation analysis (cluster 3), and they were grouped with people 

who found the site hard to use because of little usehl guidance in the P/N analysis (cluster 3). 
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For the overall analysis, these subjects were in the cluster that did not prefer the existing screen 

layout, but were pleased with the organization of the VC (cluster 2). 

Subjects 7,9,  10, and 12 were grouped together for the three analyses. Since they tended to 

respond neutrally in PIF analysis and positively in SM analysis, it was reasonable to group them 

into cluster 3 for the overall analysis, where these participants tended to be positive towards the 

VC. 

Subject 13 was an interesting case. This subject was in the positive cluster for overall analysis, 

neutral cluster for P/F analysis, and negative cluster for SM analysis. Subject 13 felt negatively 

towards the VC's structure and navigation (cluster 1), but was neuûal on the presentation and 

functionality of the VC (cluster 2). In the overall analysis, subject 13 was grouped with the 

positive group (cluster 3). Since subject 13 was grouped in cluster 3 overaI1; this subject's dislike 

in the structure and navigation of the site was not as significant. Subject 13 was onfy weakly 

associated in the negative cluster for the overall analysis, since the distance of subject 13's mean 

preference value was furthest (2.96) From the group's rnean, where as the others subjects' values 

(1,3, and 5) were 2.78,2.29, and 2.29 respectively. 

2 PERSONAL INTERVIEWS 

The previous section discussed the analytrcal part of the results. This section will discuss the 

i n t e ~ e w  fmdîngs. The interviews followed up on issues raised in the questionnaire and other 

problems the participants discovered. Interview results were nimmarized and grouped below by 

the categories: structure, navigation, behaviour, user control, presentation, and functionality. 

2.1 Interview summary 

2.1.1 Structure 

The minimized overview map and the 'path' were useful to know where one is in the VC (Figure 

4). However, other users did not see much use in this map, other than taking up real estate, shce 

their location of the site path was not s h o m  on the map nor on the project list (Figure 5). The 

VC was organized into different sections, and some sections couId assist collaboration with other 

non-project members. For example, a member liked the idea of the "pub" as a good place to 

'talk' to others members or visitors, either for leisure or research. Even though there was an 
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introductory section in the site to descnbe the site and some of its functions, some rnembers still 

thought the purpose of the VC was not cleariy expressed. 

Figure 4: Overview map 

Figure 5: Introductory screen in the Labs section, overview map, and path 

A login was not required to view the public part of the VC, but special access was needed for 

other private information on the site. By only showing the public part, the VC appeared empty, 
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and visitors lost interest in exploring it. It was not obvious that a login was required or that there 

were more materials for sharing ifyou were a member of the VC (Figure 6). Members could not 

see information and others using the site. There did not seem to be sign of activity in the VC, but 

such activity was just hidden behind a security shield. VC members and visitors wanted to h o w  

if there were actually others using the website! 

Figure 6: Website's main screen 

Since al1 layers of the site were of the same colour, there seerned to be an orientation problem. 

With the same colour on al1 Ievels, it was difficult to know a user's depth in the VC. This 

situation made it even harder to find a file it was necessary to dig through random layers. One 

member complained that he was ". . .hs tn ted  that 1 need to look too long to find a specific file". 

In contrat to some interviewed members, a few said it was hard to see where they were at the site 

even though the path was displayed in text (Figure 7). This problem arose because the path was 

presented in text, not graphically, thus increasing users' cognitive workload in making sense of 

where they were located. 

Figure 7: Listing of the path 

2.1.2 Navigation 

Some membe~s comrnented that navigation of the site was easy and it was straightf'omard to get 

f%om place to place. The view of the path gave a clear sense of where they were cmently (Figure 
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7). The overview rnap allowed them to jump to other sections of the site easily (Figure 4). Ixr 

contrast, a majority of members complained it was difficult to go directIy to a specific location in 

the VC. It was very cumbersome to login and cIick through several layers of links to get to the 

desired location. For example, several members mostly u s d  the document publishing function. 

Tbey wanted to get that particular section without having to go through much clicking. The steps 

to arrive at Document Pubizkhing section of their project group were: 

1. Go to site's main screen (Figure 6) and login (Figure 8) 

2. Click on Labs (Figure 9) 

3. Click on a lab (Figure 4) 

4. Click on the Projects tab 

5 .  Click on a project (Figure 10) 

6. Click on GYorkspace button 

7. Click on Document Pubiishing link (Figure 1 1) 

Each time, members had to go h o u &  these seven steps to reach to their section of interest! 

Figure 8: Login screen 

Figure 9: Screen after login completed 
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Figure 10: Theproject tab 

Figure I l  : The Workspace within the project 

2.1.3 Behaviour 

The pages of the website generally behaved as memben would expecf and pages loaded in a 

reasonable tirne. However, some members were unclear on some terms used in the VC, e.g., 

Commons, Pub, Lab, "set thread", "check idout". This uncertainty couId be due to users' limited 

expenence in this setting. 
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Sometimes members received a certain set of options, but a different set would be presented at 

other times for links on the same section (Figure 12). When members were uploading a file, the 

default file type from the windows open dialog box was 'html', which was usually not the 

required file type. The "Cancel" button on the upload page would often r e m  to an operation 

many steps back, or even jump out of the project section (Figure 13). 

Title: BCUL Website Usability Questionnaire 

Description: 

Owner: Janet Ho 

Last Updated By: Janet Ho 

Activity Status: Checked In 
File Name: BCUL-Questionnaire.doc 

Created: 2000/03/12 18: 22: 30 -05 

Updated: 2000/03/12 18:23: 55 -05 

Version : 

File Site: 71168 

Figure 12: After clickiag on the document name link4 

Please di& the "Browse ..." button. 
Then select "AI Files" from the "Files of type" dropdown box in the popup menu that appears. 

Figure 13: Uploading a file 

There also appeared to be random server problems. The connection appeared slow for most of 

the the, even when members had high speed Internet or LAN connections; the slow connection 

' NB: The names appeaxing in the screen shots of this chapter has been modified due to privacy. 
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caused the pages not to load properly. A "transfer intenupt" ofien flashed in a certain h e ,  

even if a rnember had not halted an operation (Figure 14). Since mernbers had to wait some tirne 

for an operation to complete, they often lost their train of thought. 

Transfcr interrupted! 

Figure 14: "I'ransfer interrupted' appeared when the user has not done anything to stop an 
operation 

2.1.4 User Control 

Members were not able to correct or delete their own rnistake in certain parts of the VC. For 

exarnple, if they had mistakenly posted a deliverable or a discussion item, it was not possible to 

edit or to delete the item. Moreover, in lab/project management, even the person who created the 

Iablproject was not able to delete a mistakenly created or expired lab/project. Moreover, when 

members sometimes forgot their own passwords, they could not get help in obtaining or resetting 

their password, so they oflen chose to re-register as a new user. 

