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Abstract 

This thesis investigates the effect of incorporating various information visualisation 

techniques and non-speech sounds (i.e. auditory icons and earcons) in email browsing. This 

empirical work consisted of three experimental phases. The first experimental phase aimed 

at finding out the most usable visualisation techniques for presenting email information. 

This experiment involved the development of two experimental email visualisation 

approaches which were called LinearVis and MatrixVis. These approaches visualised email 

messages based on a dateline together with various types of email information such as the 

time and the senders. The findings of this experiment were used as a basis for the 

development of a further email visualisation approach which was called LinearVis II. This 

novel approach presented email data based on multi-coordinated views. The usability of 

messages retrieval in this approach was investigated and compared to a typical email client 

in the second experimental phase. Users were required to retrieve email messages in the 

two experiments with the provided relevant information such as the subject, status and 

priority. The third experimental phase aimed at exploring the usability of retrieving email 

messages by using other type of email data, particularly email threads. This experiment 

investigated the synergic use of graphical representations with non-speech sounds 

(Multimodal Metaphors), graphical representations and textual display to present email 

threads and to communicate contextual information about email threads. The findings of 

this empirical study demonstrated that there is a high potential for using information 

visualisation techniques and non-speech sounds (i.e. auditory icons and earcons) to improve 

the usability of email message retrieval. Furthermore, the thesis concludes with a set of 

empirically derived guidelines for the use of information visualisation techniques and     

non-speech sound to improve email browsing.  
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Chapter 1  Introduction 

1.1 Introduction 

Various efforts have been made during the 1960’s to produce computer applications that 

allow people sending messages to each other. Several programs that allowed the 

communication amongst the users in the same network were produced in this period. The 

invention of the ARPANET promoted the emergence of some applications that allow the 

communication amongst users in educational institutes in different geographical sites, and 

has been known as Electronic Mail (Email). Currently, with the vast expansion of the 

internet and the spread of personal computers, electronic mail has become one of the 

essential means of communication amongst people. In fact, it is being used for a diversity 

of functions which was not designed for. For instance, it can be used as a repository of 

important information or an organiser of daily tasks. Consequently, the number of email 

messages is rapidly increasing, and the majority of people leave their incoming messages in 

the inbox for different purposes as will be described later in the thesis (see Chapter 2). This 

dramatic change of email usage faces a relatively slow improvement in email systems. 

Current email systems present email messages textually using a chronologically ordered 

list. Archived email messages can be accessed in the majority of these systems either by 

sorting email messages according to the required email property such as date, sender or 

subject, or by using the conventional search feature. This can be a tedious and time 

consuming task especially with large volumes of email messages in the inbox. For example, 

to find an email message sent two months ago, email messages must be sorted by date first, 

and then a long scanning operation through email messages should be performed.  
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Figure 1: Venolia, et al [1] email activities model          

Accordingly, there is an insisting need for an email system that simplifies the task of 

retrieving email messages. 

Information visualisation techniques and non-speech sounds (i.e. auditory icons and 

earcons) have shown considerable contributions in enhancing the usability of graphical user 

interfaces (GUI). This thesis investigates the incorporation of visualisation techniques and 

non-speech sounds in email browsing to enhance the usability of retrieving email messages. 

Further it begins with a description of the overall aims, the objectives and the methodology 

adopted in this experimental study. Finally, it concludes with the contribution of the thesis 

into the existing literature and provides an overall outline of the thesis chapters.      

1.2 Research Scope 

The use of email has dramatically changed from since it was first invented. Venolia, et al 

defined a conceptual model of users’ activities in email (see Figure 1) [1]. A large body of 

research focuses on the first four activities (i.e. flow, triage, tasks management and archive) 

where less attention was given to the retrieval activity. Finding archived email messages 

using the typical ways such as sorting, filtering and searching can become a tedious task 

especially with the large volume of email information exchanged currently. Furthermore, 

previous research highlighted different limitations of using automatic filtering and rules for 
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retrieving email data (described in more detail in chapter 2). Therefore, this thesis 

investigates the use of various information visualisation techniques to improve the usability 

of retrieving email data (this process from now and forth with will be called browsing email 

data). 

1.3 Aims 

The overall aim of the thesis was to produce a set of design guidelines that can be used for 

developing email clients that facilitate the browsing of email data. Different visualisation 

techniques such as colours, multiple views and dynamic queries were implemented and 

tested in order to fulfil this aim. Moreover, the role of non-speech sounds in communicating 

the properties of email messages was also investigated to achieve this aim. However, in 

order to achieve the overall aim of this thesis, the fowling questions needed to be answered 

first: 

1. What are the appropriate visualisation techniques that can be used to improve the 

retrieval of email data? 

2. What type of email information that can be presented through information visualisation 

to improve the usability of email messages retrieval? 

3. When non-speech sounds can be used to improve the usability of email messages 

retrieval? 

4. What type of email information can be communicated by sound to improve the 

retrieval of email messages? 

5. How information visualisation techniques and non-speech sounds can be implemented 

together to improve the usability of email messages retrieval?  
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1.4 Objectives 

In order to achieve the overall aim of the thesis and to answer the previous research 

questions, various experimental email clients were developed. Email data was presented in 

these experimental clients based on different visualisation techniques. Particularly, email 

data was presented using multiple views and colours in two experimental email clients (i.e. 

LinearVis and MatrixVis) and was presented using multiple synchronised views with 

dynamic quires in another one (i.e. LinearVis II). Furthermore, email threads were 

implemented in the LinearVis II in three versions: textual, graphical and multimodal (i.e. 

combination of visual representations (i.e. colours) and non-speech sound. 

Moreover, three controlled-experiments were carried out in order to find out the most 

appropriate method of presenting email data and to test the usability of each experimental 

email client. The usability was measured in the thesis by taking into account some of the 

well-known usability metrics. More specifically, effectiveness, efficiency and users’ 

satisfaction were measured in the first two experiments and, effectiveness and efficiency 

only were measured in the final experimental stage.     

1.5 Steps Followed in the Thesis 

The methodology adopted in this thesis included the following tasks: 

1. Literature survey: involved a discussion about information visualisation and non-

speech sounds in the context of their contribution to the usability of user interfaces, 

limitations and relevant applications. A detailed review of the evolution, practices and 

flow of email messages were also undertaken. Finally, literature survey also involved 

an exploration of previous studies that investigated the use of information visualisation 
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techniques in enhancing the efficiency of email clients and studies that investigated the 

role of auditory metaphors in communicating email information as well. 

2. Development of experimental email tools: this task is one of the essential steps in the 

usability studies [2-4]. Therefore, four experimental email approaches were developed 

in three experimental phases. In the first phase, two email visualisation approaches (i.e. 

LinearVis II and MatrixVis) presented email data using multiple views and colours. 

These approaches were developed to find out the most usable way of presenting email 

data. In the second phase, the method used for presenting email data in LinearVis was 

decided to be used as a basis for further investigation with the addition of some further 

enhancements. The resulting email visualisation approach was called LinearVis II. In 

the third phase, email threads were implemented in LinearVis II in three different 

formats: textual (i.e. where related messages presented textually in the main view), 

graphical using colours and in a multimodal way (i.e. a combination of graphical 

representation and non-speech sounds).    

3. Controlled-experiments: The experimental work in this thesis consisted of three 

controlled experiments. This is one the well-known methodologies of evaluating the 

user interfaces [3, 5]. Each experiment involved a sample of users performing a set of 

experimental tasks in two or more experimental email approaches. These experiments 

allow the identification of the most appropriate way of presenting email data. They also 

help in finding out the role of the techniques (i.e. information visualisation techniques 

and non-speech sound) applied in this empirical work to enhance the usability of 

browsing email data. The first experiment was carried out to find out the most effective 

way of presenting email information amongst LinearVis, MatrixVis and a typical email 

client. This experiment was carried out with one group of users (n=30) performing ten 
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experimental tasks in each of the previous email condition.  Further usability 

evaluation was carried out based on the results of the first experiment. This experiment 

was also conducted with one group of users (n=30) performing twelve experimental 

tasks in LinearVis II and a typical email client, six tasks in each condition. Two types 

of data were collected in each of these experiments: objective (i.e. collected from the 

metrics depending on users’ performance in experimental conditions such as tasks’ 

accomplishment time) and subjective (i.e. collected from users’ satisfaction 

questionnaire). The third experiment was carried out to investigate how email threads 

can be used to enhance the usability of browsing email messages. This experiment, on 

the other hand, was conducted with three independant groups of users (n=45), fifteen 

users in each group. Users in each group were required to perform eight experimental 

tasks in an email threads condition.     

4. An integrated study of all the results obtained: The results and the findings from the 

three controlled-experiments were integrated and compared in order to produce a set of 

design guidelines that can be used when developing email clients that facilitate the 

browsing of email messages. These guidelines are described in more detail in Chapter 

6. Figure 2 illustrates how this methodology was used to conduct the experimental 

programme described in the thesis.  
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Figure 2: The methodology followed in this research work 
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1.6 Thesis Contribution 

This thesis investigates, in three experimental phases, the use of various information 

visualisation techniques and non-speech sound to improve the usability of retrieving email 

data. Various email visualisation approaches were developed and evaluated throughout the 

three experimental studies. All of these experimental studies were formal usability 

evaluations measuring common usability metrics in the proposed email approaches. The 

results of these experimental studies demonstrated that presenting email data in multiple 

views based on senders and date can significantly enhance the usability of retrieving email 

data. These views allowed users accessing email messages and attachments using filters 

that can be changed according to their objectives. 

The thesis also investigates the incorporation of email threads to improve the usability of 

email retrieval. Email threads were mainly used here to facilitate the retrieval of email 

messages that cannot be found using the common email information such as sender, date 

and attachment. The thesis proposes that email threads can be used to retrieve messages by 

providing contextual information, such as the status, priority and existence of attachment, 

about messages in the threads. Three approaches of email threads were proposed (i.e. 

textual, graphical and multimodal) in this experimental study. In the textual approach, 

related email messages by the reply function are presented in the main view with contextual 

information presented in the common way. In contrast, the graphical approach presents 

related messages graphically in a separate view (i.e. temporal view) with graphical 

presentation of contextual information. The multimodal email threads approach uses the 

same way of presenting messages with some contextual information communicated using 

auditory icons and earcons as previous research has shown that auditory metaphors can be 

used effectively to improve the usability of user interfaces (described in more details in 
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Chapter 2). The results demonstrated that email threads can significantly be used to 

improve the usability of browsing email messages if related messages are presented in a 

temporal view. The results also showed that combining graphical metaphors and non-

speech sound in email threads can significantly enhance the usability of browsing email 

messages. 

Finally, the thesis produces a novel email tool, called LinearVis II, which simplifies the 

browsing of email data. It also provides a set of empirically derived guidelines for the use 

of information visualisation techniques and non-speech sound in enhancing the usability of 

email browsing.     

1.7 Thesis Outline 

This experimental work is described in six Chapters and four Appendices. The following 

provides an overview of each Chapter and Appendix. 

Chapter 2: Information Visualisation and Non-speech Sound in Electronic Mail 

provides a brief discussion on the contribution of visualisation techniques and non-speech 

sounds to the usability of computer applications in different problem domains. It also 

shows a historical review of the evolution of electronic mail followed by a discussion of 

how it is being used nowadays. Finally, the chapter shows various experimental works that 

used various information visualisation techniques and non-speech sounds to improve email 

clients. 

Chapter 3: Usability of Graphical Email Browsing describes the design of two graphical 

email approaches (i.e. LinearVis, MatrixVis) that are designed to be used as a basis for an 

initial experimental study. The chapter begins with an explanation of the aims, objectives, 

hypotheses and design procedure. Then, a description of the statistical results and an overall 
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discussion of the results are provided in the chapter. The results indicated that presenting 

email messages based on a dateline beside a senders’ list (i.e. LinearVis) can significantly 

improve the usability of browsing messages. Finally, the chapter highlights some of the 

limitations of using this way of presenting email data.    

Chapter 4: LinearVis II: Further Usability Evaluation extends the experimental work 

on the usability of browsing email data based on the results of chapter 3. It describes the 

design and implementation of a new graphical email approach (i.e. LinearVis II) that 

presents email data in a similar way of LinearVis with taking into consideration the 

limitation highlighted in the previous chapter. The chapter starts with a description of the 

aims, objectives, hypotheses and design procedures followed by a discussion of the results 

obtained. The results indicated that LinearVis II helped users locate messages with a 

significant improvement in the usability when compared to a typical email client. Finally, 

the chapter ends with a proposal for further investigation. 

Chapter 5: Email Threads: A Comparative Evaluation documents an experiment 

carried out to investigate how email threads can be used to improve the browsing of email 

data. It describes the design of three different experimental approaches of email threads (i.e. 

Textual, Graphical and Multimodal) that were implemented in LinearVis II. The chapter 

provides a detailed description of the aims, objectives, hypotheses and variables measured. 

The results demonstrated that embedding email threads within the main view may lead to 

serious usability problems. However, such problems can be avoided by presenting email 

threads graphically in a spate view. 

Chapter 6: Conclusions and Experimentally Derived Guidelines provides a summary of 

the results and findings obtained from the empirical work described in the thesis. It 
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proposes a set of empirically derived guidelines that can be used to produce email clients 

that simplify the browsing of email data. 

Appendix A: Initial Usability Experiment includes the materials used whilst carrying out 

the first experiment such as tasks sheets, questionnaires and evaluation forms. It also 

presents the raw data obtained from the experiment.  

Appendix B: Second Experiment (Further Usability Evaluation) also includes the 

materials used whilst performing the experiment as well as the raw data obtained from the 

experiment.  

Appendix C: Email Threads presents the tasks sheet provided to users during the 

experiment and the raw data obtained from the third experiment. 

Appendix D: Code Samples presents some of the codes implemented to develop the 

experimental platforms used in the empirical study. 
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Chapter 2 Information Visualisation and Non-Speech 

Sound in Electronic Mail 

2.1 Introduction 

This chapter shows an overall review of the related literature on some approaches that used 

to improve the usability of browsing large volumes of information. More specifically, it 

puts the light on the following approaches: 

1. Information visualisation- a discussion on the advantages and disadvantages of 

employing visualisation in user interfaces is provided. Some guidelines of designing 

and evaluating information visualisation interfaces are also highlighted followed by a 

description of some of the existing works in this area. 

2. Non-speech sounds- a brief discussion on the role of using sound, generally, in 

conveying information is provided. The chapter, then, describes the types of non-

speech sounds in the context of their advantages, disadvantages and some existing 

work. 

Then, the chapter provides a historical description about the evolution of electronic mail. It 

also shows various statistical studies about the flows of email messages and the growth in 

the usage of email and highlights some of the problems caused by this vast growth. The 

limitations of traditional solutions used to overcome the large volume of flowing messages 

such as filters and folders are also highlighted. Finally, the chapter shows various studies 

that are carried out to improve the usability of browsing email using information 

visualisation techniques and sound, particularly non-speech sound.       
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2.2 Information Visualisation 

With the vast spread of the World Wide Web, the amount of information stored in personal 

and large scale computers increases rapidly. Consequently, the process of dealing and 

interpreting information has become tedious and difficult. Semiotics, which is the science 

of signs [6], were used in the past to communicate information in the user interfaces [7]. 

Applications that employ such this technology represent information based on icons, 

indices and symbols [8]. However, enormous drawbacks were identified when presenting 

complex information using Semiotics such as the abandon of social basis and the lack of 

addressing the dynamic interactivity [9]. 

Visualisation, on the other hand, has been proposed by many researchers as a method to 

make such information intelligible. According to the online English dictionary 1

1. Increasing the memory and processing resources. 

 the word 

visualise means “to make perceptible to the mind or imagination”. In computer science, 

Card defined visualisation as “the use of computer-supported, interactive, visual 

representation of data to amplify cognition” [10]. It has also been defined as “ a graphical 

representation of data or concepts” [11]. Using visualisation can be fruitful, in many 

respects, as human process visual data faster than other forms of data [12]. For instance, 

Tory and Moller pointed out that visualisation assists human cognition and hence facilitates 

data analysis and decision making [11]. In fact, it supports the cognition through the 

following ways [13]: 

2. Reducing the search for information. 

                                                 

 

1 http://dictionary.reference.com/ 
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Information Visualisation Scientific Visualisation 

• Evolved in the 1990’s 

• Starts with information in the form of data 

• Portrait patterns, outliers, stock-market 

trades, etc 

• Evolved in the 1980’s 

• Starts with intrinsically spatial variables 

• Makes atomic and three-dimensional 

phenomena visible and perceptible 

Table1: Differences between information and scientific visualisation 

3. Enhancing patterns recognition using visual presentation. 

4. Enabling perceptual inference. 

5. Using perceptual attention and monitoring. 

6. Encoding information in a manipulate medium. 

Visualisation can also significantly make abstract information perceptible and can provide 

users with insight as well [14]. Insight is defined as “the capacity to discern the true nature 

of a situation” [15]. Generally speaking, it can broadly be categorised into two categories: 

simple insight, such as, summaries and search, and complex insight such as patterns, 

outliers, relationships, clusters, etc [14]. Matthew also pointed out that visualisation offers 

high bandwidth communication allowing more information to be communicated in a short 

time [12]. 