2.1.5 Presentation 

Almost al1 i n t e ~ e w e d  members liked the aesthetics of the website in general; the icons and 

picnires were done professionally. However, the choice of the colours was not appealing to all. 

The contrast between the blue-green background and the text wm not strong enough. The text 

was difficult to read, especiaiiy after a visited Iink (e.g., a project link list on the bottom iefl) 

(Figure 4). The font size was too small for the introductory screen and the project selection links 

(Figure 5). Even though the graphics were appealing, their load time lengthened a user's wait 

time for accessing contents of the VC. 

Unfortunately, online help was not yet available. Memben had nowhere to tum for help when 

they were unclear about some hmction, which was very possible in this version of the virtual 

community. Moreover, there were error messages that appeared without explanation; thîs 

confused the users fbrher! The members thus tried to click the 'heIp7 button but found it 

unavailable. 
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The website did not provide enough status information for users. For example, during a file 

upload or download, there was no indication of progress; the screen remained as in Figure 13. 

The screen appeared as though nothing was happening, but the upload/download was in progress. 

Users had to wait until the file transfer was complete, without knowing the length of the transfer 

or the percentage of the file already transferred. 

There were quite a number of small usability problems on the web pages. For example, when 

users scrolled in a section of the f b e ,  the action buttons followed the scrolled text and 

disappeared with the top of the text. When uploading a file in the document publishing section, 

filename and description were required fields, but they should be made optional (Figure 15). 

Moreover, if the filename entered was the same as an existing file on the project folder, the 

system automatically renumbered the file name without veri@ng it. The "exit" button in some 

sections of the 'Admin' fùnction was inappropriate. When listing lab narnes, usen did not have 

to 'exit' (label on the button), but rather return to the previous page when they had finished 

looking at the listing (Figure 16). 

Members Shared Wth 
Rick Adim (Full) BJ 
Joseph Bell (Full) 

I Jane Doe (Full) . . 

Janet Ho (Full) 

Figure 15: DiaIog box to fill out before uploading a file 
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- - - - - - - - - 

Figure 16: Inappropriate 'exit' button in the 'Admin' section 

2.1.6 Functionality 

The features in ths version of the VC attracted most memben to continue using the VC for their 

other group projects and users would recommend the site to others. This was an integrated place 

for chat, file exchange, file sharing, scheduling, etc, and what one rnember termed "one-stop 

shopping". Users could keep things in one place and did not need several tooIs. The web-based 

capability of the VC made it accessible behind corporate fmwalls. which may not be possible for 

many school newsgroups. Members h e w  which was the most up-to-date document (time stamp) 

and who last edited that document (Figure 17). If an update of a file was required, only a single 

update was required at the central file sharing space of the virtual community, without emailing 

the file to the whole group for update. Even if emailing was required, the VC had the needed 

functionality. 

Figure 17: In the Document Pu6lishing section in the project space 
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When a team leader added a new project rnember, the leader was not able to distinguish the 

member when more than one user has the same first and last name (Figure 18). Even in the user 

information, there was no relationship between user login name and the person's displayed name. 

If a group member checked out a file, the file should have k e n  read-only until the file was 

checked back in. Often the first member k g o t  to check in a file efier modification; therefore 

some reminder was needed for the fint member to check the file in within a certain period. 

Figure 18: Adding user to project. Issue when users have same first and last name! 

Sometirnes emailing other members of the project group was necessary for certain tasks. Email 

was supported only in the document publishg section; it could be expanded in other sections 

such as Noticeboard, etc. During emailing, users could select nom a list of members' email 

addresses associated with names, since entering one's email address is requested during 

registration. In this sense, it is reasonable to know who else is in your lablproject group, and to 

be able to click on a name to get addition information, such as background, research interests, etc. 

One interviewee was a team leader who had created a group on the site. This member 

complained that he had to search through a long list of users on the site to tind out his "people", 

i.e., new registered members of his group. Mer adding new members to the lis& the team leader 

actually had to separately notify hem of the addition. 
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2.2 Participants' recommendations 

Since the participants encountered problems using the VC, they would like to see modifications 

based on some of their recommendations. The VC must make it obvious that a login was 

required to gain access to more information in the VC. For visitors, a guest login led them into 

another part of the site where there would be sample groups and examples to show the 

bctionality and capabilities of the virtual community. A demo of the VC was needed. Such a 

demo would allow visitors to feeI a sense of community. There had to be an "indication of life" 

on the VC. One method was to have a list of project membm who were currently online, or 

perhaps al1 members online in the public part of the site. Sirnilarly, when one waked into a 

meeting room, one would want to h o w  how many people were currently there, even though they 

might not be talking to each other. 

Different colouring of webpages was recommended for moving through different levels and 

layers of the VC to ease orientation. Therefore, different colours would represent different parts 

of the site, grouped by functions. The memben could tell From the overview graphs and links 

which part of the site they were in, and their path could be shown on the picture. The lefl side of 

the frame could be hidden to Save real estate for the main portion of the page, which was 

generally used. The left side window should also exist during the administration function, so that 

afier editing a project, a member could retum to the main screen. 

The addition of some short-cuts, macros or hot-keys would be convenient for the members, 

especially for experimced membm who want to do a specific task instead of browsing the VC. 

Several membm suggested having a "Windows Explorer" type navigation style, where a user 

would click on a plus sign beside a lab to see available projects, and click on a sub-directory to go 

to a specific folder or file. Moreover, members liked being able to bookmark a specific page 

where they left off, so that they could resume their previous activity. 

Explaining the general tems used in the website was important to get members cornfortable with 

participating in the VC, especially visitors shopping around for a suitable VC. For example, 

some visitors did not understand the meaning of "register''. It might have meant registering the 

current software through the Internet, instead of becoming a new member of the community. 

AIso, it is preferabte to be able to bookmark or remember the part of the website where a rnember 
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last visited, and to notifi them if there are updates in that section. When members posted a notice 

on the Noticeboard section, there was no default recipient Iist. Ifmembers forgot to add 

themselves to the list, they were not able to view or delete the notice. Thus, the VC should be 

friendly and forgiving, allowing members to go back and correct their rnistakes. 

A "forget password" option should be provided so members could retrieve their passwords given 

proper identification. Another alternative was that the administrator of the VC be allowed to reset 

the members' passwords. 

The usabiIity of the web pages m u t  be improved. More statu messages about ongoing 

operations and 0 t h  types of feedback were required. Users wanted to know if a mouse click 

caused a valid operation. For example, when uploading files into the shared area, a member 

suggested "to have a meter or slider type of indicator or a percentage window or a bytes 

transferred window.. ." to show that the file was actually being transferred and not that there was 

a server problem or lost connection. 