Visualisation has been broadly classified into two categories: information visualisation and 

scientific visualisation [16, 17]. Card stressed out that information visualisation must be 

distinguished from scientific visualisation, although they belong to one broad field which is 

data graphics [13]. Information visualisation is different from scientific visualisation in 

many aspects. For instance, scientific visualisation appeared first in the late 1980’s while 

information visualisation evolved in the mid 1990’s [18]. Furthermore, one of the main 

aspects that differentiates information visualisation from scientific visualisation is that 

information visualisation starts with information in form of data, such as spreadsheets and  
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Figure 3: Tory and Möller’s [16, 17] visualisation taxonomy 

text document, whereas scientific visualisation starts with intrinsically spatial variables 

[19]. Shneiderman also pointed out that scientific visualisation can make atomic, cosmic 

and three-dimensional phenomena visible and perceptible [20]. Information visualisation, 

in contrast, can successfully portrait patterns, outliers, stock-market trades, etc. Table 1 

shows a summary of the differences between information visualisation and scientific 

visualisation.  

Tory and Möller argued that this classification is vague because of two reasons [17]. First, 

due to the difficulty of determining what taxonomy (i.e. whether it is scientific or not) the 

data belongs to. Second, the word “scientific” is an adjective in the phrase “scientific 

information” and therefore is merely one type of information, and must not be excluded 

from information visualisation [17]. Therefore, they classified visualisation according to 
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models of data sets instead of the data itself [16, 17]. It was classified into two model types: 

discrete and continuous. The discrete model corresponds to the information visualisation 

and the continuous model corresponds to the scientific visualisation. The second hierarchal 

level of this classification showed various types of data in each model. Figure 3 illustrates 

Tory and Möller’s visualisation taxonomy. Shneiderman also proposed a task by data type 

taxonomy of visualisation [20]. This taxonomy was constructed of seven data types,          

1-dimension data, 2-dimension data, 3-dimension data, temporal and multi-dimensional 

data, and tree and network data, and seven tasks, overview, zoom, filter, details-on-demand, 

relate, history, and extract.   

2.2.1 Design of Information Visualisation Applications  

Designing successful information visualisation applications is challenging as there are no 

natural constraints on the type of visual representation [14]. One of the critical questions 

that must be answered before starting the development of an information visualisation 

application is to discover whether visualisation is applicable to the problem under 

consideration. Furthermore, selecting the applicable graphical representation is one of the 

challenging tasks when designing information visualisation applications [21]. North stated 

that the two characteristics of information that make designing an effective visualisation 

approach are : complexity, which is the diversity of information, and scalability, which is 

presenting the large scale information [14]. Chen pointed out that the scalability problem 

must be addressed at various levels such as hardware and high performance level [22].  

The design process of information visualisation applications involves transforming the raw 

data into a visual form that users can interact with [14]. Card, Mackinlay and Shneiderman 

called this process as “Visualisation Pipeline” [10]. Figure 4 shows how a set of raw data  
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Figure 4: Visualisation pipeline adapted from [13] 

can be transformed to a visual representation. It shows that the raw data is first converted to 

a structured dataset. The produced data structure is mapped to a visual presentation in the 

second step. In fact, this step is considered the most important step in the visualisation. It 

consists of two main steps. First, mapping data to visual glyphs for example points, lines,  

regions and icons. Second, interpreting the attributes of data values to visual attributes for 

example position, size, colour and shape. Finally, the visual mappings are embedded into 

views and then presented to users. Card in [13] has highlighted a basic strategy that should 

be followed by the visualisation designer. This strategy can be described as follows: 

1. Determining which abstract variable to map into a spatial position in the visual 

structure.  

2. Combining mappings to increase dimensionality. 

3.  Using retinal variables as an overlay to add more dimension. 

4. Adding controls for interaction. 

5. Considering attention-reactive features to expand space and mange attention.   

Various strategies have been proposed by many researchers in order to avoid the obstacles 

of presenting large volumes of information in the limited display spaces (e.g. computer 

screen, mobile phones screens, etc). These strategies can be classified into overview,  
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Overview strategies Navigation strategies Interaction strategies 

1. Reducing information quantity 

2. Minimising visual glyphs 

1. Zoom +  Pan 

2. Overview + Detail 

3. Focus + Context 

4. Fisheye distortion 

 

1. Selecting 

2. Linking 

3. Filtering and brushing 

4. Rearranging and remapping 

5. Extraction and compare 

Table 2: Overview, navigation and interaction visualisation strategies 

navigation and interaction strategies [13, 14, 21]. Table 2 shows a summary of this 

classification with various examples of the techniques used in each category. Many 

guidelines were produced to design effective information visualisation tools. Carr, for 

example, presented a set of guidelines that should be taken into account when developing 

information searching applications using information visualisation techniques [23]. These 

guidelines can be summarised as follows: 

1. Visualisation is not always the appropriate solution. 

2. Users’ tasks should be provided. 

3. The graphical method must depend on the data. 

4. Three-dimension visualisation is not always better than two. 

5. Filtering should not be ignored. 

6. Multiple views must be synchronised. 

7. Designs must be tested with users. 

Michelle, Allison and Allan also produced eight guidelines based on their own experience 

in visualisation to design multiple views (i.e.  an information visualisation technique) 

systems [24]. These guidelines can help designers decide when and how to use multiple 

views applications (see Table 3). However, Tory and Möller stated that finding a graphical 

technique only to present information is not adequate, and human factors should be 

considered during the design as users form an integral part of the visualisation process [11].  
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Guidelines 

type 
Rules Description 

W
he

n 
to

 u
se

 

m
ul

tip
le

 v
ie

w
s?

 Diversity 
Use it when diversity of attributes, models, users profile, etc 

is available. 

Complementarity Use it when correlation can be presented by different views. 

Decomposition partition complex data into multiple views to provide insight 

Parsimony Use it minimally. 

H
ow

 to
 u

se
 m

ul
tip

le
 v

ie
w

s?
 Resource 

optimisation 

Balance the spatial and temporal costs of presenting multiple 

views. 

Self-evidence 
Use perceptual cues to present relationships among multiple 

views. 

Consistency Make the design of the views consistent. 

Attention 

management 
Use perceptual techniques to grab users’ attention. 

Table 3: Guidelines for using multiple views visualisation adapted from [24] 

Several human computer interaction methods were proposed to be applied during the 

design process such as user motivated design, user and task-based design. However, these 

methods demonstrated a number of drawbacks with information visualisation approaches. 

Therefore, they proposed a methodology called perception and cognition-based design 

which helps the designer finds faults in current systems and develops new ideas. Moreover, 

a set of guidelines was derived to use this methodology in developing visualisation systems 

that fall into the discrete model classification of Tory and Möller in [17]. However, these 

guidelines might be used for the continuous model visualisation, too. One of the most 

important guidelines is that multiple representations must be used to support users with 

different tasks and requirement. The rest of the guidelines are well described in their paper 

[11]. 
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2.2.2  Evaluation of Information Visualisation Applications 

Like any user interface, information visualisation approaches have been evaluated using 

typical human-computer interaction methodology such as user studies and usability 

inspection methods. The main goal of such evaluation methods is the identification of the 

design faults by measuring the tasks’ completion rate and errors occurred. However, these 

measures are not adequate to evaluate the effectiveness of information visualisation 

techniques, and more important features must be considered when evaluating such 

interfaces. Chen pointed out that one of the most critical problems of evaluating 

information visualisation tools is the absence of essential quality measures [22]. One of the 

frequently used methodologies to evaluate information visualisation tools is the controlled-

experiment where sets of users are asked to perform sets of tasks. However, many 

limitations were demonstrated by information visualisation researchers that could affect its 

applicability with such interfaces. These limitations can be summarised into two main 

reasons. First, the simplicity of experimental tasks provided to users during the experiment. 

Second, the difficulty of measuring some aspects related to information visualisation 

interfaces such as the comprehension of presented information and insight.  

Many efforts have been made in the last few years to provide information visualisation 

researchers with measures and methodologies that help in the evaluation of such interfaces. 

Freitas, et al, for example, pointed out that the usage of the information presented must be 

tested in addition to the interaction [25]. Therefore, they have created two sets of criteria 

based on the visual representation and interaction mechanism that should be considered 

when evaluating information visualisation interfaces (see Figure 5). North also pointed out 

that information visualisation tools are exploratory tools and the main purpose of them is 

insight [15]. Therefore, they stated that insight must be measured in order to facilitate the 
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comparison amongst visualisation design and alternatives. He proposed two ways of 

evaluating information visualisations with insight: more complex benchmark tasks and 

eliminating benchmark tasks. The two ways were based on controlled-experiment where in 

the first way users are required to perform more complex tasks than typical experimental 

tasks. For instance, users can be asked to interpret (e.g. looking for outliers or a trend) the 

data when performing a specific task. In contrast, experimental tasks in the latter way are 

removed completely to observe what insight users gain instead of instructing users to the 

insight. Saraiya, North and Duca proposed a similar approach (i.e. insight based evaluation) 

to evaluate the bioinformatic visualisation approaches, and applied it on five visualisation 

approaches [26]. The results demonstrated that such approaches can significantly help 

biologists finding the appropriate visualisation approach.  

As mentioned previously, one of the major limitations of controlled-experiments and 

usability inspection is the simplicity of benchmarks used. Therefore, various methodologies 

that can be used alternatively or in cooperation with current methodologies have been 

proposed. In 2004, Catherine [27] proposed the following three steps to improve the 

evaluation of visualisation tools: 

1. Creating repositories of benchmarks and tasks. 

2. Creating repositories of case studies reports in natural environment for real tasks. 

3. Using toolkits for evaluation. 

In 2005, Tory and Möller argued that controlled-experiments are only applicable when 

clear objectives and limited tasks are set, and information visualisation approaches are 

high-level cognitive tasks (i.e. thinking, deciding and explaining ideas). Consequently, such 

methodology might not be appropriated for information visualisation interfaces [28]. Thus, 

they proposed an evaluation methodology, called expert reviews, based on the typical  
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Figure 5: Criteria for evaluation of information visualisation techniques adapted from [25] 

heuristic human-computer interaction evaluation. A basic procedure for conducting this 

approach was also proposed in the paper. One of the latest proposed methodologies for 

evaluating information visualisation tools is MILCs [29]. Multi-dimensional In-depth 
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Long-term Case studies (MILCs) involves observations, interviews and surveys (i.e. which 

is referred by Multi-dimensional), and also involves the participation of users with the 

researcher (i.e. which is referred by In-depth). Moreover, longitudinal studies (i.e. referred 

by Long-term) such as users’ training can also be used to evaluate visualisation tools using 

MILCs and using case study reports as well about users in natural environments. Two 

benefits are expected from using such a methodology: 

1. Understanding of general principles or guidelines for the design. 

2. The achievement of the users’ goals. 

2.2.3 Examples of Information Visualisation Tools 

Information visualisation techniques have been utilised to improve the effectiveness of 

computer systems in various problem domains. For instance, information visualisation 

techniques have been used predominantly to improve the usability of web search results. 

The work carried out in this area can broadly be classified into main categories: two-

dimensional search results visualisation (i.e. such as [30-35] ) and three-dimensional search 

results visualisation (i.e. such as [36-38] ). Moreover, different comparative studies 

between the two categories (i.e. 2D and 3D visualisations) were carried out to investigate 

the most appropriate way of presenting search results. Sebrechts, et al, for example, 

conducted a study to compare two-dimension, three- dimension, and textual visualisation of 

search results. In this study an experimental tool called NIRVE that presents each type of 

visualisation in a separate user interface was developed. In the 3D interface the document is 

presented as boxes, which is called cluster, placed on the surface of sphere while in 2D 

interface, the view was flatted into a map in order to display the cluster simultaneously. In 

the text interface the documents are organised as list grouped by the clusters. Participants 
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were required to perform a set of tasks in each interface. Time completion of the tasks and 

users’ satisfaction were measured. The results demonstrated that visualising search results 

can reduce the mental workload. Moreover, 3D interface showed the shortest response time 

when the users had good computer skills [39]. They stated that 2D and 3D visualisation 

could produce a larger benefit for web search [39]. 

Information visualisation techniques have also been used to improve the usability of online 

conversation systems such as electronic mail (i.e. it will be described in more detail later in 

this chapter) and Usenet newsgroups (i.e. such as [40-44]). The work performed by [45] is 

one of the principal works in this area. They developed a multi-component tool to show the 

social information embedded but not displayed in normal newsgroup tools and to help the 

users tracking the discussion and messages. The first component was called thread trees. 

The time of the message posted was shown in grey vertical bands where messages float in 

these bands based on their postage time. Many graphical symbols have been used in this 

component for example square glyphs representing the messages. Related messages are 

connected together in a tree. The second component was called Piano Roll which displayed 

the intersection between authors, activity and time. Authors were presented in an ordered 

list depending on the total number of messages they sent. This component was linked with 

the rest of the components in the tool for example, when the user moves the mouse over an 

author in the piano roll, all of his/her messages in the thread tree will be highlighted. The 

last component which was called interpersonal connection, presented the relationships 

between the authors who have replied to each others. Many graphical symbols have been 

used in this component for example, authors were displayed as circular nodes and the lines 

were used to connect between them. This component is interactive, for example, if the user 

moves the mouse of an author’s icons, lines indicating the replies by that author to another 
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will be highlighted in red colour. The result of the user studies showed that user liked all 

components and they found them useful [46]. 

Information visualisation was also used for solving database browsing problems. For 

instance, one of the well-known problems in database research is the query challenges 

where users require filling long forms to retrieve specific types of information. This task 

can be tedious and time consuming; therefore various studies were carried out (i.e. such as 

[47, 48]) to investigate such problems. For instance, Tanin, Shneiderman and Xie proposed 

query previews approach to show an overview of the data and to preview the queries using 

information visualisation techniques before sending them to the server. Three controlled 

experiments have been conducted to check whether the information visualisation will 

reduce the time of the performance. In the first experiment, a two phase query strategy has 

been used in order to enable users previewing the query first and then perform the 

refinements. The results were presented graphically in histogram by distributing the data 

over the value of attributes. In the second experiment, a hierarchal browser called ExpO has 

been designed in order to display the data graphically when the user selects a node from the 

tree. Queries are dynamically changed depending on the selection of the user. The aim of 

the last experiment is to identify whether the users can easily use generalisation queries. 

The results of the experiments showed an overall users’ satisfaction for the new approach. 

Moreover, query preview and generalised query yield better performance times in the hard 

query tasks. 

Information visualisation techniques have recently been used for solving problems beyond 

personal computer applications. For example, it is used nowadays for presenting 

information in large displays such as in monitoring towers, traffic controls and NASA [49]. 

Furthermore, it is also being used for presenting information in limited size displays such as 
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mobile phones. Chittaro pointed out that information visualisation can make mobile 

applications more intuitive and productive [50]. Different visualisation tools were produced 

for mobile application such as Halo in [51] and ZoneZoom in [52].           

2.3 Non-Speech Sounds in User Interface  

Information visualisation, as shown in the previous sections, can significantly improve 

users’ comprehension about presented information in the users interface. However, relying 

on visualisation only for communicating information can cognitively overload users. 

Furthermore, important information can easily be missed due to the complexity of 

presented information. Brewster pointed out that the visual system provides users with 

information about a small area of focus [53]. Gaver also stated that the perception of 

information presented visually is nearly limited to only three dimensions  [54]. In contrast, 

the auditory system can provide users with information from all around [53, 54]. For 

example, a person can hear a car accident while he is typing a document on his computer. 

Dix, et al pointed out that sound is one of the most important contributors to the usability of 

user interfaces [2]. One of the experimental evidences that demonstrated the effect of sound 

on the usability is the video games [2]. For example, players scored less when the sound is 

mute than when it is on. Furthermore, many advantages have been shown of using sound in 

user interfaces. For instance, sound can reduce the demands of visual attention as well as 

attention grabbing [53]. Nevertheless, it was not employed effectively in user interface in 

the past [55]. It was merely used for warring and alerting users of errors. Gaver highlighted 

three reasons for not exploiting sound effectively in user interface [54]. First, the 

advantages of sound were not clear. Second, sound can be annoying. Finally, hardware and 

software that enable using sound were limited.  
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Nowadays, using sound in user interface (i.e. auditory interface) has become one of the 

main research topics in Human-Computer Interaction (HCI). The use of sound in HCI can 

broadly be categorised into main categories: using sound for visual replacement and using 

sound for visual enhancement [53]. The main focus in the former category is that producing 

non-visual (auditory) user interface for visually impaired users. The work in this category 

has been also called as “audification” [56] and “sonification” [57].  The aim, on the other 

hand, of the majority of the work in the latter category is overcoming information load 

problems.  Furthermore, two types of sound can be used in HCI: speech and non-speech 

sounds [2]. This chapter will focus only on non-speech sound as the former type is beyond 

the scope of this thesis. Information can be communicated aurally by non-speech sound in 

two main formats: auditory icons and earcons [53], each of which will be described in more 

detail in the following sections.   

2.3.1 Auditory Icons 

Auditory icons are natural everyday sound that is used to communicate information in the 

user interface [58, 59]. For example, a sound of papers hitting the mailbox can be used to 

inform the user of the arrival of a new email message. Using auditory icons in the user 

interface has numerous advantages. For instance, they provide a natural way of 

communicating information in the computer systems particularly dimensional information 

such as size and age [58]. Furthermore, one of the main advantages of auditory icons is the 

capability of communicating meanings that can be easily learned and remembered [53]. 

They also do not require long learning time in most problem domains [60]. Jako, for 

instance, carried out an experiment to investigate whether auditory icons can be identified 

by children aged between 6 and 9 years [61]. The results demonstrated they were easy to 

identify and understand. Furthermore, auditory icons can effectively be used to 
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communicate information about a process in the background [62]. However, one of the 

most challenging tasks in designing user interface with auditory icons is mapping 

information to sound. Gaver stated that sometimes it is hard to find the appropriate 

representation of some objects and events [58].  He defined three types of mapping auditory 

icons: symbolic, nomic and metaphorical mapping. The symbolic mapping relies on social 

convention for its meaning whereas nomic meaning depends on the physics of the situation 

and metaphorical mapping uses similarities between the object and the system. Brewster 

highlighted some guidelines in [53] for using auditory icons in the user interface. These 

guidelines can be summarised as follows: 

1. Choose short sound with wide bandwidth and equal length, intensity and quality of 

sound.  

2. Evaluate the identifiability of the auditory cues. 

3. Evaluate the learnability of unidentified auditory cues. 

4. Test the conceptual mappings of the auditory cues using repeated measures. 

5. Evaluate possible auditory icons for potential problems with masking, discriminability 

and conflict mappings. 

6. Perform usability experiments. 

Auditory icons have been employed in many applications. SonicFinder, for example, was 

the first computer application that used auditory icons for conveying information [59]. It is 

an Apple application which communicates objects (e.g. files and folders) and events (e.g. 

file deletion) using natural sound. For example, the progress of a copying operation is 

communicated by the sound of pouring down. Moreover, files, applications and folders 

were communicated by wooden, metal and paper sounds respectively.  
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Two years later in 1991, Gaver, Simth and O'Shea developed a new system, called 

ARKola, based on the same idea of the previous application [63]. However, ARKola 

simulated a soft drink factory where machines and bottles are monitored through auditory 

cues. For example, the sound of clinking glass communicated the speed of the bottle 

dispenser, splashing sound indicated a spilled liquid and breaking glass communicated 

bottles being lost.  

Mercator is also an auditory and tactile interface which was developed to provide blind and 

visually impaired people with an alternative of typical user interfaces [64-66]. Auditory 

icons were used in this project to assist users identifying the interface objects, such as files 

and doors, and events such as file selection.                         

2.3.2 Earcons     

Blattner, Sumikawa and Greenberg defined earcons as “non-verbal audio messages used in 

the user-computer interface to provide information to the user about some computer object, 

operation, or interaction” [67]. Brewster also defined Earcons as “abstract musical sound 

that can be used in structured combinations to create sound messages to present parts of 

human computer interface” [68]. As it can be noticed that the main aspect that differentiates 

earcons from auditory icons is that earcons are constructed from short musical notes 

whereas auditory icons are constructed from natural everyday sound. Blattner, Sumikawa 

and Greenberg pointed out that earcons are the audio equivalent of graphical icons in user 

interface [67]. However, they highlighted several differences between icons and earcons. 

For example, one of the main aspects that differentiate earcons from icons is that icons can 

be selected to provide information while earcons can only provide information. Moreover, 
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earcons are transient and require users’ attention whereas icons are displayed all the time at 

the interface.  

Using earcons in the user interface has many advantages. For instance, they have been 

found as a rich medium for communicating several types of information [69-71]. Results 

from different studies indicated that musical experience can not significantly affect 

perceiving the information communicated via earcons [71, 72]. Moreover, earcons do not 

require users looking at a specific area on the screen to receive a particular information 

[73]. Brewster, Wright and Edwards pointed out that one of the main advantages of earcons 

is that they can be combined together to provide complex messages [72]. For example, 

different earcons can be set to variety of operations, such as copy, delete, paste, etc, and 

objects such as files and folders. These earcons can be combined to communicate, for 

example, “copy file” operation.   

Two types of earcons were defined by Blattner, Sumikawa and Greenberg: compound and 

hierarchical earcons [67]. Compound earcons can be formed by placing two or more audio 

messages in sequence. Rigas defined this type of earcons as “those which deliver more than 

one meaning to the user at a time” [74]. Brewster, Capriotti and Hall found this type of 

earcons as an effective way of communicating hierarchical information such as menus [75]. 

Hierarchical earcons, or family earcons, is a tree of earcons where each earcon inherits the 

characteristics of the earcons in the higher level [67]. This type of earcons can also be used 

for presenting hierarchical information [68]. Recently, McGookin and Brewster defined a 

new type of earcons called concurrent earcons, where two or more earcons are played at the 

same time to communicate different messages [76]. They carried out an experiment to 

investigate the identification of such earcons. The results indicated that the identification of 

various earcons playing at the same time is difficult. However, they produced a set of 
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guidelines of such earcons [77, 78]. One of the most important guidelines is that reducing 

the number of concurrently presented earcons can significantly improve the identification. 

Moreover, presenting each earcons with a unique instrument can also enhance the users’ 

recognition. More useful guidelines can be found in [77, 78]. 

Messages can be conveyed through earcons by changing the properties of one or more of 

their motives. Blattner, Sumikawa and Greenberg defined motives as “a brief succession of 

pitches arranged to produce a rhythmic and tonal pattern” [67]. The most frequently used 

motives are: Rhythm, Pitch, Timber and Register. Many studies were devoted to investigate 

the usefulness of each motive in communicating information. Rigas, for instance, found 

rhythm is helpful for attracting people attention and can be easily distinguished [79]. Pitch 

was also found very useful for communicating information [71, 74, 80]. Furthermore, 

timber was found as one of the most important factors for differentiating earcons from each 

other [72, 80]. However, earcons can be annoying by using these motives ineffectively. 

Brewster, Wright and Edwards pointed out that using the sound intensity, which is the level 

of the sound volume, is the main cause of annoyance [81]. Furthermore, one of the 

challenges of creating earcons is the difficulty of drawing a relationship between the 

information going to be communicated and the sound. Therefore, different guidelines, such 

as [74, 81], have been produced in order to design effective earcons. Most of these 

guidelines show where and how motives can be used. Brewster, Wright and Edwards, for 

instance, stated that rhythm should be as different as possible when communicating 

different information with earcons [81]. They also pointed out that register must not be 

used when communicating when absolute judgment is required. Furthermore, Rigas pointed 

out that similar timbers should be avoided when communicating different information and 

pitch should be selected from one octave for better perception [74].  
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Earcons were employed in many applications based on these guidelines. However, the use 

of earcons can broadly be classified into two purposes: using earcons for visual augmenting 

and for visual replacement. The following sections show samples of applications in each 

category.                

2.3.2.1 Earcons for Visual Enhancement 

Designing user interfaces that provide the access to information through multiple modes 

(i.e. Multimodal user interfaces) enables the design of more usable applications [2]. Leah, 

et al stressed that multimodal user interfaces is more transparent, flexible and efficient than 

typical user interface [82]. They also pointed out that the interaction between users and the 

interface can become closer to natural human interaction. Based on the concept of 

multimodal interaction, various studies were carried out to investigate whether earcons can 

be combined successfully with graphical user interfaces. The results of the majority of these 

studies demonstrated that earcons are effective means of complementing visual display [83, 

84]. 

Earcons have been used to reduce the complexity and improve the usability of graphical 

user interfaces in different problem domains. For example, one of the frequently occurring 

errors when using menus, such as dropdown menus, is slipping of an item. Brewster and 

Crease carried out an experiment to investigate whether earcons can be used to overcome 

this problem [85, 86]. In this experiment, three earcons were added to a typical menu; one 

was played when the menu was displayed, another earcon was played when the mouse 

hovered on an item (i.e. in a similar way of graphical highlighting) and the third earcon was 

played when an item was selected. The earcon played when the mouse hovers on an item 

helped users avoiding slipping off items. The results demonstrated an improved usability 
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rate of the sonically-enhanced menu over a typical menu. Similar experiments were also 

carried out to investigate whether earcons can reduce errors related to graphical buttons, 

scrollbars and progress bars [87-90]. Similarly, the results demonstrated an advantage of 

sonically-enhanced widgets over typical ones. Furthermore, one of the common problems 

of drag-and-drop operations is dropping the required object over incorrect target. This is 

mainly because of the graphical object visually obstructing the target. Brewster carried out 

an experiment to investigate whether the addition of earcons can help in the reduction of 

such errors [91]. The results showed that errors and tasks’ accomplishment time were 

significantly reduced when compared to typical drag-and-drop operations.  

Users can become visually overloaded in graphics applications since they are visually 

demanded. This may cause serious usability problems such as miss-selecting items from the 

tools palette. The results of the previous experiments encouraged Brewster to develop a 

sonically-enhanced graphics application to investigate whether earcons can be used to 

reduce the usability problems of tool palettes in graphics packages [92]. In this tool, an 

earcon is played when an item is selected from tool palette. It was compared with a typical 

graphics package and the results showed an improved usability in the sonically-improved 

graphics application. These experiments helped Brewster, et al in the production of a set of 

guidelines that can be followed when using earcons to improve interface widgets [93]. 

Furthermore, earcons were utilised to enhance the usability of the presentation of web 

search results. Rigas and Aghohowa , for example, developed an initial experimental web 

browser which communicated search results using graphical representations such as pie 

charts and auditory metaphors including earcons [94]. This study was extended by 

Ciuffreda and Rigas where they performed series of experiments in order to investigate the 

use of multimodal metaphors (i.e. the synergic use of graphical representations and 



34 
 

earcons) to reduce the complexity of search results [95-99]. In these experiments, various 

experimental search engines that presented search results graphically with some 

information presented using earcons were developed. The results demonstrated that earcons 

can be used fruitfully to reduce the graphical complexity of the search results and, hence, 

improve the usability of browsing retrieved documents. On the light of these results, a set 

of guidelines that can be used for presenting search results information in multimodal way 

were produced [96]. 

The use of earcons in E-learning was also explored by many researchers. Garcia-Ruiz, et al, 

for example, developed an e-learning application that used earcons for teaching Network 

Intrusion Detection (NID) [100]. Earcons were used in this application to communicate 

network threats and attacks. A formal usability test was conducted with a group of students, 

and the results showed that students were satisfied with the auditory metaphors used in the 

application. However, the improvement of the learning performance was not significantly 

considered in this investigation. 

Earcons were also used to overcome the usability problems that are mainly caused by the 

limited screen space, in mobile application. Brewster, Leplâtre and Crease pointed out that 

making graphical objects in mobile application is not sufficient for presenting more 

information, and they suggested using non-speech sounds, particularly earcons, which can 

be useful for conveying information in limited display space environments [101]. In a 

similar way of computer applications, sonically enhanced buttons [102] and menus [103] 

were developed for mobile applications.   

Various experiments and studies demonstrated many advantages of the synergic use of 

earcons with other metaphors (i.e. Multimodal Metaphors) such as avatars and auditory 

icons in different problem domains. For instance, Rigas and Alseid investigated the use of 
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earcons and avatar to enhance the usability of the interfaces of e-learning applications [104-

106]. In this experimental work, earcons and avatars were used to communicate 

information about a class diagram. Users were required to attend a lesson using the 

multimodal platform and a typical class diagram lesson, and were required to answer set of 

questions after the lessons. The results indicated that multimodal metaphors can 

significantly enhance the usability of e-learning interfaces [104]. Furthermore, speech, 

auditory icons and earcons were used together by Alotaibi and Rigas to enhance the 

usability of the interfaces of the Electronic Customer Knowledge Management System (E-

CKMS) [107-111]. This approach was compared in terms of usability to a typical E-CKMS 

interface. The results indicated that combining earcons with other multimodal metaphors 

such as speech and auditory icons can significantly contribute to the usability of the 

interfaces of Customer Knowledge Management System.   

2.3.2.2 Earcons for Visual Replacement 

Earcons were also utilised to replace the visual user interfaces. Most of the work carried out 

in this area is devoted to provide alternative interfaces for blind and visually impaired 

people. For instance, Rigas and Alty investigated the use of rising pitch metaphors to 

communicate graphical information (i.e. grid locations) to visually impaired users [80]. The 

results demonstrated that visually impaired users were able to understand the presented 

graphical information. These results encouraged them to further investigate earcons with 

more complex graphical information such as diagrams [112, 113]. Simple shapes were 

communicated using earcons in an experimental programme called AudioGraph. The 

results suggested that users were able to understand such information with the aid of 

perceptual context.  
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Brewster also conducted two experiments to communicate graphical information such as 

graphs and tables to blind people [114]. In the first experiment, graphs and tables were 

communicated with a combination of speech and non-speech sounds, and the second 

experiment presented information with haptic. The results showed an improved users’ 

performance in the sound presentation in comparison with the haptic one. In the light of 

these results, a further experiment was carried out to investigate the use of earcons only to 

communicate line graphs to blind people [115]. The aim of this experiment was also to 

investigate the most effective instrument for communicating such information. Users were 

asked to draw the graphs after listening to their corresponding sound. The results showed 

that users were able to interpret the presented earcons. Several guidelines for presenting 

graphical information using earcons were produced based on the previous results [116, 

117]. Different studies, such as [73, 118], were also conducted to provide menus for blind 

and visually impaired users using earcons.              

2.4 Multimodal Applications 

People have different abilities, ages and sizes as well as they come from different cultures, 

these differences have an impact of how a person uses a computer application [2]. 

Designing a user interface that provides the access to the information using more than one 

mode enables to design an interactive system that is usable by anyone [2]. This concept is 

known as multimodal interaction. These modes of interaction might be vision such as 

gesture , gaze and, body or head movement [119] or they might be auditory such as speech, 

non-speech and earcons [120].  Multimodal interfaces should enable using combination of 

theses modes for example, using speech with hand gesture in order to perform specific    

task [121].  
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Reeves, et all [122] pointed out that designing multimodal user interface yield to have more 

transparent, flexible and efficient human computer interaction as well as achieving an 

interaction closer to natural human communication with computer. When designing a 

multimodal user interface six categories of guidelines should be taken into account [122]. 

These categories are the following [122]: 

1. Requirements specification. 

2. Integrated modalities (input and output). 

3. Adaptively of the multimodal interface. 

4. Consistency of the presentation and prompts of the interface.  

5. Choosing the appropriate feedback. 

It has been pointed out by Jacko and Sears that multimodal interfaces process more than 

one combined user input modes and they present their input in multimedia manner. 

However, multimodal interaction must be distinguished from multimodal feedback which is 

presenting communicating a specific information to users in a multimodal way [120, 123]. 

Kleindienst , et all [119] pointed out that multimodal interfaces allow the use of multiple 

modality exclusively or simultaneously depending upon the multimodal application being 

used, for instance users can move an object on the screen to a specific position using the 

speech command and hand gesture at the same time if the application allows that or if the 

application does not allow that one modality can be used as complement the other [122]. 

Therefore, such advantages would be valuable to be investigated in the improvement of the 

usability of collaborative applications such as electronic mail.      
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2.5 Electronic Mail 

2.5.1 Evolution of Email 

In 1961, the first time-sharing system (CTSS) was built at MIT [124]. It allowed multiple 

users to log on at a computer such as 7094, PDP-10 and SDS [125] using a remote terminal. 

This feature helped people exchange information amongst each other by creating a file with 

the recipient name in a common directory. Recipients can read the message by accessing 

the same file from a different terminal [124]. 

In 1965, the CTSS MAIL programme was developed by Tom Vleck in collaboration with 

other colleagues. It enabled any user sending text messages with any contents to any other 

user [124]. CTSS MAIL was command based program, for example the command Mail 

should be used to send a message to specific users. Vleck highlighted many mail programs 

that appeared at the same period such as BBN Mercury. A year later in 1966, the military 

messaging system, AUTODIN, was started. It was described as “Electronic mail” [124]. 