The site needed to be more "homey" and possibly customizable. For example, at the login 

screen, the cursor was ready at the usemame textbox, and the return key was equivalent to 

clicking on the "next" button. Different colours could be selected according to preference. The 

working space could Vary in size or can even open in another window in fiAl screen. It was 

preferable to have a b'what's new" or most updated file information to inform the users once they 

logged on about what had changed since the last visit. 

Al1 of the i n t e ~ e w e d  members used the site pnrnarily for document sharing and occasionally to 

organize group activities. Therefore, most members wanted to see others using the VC, especially 

those who were in the same lablproject group. In the evaluated version, members entered an 

environment and worked separately. For example in the Pub section, those waiting for chat 

should receive some form of notification, such as sound or a banner, when new members entered 

the environment. Since the most popular feature was document sharing (described M e r  in 

section 3 of this chapter), there could be a version controI embedded in the system where 

mernbers would compare older file versions, or revert to an old file if the new file contains 

unrecoverable error. 



CHAPTER 4: Usability Analysis of BUL Website 56 

It was recomrnended that there be a category to search new members who had not been assigned 

to a lab or project. Another option was that during regisîration, new registered members could 

enter which lablproject they want to join and request rnembership from the lab/project leader. 

There could be an automatic feature that notified new members with a brief introduction to using 

the features of the virhial cornmunity. 

Finally. members wanted to see some type of personalization or custornization in the VC. 

Memben preferred to be able to go to their "home" page once they logged in, e.g., to start with 

the calendar or the project section. The users could then make appropriate changes to settle 

hirnherself into the virtual community. 

3 SERVER LOGS STUDY 

The questionnaires and persona1 interviews in this evaluation study provided subjective ratings 

fiom usea of the VC, the server log study, described in the following section, provided objective 

results and was able to identifL the actual usage and navigation patterns in the VC. 

3.1 Results 

3.1.1 login duration 

Discarding al1 logins that were shorter than 5 minutes, during the 6-month period fiom September 

1999 to March 2000, there were a total of 161 logins. The average login time for users in the 

period was 17.6 minutes, where the longest Iogin time was 79.68 minutes. Total number of 

minutes logged in to the site across al1 users averaged 404 minutes per month. As shown in 

Figure 19, November was the most popular month with total session length of 1500 minutes for 

the month. The times when members logged in and out were searched and recorded fiom 

weblogs using a Perl script. The weblog showed 'Logon.aspY and 'Logou~asp' for successful 

login and logout respectively. Idle time of more than 20 minutes was considered to end a session, 

i.e., a logout. The d i f fmce  between matching logins and logouts was the duration of the 

session. This calculation was done assuming there only one member used the VC at a time. This 

assurnption held because usage of the VC was so low that the chance of having two or more 

members accessing the VC at one time was small. 
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Login Duration (by month) 

September October November December January February March 

Month 

Figure 19: Login time duration 

3.1.2 Usage count and time 

The usage time and number of accesses for twelve feaîures were recorded. When activating each 

of these rwelve features, a specific active senier page (ASP) file was called (the VC was wrîtten 

with Microsoft's ASP), which could be tracked using a Peri script. The access to the particular 

feature were counted whenever a particular ASP was recorded in the weblog. The usage time 

was the difference between the access tirne of the current feature and the next feature. It was 

assumed that memben stayed on a particular page when using the feature, and went to another 

feature when not using the previous feature. Usage time also included access time without a 

login. This was necessary because non-registered users were able to browse through the public 

part of the VC, which included the pub, commonr and conference sections. Both the pub and 

conference sections were discussion forums, where the former was a free-form discussion and the 

latter was a public research collaboration chat space. 

Documeni Mmuger included ail sections in the VC where members could publish, edit, and 

download document files and folden, e.g., in the donaentpublishing section in the workspace 

and Librq .  Discuission referred to a11 conversational interactions within the virtual community. 

This included activities in the Pub, Conferences, and Disamiion in the project workspace. 
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Calendar was the feature for organizing shared schedules odine. NoticeBoard represented al1 

notices posted both in the lab and project levels. About referred to any descriptions or 

information of the project/lab/feahire in the virtual community. Adminrîtration counted the h e s  

that administrators edited member privileges, and performed tasks such as adding a new project 

or lab. Member 's handbook, feedback, search, and help counted the number of times that 

members used the correspondhg buttons on the menu. Commons and Conferences referred to the 

number of times that members went into the commons or conference section respectively. The 

percentage of the usage is shown in the following table (9) and figure (20): 

Discussion 

Notice Board 
About 
Administration 
Members' Handbook 
Commom 
Conference 

-- - -  - 

Table 9: Total feature usage in percentages 

5.22 
26.28 
16.76 
0.68 
2.17 
0.25 

I I 

Total usage by category 

Feedback 
Search 
Help 

Categorles 

1.66 
3.88 
0.48 

Figure 20: Total feature usage in percentage 

The total time in minutes of the usage is shown in the following table (10) and figure (21): 
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Document Manager 
Discussion 

Notice Board 
About 

commons 
Confêrence 

.- 

Table 10: Total feature usage time in minutes. 

Usage time for each category 

1200 , 1 

Figure 21: Total feature usage in percentage 

3.1 -3 Discussion 

16 1 sessions recorded for the user study period over 6 months was a relatively mal1 number. If 

the number of sessions was averaged out per month, there were only about twenty-seven sessions 

per month. Moreover, the average duration for each session was less than 20 minutes. Members 

of the VC did not stay odine long using the VC. People did not use the VC for collaboration, but 

rather as a s h e d  space where fiIes and ideas were shared asynchronously. Since it was 



CHAPTER 4: Usability Analysis of BUL Website 60 

asynchronous interaction, VC members did not have to wait for a new reply since they lmew it 

would not happen instantaneously. This created the effect of short sessions. As mentioned 

before, session lengths of l e s  than 5 minutes were discarded &om the calculation. These short 

sessions indicated VC rnernbers only checking for up&ted activities in their research groups. 

They cou1d not reasonably be doing work in such short times. 

The lopin duration for the website peaked at limited times. then tapered off to the avera- 

duration of approximately 20 minutes. This phenomenon indicated that users used the VC 

heavily only during certain penods of time. At other times, there were no logins, or the users 

only logged in for short penods. The most popular month was November 1999, which held over 

fi@ percent of the total login time in the evaluation penod (refer to Figure 19). This was the 

release time when the website was being advertised internally among the participated institutions. 

Usen were learning the f ea tu~s  of the website and 'checking out' the VC. Participation then fell 

dramatically after this initial period. 

Another login period of interest was between January and March 2000 (refer to Figure 19). This 

was the period when the graduate class was held. A fading login duration was seen once again. 

The students were fvst informed of the VC around late January 2000. This was the period when 

students determined if the VC would be the suitable tool for their mobile computing projects. 

ûnly three of the eight shident project groups chose to use the VC as a tool for integration. Usage 

then tapered off after Febmary, retuming to the low level of usage that seemed to be more 

characteristic of the BUL environment during the penod of this study. Once again, login duration 

dropped off after the initial period for the graduate students. 

Figure 20 shows that document management was the most fiequently accessed feature in the 

virtual community. This was the space where Whüil community membm upload their work in 

progress for exchange with other mernbers of the same project group. This activity was perceived 

as highly valuable, because it meant that a single posting could "deliver" the document to anyone 

who participated in the projecc group members always h o w  w h m  to find the Iatest version of a 

document. This value was enhanced by the fact that most members were imwilling or unable to 

post documents on a Website themselves. 
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The second most popdar feature was About. This was the feature where extra information about 

a section was given. For example, the description of the Library's purpose was written as an 

introductory section. Moreover, the purpose or goal of each lab and project was described in the 

About section. Since the VC was in its eariy development stage, most VC members were new to 

the cornmunity. Members of the lab or project group were not yet familiar with the group and the 

general purpose of the virtual community itself; therefore it was reasonable for them to browse 

around the VC and read descriptions to get to know the purpose of a section, thereby using the 

VC to improve their research collaboration. Figure 21 supports this explanation. Figure 21 

shows how much time users spent on each of the twelve listed features. Users spent more time on 

the about category than the document management category. 

The third most accessed feature was the Administration category. Similarly, since the virtual 

cornmunity was in an early setup and introduction stage, administration was required to create 

labs, project groups, and set up the member access rights. Moreover, the virtual cornmunity was 

designed for ma11 team collaboration within a lab, which contained different projects with 

foreseeable end dates, therefore the setting up of new labs and projects was ongoing. 

Figure 21 (usage time) shows a similar pattern as Figure 20 (usage pattem), except for the About 

and Document Management features, as explained above. Therefore users assessed a feature only 

when spending time using it; they did not browse other parts of the VC regularly. They simply 

navigated to a feature and used it. 

4 CONCLUSIONS 

The sample size of the data obtained kom the three evaluations indicated a low participation in 

the BUL website. Most participants felt neutral about the usability of the VC. The analysis 

identified a few points: 

1. Some users were consistent in answering different sections of the questionnaire 

2. The users could be classified according to their user profile (£kom their questionnaire 

responses) 

3. There were usability problems in the VC 

4. The most frequently used fiinctions were documentpubiishing, webpage information (about), 

and administration 
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Performing analysis on only fifteen questionnaires and five interviews was not enough to 

represent al1 of the VC members. However, averaging out to Iess than one login per day, it was 

difficult to recruit more participants who used the VC actively. The relatively low participation 

rate in this study could be explained by the prototype nature of the VC. Researchers were 

unfamilia. with the website, thus they preferred using other means of communication, rather than 

ûyng to l e m  their way around the VC. Moreover, there were a number of usability and 

fùnctionality issues. A number of issues were raised fiom the personal interviews. These issues 

concerned mostly the VC's usability, where a few of the issues were related to the 

collaborativeness of the VC. For exarnple, there were not enough cues in the VC showing that 

other participants were using the VC. The VC looked empty, which caused prospective members 

to lose interest in participating. Since the in t e~ewed  groups were srnail work groups, the VC 

was able to support collaboration for small-sized groups. The extra peaks in logui duration were 

most likely fiom visits by potential members of the VC. They want to look at available features, 

but failed to retum for M e r  use. The most popular activity in the VC was document 

prrblishing. VC members used the VC as a place to share files, but not as a place for 

collaborative discussion. This findings explained the short duration of each session. 

Cluster analyses of the questionnaire grouped participants according to their attitudes towards the 

VC. The participants were grouped into three types based on their response pattern: one with 

generally negative views, another with different views in differing aspects in the VC (e.g., liked 

the site's structure and navigation, but disliked the site's fiuictionality and presentation), and a 

third type with more neutral attitudes. The participants were consistent in answering the 

questionnaires; however it was not possible to determine definitively the prefwence of the users. 

The responses were more on the neutral side; therefore, the VC was marginaIly acceptable as a 

research collaborative environment. Overall, the subjects were not satisfied with the presentation 

and functionality of the VC. The groups formed tended to have negative attitudes or at most a 

neutral opinion on these two aspects of the VC. The subjects were more satisfied with the 

structure and navigation of the VC. The largest cluster group (cluster 2) in this subsection 

anaiysis had a positive attitude towards these two aspects of the VC. By understanding these 

three types of participants, it may be possible to build a customization system based on these 

distinct properties. 
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CHAPTER 5: RECOMMENDATIONS 

1 USER INTERFACE FOR BUL WEBSITE 

Based on the empirical evaluation made on the BUL website, fiiture modifications were 

recomrnended for the existing interface. Since evaluation results ofken heip to build a successfui 

VC' redesipino the BüL, VC for future uses would be important. The following set of interfaces 

was developed through a user-centered design approach, where the user is the focus of concem. 

This process should accommodate the goals of the users, helping them to increase productivity 

and efficiency. The design suggestions in this section are for the Bell University Labs website's 

design tearns to use as their next steps in developing a better prototype. 

1. Required login for access 

Problem: in the version evaluated, members clicked on the Login button to start the Iogin 

procedure. 

Recommended change: The member login dialog box is recomrnended to be placed in a more 

prominent location with respect to the screen (Figure 22). Visiton to the VC know that a login is 

required to access the VC. The buttons on the right hand side of the screen are functional for 

visiton to enter the public part of the VC. 

Figure 22: Introductory screen of BUL website 
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2. Member forgetting password 

Problem: Members would forget their passwords occasionalIy 

Recommended change: The Forget yourparsword? link (Figure 22) provides either hints to 

help the members to rehieve their passwords or allow mechanimi to let the members obtain a 

new password. 

3. Provide tour of VC 

Problem: Visitors were not clear of the hc t ions  available in the VC. 

Recornmended change: A demo or tour of the VC helps visitoa to test and see the functions 

and features of the VC (Figure 22). Visitors c m  be more familiar with what was available and 

what can be accomplished in the VC. 

4. Modification in new registered members' form 

Problem: Often when web surfers were asked to provide their personal information when 

registering for a site, they filled in the minimum amount of information required. However, some 

information were usetùl to the VC's administrator and were mandatory to be filled in. 

Recommended change: Symbols are added to indicate which fields are mandatory (Figure 23). 