In 1966, an improved version of MAIL which was called “Multics” was developed by Tom 

[124]. Various features were added to this programme such as the capability of adding and 

deleting messages from the inbox. Later in this year, the Advanced Research Projects 

Agency Network (ARPANET)  was born [126]. It was developed to connect many 

universities and research centres using one communication. It was started basically with a 

connection between two nodes: UCLA and IMP. 

In 1970, an email application called SNDMSG and READMAIL was developed by 

Tomlinson. It was designed to work on the TENEX  operating system [126]. A year later in 

1971, he developed the first ARPANET mailing application based on SNDMSG and 

READMAIL. This application was called CPYNET and enabled users performing basic 
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email functions besides copying files over the network [126]. Moreover, Tomlinson 

invented the commercial at (i.e. @) symbol in order to simplify the path that messages are 

sent to [127]. CPYNET was further expanded by Robert later in 1971 to include reply and 

forward  features [128]. 

In 1972, two new commands were added to the file transferee protocol (FTP) program 

(RFC2

In 1975, Steve Walker started a project to develop an email application containing the same 

features of MSG and running on the UNIX operating system [129]. It was called MS and 

designed to support multiple user interfaces. Three years later in 1978, the Multi-purpose 

Memo Distribution Facility (MMDF) was developed by Crocker and Farber [129]. It 

 385) to provide the capabilities of email transmissions [129]. These commands were 

MAIL and MLFL. One of the drawbacks of the READMAIL application described earlier 

was that messages must be read in order and cannot be saved and replied. Therefore, 

Roberts developed an email programme called RD based on this application [129]. It 

enabled users sorting email messages based on subject and date as well as reading email 

messages in any order. Further usability features were added into RD by Barry Wessler and 

called it NRD [129]. Marty Yonke developed the first user-friendly email system by 

integrating the features of RD and SNDMSG. This application called BANANARD. John 

Vittal developed also a new email application based on the previous one and called MSG 

[129]. It was considered as the first modern email program as it included the capability of 

configuring the interface and automatic reply answering. Our survey in the literature has 

not shown an exact date of the previous email programs (i.e. RD, NRD, BANANARD and 

MSG). However, they appeared between 1972 and 1975. 

                                                 

 

2 Request for comments: RFC 385 describes the File Transfer Protocol. 
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enabled users using email via dial-up telephone lines to connect sites that could not be 

physically connected to the ARPANET.  

In the early 1980’s, the Simple Mail Transfer Protocol (SMTP) was developed and became 

ready to use [124] and several email programs appeared in this period such as 

DELIVERMAIL and SENDMAIL which ran on BSD UNIX [129]. The growth of the 

Internet and local area network (LAN) at the mid of 1980’s helped the spread of developing 

email clients [128] such as Lotus Notes, CCMail and Microsoft Mail. 

2.5.2 Email Flow  

Bälter defined electronic mail as “a computer-based communication system where 

messages can be written by a sender on a computer and these messages are then 

transmitted via computers to the addressee’s mail sever where they can be opened and read 

by the receiver ”[130]. One of the characteristics that differentiate email from other 

communication medium such as face-to-face, chat and phone calls is the asynchronies 

[131]. It also differs in its ability to transfer, store and retrieve information [132]. In 

comparison with traditional communication mediums, email is a low cost communication 

tool especially when contacting large group of people [133]. Moreover, Hal highlighted 

various advantages of using email [134]. Some of these advantages are: 

1. Email is a fast communication tool. 

2. Email is free or at least cheaper than traditional mediums. 

3. Email can be archived in a paperless way. 

4. Email can reduce social distance. 

5. Effective and efficient for organisational productivity.  
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These advantages helped email to become the most preferred and the predominate 

computer-mediated3

• Noun: the sending of messages by electronic means from one computer user to one or 

more recipients via a network.  

 tool [135, 136]. Additionally, it has become an essential way of 

communication amongst people [137]. It is being used daily in our lives by millions of 

users around the world [138, 139]. As people spend a considerable amount of their time 

using email, Duchenaut and Bellotti called it “habitat” [140]. Moreover, Wilson 

highlighted that email has been considered as the killer application of the internet  [141]. 

Robert, et al carried out an exploratory study to address people usage of the internet at 

home [142]. The results showed that email can be the reason for people using the internet. 

The results also showed that users usually check their emails before accessing the web. 

These results were confirmed by enormous studies such as the Pew Internet and American 

Life Project [143]. Furthermore, Lantz pointed out that the minimum time people spend 

using email is half an hour a day [144]. Due to the widespread of email usage in our daily 

life, the word “email” was formally added to the English language dictionary. For example, 

it was defined in the Oxford dictionary as [145]:  

• Verb: mail or send using email.  

2.5.3 Current Email practices 

Email was originally invented to be a communication tool. However, it is being used for a 

diversity of functions which was not designed for. For example, it can be used sometimes 

                                                 

 

3 Computer-Mediated Communication (CMC) is defined as any communicative transaction which takes place 
through the use of two or more networked computers. http://en.wikipedia.org/wiki/Computer-
mediated_communication 
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as a tasks manager (e.g. tasks delegation, reminders and to-dos) as well as for documents 

exchange. Historically, Mackay was the first person who found out that email is not only a 

communication system [146, 147]. She conducted a series of interviews to investigate the 

ways of using email. The results showed that email can be used for information 

management and provides various types of time management and task management 

activities. Eight years later, Whittaker and Sidner called this phenomenon as “Email 

Overload” [139].   

With the widespread and the diverse use of email, the number of email messages grows 

rapidly. For example, Boneva, Kraut and Frohlich highlighted that email usage has grown 

nearly 50% between 1995 and 1998 [148]. Furthermore, it has been estimated that the 

average user gets around 24 messages a day while the high-volume users can get more than 

hundred [149]. Lantz conducted a longitudinal study during 1994,1995 and 1998 to 

investigate whether the usage of email changes over time [144]. The results showed that the 

estimated number of messages that users sent and received was doubled in 1998 when 

compared to 1994. Moreover, it has been estimated that 3 million email messages were sent 

everyday in 1998 in USA [150].  In 2000, it was reported  there were 452 million email 

inbox and about 9.7 million messages were exchanged everyday [1]. Later in the same year, 

it was reported that the number of email accounts was increased to 891.1 million accounts 

[150]. According to the University of California, about 31 billion email messages were sent 

in 2002 and this number was estimated to be doubled in 2006 [151].  

With the vast proliferation of email messages, handling email has become cognitively 

difficult and time-consuming. Mackay called this problem as “information overload” [146, 

147]. Nowadays, many users leave their email clients opened throughout the day in order to 

deal with incoming messages instantly to avoid messages accumulation due the closure of 
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the client for a period of time. Enormous number of studies was carried out in order to 

understand how people deal with the flow of email messages. Mackay, for example, 

classified email users into two broad categories: Archivers and Prioritisers [146, 147]. 

Archivers are those people who do not apply rules before reading their email messages and 

leave them in the inbox. Prioritisers, on the other hand, are those people who apply rules 

before reading email messages to move them to folders. Eight years later, Whittaker and 

Sidner  carried out a study to investigate users’ practices in email [139]. The results 

demonstrated that users can be classified in terms of email handling into three categories: 

no filers (i.e. those who do not use folders), frequent filers (i.e. those who use folders daily 

to clean up their inboxes) and spring filers (i.e. those who use folders from time to time). 

Ten years later, Fisher, et al conducted a filed study on about the same number of email 

inboxes in order to investigate whether users’ practices have changed from 1996 [152]. 

They found out that the same category still exists. However, archived email messages have 

grown tenfold and most of these messages were not older than three months old. 

Neustaedter, Brush, and Smith [153] conducted a filed study to address the problems of 

email triage (i.e. the process of dealing with messages such as deleting and moving them to 

folders [1]). The results showed that users handle their messages sequentially in single pass 

(i.e. starting from the top to the bottom of the list of messages) or priority in multi passes 

where users deal with a certain type of messages in each pass. The latter was found mostly 

used by users. Furthermore, Nelson, Lee and Anthony pointed out that people read their 

incoming messages using one of the three strategies called : glance, scan and defer [154]. In 

the glance strategy, users take a quick look at the inbox to find out the number of new email 

messages. In the scan strategy, users usually search their inbox for messages needed 

immediate actions. Finally, users leave email messages in the inbox to handle it later on. 



44 
 

Laura, et al have also conducted a study to investigate how people interact with incoming 

new messages [135]. Two types of actions that can be performed on new messages were 

highlighted: location-actions (i.e. whether users leave, delete or file messages) and reply-

actions. However, the results indicated that users kept half of their new messages in the 

inbox. The results of a similar study showed that the average number of messages in the 

inbox was considerably higher when compared with messages in folders [155]. Whittaker 

and Sidner pointed out that users usually leave their messages in the inbox for many 

reasons such as to-dos, to-reads and for ongoing communication [139]. Consequently, 

handling email messages using the previously mentioned strategies will be a tedious and 

time-consuming task, too. It has been estimated that the average time that can be spent in 

handling is approximately thirty minutes [144, 155]. However, this time might not be 

sufficient for users having large volumes of email messages in the inbox. Moreover, the 

number of handling problems can significantly increase with a large volume of messages in 

the inbox [144, 155]. 

2.5.4 Limitations of Folders and Filters 

Messages can be moved manually to folders or by applying rules before they are read in 

order to reduce inbox overload. However, users who frequently file their messages into 

folders are considerably fewer than those who do not [1, 139, 155]. In addition, previous 

research and studies highlighted various drawbacks of using folders to organise email 

messages. Whittaker and Sidner, for instance, pointed out that users might face difficulties 

when generating and remembering folders labels [139]. They also highlighted that filing 

cannot be useful with small or too large a number of email messages in folders. Moreover, 

Duchenaut and Bellotti observed during their filed study that many folders were no longer 

in use [140]. As mentioned previously, users often leave their messages in the inbox to 
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remind themselves about actions that must be performed. By moving these messages to 

folders, users will more likely forget to perform these actions with the result useful 

information will easily get lost [156]. This problem was called “out of sight, out of mind” 

[157]. Furthermore, Becker and Ferreira highlighted various limitations of using folders 

[137]. These limitations can be summarised as follows:  

1. The difficulty of determining the suitable folder for messages. 

2. The difficulty of locating messages amongst folders. 

3. The difficulty of keeping the criteria of folder classification. 

Similarly, rules and filters were also found rarely used by people [140]. This is mainly 

because of the difficulties of creating rules as they require programming skills [158]. 

Moreover, one of the main issues preventing users using filters is the difficulty of choosing 

the appropriate rule [159]. Olle and Candace pointed out that rules are not efficient to 

organise email messages as people objectives change over time [158]. Many research and 

studies were devoted to reduce the complexity of email inboxes using various 

methodologies and techniques without overwhelming users with triaging email messages. 

For instance, automatic filtering and information visualisation techniques were proposed by 

many studies to help users handling their email inboxes. The following sections 

demonstrate in more detail how these techniques were used by most studies to improve the 

efficiency of email handling.  

2.5.5 Automatic Filtering 

Automatic rules creation was proposed by numerous studies to avoid the difficulty of 

creating rules manually (see Section 2.4.4). Most of the email tools that utilise such 

techniques classify email messages automatically into folders based on message header 
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information (e.g. subject, sender, recipients, etc) or contents. For instance, MailCat is an 

intelligent assistant tool that helps users archive their email messages in the suitable folders 

[160]. It analyses users’ messages and folders in order to understand the structure of users’ 

folders and their relation to messages. Once an email message is selected, it suggests to the 

user the three folders that are most likely appropriate for it. The user then has the choice of 

moving the message to one of these folders simply by clicking on the button of the folder. 

A year later in 2000, further enhancements were applied on this tool which was renamed to 

SwiftFile [161]. Kenrick  developed an add-in for Microsoft Outlook that automatically 

classifies email messages into users’ created folders [162]. In addition, it helps users 

retrieve the related email messages for a selected one. Takkinen and Shahmehri designed a 

conceptual model, called CAFE, which not only classifies messages into folders but also 

helps in searching and retrieving information [138]. It consisted of three modes to help the 

users in various situations. These modes are: busy mode, cool mode and curious mode. In 

the busy mode, users are presented with three classifications of messages based on the 

importance of newly arrived messages which are important messages, second class 

messages and junk messages. This mode helps users find the most important messages 

quickly. In the cool mode, all incoming messages are classified based on a static set of user-

defined queries. In the curious mode, all messages are classified automatically based on 

dynamically created quires. 

Most of the previous tools classified email messages based on either user-created folders or 

user-defined queries despite the limitations of both folders and rules. An email tool that 

classifies email messages automatically irrespective of users’ folders would be more useful 

than depending on established folders. Therefore, Becker and Ferreira developed an email 

tool that automatically classifies large volumes of email message using the concept of 
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virtual folders [137]. In this tool, email messages are logically related to folders where one 

message can relate to more than a folder. One of the most important advantages of this tool 

is that it maintains the consistency between folders and related email messages. Surendran, 

Platt and Renshaw developed a similar experimental tool [157]. However, email messages 

are automatically categorised in their tool based on users’ personal topics. Personal topics 

were elicited based on the noun phrases in the subject line and the message metadata such 

as authors and recipients. Dredze, Schilit and Norvig pointed out that creating filters is 

difficult without first examining messages [159]. Therefore, they proposed a mail filter for 

Gmail (i.e. Google Mail) which automatically generates a list of filters related to the results 

of a search operation. By clicking on one of the suggested filters, the displayed messages 

will be filtered to present only related messages.    

2.5.6 Email Visualisation 

Various experimental email tools were developed based on a variety of visualisation 

techniques.  For instance, Sudarsky and Hjelsvold developed an email tool that visualised 

messages based on a hierarchal nature of domain names in e-mail addresses such as COM 

and EDU [163]. This approach contains two basic views: hierarchal and temporal views. 

Email senders are presented as tree-like in the hierarchical view classified by domain 

names. In the temporal view, messages were presented in two-dimensional grid where the 

time is displayed along the X axis and the senders along the Y axis. Each email message 

was presented as square shape and each square can be presented in different colours. For 

example, a green square indicates that the email message was only sent to one person. 

Moreover, the message threads function was also implemented in this tool where related 

email messages are connected together by lines in the temporal view.  The results of the 
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user study showed a significantly improved performance, as well as improved overall 

preferences [163]. 

Bluemail  is one of the most recent experimental email systems [164]. It is a web-based 

system which provides messages tags, threads and folders. Tags can be added to messages 

manually by selecting the required messages. One of the most important features of using 

tags is that email messages can be associated with more than one tag. In Bluemail, all 

messages in different folders that are associated in one thread can textually be displayed in 

the inbox by clicking on the thread icon from the column header.        

In fact, information visualisation techniques have been employed enormously to improve 

the efficiency of email browsing and to help users handle their emails easily. However, 

most of these studies can be broadly categorised into three categories: visualising social 

relationships, visualising email to support the task management and email threads 

visualisation. The following sections describe each category in more detail.         

2.5.6.1 Social Relationships in Email 

One of the most vital features in email is allowing people from around the world to 

communicate. Although some social scientists indicated that the text-based communication 

used in email is not suitable for maintaining relationships when compared to face-to-face 

communication, it has been stated that using email for personal relationships has grown 

50% between 1996 and 1998 [148]. Furthermore, Adamic and Adar highlighted that email 

is used to communicate 80% of users’ social network amongst the people aged between 25 

and 35 and 60% amongst those aged between 50 and 60  [165]. Boneva, Kraut and Frohlich 

carried out a four year study to explore the differences between men and women in 

practising email [148]. They found that the same difference between them in terms of 
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communication with relatives and friends still exists in email. However, they identified two 

types of relationships which can be maintained by email: communication with family and 

communication with friends. Moreover, they classified email messages into three broad 

categories [148]: 

1. Boilerplate messages which contain, for example, jokes and stories. 

2. Coordination messages which can be used to set up an event or occasion.   

3. Messages for personal sharing. 

Eliciting personal relationships in email were investigated by numerous studies for different 

purposes. “faMailiar”, for instance, is one of the email visualisations that was developed in 

order to present the intimacy between the email user and his/her contacts  [166]. It enables 

email users to categorise their contacts into five intimacy categories as well as an 

automated intimacy weight based on messages data. Messages in “faMailiar” are presented 

in calendar-like manner [166]. 

Perer, Shneiderman and Oard also developed a novel approach for understanding the 

individuals and communities from the email archive [167]. Rhythms of relationships were 

visualised in the project and have shown they could provide context that is necessary for 

social scientist [167]. In later work, Perer and Smith developed three email visualisations 

that capture the hierarchical, temporal and correlation patterns [168]. One goal of these 

visualisations is to improve the understanding of the variation in email users’ practice such 

as the intensity and the duration of relationships with people.  