Moreover, t h e  is an option for the registering member to enter the name of the lab and project 

they wish to be part of. This, however, does not guaranteed project rnembetship; the project 

leader grants the project rnernbership. 
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Register Form 

Institution l ~ o n e  

Street Address / 
I 

Provinca 1 
Country 1 

Postal Codenip 7 
Phone 

Email 1 
Web Site URL 1 

User Name 1 
Password 1 

Re-type Password 1 

Project Name 1 
Pmject Leader 1 6 4 

Figure 23: New member registration form 
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5. Lndication of location on overview maps 

Problem: Memben could not tell where they were fiom the overview map. 

Recomrnended change: The overview map on the upper left-hand side shows the current 

location with a different outline colour (Figure 24). Moreover, the lower lefi-hand h e  shows 

the current function by changing the text attribute to italics and to bold for unread messages 

Figure 24: Lab section overview page 

, This area of the site is focused on aflowing cotlaboration and technology transfer between the 
r commercial and aeademic settings in focused teams that are secure. Once you have registered and 

O logged ln you will find the research canters o f  the labs, visit thelr public amas to see who is 
involved and what they are doing, and budd reseach centers for your own teams. 

)t\ Each centra communicatas its rntmon elearly. They alro hava u c u n  i n a s  when rnembin c m  
m a t e  workrooms and discuss the work at hand. While the tools used are the same as those for 
meetings and dkcussions in the conference centre and elsewhere, hem they focus on the research 
teams' speafic goals and the content is secure within the centre untd published in the Iibrary or 

6. Convenient access to functions 

Problem: Since the most popular feature in VC was document publishing, rnembers should be 

La bs 
l 

able to access this feature more readily. In the version evaluated, the path to document publishing 

was hidden under layers of links, as described in section 2.12 of Chapter 4. 

Recommended change: The modified interface shown in Figure 24 allows memben to directly 

access the desired features through hyperIinks in the lower lefi-hand Çame. 

elsewhere. Use these amas for workinq documents, rneetrngs or ad hoc discussions that should be 
conducted pnvately among yow team. Use the conference centre when you would Gke CO invite a 
bmader audience or the general public to participate, Transfer o f  confidential and pmpnetary 
~nformation should be conducted within a research centre sa distnbutcon can be confimed and 
logged sacumiy to known teams. Ptease navtgate ta any o f  the above amas to gain a better 

of the research beinq done within spectfic topic amas. w e  welcme your 

Oiseuriian 

D Pmject 2 
b Lab 2 
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7. Support for undo and redo 

Probiem: Members should be able to correct their mistakes. 

Recommended change: In the Noticeboard (Figure 25) and Defiverable (Figure 26), the 

members can delete messages mistakenly posted or overdue/completed using the Delete or 

Mod~fi buttons. 

uotice 
r flease rcmembcr to smd out the nquirernent spccs 

Figure 25: Modified NotkeBoard page 

Ocîiicrables State %a Cornplate Team Member Stirrt Oate Due Oate 
r Fmpasal Open 60 Shtdent h e  1,2000 Septemk 1,2000 

Figure 26: Modified Defiverable page 
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8. Provide version control 

Problem: VC members were not able to keep tmck of who had made modifications on the 

original copy of a document and were not able to revert back to previous venions of that 

document. 

Recommended change: A version number column is recommended to keep track of the 

document version VC members were working with (Figure 27). The system will keep the 

member informed on which version they are editing or viewing. There is also a backup collection 

of updated documents in which rnemben could back track to older venions for corrections. 

Clicking on the venion column shows the history of the revision and the previous editon. 

r 
f) Labs> Lab 1 > Project 1 >Document Publ ishlng 

7 -1 
Name Flls Sfze Updated Chedred Verslan Rights 

- - ---- - 9  - - -Out - - 
'9~srbltv 8CULQuestionnaire.doc 71 2000/133/12 Ongnal Full EPU 

Ouestionriatre 
-~Mfn !a  Alllrst.rn3u 4 2000/û6/û7 1 Full E& 

Figure 27: Modified Document publiSlring section 

9. Document publishiag permission selection 

Problem: The nssignment of individual member's permission to a file in the donmtentpublishing 

section was complex. The lia boxes used in the version evaluated were constrained to choose 

either read or full access to al1 selected memben but not a combination of the two rights. It was 

not possible to assign sorne project members with read access and others with full access. 
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Recommended change: The use of radio button selection (Figure 28) is suggested to assign 

separate permission to each member. The default permission is Full, where the member can read 

and edit the particular document. 

r 
# ~ a b s >  Lab 1 > Profed l>Docurnent Publlshing> M d  Flle 

El- 
File: [ 

Membar Perrnfssions 

John Smith 
Full r Read Only C~one- 

Full Read Only r Nane Mary Sunday 

Vas Ferandos tÔ Full r Rsad Only Nane 

Figure 28: Adding file in documentpubllshing section 

10. Status message for file transfer 

Problern: The rnembers were not informed of the status of the current file transfer. They were 

not sure if the file tmsfer was happening and the amount of t h e  required for the ~ s f e r .  

Recommeaded change: An addition of a Tramfier Stam dialog box showing an estimate of the 

length of the fite transfer process (Figure 29) is recommended. 

Figure 29: Fie transfer status box 
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1 1. Group email 

Problem: Members had to type in the recipients' email addresses even if they were in the same 

project or lab group. 

Recommended change: The proposed change is to provide a selection list of members in the 

same project(s) or lab(s) as a drop down menu selection (Figure 30). The members do not have 

to type in the email address for memben of the same project when sending group email. 

John Smith 
Linda Linda 
Mary Jane 

Message: Student Skid 

si 

Figure 30: Croup email 

12. Project member list 

Problem: The members did not know if other membea of the same project(s) were currently 

using the VC, i.e. on1ine. 

Recommended change: A list of the al1 other memben in the project groups that the member is 

in would be s h o w  in a side window of the browser (Figure 3 1). The members are gmuped 

alphabetically in ûnline and m i n e  categones, colour-coded (custornizable) according to their 
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projects. This provides an opportunity for synchronous commuaication between members. The 

rnembers cao click on a name to show the person's idonnation. 

Figure 31: Project Member List 

13. Addig users in administratton 

Problem: When the lab or project Iead added new members, there was confusion when m e m h  

had the same 6rst and last names. The lead mernber codd not dis~guish between the members. 

Recommended change: The member list shows members' first name, 1st name, and in 

addition, their login narne (Figure 32). Since the systmi does oot allow duplicated logut name, 

the lab or project lead can identify their mernbers through the login names. 