Viegas, Golder and Donath developed an email visualisation tool called “Themail”, which 

visualised email archives based on the content of email messages, in order to present 

relationships between individuals [169]. It presented a series of keywords in columns 
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arranged along a timeline, where each keyword was shown in a different colour. The size of 

keywords depended on their frequency and distinctiveness. 

Yu et al developed a visualisation tool called “VisPEAM” which helps users find their 

stored email messages through browsing the relationships among email folders and shows 

the most users who exchange messages in a particular subject [170]. It shows the 

relationships among folders and users using connected trees that consist of nodes and 

edges.  

Neustaedter, et al pointed out that information of social relationships can be useful for 

identifying important email messages [171]. Therefore, they performed an email tool, 

called SNARF, which visualises email messages based on social information in order to 

support triaging email. It visualised email messages based on several social metrics such as 

important people, strangers, emerging topics and reciprocity. Furthermore, it allowed users 

to sort their email messages socially. For example, messages can be sorted based on a 

sender or a recipient in a specific period of time. 

Social networks in email can be visualised to support a variety of forensic analyses. Li, 

Hershkop and Stolfo developed an email mining toolkit, called EMT, which visualises 

relationships between users and groups of email [172]. It contained two main panels: one 

for presenting the relationships between email accounts and groups and the other one shows 

relationships between users in a group. Such visualisations can be useful for understanding 

whether some users have any effect of an organisation. Social relationships can also be 

used to identify email viruses and spam. Many studies were carried out in this area such as 

[173-176]. 
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2.5.6.2 Task Management in Email 

As mentioned previously, email is being used for a variety of functions which was not 

designed for. One of the common current practices in email is using it as task manager. For 

instance, users usually change opened messages to unread in order to remind themselves 

about unfinished tasks [177]. Whittaker, Bellotti and Gwizdka pointed out that email has 

become the main channel of distributing work [178]. Various studies were carried out in 

order to understand how users interact with messages that relate to tasks. Jacek divided 

users in terms of dealing with such messages into two types: the cleaners and the keepers 

[179].  In addition, he identified two main styles of tasks management in email.  The first 

style is moving future tasks from email to another application and the second one is 

keeping the tasks in the email application. In this section, studies and email prototypes 

related only to the latter style will be described. Catalina, et al pointed out that developing 

an email tool only by focusing on task management is not complete [180]. Therefore, they 

conducted a study in order to understand managers and non-managers behaviours in email. 

The results indicated that the organisational role has a significant impact on the usage of 

email.          

Most of the current email systems such as Microsoft Outlook, Thunderbird and Gmail 

support the task management by allowing users manually flag messages. However, various 

email prototypes that support the task management automatically without burdening the 

users with assigning and classifying tasks were proposed. Yiu et al , for example, 

developed an alternative approach of using folders, which is called TimeStore, for 

organising email messages in the inbox and to support the task management [181]. This 

approach uses the time of receiving messages as the factor for displaying email messages. 

Email messages were organised on X, Y axes where time was presented along the X-axis 
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and the senders on y-axis. Email messages were displayed as dots and they were interactive 

for example, user can click on an email message to read it. This approach has been 

evaluated to check whether it is useful or not. The result showed that majority of the users 

thought it is useful [181]. Gwizdka also focused on how to support the management of 

pending tasks have to be performed in email and divided this problem space into two 

levels: message level and inbox level [150]. He developed two email prototypes one for 

exploring the automatic placement of pending tasks and the second one for exploring the 

manual arrangement of pending tasks [150]. Furthermore, Mark, Tessa and Nicholas 

developed an extension tool for Thunderbird which automatically classifies messages into 

activities [182]. In this tool, a new activity must be created manually first by selecting an 

email message. All new email messages that are related to this message will be associated 

in one activity. Moreover, the tool also shows a list of the people associated in each 

activity. However, one of the main limitations of this work is that activities should be 

defined manually first since Olle and Candace pointed out that a classification system must 

satisfy the following conditions [158]: 

1. Manual work should be avoided as much as possible. 

2. All messages must be classified. 

3. The classification should be easy to understand. 

Thus, they developed an email prototype, called Bifrost, which classifies email messages 

into five categories. These categories are: Timely, VIP Platinum, Personal, Small 

distribution and Large distribution. Furthermore, messages can be filtered to display only 

the unread messages to reduce the complexity of the inbox containing large volumes of 

email messages.    
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Task management has been employed in “Remail” project where the received messages 

can be marked into different categories such as To-Do, Reminder and Appointment [183]. 

Some of these marks can be applied automatically where others should be applied 

manually. Bellotti et al developed an email tool called Taskmaster where the main element 

presented is task rather than the email messages [184]. It is divided into three layers which 

are: Thrasks, messages view and content. Thrasks, which are threads of tasks, are presented 

in the top layer of TaskMaster. The email messages that comprised a Thrask can be 

presented in the middle layer by selecting the trask from the top layer. The content layer 

shows the selected document in the middle layer. As this tool was tested using a filed study, 

participants reported some technical limitations although it was found as a powerful tool for 

the management of tasks.   

2.5.6.3 Email Threads 

The idea of messages conversation was first proposed by Douglas and Larry in 1986 [185]. 

This idea was originally proposed to organise email messages in a way so that users can 

build up a clear plan for processing new mails. They also formed a contextual graph to help 

understand the structure of messages conversations. This idea was implemented in an email 

prototype called DRAGONMAIL [185]. Nowadays, messages conversation is called 

message threads which is the reply relationship between a group of email messages [183]. 

It has been proposed by many studies in different approaches to improve email handling. 

Rohall et al, for example, developed three visualisation techniques and combined them in 

order to reduce the complexity of email inbox [149, 186]. These visualisation techniques 

depend on message threads, time and content of the email messages respectively. In the 

thread visualisation, all the messages that are related by the reply function are shown as a 

connected tree. The relationship between email senders can also be seen in this 
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visualisation by displaying the related email messages using different colours. For example, 

an email message coloured purple is from someone outside the recipient’s work. One of the 

limitations of this approach is that email messages are visualised only by date and threads 

where email messages cannot be classified by email users. For example, users need to 

classify email messages manually in this approach when looking for email messages sent 

by a particular person.   

Venolia and Neustaedter claimed that email clients would be more useful if conversation 

threads were used as the main display for email clients [187]. They highlighted several 

advantages of grouping email messages into threads such as: 

1. Providing better local context. 

2. Providing greater global context. 

3. Providing valuable conversation operations. 

 They presented a mixed-model visualisation that shows the sequence of email messages 

and reply relationships among the messages of conversation. Although users’ 

understanding of message threads was tested and the results showed they were able to 

understand them, this approach has not been tested and compared against a standard email 

client.  

Kerr developed a visualisation technique called “Thread Arcs” that shows the reply 

relationships between messages [188].  Messages in a thread are presented chronologically 

from the right (i.e. oldest message) to the left (i.e. latest message) with related messages 

connected with arcs (see Figure 6). It was developed based on seven key qualities: 

chronology, relationships, stability, compactness, attributes highlighting, scale and 

interpretation. This approach was compared with the existing thread visualisations such as  



55 
 

 
Figure 6: An example of a thread in ThreadArch [188] 

the tree diagram and the tree table visualisations and it showed an advantage over them 

[188]. Thread Arcs was used in the reinventing email “Remail” project [183].  

 “EzMail” is an email visualisation that displayed messages as components of threads in 

order to provide contextual information [189]. The thread visualisation in this tool was 

compared with a traditional textual thread and it has been found more usable and preferred 

[189]. However, it is similar to typical email clients since folders can be used to store email 

messages and email messages are presented in a similar way of typical email clients. 

 Perer and Shneiderman claimed that threading messages by subject lines and reply 

relationships does not reflect users behaviour [190]. Therefore, they developed a thread 

visualisation that portrayed users participating in a conversation in addition to the time of 

sending messages [190]. Furthermore, Inner-Circle is an email tool that organises email 

conversations (threads) in a people centred way [191]. It comprises of three interlinked 

components: people list, conversational view and mailed items. People list contains all 

email users who exchange most email messages over that month. Conversations among 

group of people can be presented in the conversational view by selecting the required 

people from the list. Email items that are exchanged during the conversation such as 

attachments and appointments can be presented in the mailed view. Although previous 

studies showed that threads are an efficient feature which should be included in email 
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clients, the date and email users should not be neglected when visualising email archives as 

users typically use them to locate email messages [192].   

Zest is an email browser that displays email messages in a selected folder textually in a 

conversation-like view [136]. In this tool, users can decide whether issues are resolved or 

open at a glance. Yee claimed that Zest is more readable and effective than message views 

that are used in current email systems. Newman developed two email threads visualisation 

approaches, called “narrow trees” and “treetables”, in order to reduce the complexity of 

email inboxes that are caused by participating in mailing lists [193].  In the narrow trees 

approach, email messages are presented vertically to allow semi-linear reading of multiple 

messages. However, the results of an experiment demonstrated that the context of threads 

can be lost by presenting long email threads. Therefore, the treetables approach which 

presents messages in the classic node-plus-edge tree representation was developed to avoid 

the limitation of previous approach.          

2.5.7 Auditory Metaphors in Email             

Incorporating the auditory metaphors with graphical email approaches are still in their 

infancy. However, a small number of studies investigated the possibility of communicating 

email data aurally using speech and non-speech sounds. Historically, presenting email data 

using non-speech sounds was first proposed by Hudson and Smith in 1996 [194]. They 

proposed an email tool that uses non-speech sounds to present important properties of email 

messages into a short sound, for example, user can find out the category (read, unread, 

replied) of an email message without opening it [194]. Five years later in 2001, Rigas and 

colleagues performed a series of experiments to investigate the use of various types of 

sound when browsing email data. They pointed out that using a combination of different 
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types of sounds (speech, non-speech) for conveying email data can reduce the complexity 

of email inboxes [195]. The results of their experiments proved that auditory stimuli such 

as Earcons, auditory icons and speech can be used to communicate the hidden information 

in email data [196]. In these experiments, they examined whether the users could recognise 

the email categories using compositional sound. Users were able to recognise the categories 

of email using 2 seconds of compositional sound. Since the results were very motivated, 

they performed further experiments in order to investigate whether users can recognise the 

email categories together with other types of  information such as status, priority and the 

presence or absence of attachments [195]. Status (unread, replied, forwarded) of the email 

message was communicated using stereophonic sound, the presence of attachment with the 

email message was communicated using an auditory icon, the priority of the email message 

was communicated using the repetition of electronic tones and the subject of email message 

was communicated using speech sound [195]. These sounds were played to users and they 

were asked to identify the properties of email messages from these sounds. The results of 

these experiments demonstrated that users could differentiate one sound from other and 

could recognise email message properties successfully [195]. 

Our literature survey showed only one study that investigated the synergic use of audio and 

visual metaphors in browsing email data [197]. Two browsing techniques were developed 

in this empirical study: one for browsing simple email data and the other for browsing 

complex data. In the simple technique, colours were used for communicating specific types 

of information where the sound was used for communicating the identity of users. Senders, 

recipients and users that email messages copied to them were communicated using rhythm. 

In the complex technique users were able to select an email message with its associated 

subject and the tool presents all the information in an audio-visual way. The number of 
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email messages received was communicated using audio stimuli besides the identity of the 

users (sender, recipients). The results of using both techniques showed that users were able 

to understand the auditory stimuli [197]. Although the graphical browsing of email data has 

been added in these experiments it has not been developed to organise the email inbox and 

the performance of the users has not been considered, too. The results of the experiments 

conducted by Rigas were interpreted into design guidelines for browsing email data aurally 

[198]. One of the most important derived guidelines is that auditory message should have a 

starting point, a main body and an ending point. Furthermore, simultaneous use of different 

types of auditory stimuli should be synchronised with visually displayed information [198]. 

They also found that the rising and descending pitch were useful for browsing email data.  

2.6 Theoretical and Technical Issues 

This sections highlight some of the constraints that are related to the technologies 

(visualisation and sound) employed in this experimental work. Various technical and 

theoretical issues were underlined in the literature when visualising data in the user 

interface. For instance, one of the most challenging issues in information visualisation 

applications is the scalability [22]. The scalability of visualisation application can be 

affected by two fundamental factors. First, the number of graphical items can be presented 

on the user interface. Fekete and Plaisant, for example, pointed out that current 

visualisation techniques limit the number of graphical items 10000 items [199]. Second, 

size of presented graphical items plays an important role in the scalability of visualisation 

applications. In fact, this issue is directly related to the previous one. For example, Herman 

and Marshall pointed out that large graphical items can cause serious usability problems 

when large volume of data is presented [21]. Therefore, navigation and interaction 
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strategies must be considered carefully when developing information visualisation 

applications. Furthermore, the lack of the solid quality measures is one of the challenging 

issues in information visualisation [22]. Chen pointed out that an intrinsic quality measures 

and benchmarks would significantly make the design and evaluation of such interfaces 

[22]. Moreover, some hardware issues must be considered when developing information 

visualisation approaches such as the screen resolution and the redisplay time (i.e. which is 

based mainly on the graphics card) [199].  

A number of technical and theoretical issues also must be taken into account when 

employing sound in the user interface. For example, the difficulty of communicating an 

absolute value in the user interface [68]. As sound can be heard from all around, annoyance 

is one of the important issues of incorporating it in the user interface [53]. Therefore, sound 

motives must be changed and selected when communicating auditory messages in the 

interface. Brewster, Wright and Edwards pointed out that using the sound intensity, which 

is the level of the sound volume, is the main cause of annoyance [81]. Another challenging 

issue in using sound in the user interface is the difficulty of the mapping between the 

information going to be communicated and the sound [53, 68].  

2.7 Critical Assessment 

A large body of research and studies have been dedicated to improve the efficiency of 

email browsing in terms of different aspects. The concentration of the majority of these 

studies can be classified to: predicting the flow of email messages, improving the process 

of email triage, incorporating the features of task management into email and enhancing 

email archiving. Furthermore, a small number of studies were carried out to improve the 

usability of retrieving email messages, which is one of the most frequently used actions in 
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email, in comparison with other email issues. This minority of studies relied mainly on data 

mining techniques such as automatic filtering and automatic keyword suggestion. However, 

applying such techniques was not found to be the appropriate solution for solving this 

problem because of many reasons. One of the main reasons is that users’ email activities 

change over the time and, consequently, become obsolete [158]. Moreover, the vast 

majority of the email approaches that adopted automatic filtering for improving messages 

retrieval depended on folders created by users (e.g. [138, 161, 162] ), and the drawbacks of 

using folders for organising message have been well documented in the literature [1, 139, 

140, 155, 156]. Another reason is that the long training time which is required for adapting 

such techniques to users’ email data.  

In fact, the significant contributions of multimodal metaphors particularly information 

visualisation techniques and auditory stimuli to the usability in diverse research areas have 

not been considered in the literature for enhancing the usability of email messages retrieval. 

Furthermore, the vast majority of the studies that visualised email messages relied on one 

type of information social information, email threads or common email data. They also 

communicated email data to users through single modality (i.e. vision). Thus, this empirical 

study attempts to find out the effect of adopting multimodal metaphors, specifically 

information visualisation techniques and non-speech sound, in the process of email 

message retrieval using two types of email data (i.e. message information and email 

threads).                  

2.8 Summary 

This chapter presented an overall review of the literature related to using information 

visualisation techniques and non-speech sounds (i.e. particularly auditory icons and 
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earcons) to improve the usability of user interfaces. It has been shown that information 

visualisation is a powerful approach for making large volumes of information 

comprehensible to users. For instance, it has been shown that they improved the efficiency 

of applications in different problem domains such as web search results, online 

conversations and database browsing. It was also demonstrated that information 

visualisation must be differentiated from scientific visualisation since each of these has its 

purposes and usage. Furthermore, it has been highlighted that information visualisation is 

not only about making a set of raw data (e.g. numerical, textual, etc) graphical but also 

about facilitating the interaction, such as the navigation and the exploration, between the 

users and the data. The chapter, on the other hand, demonstrated that relying on the visual 

channel solely can cognitively overload users.  

Using sound for conveying information to users in the interface has been proposed by many 

HCI researchers. The chapter highlighted some of the benefits of using sound in user 

interfaces. It also reviewed some of the work carried out in using non-speech sounds, 

particularly auditory icons and earcons, to enhance the usability of the user interface. It has 

been shown that non-speech sound was used mainly for two purposes: providing alternative 

interfaces for the blind and the visually impaired users and reducing the graphical crowd in 

the user interface. The thesis focused mainly in the work carried out in the latter category.   