Lab Members Proiect Mem bers 

1 1 Last nameV Fint nameV Loain narneV / 
Jane janed 

John johnDoe 

, , Dae 

Doe 

Figure 32: Adding users in administration 

El 
El 

Million, Man 

Student, Student 
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2 EVALUATION METHODOLOGY 

Improvements can be made to the current evaluation methodology. Since the usage of the VC 

was low, the pool of participants for the user study was limited. Moreover, some members used 

the VC for a short period of tirne, which they rnight not have explored the full functionality of the 

VC. Thus. they could be recnllted as the participants for the user study. Methods for recnllting 

participants for the user study should be explored. Since the evaluation is not for a single 

webpage, remiting participants is more difficult. The participants have to get involved in the 

VC before they can critically evaluate it. This thesis' user study chose to use a number of 

graduate students as participants. However, only three out of the eight groups (of two to four 

students per group) chose to use the VC as the collaboration tool for their project. The number of 

possible candidates was thus lowered drarnatically. More promotion and introduction of an 

incentive program are recommended for Future studies. The potential participant pool should not 

be limited to a single class of students. There should be collaboration with other students or 

faculty members in the department or faculty in which group project is an important component 

in the course work. The remiter has to stress the point that participating in the user study helps 

to build a better collaborative tool for the participants. Their narnes can be placed in the 

Contribiition section in the VC to acknowledge them for their contribution in the development. 

The current questionnaire focused on the usability of the web interface of the VC. Additional 

questions concerning the collaborative of the network community are required to make it more 

suitable to evaluate the effectiveness, efficiency, and participants' satisfaction of the virtual 

community. In the tùnctionality section of the questionnaire, question 5 "1 accomplished my 

goals in using the website" and question 6 "1 was able to perform tasks and accomplish my goals 

on the website efficiently" concern with individual accomplishments. Rating questions for 

groups accomplistirnent should be added. For example: 

1. Our group accomplished our goals in using the website. (rating choices: Strongly Disagree, 

Disagree, Neutral, Agree, Strongly Agree) 

2. Our group was able to perform tasks on the website efficiently, i.e. the website did not slow 

down our process. (rating choices: Strongly Disagree, Disagree, Neutral, Agree, Strongly 

Agree) 
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Rating questions of group collaboration and community are suggested. For example (rating 

choices: Strongly Disagree, Disagree, Neutral, Agree, Strongly Agree): 

2.  While using the website, 1 feel 1 am working with my group. 

2. 1 feel it is effective to use the website to do gmup work. 

3. It is hard for our group to communicate properly only through the site. 

4. 1 would use this website with my other work groups. 

A detail logging system is needed to properly record the usage activity in the VC. The current 

web server logs oniy provided the üEU of the page visited, which was not sufficient to track the 

usage pattern. A separate log recording mechanism must be introduced to record pararneters such 

as the name of the members and their usage duration on each function. However, for !his type of 

use, policies for protecting members' privacy also needed to be developed. This logging system 

has to be integrated along with the development of the VC. The parameters that are usehl for the 

studies should be passed along to the Ioggmg utility or store in a secure file where the 

experimenter cm obtain and analyze the stored data. 

The personal i n t e ~ e w s  should follow up issues raised both fkom the questionnaire and weblogs 

data analysis. The interview should be tied more closely as a walkthrough, where the participants 

go through their routine tasks on the BUL website with the experimenter. The participants could 

then describe problems as they experienced hem, instead of describing them fkorn memory. 

The recommendations provided in this chapter could be used for future development of virtual 

comrnunities in general. Even though the interface re-design were specific to the Bell University 

Labs VC; however, the problem identified in the re-design could be applied to interface designs 

of other m a l  comrnunities. The irnproved evaluation rnethodology could be used in evaluating 

vimial communities of al1 types that support collaborative work in different locations. 
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CHAPTER 6: CONCLUSIONS AND FUTURE WORK 

1 CONCLUSIONS 

This thesis identified issues that are important in building a successhl virtual community to 

effectively assist workgroup collaboration. The thesis used an evaluation framework as described 

in Chapter 3 to evaluate the Bell University Labs website desiged for collaboration between 

industrial and academic partners. Results of the study showed that there is a need for 

irnprovement to both the BUL website interface and the evaluation methodology. Suggestive 

steps for these two areas have been provided in this thesis to improve friture work. 

The evaluation fkmework used in this study consisted of evaluation techniques for single user 

application evaluation. This was appropriate for evaluating the Bell University Labs website. The 

evaluation studies identified that VC members did not use the environrnent as a community, but 

rather used it as a place for document sharing. Bell University Labs website did not meet the 

critena to be considered as a virtual community. Thus, evaluating the website as a collaborative 

cornmunity would not be suitable. 

The study indicated low usage of the BüL site. The participants generaily felt neutral about the 

BUL site. It is therefore reasonable to conclude they would either use other methods for work or 

use other collaboration software. There was almost no activity with tools in the VC other than the 

three rnost frequently accessed ones. Of these three tools, only Document Manager could be 

considered a collaboration aid. The other two tools were About -- the information center - and 

Administration - the tool for setting up new members and labdprojects. There were problems 

with both usability and motivation for using the BUL site. Researchers often chose alternative 

means of communication, e.g., face to face meetings, instead of using the BUL site. 

The login duration for the VC was inconsistent: after peakhg for a limited period, the login 

duration for each day shrank to a short pwiod. The peak periods occurred during the initial 

release period. This release period applied both to the initial release of the VC itself and to the 

introduction of a new audience group. The first peak was during the release of the VC among the 

intemal participating institutions; the second peak occurred when the graduate class was held. 

From these two periods, there was an increase in usage in the beginning, followed by a drop-off. 
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People visited the VC when it was new, but stopped using the VC when they found that the tool 

was not useful for thern. 

This phenornenon showed the importance of stickiness in a virtual community. In reality, gohg to 

the VC once is not enough for the survival of a virtual community. Nobody is going to converse 

in an empty discussion forum; nobody is going to post a document where no one else will review 

it. VC participants usually find the busiest place to gather. There must be activity visible to 

potential VC participants! Users ofien see the initial hype around using a new community. If a 

VC is not built ciirefiilly, users will lose interest. The VC must not only be built to get users to 

visit; it has to make the new audience continue to use the VC. The value of the VC could 

increase as people participate in and contribute to the community. 

The cluster analysis fiom the study showed that users codd be grouped according to their 

attitudes towards the VC. It was possible to identifi people who determined their usability 

j udgernent on the basis of their ability to use different components of the virtual cornmuni ty, and 

those who had a more uniform attitude towards the VC. This fmding suggested the idca of using 

persona1 profile characteristics as an input to personalization. Through an understanding how 

users rated the VC in each category (stnicture/navigation and presentation/t'unctionality), 

customization could be built to fit an individual's need in both categories. Members couid then 

create a preferred version of the VC. 