The chapter also reviewed the literature related to browsing email data. It has been shown 

that with the vast spread of the internet, email usage has radically changed with our email 

clients have not. Information visualisation techniques were employed by numerous studies 

to improve the efficiency of email clients. The majority of these studies focused only on 

triaging email messages (i.e. the process of dealing with incoming messages such as 

replying or deletion) or inventing new features for the email such as task management and 
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presenting relationships. In fact, improving the usability of email messages retrieval using 

the human-computer interaction techniques has been somewhat neglected and still based on 

the traditional ways such as filters and searching operations. The majority of the research 

and studies that devoted to solve this issue based on automatic filtering, rules and various 

data mining techniques. However, such techniques might require programming skills and 

can most likely become obsolete over time. On the other hand, information visualisation 

techniques and auditory metaphors have demonstrated significant improvements to the 

usability of user interfaces in various problem domains. As a result, there is an insisting 

need for investigating the effect of utilising information visualisation techniques and non-

speech sounds (i.e. auditory icons and earcons) to improve the usability of email messages 

retrieval.  

Chapter 3 describes an initial experiment that was carried out to investigate the 

effectiveness of incorporating information visualisation techniques to improve the usability 

of browsing email messages. 
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Chapter 3 Usability of Graphical Email Browsing 

3.1 Introduction 

Chapter 2 showed that visualisation of email archives was employed by numerous studies 

for different purposes. However, the usability of browsing email data was not fully 

addressed by these studies. Therefore, this chapter demonstrates an initial experiment 

carried out to investigate whether the usability of browsing email data can be enhanced by 

incorporating graphical visualisation techniques. The design of the experimental platform 

used to conduct the experiment is described in this chapter. Experimental design, 

hypotheses and variables are described, too. This chapter concludes with the discussion of 

the results obtained and highlights further enhancements for the next experimental phase.              

3.2 Aims 

The main aim of this experiment is to investigate whether the usability of browsing email 

data can be improved by incorporating graphical visualisation techniques. It is also aimed at 

investigating the effect of the various ways of presenting email data graphically. More 

specifically, this experiment attempts to find out the most useable, in terms of locating 

messages, way of presenting email messages amongst the ways used in representative email 

clients and the two experimental approaches. These presentations include: 

1. Presenting email messages textually in a list view. 

2. Presenting email messages graphically classified by a dateline alongside senders’ 

names or addresses. 
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3. Presenting email messages graphically classified by a dateline alongside the time of 

receiving messages. 

3.3 Objectives 

In order to achieve the aims of this experiment, various activities were undertaken. First, an 

experimental email platform was developed, which contained an email approach that 

presented email messages graphically based on a dateline together with senders’ names or 

email addresses. It also included an email approach that presented email messages 

graphically based on a dateline alongside the time messages were received on. These 

approaches are described in more detail in the following section. Second, the usability of 

the two experimental email approaches was compared with a representative email client by 

recruiting a sample of email users. Third, effectiveness, efficiency and users’ satisfaction of 

each email representation were taken into account in order to measure their usability. 

3.4 Experimental platform: LinearVis and MatrixVis 

An experimental email visualisation platform was developed using Microsoft Visual Basic 

2005 under a Windows XP platform and supported by a database that was designed by 

Microsoft SQL Server 2005.  The platform simulated an email client with a reduced set of 

functionality but sufficient to serve the empirical study. Email messages were retrieved 

from the email server using Outlook programming APIs [200]. The retrieved email 

messages were parsed in the experimental platform and stored in the tool database. Figure 7 

shows the technique used to retrieve and present email messages in the experimental 

platform. This platform provided two email visualisations which were called LinearVis and 

MatrixVis.  Both of these approaches presented email messages based on a dateline together  
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Figure 7: The technique used for retrieving and presenting email messages in the 
experimental platform 

Email Data 

Conditions Date 
Email 

Address 
Subject Status Attachments Priority 

Recipients 

(To, CC) 

Standard Email √ √ √ √ √ √ × 

LinearVis √ √ × √ × × √ 

MatrixVis √ × × √ × × × 

Table 4: Presented and hidden information in the experimental visualisation and the standard 
email 

with other email information (e.g., senders’ email address, time). Table 4 shows the email 

data that was hidden in both email visualisations in order to reduce the graphical 

complexity in the email inbox and to avoid the visual overload. 

3.4.1 LinearVis 

The LinearVis approach presented email messages based on the date and senders’ email 

addresses. The search function was deliberately unimplemented in order to test whether 

users’ can find email messages easily and whether they understand the structure of the 

inbox. Figure 8 shows that the inbox is divided into three parts: dateline, main view and 

temporal view.    
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Figure 8: Inbox of LinearVis: a) dateline, b) main view and c) temporal view 

The dateline was located at the top part of the inbox which presented all the dates that 

contained email messages in chronological order where the first date on the far left side was 

the most recent date on which email messages were received on and the last date on the far 

right side showing the oldest date. A drop down menu with previous dates (not displayed in 

the current view) allows the users to view the earlier dates. This approach minimised the 

number of presented dates in order to produce a clear and readable display and to reduce as 

well the scrolling operations that would have been required by the users if all dates were 

presented. By selecting a year from the drop down menu, all the presented dates will be 

removed from the dateline and the dates of the selected year will be displayed instead. For 

example, if an email message received on a particular date in 2006 was required, this 

operation can be performed in LinearVis by selecting “2006” from the previous years’ drop 

down menu and then the required date can be selected from the dateline.  
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Figure 9: Inbox of LinearVis with all messages presented 

On the other hand, in order to perform such a task in the typical email clients, email 

messages must be sorted by the date first and then a scrolling operation through all 

presented messages are required to find the required message. 

The main view presented email messages from the inbox as square boxes which were 

grouped based on the alphabetically ordered list of email senders on the left side of the 

inbox (see Figure 8).When retrieving the email information from the server, LinearVis 

checks whether the full name of each sender is provided to display it in the list. If the full 

name of a sender was not available, the email address will be presented instead. To avoid 

the clutter of the inbox and to reduce the visual overload, messages that received in the 

most recent day are only presented with their sender when LinearVis first starts (see Figure 

8). The main view can be changed to present a previous day by selecting it from the 

dateline. Furthermore, all email messages that are received on different dates can be 

presented in the main view by clicking on the button named ‘Show All’ (see Figure 9). The 

size of the presented squares decreased according to the number of email messages sent by 



68 
 

the email sender (i.e., the larger number of email messages received, the smaller the 

square).  The filled colour of the square communicated to users whether the email message 

was unread (displayed in yellow), read (displayed in white), replied (displayed in green), or 

forwarded (displayed in grey). Subject, attachment and priority were hidden in order to 

reduce the graphical complexity in the main view and to avoid visually overloading the 

users. This information can be seen by users when the content of the email message is 

viewed by clicking on the email message in the main view.  

The recipients of an email message can be shown in the temporal view by moving the 

mouse cursor over its icon in the main view. Rather than using the traditional textual way 

of displaying the recipients (TO, CC) of an email message they are presented using colours. 

All email addresses connected by green lines are those who have received the email 

message as carbon copies (CC), and email addresses connected by red lines are those 

received it as normal messages (TO). In order to reduce the amount of presented 

information on the screen, the email addresses that appear in both TO and CC fields are 

displayed once and connected by blue lines rather than displaying them twice. 

3.4.2 MatrixVis 

The MatrixVis approach displayed email messages according to the date and time. Figure 

10 shows the way in which the inbox was similarly divided into three main parts: dateline, 

main view and temporal view. The dateline section presents the dates using the same 

approach as the LinearVis. The main view of the MatrixVis inbox was divided into six 

timeslots where a full day is presented. Each timeslot represented a 4-hour period. Email 

messages were also presented as square boxes and sorted into timeslots according to the  
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Figure 10: Inbox of MatrixVis: a) dateline, b) main view and c) temporal view 

time they were received. The size of the presented squares was fixed as the size of timeslots 

could vary according to the number of email messages received within that particular 

timeslot. Email messages in each of the timeslots were presented chronologically in rows 

with up to eleven per row (see Figure 10). Colours were also used to present the status of 

the email messages in the same way as in the LinearVis approach. In a similar way of 

LinearVis, messages that were received in the most recent day are only presented in the 

main view in order to avoid the clutter of the inbox and to reduce the visual overload (see 

Figure 10). The main view can be changed to present a previous day by selecting it from 

the dateline. Moreover, all email messages can be presented in the main view by clicking 

on the button labelled “Show All”. In this case, the size of the timeslots will be expanded to 

fit all email messages received within the time of each timeslot (see Figure 11). 

The content of email messages and the hidden information (e.g., subject and the recipients 

(To, CC)) can be seen by clicking on the required email message in the main view.   
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Figure 11: Inbox of MatrixVis with all messages presented 

Senders’ email addresses were not presented directly in this approach. However, the sender 

of a particular email message can be presented in the temporal view by moving the mouse 

over its icon in the main view. Furthermore, all the email messages sent by the same sender 

of this message will be presented chronologically in the temporal view (see Figure 10). The 

content of email messages presented in the temporal view can also be seen by clicking on 

the required email messages. 

3.5 Sample 

Thirty users (all were postgraduate computing students) participated in the experiment. All 

of them were email users but were not familiar with the provided email inbox and the 

experimental visualisations. 
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Users Order of the Presentations of Conditions 

1, 2, 3, 4, 5 
Outlook 

Express 

U
se

rs
’ S

at
isf

ac
tio

n 

LinearVis 

U
se

rs
’ S

at
isf

ac
tio

n 

MatrixVis 

U
se

rs
’ S

at
isf

ac
tio

n 

6, 7, 8, 9, 10 
Outlook 

Express 
MatrixVis LinearVis 

11, 12, 13, 14, 15 LinearVis 
Outlook 

Express 
MatrixVis 

16, 17, 18, 19, 20 LinearVis MatrixVis 
Outlook 

Express 

21, 22, 23, 24, 25 MatrixVis 
Outlook 

Express 
LinearVis 

26, 27, 28, 29, 30 MatrixVis LinearVis 
Outlook 

Express 

Table 5: Experimental structure and the order in which the conditions were attempted by the 
users 

3.6 Experimental Design  

An experiment was designed in order to find out whether the usability of email clients can 

be improved by visualising email data. This experiment is a comparative usability 

evaluation between one of the well-known email clients, Outlook Express, and the 

proposed experimental graphical email approaches. It comprised of three-conditions, 

within- subjects design, and therefore each subject was asked to perform the experimental 

tasks in each condition. The same email inbox, which contained around 500 email 

messages, was used in each experimental condition. In order to avoid the learning effect, 

the order of the conditions was varied between subjects (counter-balanced) [2]. Table 5 

shows the structure of the experiment. Users were required to perform all experimental 

tasks in a condition and then move to the next one. Each user was tested individually with 

the observer. As shown in Table 5, users were also required to fill a satisfaction 

questionnaire after performing each experimental condition (see Appendix A2) as well as to  
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Task 

No 
Description 

Task 

No 
Description 

T1 
Locating email message  by date 

T6 
Locating email message  by sender, status 

and attachment 

T2 
Locating email message  by status 

and date 
T7 

Locating email message  by date and 

attachment name 

T3 
Locating email message  by status, 

attachment and date 
T8 

Locating email message  by sender and cc 

T4 
Locating email message  by sender 

and subject 
T9 

Locating email message  by sender, to and 

cc 

T5 
Locating email message  by sender 

and priority 
T10 

Locating email message  by status, to and 

cc 

Table 6: Experimental tasks 

rate the most preferred email condition. They were free to use any of the functions that are 

offered by Outlook Express such as sorting email messages and searching for an email 

message but they were not able to use these functions in the experimental tool. At the end 

of the experiment users were also required to choose their most preferred email version. A 

five minute demonstration was given for all users prior to performing each condition. 

3.7 Tasks 

Users were required to perform 10 tasks in each experimental condition; in each task they 

had to locate an email message with the provided relevant information such as the date, the 

sender’s email address and subject (see Table 6). In order to test the control email and the 

experimental email approaches (i.e. LinearVis, MatrixVis) under various situations, most of 

the practices that could be performed to find email messages were taken into account when 

designing the experimental tasks. In addition, they were designed to be in three complexity 

levels: easy tasks (tasks 1, 2 and 3), medium tasks (tasks 4, 5, 6 and 7) and difficult tasks 
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(tasks 8, 9 and 10). This classification was not apparent to users. The tasks sheet provided 

to users in the experiment is attached in Appendix A1. 

The location of email messages in the inbox were considered when designing the easy tasks 

where the required email messages were located at the top of the standard email inbox; so 

users do not need to perform scrolling and searching operations to find an email message. 

Users were mostly asked to find email messages in this type of tasks by the date beside 

other information. In order to find out if the hidden email information in both experimental 

conditions (i.e. LinearVis, MatrixVis) would affect the usability, medium tasks were 

designed based on increasing the number of required information in email message, 

especially the hidden ones. For example, in one of the medium tasks users were asked to 

find an email message by the attachment name with the date. Furthermore, required email 

messages in this type of tasks were located at the middle of the inbox even if a sorting 

operation was performed. In the difficult tasks, users were mainly asked to find email 

messages by asking them about the recipients (TO, CC) of the email message beside other 

information such as the sender’s email address. 

3.8 Measures 

The experiment is aimed at investigating the usability of the proposed graphical email 

approaches. The usability of a user interface can be measured by taking into account the 

effectiveness, efficiency and users’ satisfaction [2]. These usability metrics were considered 

as the dependant variables in this experiment. As the effectiveness of user interfaces can be 

measured by finding out whether certain tasks can be accomplished successfully [2], tasks’ 

completion rate was considered to measure the effectiveness in this experiment. It was 

measured by calculating the percentage of tasks completed by all users  
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Usability 

Metric 
Dependant  variables 

Effectiveness 
1. Tasks successfully completed (Percentage of tasks and 

users)  

Efficiency 
2. Tasks’ accomplishment time (Seconds) 

3. Actions performed to accomplish tasks ( Number of actions) 

Users’ 

Satisfaction 

4. Overall users’ satisfaction ( Number of scores)  

5. Users’ preference (Percentage of users) 

Table 7: Usability metrics and dependant variables 

and the percentage of users who completed all tasks successfully. The efficiency of user 

interfaces can be measured by finding out the amount of effort required to accomplish 

certain tasks [2, 4]. Therefore, the efficiency of each experimental condition was measured 

by taking into account two variables: tasks’ accomplishment time and the number of 

actions carried out whilst performing these tasks. For example, one of the actions that can 

be carried out whilst performing a task in this experiment is clicking on a date in LinearVis 

or using the search function in the standard email client. Users’ satisfaction is usually 

measured by identifying the level of users’ comfort when using an interface [4]. Therefore, 

satisfaction was measured qualitatively using a post-experimental questionnaire. In this 

questionnaire, users were asked to rate their satisfaction over each email approach as well 

as the most preferred email approach. Table 7 shows the dependant variables used in this 

experiment classified by usability metrics. The independent variable of this experiment is 

the method used for presenting email messages. In fact, it is the aspect that made the 

experimental conditions different (i.e. an email inbox with different presentations).  

3.9 Hypotheses 

The main hypothesis of this experiment was that browsing email messages in LinearVis 

and MatrixVis should be more usable than the standard email client. However, this 
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hypothesis was decomposed to more specific hypotheses according to the usability metrics 

and the dependant variables measured in the experiment. These hypotheses are: 

1. LinearVis should result in an overall improved tasks’ completion rate when compared 

to the standard email. 

2. MatrixVis should result in an overall improved tasks’ completion rate when compared 

to the standard email. 

3. LinearVis should result in an overall reduction in tasks’ accomplishment time when 

compared to the standard email. 

4. MatrixVis should result in an overall reduction in tasks’ accomplishment time when 

compared to the standard email. 

5. LinearVis should result in an overall reduction in the number of actions carried out to 

perform the experimental tasks when compared to the standard email. 

6. MatrixVis should result in an overall reduction in the number of actions carried out to 

perform the experimental tasks when compared to the standard email. 

7. LinearVis should be more satisfactory in terms of the overall satisfaction score when 

compared to the standard email. 

8. MatrixVis should be more satisfactory in terms of the overall satisfaction score when 

compared to the standard email. 

9. LinearVis should be selected as the most preferred email version by more users when 

compared to the standard email. 

10. LinearVis should be selected as the most preferred email version by more users when 

compared to the standard email. 
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3.10 Results 

The performance of each user in each condition was observed and noted in an evaluation 

form which included the accomplishment time of each task, the number of actions carried 

out whilst performing each task and whether each task was successfully completed (see 

Appendix A3). The obtained data was analysed independently according to the usability 

metrics of efficiency, effectiveness and satisfaction of users. The raw data obtained from 

this experiment is attached in the Appendices A5 – A12. Each graphical email approaches 

was compared independently to the standard email client.  

3.10.1 Effectiveness  

In order to find out whether a task was completed successfully, a critical time for task 

completion was derived. It was computed as follows: CT (Ti ) = M (Ti ) + 30s (CT: the 

critical time, T: an experimental task, i: the experimental task number and 30s: 30 seconds). 

Users who took longer than this critical time to complete a task, were considered as not to 

have completed the task. Figure 12 shows the overall percentage of users who successfully 

completed all tasks and the overall percentage of tasks completed by all users in the three 

conditions. Also, it shows the percentage of users who successfully completed each 

experimental task in each of the three experimental conditions. The users who completed 

all tasks using the experimental conditions (i.e., LinearVis and MatrixVis) are higher than 

the control condition (i.e., standard email client). Chi-square [201] was performed in the 

number of users who completed the experimental tasks. The results showed a significant 

difference in the number of users who completed all tasks in LinearVis (χ 2 = 15.8, df= 1, 

cv=3.84, p<0.05) and MatrixVis (χ 2 = 8.14, df= 1, cv=3.84, p<0.05) when independently 

compared to the results of the standard email client. A detailed investigation showed that  
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Figure 12: The users (%) who successfully completed the ten tasks, all tasks and the tasks (%) 
completed by all users (Number of messages = 500, Number of users = 30 and CT (Ti) = M 
(Ti) + 30s) 

although the statistical results suggested that both email visualisations are significantly 

better than the standard email in terms of number of users who completed all tasks, 67% of 

the users who not complete all tasks in LinearVis because they could not complete task 4. 

In this task users were required to find an email message by subject where it is hidden in 

both experimental conditions. Also, 50% of the users did not complete all tasks in 

MatrixVis because they could not complete the same task while the other 50% could not 

complete the tasks that users were required to find email messages by sender’s email 

address where it is hidden in this visualisation approach. 

 The number of tasks completed by all users in the three conditions was also calculated to 

produce an overall percentage. Figure 12 shows both email visualisations produced higher 

percentage of tasks completed by all users. Chi-square was also used to test the significance 

in the number of tasks completed by all users. It showed a significant difference in the 

number of completed tasks by all users in LinearVis (χ 2 = 5.05, df= 1, cv=3.84, p<0.05) 

where insignificant difference was shown in MatrixVis (χ 2 = 0.2, df= 1, cv=3.84, p>0.05). 

Figure 12 shows that the completion rate in both experimental visualisations decreases 

when the required information of the email messages was hidden. For example, most of the 
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experimental tasks have been successfully completed by all users in LinearVis except     

task 4 where the subject of email message was hidden. Also, most of the experimental tasks 

were successfully completed by all users in MatrixVis except those tasks in which users 

were required to find email messages by subject or email address (i.e. tasks 4, 6 and 7). 

Therefore, the large scale of hidden information in MatrixVis affected users’ performance 

in terms of number of completed tasks. On the other hand, the percentage of users who 

completed the last three tasks (8, 9 and 10) using the experimental conditions (i.e., 

LinearVis and MatrixVis) was higher than the control condition (see Figure 12). The reason 

for this increase is that the status of email messages was communicated to users by colours 

in both visualisations and users did not need to open email messages to find out the 

recipients (TO,CC) in LinearVis as they were visualised in the temporal view.  

The experimental results showed that presenting email messages graphically such as in the 

LinearVis could improve the effectiveness of email clients in terms of the number of tasks 

completed successfully and the number of users who completed all tasks. Also, the large 

volume of hidden email data to reduce the graphical complexity in the inbox could 

negatively affect the effectiveness of email clients. Thus, the hypothesis regarding the 

effectiveness of LinearVis (i.e. hypothesis 1) was confirmed whereas the hypothesis 

regarding the MatrixVis (i.e. hypothesis 2) was rejected.  

3.10.2 Efficiency  

3.10.2.1 Tasks’ Accomplishment Time  

The mean time taken to accomplish each task was calculated in order to test the difference 

among the three conditions. Figure 13 shows the mean value of time taken to complete each  
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Figure 13: The mean value of the time taken to complete the experimental tasks in all 
conditions (Number of messages = 500 and Number of users = 30) 

experimental task and the overall mean time taken to accomplish all tasks in the three 

experimental conditions. The overall mean time taken by users to complete all tasks in both 

experimental conditions is lower than the mean time taken in the control condition. T-tests 

[201] were applied on the mean values of tasks’ accomplishment time to test the 

significance of the difference between each experimental condition and the control 

condition. The results are shown in Table 8. The results indicated that the time taken to 

complete the experimental tasks was significantly reduced in the LinearVis and not 

significantly reduced in the MatrixVis when independently compared to the standard email.  

It was also observed that the mean time taken to complete all tasks in the MatrixVis was 

not reduced more than 9 seconds when compared to the standard email (the conditions were 

evaluated with the same users and therefore such a comparison is possible) (see Figure 13). 

Therefore, the large-volume of information hiding in MatrixVis has affected users’ 

performance in terms of tasks’ accomplishment time. Thus, the hypothesis regarding the 

reduction of tasks’ accomplishment time in LinearVis (i.e. hypothesis 3) was confirmed 

while the one regarding MatrixVis was rejected (i.e. hypothesis 4). 
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Tasks Standard Email Vs LinearVis 

si
gn

ifi
ca

nc
e 

Standard Email Vs MatrixVis 

si
gn

ifi
ca

nc
e 

Easy t4 = 3.30, cv= 2.13 √ t4 = 3.50, cv= 2.13 √ 

Medium t6 = 0.40, cv= 1.9 × t6 = -1.04,cv= 1.9 × 

Difficult t4 = 2.17, cv= 2.13 √ t4 = 0.70, cv= 2.13 × 

All t9 = 2.07, cv= 1.83 √ t9 = 0.77, cv= 1.83 × 

Table 8: The results obtained from t-test where it was performed on tasks’ accomplishment 
time at ‘0.05’ significance level. 

An analysis was performed on each condition independently based on the complexity level 

of experimental tasks. As most of the required email information in the easy tasks are 

presented directly in the inbox in the two experimental conditions (i.e. LinearVis, 

MatrixVis), the mean value of tasks’ accomplishment time in both experimental conditions 

is lower than in the control condition (see Figure 13). T-test was used to test the difference 

in the time taken to perform easy tasks in the two experimental conditions independently to 

the control condition. Table 8 shows that the time taken to complete the easy tasks in both 

experimental conditions (i.e., LinearVis and MatrixVis) was significantly reduced when 

compared to the control condition.  

Users were required to locate email messages in the medium tasks by subject, priority or 

attachment. As this type of information was hidden in both experimental conditions, users 

needed to open the email messages in order to find the required information and complete 

the task.  As a result, the time taken to complete Tasks 4 and 5 in both the experimental 

conditions was higher than the standard email condition. In addition, as the senders’ email 

addresses were also hidden in the MatrixVis condition, the time taken by users to complete 

Task 6 was higher than the standard email condition (see Figure 13). T-test was also used to 

test the difference in the time taken to accomplish medium tasks in each experimental 

condition independently to the control condition. Table 8 shows that the time taken to 
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perform medium tasks was not significantly reduced in LinearVis when compared to the 

standard email condition. Moreover, the time taken to accomplish the same tasks in 

MatrixVis was increased in comparison with the control condition. However, this 

difference was not statistically significant. Consequently, the hidden email data in both 

experimental conditions affected users’ performance in terms of accomplishment time. 

 Figure 13 shows that the time taken to complete difficult tasks in LinearVis was 

dramatically reduced. This is because of the recipients (TO, CC) of email messages were 

presented in the temporal view where they cannot be seen in the standard email except if 

the email message has been opened. Although the time taken by users to complete Task 8 

and 10 was reduced in MatrixVis condition, the time was increased when users performed 

Task 9 (see Figure 13). This is because the senders’ email addresses are hidden in this 

visualisation. Table 8 shows a significant reduction in the time taken to perform difficult 

tasks in LinearVis whereas it was not significantly reduced in MatrixVis. 

3.10.2.2 Actions Carried out  

The number of actions carried out by each user to accomplish each experimental task was 

added together to produce a total number of actions carried out by the users in the three 

experimental conditions. The mean value of actions carried out to complete each 

experimental task was also calculated in each experimental condition. Figure 14 shows that 

the overall mean number of actions carried out by users in the LinearVis was remarkably 

reduced when compared to the standard email. However, the standard email client required 

users to take fewer actions whilst performing all tasks than the MatrixVis. In fact, it was 

observed that the number of actions carried out in MatrixVis was nearly doubled when  
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Figure 14: Mean value of actions carried out whilst performing tasks in the three conditions 
(Number of messages = 500 and Number of users = 30) 

Tasks Standard Email Vs LinearVis 
si

gn
ifi

ca
nc

e 
Standard Email Vs MatrixVis 

si
gn

ifi
ca

nc
e 

Easy t29 = 0.85, cv= 1.69 × t29 = 0.63, cv= 1.69 × 

Medium t29 = -13.87, cv= 1.69 √ t29 = -13.52, cv= 1.69 √ 

Difficult t29 = 19.49, cv= 1.69 √ t29 = -5.76, cv= 1.69 √ 

All t29 = 11.29, cv= 1.69 √ t29 = -9,93, cv= 1.69 √ 

Table 9: The results obtained from t-test where it was performed on the number of actions 
carried out at ‘0.05’ significance level. 

compared to the control condition. T-tests [201] were used to compare each experimental 

condition independently to the control condition. The results are shown in Table 9. The 

results indicated that the number of actions carried out to perform experimental tasks in 

LinearVis was significantly reduced when compared to the standard email condition. On 

the other hand, it was significantly increased in the MatrixVis in comparison with the 

control condition (see Table 9). Therefore, the large-volume of information hiding in 

MatrixVis has most likely affected users’ performance in terms of the number of actions. 

Thus, the hypothesis stated that the number of actions carried out to perform tasks should 

be reduced in LinearVis (i.e. hypothesis 5) was confirmed. However, the similar hypothesis 

regarding MatrixVis (i.e. hypothesis 6) was rejected.   
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An analysis was also performed on each condition independently based on the complexity 

level of the experimental tasks. Figure 14 shows the mean number of actions carried out by 

users to perform each experimental task. It shows that both experimental conditions (i.e. 

LinearVis and MatrixVis) required fewer transactions to perform the first two experimental 

tasks when independently compared to the control condition. However, the number of 

actions carried out to perform task 3 have increased because one of the required 

information (i.e., the attachment) to find the email message was hidden in both 

experimental conditions. T-test was applied on the number of actions carried out to perform 

easy tasks to investigate the difference between each experimental condition and the 

standard email. The results demonstrated that the reduction in the number of actions carried 

out to perform easy tasks in LinearVis and MatrixVis was not significant (see Table 9). 

This is most likely because users used the two experimental conditions for the first time.  

As mentioned previously, users needed to open email messages in order to accomplish 

medium tasks in the two experimental conditions as most of the required information in this 

type of tasks was hidden. Consequently, the number of actions required to accomplish most 

of these tasks was higher in the two experimental conditions when independently compared 

to the control condition (see Figure 14). T-test was also performed in the number of actions 

carried out to accomplish this type of tasks. Table 9 shows that the number of actions 

carried out to perform medium tasks in both experimental conditions was significantly 

increased in comparison with the standard email. Consequently, the hidden email data in 

both experimental conditions has not only affected users’ performance in MatrixVis but 

also affected their performance whilst accomplishing medium tasks in LinearVis.  

Figure 14 shows that the number of actions carried out to complete difficult tasks in 

LinearVis was dramatically reduced when compared to the control condition. In fact, the 
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majority of the users completed the difficult tasks in LinearVis without performing any 

actions. This is because the recipients (TO, CC) of email messages are presented in the 

temporal view where they cannot be seen in the standard email except if the email message 

has been opened. Conversely, the number of actions carried out to perform the same tasks 

in MatrixVis was dramatically increased. This is because the senders’ email addresses are 

hidden in this approach. Statistical results indicated that the number of actions carried out 

to perform difficult tasks in LinearVis was significantly reduced whereas it was 

significantly increased in MatrixVis when compared to the control condition. 

Thus, the detailed investigation and the statistical results showed that visualising email data 

improved users’ performance in terms of tasks’ accomplishment time and the number of 

actions carried out when performing easy tasks (where most of the required information 

were visualised) in both experimental conditions and when performing difficult tasks in 

LinearVis. On the other hand, hiding email data from the view of users in order to reduce 

the graphical complexity could significantly reduce users’ performance in terms of time and 

the number of actions carried out as shown in the medium tasks of both experimental 

conditions and the difficult tasks in MatrixVis. 

3.10.3 Users’ Satisfaction  

Users' views were obtained after performing each experimental condition. A questionnaire 

with 9 statements and 1 to 6 Likert rating scale [202] was used. Users had to select from 1 

to 6 where 1 was indicating a strong disagreement and 6 a strong agreement. For each user, 

the score of each statement in the questionnaire was added together to produce an overall 

user’s satisfaction score of each condition. The same methodology for scoring Likert scale 

questionnaires was used by [202]. Figure 15 shows the mean values of users’ response of  
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Statements 

Conditions (n=30) 

Standard Email LinearVis MatrixVis 

Disagreed Agreed Disagreed Agreed Disagreed Agreed 
in

bo
x 

w
as

: 
clear 

4 

(13.3%) 

26 

(86.7%) 

0 

(0%) 

30 

(100 %) 

9 

(30 %) 

21 

(70%) 

easy to use 
2 

(6.7%) 

28 

(93.3%) 

3 

(10%) 

27 

(90%) 

12 

(40%) 

18 

(60%) 

easy to learn 
5 

(16.6%) 

25 

(83.4%) 

4   

(13.3%) 

26 

(86.6%) 

13 

(43.3%) 

17 

(56.6%) 

Lo
ca

tin
g 

em
ai

l b
y:

 

 

 

date 

1 

(3.3%) 

29 

(96.6%) 

0 

(0 %) 

30 

(100%) 

6 

(20%) 

24 

(80%) 

address 
1 

(3.3%) 

29 

(96.6%) 

2 

(6.6%) 

28 

(93.3%) 

15 

(50%) 

15 

(50%) 

subject 
6 

(20%) 

24 

(80%) 

20 

(66.6%) 

10 

(33.3%) 

21 

(70 %) 

9   

(30%) 

Id
en

tif
yi

ng
 e

m
ai

l b
y:

 

 

attachment 

and priority 

3 

(10 %) 

27 

(90%) 

17 

(56.6%) 

13 

(43.3%) 

22 

(73.3%) 

8   

(26.6%) 

To and Cc 

fields 

26 

(86.6%) 

4   

(13.3%) 

0 

(0 %) 

30 

(100%) 

25 

(83.3%) 

5   

(16.6%) 

status 
10 

(33.3%) 

20 

(66.6%) 

0 

(0 %) 

30 

(100%) 

2 

(6.6 %) 

28 

(93.3%) 

Table 10: The frequency and percentages of users who agreed and disagreed in each 
statement 

each statement for each of the three conditions. Table 10 also shows the frequency and the 

percentage of users who agreed and disagreed on each statement in each condition. Users 

who selected 1 to 3 in the scale were considered as users who disagreed with the statements 

and those who selected 4 to 6 were considered as users who agreed. They were mainly 

asked in each questionnaire about the ease of use, ease of learning and the usefulness of 

each condition. For instance, in order to measure the ease of use of each email version, 

users were required to rate their agreements regarding the clarity of the inbox in each 

condition and whether the condition was easy to use generally.  Furthermore, users’ 
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response regarding each statement of each experimental condition (i.e. LinearVis, 

MatrixVis) was statistically compared to the control condition using Wilcoxon Signed test 

in order to test the significance of the difference between the two experimental conditions 

and the control condition in terms of the ease of use, ease of learning and usefulness. This 

statistical test was used because the data obtained is considered as nominal data and is not 

normally distributed as well [201]. The results are shown in Table 11.  