The cluster analyses of different sections of the questionnaire differentiated between those people 

that responded in a sirnilar fashion for the entire questionnaire and those people that were more 

discrirninating in liking (or not liking) some aspects of the site but not others. This suggests that a 

similar method of cluster analyzing different sections of questionnaires and then rating people 

accordingly by their degree of discnminating judgment may be a good way of selected people to 

provide detailed evahations of virtual communities, and possibly user interfaces and websites in 

general. The expecbtion is that people who are able to discriminate by responding more 

positively to some aspects of an artifact or a website than to others are going to provide better 

quality evaluative judgments. 

The research fudings led to the discovery of some components of the vimial cornmuniSr that are 

important for evaluation. The collaborativeness, effectiveness, eficimcy and redting user 



CHAPTER 6: Conclusions and Future Work 78 

satisfaction al1 affect member's preference for and cornmitment to the VC. The separation of the 

BUL website into public and private sections created two contradictory effects. When web 

surfers anived at the public sections of the website, they were dismayed by its empbiiess. There 

was so little activity in the public portion of the VC that it looked like a dormant website. 

However, activities were occurring behind a virtual screen. Members felt more cornfortable 

postïng documents in restncted areas. Memben posted documents and events only in the pnvate 

sections of the VC. which were not accessible for members outside the project group. 

Not only visitors were surprised by the lack of activity in the pcblic part of the VC, members 

were also concerned about the presence of their own group members. Awareness of other users 

can help members feel that they are not working alone. Group collaboration software exists 

because it provides a consistent interface for al1 group memben. If most memben of a group 

prefer to use other methods of collaboration, the rest of the group tends to follow. The group 

cannot hold a discussion forum on team issues without al1 group members present online. 

Without an indication of other group members who are using the VC, the participation rate will 

fa11 accordingly, 

Finally, the thesis offered an understanding of building a successful VC infiastructure through 

evaluation studies. The research introduced a needs-based concept of customizing tools in the 

VC. The most fiequently used tool in the BUL site was documenrpublishing. This finding 

showed that most groups used only this tool even though other tools were available. If d o m e n t  

publishing was the only tool a group used, document publishing should then be the only tool in 

the VC. This eliminated unnecessary navigation of going through other layers to perform the 

task. As the group matured and decided that more tools were helpfiil for collaboration, e.g., 

discussion and calendaring* new tools were added as needed. This was another form of 

penonalization. The lab administrators personalized each lab's workspace according to the needs 

and interest of the lab members in order to fully utilize the VC for group activities. 

nie major fïndings of this thesis can be summarized as follows. The selected virtual community 

- Bell University Labs website - had usability and functionality problems, and users were not 

motivated to use it. Through an evaluation study, usehl components and tools of the virtuai 

community were identified. In the future, the virtual commimity m u t  be evaluated through 

questionnaires that cover both usability and commimity concerns, personal interviews that 
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followed up issues discovered fiom the questionnaires, and web server logs that recorded users' 

usage and navigation patterns. Moreover, personal profile characteristics of users could be used 

to personalize the virtual cornmunity for the individual or work group. New infrastructure could 

then be built according to the needs discovered. 

2 FUTURE WORK 

The thesis identified a few questions fiom the recommendations and conclusions that are 

interesting issues to follow up after the compIetion of the thesis: 

How ta get users motivated ta use the VC? 

Approximately 25 students in a graduate class were asked to use the VC as a tool for the 

course project; however, Iess than fi@ percent registered at the VC. Out of those who 

registered, only about fifty percent actively used the VC. There was a motivation problem. It 

would be interesting to Iearn why there was a low Ievel of interest. 

How to increuse productive time that VC members spent ut the VC? 

The recorded login duntion was low, even with the limited number of members using the 

VC. VC members tended to have short sessions. It would be interesting to investigate if this 

is the case with other VCs of the sarne type. 

How to best distinguish fhe separation beîween the public and private sections in the VC? 

Most online collaborative websites require registration for certain regions of the site which 

are then "pnvate" with other sections of the site open to the public (with or without 

registntion). In this thesis study, the separation between public and pnvate views of the site 

appeared to have a negative effect on usage because people could not see much evidence of 

activity (since the little activity that occurred was in private sections of the site h t  were not 

visible to others working on different projects) due the usabi l i~ of this component. More 

study should investigate how to properly manage public and private spaces while still 

providing users with a sense of how much activity is actually being carried out. 

in addition, after implementation of the new interface, iterative usability evaluations of the 

interface with modified questionnaire and interview methods would be necessary to verify the 

effectiveness, efficiency, and usability of the new version. With the help of the new data logging 
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system as recommended in Chapter 5, it would be possible to determine if members indeed used 

the VC regularly as a collaboration tool. 

Working collaboratively over the Internet in different parts of the world is becoming cornmon. It 

is necessary to reinforce the basic method of connecting: comrnunicating effectively with others. 

Basic evaluation methods such as the ones used in this thesis, e.g., usability inspection and 

components of face to face communication. are useful to identi- leads to improved methods. 

The evaluation methodology developed in this thesis should be tested and refmed with a variety 

of different VCs. Only through careful evaluation will it be possible to overcome the problem of 

low stickiness that seemed to affect VCs, as of this writing. 
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APPENDIX A: QUESTIONNAIRE 

The purpose of this resemch is to perform a usa6ility evaluation on the Bell University Labs website. 
The following questions enable rrs to assess yow preference of the website that you have been using 
for your group discussion. 

Background Information 
Pleare answer the following questions by plocing un X inside the box of the appropriate answer. 

1. How many years have you used the Intemet? 

O Less then 1 year 0 2-3 years 3-5 years More than 5 years 

2. How offen do you typically use the Intemet? 

Cl More than once a day Once a day O Several times a week 
Once or twice a week Less than once a week Never 

3. How long have you used Intemet chat software, newsgroup or other discussion activity on the 
Internet? 

Less then 1 year 0 1-3 years 3-5 years More than 5 years 

4. How often do you typically use Intemet chat software, newsgroup or other discussion activity on 
the Intemet? 

O More than once a day Once a day O Several times a week 
Once or twice a week O Less than once a week Never 

Website evduation 
Pleare express yow opinion by placing an X in the box to indicate your agreement with the following 

1. Structure 

It is easy for me to fmd desired items on the 
website: 

The organization of materials on the website 
is easy to understand: 

There are too many levels of nesting on the 
website, requiring me to drill down to items 
1 want: 

S trongly 
Disame Disagree Neutra1 

S trongly 
Amee Amee 
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4. The maps or overviews help me to locate 
where 1 am within the website: 

5. I am able to visualize the whole structure 
and tayering of the website: 

6. The organization of materials on the website 
is represented consistently: 

7. This structure of the website and how things 
are organized makes sense to me: 

8. The information on most pages appean in a 
logical and natural order: 

Strongly 
Disagree 

II. Navigation: 

1. The links to other pages are clearly marked: a 

2. I can logout of (leave) the website quickly: a 

3. There are enough links to jump to relevant 
area in the website without going through 
too many links: O 

4 It is possible to renim to bookmarked pages: 

Strongly 
Neutra1 Amee Agree 

5. I got disorîented at times and wasn't sure 
where 1 was in the website: 

Strongly S trongly 
Disagree Disagree Neutra1 Amee Amee 

III. Behaviour: 

1. The text used on the website's pages is 
generally understandable: 

2. I am farniliar with rnost of the fiinctions on 
this website because 1 have used them on 
other websites: O 

3. The links go to where I expect them to go: O 



Strongly Strongly 
Disamee Disagree Neutra1 Amee Aaee 

N. User Control: 

1. The website supports undo and redo 
fiinctionality : Cl Cl O O O 

2. 1 can cancel my previous action and proceed 
to another page: O O O O O 

Strongly S trongl y 
Disamee Disagree Neutra1 Amee Agree 

1. The mapping between buttons and functions 
is consistent throughout the website: O O 

2. The titles and headers are worded 
consistently throughout the website: O O 

3. There were irrelevant and extraneous 
materials on the website that 1 found 
distracting: 

4. The screen layout (e.g. button appearance, 
font site, font type, colour) of the website is 
appeahg: O O 

5. More help functionality and information is 
needed on the website: O Cl 

6. The help tùnction provided is useful: O O 

7. 1 can locate specific help items: 

8. There are unknown error without proper 
rnessaging, e.g. Javascript error. O O 

9. In the event of an error, ùiere are helpful 
solutions to solve the issue: O O 
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Below Above 
Low Average Averane Average Hi& - 

VI. Functionality: 

1. PIease rate the amount of effort you 
used to perform tasks in the website: 

3. Please rate the dificuity in 
performing tasks in the website: 

3. Please rate your level of annoyance 
or discowagement caused when 
using the website: 

4. Rate the amount of work spent on 
looking and searching for the 
relevant pages: 

StrongIy S trongly 
Disagee Disagree Neutra1 Amee Amee 

5. 1 accomplished my goals in using the 
website: O O O D 

6. I wasable to perforrn tasks andaccomplish 
my goals on the website efficiently: O I l  O O O 

Thank you very much for completing the suwey. 
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APPENDIX B: SUMMARY OF QUESTIONNAIRE DATA 

The following statements summarize the questionnaire data: 

1. Structure 

7 users agree that it is easy to find items on the website (5 Neutral, 3 Disagree) 

10 usen a g m  that the organization of matenals on website is easy to understand (1 Strongly 

Disagree, 2 Disagree, 2 Neutral) 

7 users are neutral on whether there are too many levels of nesting (4 Agree, 3 Strongly 

Agree, 1 Strongly Disagree) 

10 users agree the map/ove~ew help to locate where they are in the website (3 Strongly 

Agree, 1 Disagree, 1 Neutral) 

9 usen agree that they are able to visualize structure of the website (1 Strongly Disagree, 2 

Disagree, 3 Neutral) 

1 1 usen agree that the organization of the matenals is represented consistentiy (3 Disagree, 1 

Neutra 1) 

10 users agree that the structure of the website make sense (3 Neutral, 2 Disagree) 

7 users agree that the information on most pages appears in logical and nahiral order (2 

Disagree, 6 Neutral) 

II. Navigation 

9 users agree that the links to other pages are clearly marked (3 Disagree, 3 Neutral) 

9 u s m  agree that they can leave the website quickly (1 Strongly Disagree, 2 Disagree, 2 

Strongly Agree, 1 Neutral) 

6 users agree that there are enough links to jump to relevant area without going through too 

many links (3 Strongly Disagree, 1 Disagree, 3 Neutral, 2 Strongly Agree) 

7 users reflected neutral on if it is possible to r e m  to book marked page (3 Disagree, 4 

Agree, 1 Strongly Agree) 

6 users agree they got disoriented at times and was not sure where they are in the website 

(1 Strongly Disagree, 2 Disagree, 6 Neutral) 
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m. Behaviour 

1. 13 users agree that the text used on the website's page are generally understandable (1 

Disagree, 1 Strongly Agree) 

2. 8 users agree that they are farniliar with most of the tirnctions on the website (1 Disagree, 5 

Neutral, 1 StrongIy Agree) 

3. 10 users agree that the links go to where they expect them to go (1 Disagree, 3 Neutral, 1 

Strongly Agree) 

IV. User Control 

1. 7 users disagree that the website supports undo and redo fùnction (5 Neutral, 3 Agree) 

2. 7 users are neutral whether they can canceI their previous action (5 Disagree, 2 Agree, 1 

Strongly Agree) 

V. Presentation 

1. 1 1 users agree that the mapping between the buttons and functions is consistent (1 Disagree, 

3 Neutral) 

2. 7 users agree that the titles and headers are worded consistently (2 Disagree, 5 Neutral, 1 

Strongly Agree) 

3. 9 users respond neutral that there are irrelevant and extraneous materials on the website that 

are distracting (1 Strongly Disagree, 3 Disagree. 1 Agree, 1 Strongly Agree) 

4. 5 users agree the screen layout of the website is appealing (2 Strongly Disagree, 2 Disagree, 

3 Neutral, 3 Strongly Agree) 

5. 6 users are neutral in if more help functionality and information is needed (2 Strongly 

Disagree, 5 Agree, 2 Strongly Agree) 

6. 1 1 usen are neutral to respond if the help function provided is useful(3 Strongly Disagree, 1 

Agree) 

7. 1 1 users respond neutral if they can locate specific help items (1 StrongIy Disagree, 2 Agree, 

1 Strongly Agree) 

8. 5 users respond neutral that there are unknown error witiiout proper messaging (2 Strongly 

Disagree, 4 Disagree, 1 Agree, 2 Strongly Agree) 

9. 10 users are neutral as to if there are helpfbi solution to solve the issue in case of an m o r  (4 

Strongly Disagree, 1 Disagree) 
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VI. FunctionaIity 

1. 8 users feel they put above average amount of effort to perform tasks in the website (7 

Average). 

2. 7 users feel they have average difficulty in performing tasks in the website (4 Below 

Average, 4 Above Average) 

3. The level of annoyance or discouragement caused whm using the website is below average 

(6) (5 Average, 2 Above Average, 2 High) 

4. The amount of work spent on looking and searching for relevant pages are above average (5) 

(4 Below Average, 2 Low, 2 Average, 2 High) 

5. 7 users agree they are able to accomplish their goals using the website (2 Disagree, 6 Neutral) 

6. 4 users agree and 5 users respond neutral if they can perform tasks and accomplish their goals 

on the website eficiently (2 Strongly Disagree, 4 Disagree) 