The mean values of users’ response regarding the ease of use of  LinearVis (statements 1 

and 2) were higher than the standard email client but it can also be seen that users found 

MatrixVis was not easy to use (see Figure 15). Table 10 also shows that all users found the 

inbox of LinearVis is clear whereas 4 and 9 users disagreed when asked about the clarity of 

the inbox of the control condition and MatrixVis respectively. This is because users needed 

to use the search feature in the control condition whereas email messages are automatically 

grouped in the inbox of LinearVis based on the senders’ email addresses.  As email senders 

are not directly presented in MatrixVis, the percentage of users who did not rate it easy to 

use was the highest amongst all the three experimental conditions (see Table 10). However, 

statistical results indicated that the inbox of LinearVis was not significantly clearer than the 

inbox of the standard email condition (see Table 11) but the inbox of the control condition 

was found significantly clearer than MatrixVis. In addition, LinearVis was rated 

significantly easier than control condition whereas the control condition was not found 

significantly easier than MatrixVis. Figure 15 also shows that mean values of users' 

responses of statement 3 demonstrated that the LinearVis was easier to learn than the 

standard email client or the MatrixVis. However, this difference was not statistically 

significant (see Table 11). Also, the percentage of users who agreed that MatrixVis was 

easy to learn was the lowest amongst the three experimental conditions (see Table 10). In  
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Figure 15: Mean values of users’ responses obtained via a questionnaire after each condition 
which 1 indicates a strong disagreement and 6 a strong agreement (Number of messages = 500 
and Number of users = 30) 

Statement 

No 

Results 

Standard Email Vs LinearVis sig Standard Email Vs MatrixVis sig 

1 Z=1.55, cv=165, p>0.05 × Z=2.09, cv=165, p<0.05 √ 

2 Z =2.67, cv=165, p<0.05 √ Z=1.48, cv=165, p>0.05 × 

3 Z =1.41, cv=165, p>0.05 × Z=2.93, cv=165, p<0.05 √ 

4 Z =1.87, cv=165, p<0.05 √ Z=1.39, cv=165, p>0.05 × 

5 Z =1.11, cv=165, p>0.05 × Z=3.27, cv=165, p<0.05 × 

6 Z =3. 57, cv=165, p<0.05 √ Z=4.07, cv=165, p<0.05 √ 

7 Z =3.58, cv=165, p<0.05 √ Z=4.57, cv=165, p<0.05 √ 

8 Z =4.655, cv=165, p<0.05 √ Z=1.68, cv=165, p<0.05 √ 

9 Z=4.08, cv=165, p<0.05 √ Z=3.65, cv=165, p<0.05 √ 

Table 11: Statistical results of wilcoxon test performed on users’ response regarding each 
statement in the questionnaire after each condition 

fact, the MatrixVis was rated as the most difficult to learn. Statistical results indicated that 

MatrixVis was significantly more difficult to learn when compared to the control condition. 

This is most likely because most of the email data in this condition was hidden particularly 

the sender’s email address. 
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In order to find out the usefulness of the graphical representation of email data and to test 

whether hiding email information to reduce the graphical complexity in the inbox will 

affect users’ satisfaction, users were asked to rate their agreement regarding the usefulness 

of locating email messages using different email data. Also, they were asked to rate their 

agreement regarding the way of presenting some email data in each experimental condition. 

Figure 15 shows that the mean value of users’ response regarding the locating of email 

messages by date (i.e. statement 4) in LinearVis was higher when compared to the control 

condition. Furthermore, the mean value of the same statement regarding MatrixVis was 

slightly lower than the control condition although it used the same dateline in LinearVis. 

However, Table 10 shows that the number of users who agreed with this statement in the 

two experimental conditions was higher when independently compared to the control 

condition. Moreover, statistical results indicated that locating messages by date in 

LinearVis was significantly easier than the standard email whereas no significant difference 

was found between MatrixVis and the control condition (see Table 11). 

In the fifth statement, users were required to rate their agreement regarding the usefulness 

of finding email messages using the email address. As it is hidden in MatrixVis, the mean 

value of users’ response was the lowest amongst the three conditions whereas it was the 

highest in LinearVis as email senders are visualised in the main view (see Figure 15). 

Additionally, 50 percent of the users found that locating email messages using the email 

address in MatrixVis is not useful (see Table 10). However, this difference was not found 

statistically when the two experimental conditions were independently compared to the 

control condition. Furthermore, subject, attachment and priority of email messages were 

hidden in both experimental conditions (i.e.  LinearVis, MatrixVis). Consequently, the 

mean value of users’ response regarding the usefulness of locating email messages using 
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the subject was dramatically reduced in the two experimental conditions when compared to 

the control condition (see Figure 15). Also, Table 10 shows that only 33% percent of the 

users agreed with the usefulness of locating email messages using the subject in LinearVis 

and 30% in MatrixVis. In addition, Figure 15 shows that the mean value of users’ response 

regarding the identification of attachment and priority of email messages in both 

experimental conditions is lower than the control condition. Also, more than 50% of users 

disagreed when asked whether it was easy to identify attachment and priority of email 

messages in LinearVis and 73% in MatrixVis (see Figure 15). Statistical results indicated 

that finding messages by subject and identifying attachment and priority (i.e. statements 6 

and 7) in the standard email condition was significantly easier when compared to LinearVis 

and MatrixVis independently (see Table 11).  

On the other hand, users were required to rate their agreement regarding whether it was 

easy to identify the recipients and the status of email messages in the eighth and ninth 

statements respectively. Since the recipients of email messages are visualised in the 

temporal view of LinearVis, the mean value of users’ response regarding this statement was 

the highest amongst the three conditions (see Figure 15) and all users agreed with the 

usefulness of visualising the recipients in LinearVis (see Table 10). Hence, statistical 

results demonstrated that the identification of message recipients in LinearVis is 

significantly easier than the standard condition. Users’ response regarding the same 

statement was also found significantly better in MatrixVis when compared to the control 

condition despite the fact that recipients (To,CC) are presented in the same way in both 

conditions.  Moreover, the mean value of users’ response was dramatically increased when 

compared to the control condition (see Figure 15) as the status of email messages is 

communicated to users by colours in both experimental conditions. All users found that it  
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Figure 16: Overall users' preference (Number of users = 30) 

was useful to present the status of email messages by colours in LinearVis which was 

agrred by 93% of them in MatrixVis, too. Users’ response regarding this statement was 

significantly improved in LinearVis and MatrixVis when independently compared to the 

control condition (see Table 11).   

T-test was performed on the total number of scores to investigate the difference amongst 

the three experimental conditions in terms of the overall users’ satisfaction. The results 

showed that users were significantly more satisfied with LinearVis than the standard email 

client (t29 =1.77, cv =1.69, p< 0.05) and unsurprisingly with the standard email client than 

MatrixVis (t29 =-3.39, cv=1.69, p< 0.05). The reason for the control condition being more 

satisfactory than MatrixVis could be the large scale of information hiding in MatrixVis. 

Thus, the hypothesis stating that LinearVis should be more satisfactory than the standard 

email in terms of overall satisfaction scores (hypothesis 7) was approved. The similar 

hypothesis regarding MatrixVis (hypothesis 8) was, on the other hand, rejected.   

At the end of the experiment users were required to choose the most preferred email 

condition. Figure 16 shows the percentage and the number of users who have chosen the 

different conditions. Figure 16 shows that the number of users (22 users) who selected 

LinearVis as the most preferred email version is remarkably higher than those who selected 
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the standard email (6 users). In contrast, MatrixVis was only selected by 2 users. In fact, 

LinearVis was found to be the most preferred condition while the MatrixVis was the least 

preferred. As the collected data involved counting items that fall into three categories, Chi-

Square was used to test the satisfaction data [201]. It showed significant results in users’ 

preference (χ 2 = 22.4, cv=3.84, df= 2, p<0.05). Thus, the hypothesis stating that LinearVis 

should be selected as the most preferred email condition by more users than the standard 

email (hypothesis 9) was confirmed. However, the same hypothesis (hypothesis 10) 

regarding MatrixVis was rejected. Hence, visualising email archives can significantly 

increase users’ satisfaction over email clients whereas hiding email information in order to 

reduce the graphical complexity of the inbox can significantly reduce users’ satisfaction. 

3.11 Discussion 

The analysis of the effectiveness results showed that the graphical representations of email 

data in both experimental conditions helped users to complete most experimental tasks 

successfully. For instance, most users completed the tasks in which the status of email 

message was required as such information was graphically presented in both experimental 

conditions (i.e. LinearVis, MatrixVis). Furthermore, displaying the recipients of email 

messages in the temporal view of LinearVis graphically helped all users to complete the 

difficult tasks where not all users could complete this type of tasks in the control condition. 

Hiding email data in both experimental conditions affected users’ performance in terms of 

tasks’ completion. The detailed investigation showed that users could not complete all tasks 

in both experimental conditions because they could not complete the tasks where they were 

required to find email messages by hidden information. For example, more than 50% of the 

users who did not complete all tasks in LinearVis and MatrixVis have not completed the 
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task in which they were required to locate an email message by subject. The overall 

effectiveness results indicated that LinearVis was significantly more effective than the 

standard email whereas MatrixVis was not significantly improved in terms of effectiveness. 

Statistical results showed that LinearVis was significantly more efficient in terms of tasks’ 

accomplishment time and the number of actions carried out when compared to the standard 

email. In contrast, MatrixVis was not found significantly more efficient than the standard 

email condition in terms of time. However, the number of actions carried out to perform 

experimental tasks in the standard email condition was significantly reduced when 

compared to MatrixVis. Presenting the recipients (TO, CC) of email messages in LinearVis 

graphically helped users perform difficult tasks without carrying out any actions. Although 

the accomplishment time was reduced when performing the difficult tasks in MatrixVis, 

hiding the sender’s email address led to a considerable increase in the number of actions 

carried out to perform this type of tasks when compared to the control condition. Users’ 

performance has not only been affected by the hidden email data when performing the 

difficult tasks in MatrixVis, but the statistical results indicated that it has also been affected 

in both experimental conditions when performing the medium tasks. For instance, the time 

taken to complete the tasks in which users were required to find messages by subject and 

priority (i.e. tasks 4 and 5) was remarkably increased in LinearVis and MatrixVis as well as 

the number of actions carried out. Therefore, hiding email data to reduce the graphical 

complexity will more likely affect the efficiency of email visualisation. 

Furthermore, the analysis of the obtained data from users’ satisfaction demonstrated that 

the graphical browsing of email data can improve users’ satisfaction over email clients. 

Most users found that the identification of message status, which is presented by colours in 

both experimental conditions, was easier than the typical way. They also found that 
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presenting the recipients of email messages in the temporal view of LinearVis is more 

useful than the typical way. Statistical results indicated that LinearVis was significantly 

more satisfactory in terms of overall users’ response scores. Conversely, the standard email 

condition was more satisfactory than MatrixVis in terms of overall satisfaction. However, 

this difference was not statistically significant. Furthermore, statistical analysis performed 

on users’ response regarding each statement in the satisfaction questionnaire showed that 

they were significantly more satisfied with LinearVis in comparison with the standard 

email. In contrast, the standard email client was found significantly more satisfactory in 

most statements when compared to MatrixVis. However, users’ responses regarding the 

ease of use and the ease of learning of LinearVis were not significantly better than the 

standard email. This is mainly because users were asked to fill a satisfaction questionnaire 

after performing each experimental condition where they could not make a comparison 

amongst all conditions since they did not use them all. For instance, users’ response 

regarding the dateline of LinearVis was better than the typical way used in the standard 

email client whereas users’ response regarding the dateline in MatrixVis was lower than the 

standard email although it used the same dateline in LinearVis.  More accurate satisfaction 

results will most likely be shown when users are asked to rate their satisfaction through a 

post-experimental questionnaire after performing all experimental conditions. Statistical 

results demonstrated that LinearVis was significantly the most perfered email version while 

MatrixVis was the least preferred one. 

On the other hand, the results indicated that the hidden email data has not only affected 

users’ performance in terms of effectiveness and efficiency but has also affected them in 

terms of satisfaction. For example, users found locating email messages using subject in 

both experimental approaches is more difficult than in the standard email as well as finding 
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email messages using a sender’s email address in MatrixVis. Statistical results indicated 

that users’ response regarding finding messages by subject in the two experimental 

conditions was significantly reduced when compared to the standard email. Experimental 

results showed that users also found that identifying the priority of email messages and to 

find out whether an email message contains an attachment is not an easy task in LinearVis 

and MatrixVis. In fact, users’ response regarding these statements in the two experimental 

conditions was significantly reduced when compared to the standard email.    

 As the results demonstrated, the LinearVis approach significantly improved effectiveness, 

efficiency and users’ satisfaction. Therefore, the main hypothesis confirmed that LinearVis 

should be more usable than the standard email client. The similar hypothesis regarding the 

MatrixVis was rejected because has not significantly improved effectiveness, efficiency 

and users’ satisfaction when compared to the standard email. The main reason for the 

MatrixVis being less usable than the standard email client was due to the large volume of 

hidden email data. LinearVis, on the other hand, had a small amount of email data hidden 

and it is believed that this contributed to the improved usability. Thus, visualising email 

messages based on the date and senders’ name or addresses was found the most usable way 

for browsing email messages. On the other hand, visualising messages based on the time 

can significantly affect the usability of browsing email messages.  

The dividing of the email inbox into multi coordinated views was found to be an effective 

way for organising the email inbox. For instance, the dateline in both experimental 

conditions (i.e. LinearVis, MatrixVis) helped to group email messages and reduces the time 

taken by users to locate email messages by date as well as the number of actions carried 

out. The results obtained from users’ satisfaction showed that users found locating email 

messages using the dateline in LinearVis was easier than the typical way used in most 
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representative email clients. However, some limitations were observed during the 

experiment. For example, the length of the dateline can be increased rapidly over the time 

as it consisted of days only. Consequently, long scrolling operations will be required to find 

messages by date especially those sent on earlier dates. 

The temporal view also improved the effectiveness and efficiency of both experimental 

conditions. The accomplishment time of the difficult tasks was dramatically reduced in 

both experimental conditions when compared to the control condition because of the 

presented email data in the temporal view. It also helped users performing most of the 

difficult tasks without performing any actions. Furthermore, satisfaction results 

demonstrated that presenting the recipients of email messages in the temporal view of 

LinearVis was more useful than the typical way. Hence, rather than displaying the 

recipients on the temporal view only, other information can be displayed on it, such as the 

subject and priority of email messages as the experimental results showed that such 

information should not be neglected when visualising email archives.  

Classifying email messages based on senders’ names or addresses helped users accomplish 

most of the experimental tasks in LinearVis with reduced time and number of actions. 

Moreover, users found locating email messages in LinearVis is an easy task. However, it 

was observed during the experiment to be suffering from the lack of the interactivity. For 

example, some users were noticed trying to click on an email sender to find related email 

message. Also, all email messages in the inbox must be displayed to find an email message 

by a sender in LinearVis. Hence, the implementation of such feature can improve the 

usability of finding email messages by senders. Furthermore, the same feature can also be 

implemented in the recipients’ list of LinearVis. 
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Colours were found useful for presenting email data. For instance, most users completed 

the tasks, in which they needed the status of email messages, in the two experimental 

condtions with reduced time and number of actions carried out. Also, users’ response 

regarding the identification of the message status and the recipients was dramatically 

increased in LinearVis when compared to the standard email. Therefore, colours can also 

be used for presenting more email information. However, the identification of message 

status becomes more difficult in LinearVis when the number of email messages sent by a 

specific sender increases. This mainly because the size of the presented squares becomes 

smaller with a large number of messages sent by a user. This approach has affected users’ 

performance not only in terms of identification but also in terms of time and the number of 

actions as small square icons can easily be slipped.    

3.12 Summary 

This chapter described an initial experiment carried out to investigate the effect of 

incorporating various visualisation techniques on the usability of browsing email messages. 

An experimental email platform was developed in order to conduct this experiment. It 

included two email visualisation approaches: LinearVis and MatrixVis. Email messages 

were visualised based on a dateline in the two approaches. However, LinearVis presented 

email messages classified by senders in the main view whereas they were presented in 

MartixVis classified by the time. Furthermore, the recipients of email messages were 

presented graphically in LinearVis in the temporal view. The temporal view of MatrixVis 

was used to display the sender of a selected message with all messages sent by this sender.  

These email approaches were independently compared with a typical email client. Thirty 

users were asked to perform ten experimental tasks in each email condition to control the 
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experiment and to investigate the usability of browsing email messages. The usability was 

measured in terms of effectiveness, efficiency and users’ satisfaction. Effectiveness was 

measured by taking into account tasks completed successfully. Tasks’ accomplishment time 

and the number of actions carried out were considered to measure efficiency. Users’ 

satisfaction was measured by using 1 to 6 Likert rating scale questionnaire after performing 

each condition as well as the overall users’ preference. 

The results demonstrated that hiding email data to reduce the graphical complexity in the 

inbox can significantly reduce the usability of locating email messages. For instance, 

MatrixVis was not found more usable than the control email condition as a large scale of 

hidden information was incorporated. Furthermore, LinearVis failed to become more usable 

than the control email in specific experimental tasks (i.e. where hidden email data was 

required). Thus, such information should not be neglected when visualising email data as 

some of this data can be critical to users depending on their preferences.  

The results also indicated that the overall usability of LinearVis was significantly improved 

when compared to the control email condition. However, some limitations were 

highlighted. For instance, the length of the dateline can be increased rapidly over time as it 

consisted of days only. Consequently, long scrolling operations will be required to find 

messages by date. Furthermore, the lack of interactivity from the senders’ list reduced its 

efficiency as it cannot be used for locating email messages since it was used for 

classification only. The identification of message status becomes more difficult in 

LinearVis when the number of email messages sent by a specific sender increases. This is 

mainly because the size of presented squares becomes smaller with a large number of 

messages sent by a user. 
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Thus, a further experiment would need to be carried out to investigate the usability of 

browsing email messages in graphical email approaches. In this experiment, an enhanced 

version of LinearVis, which takes into account the limitations highlighted by the results 

such as hidden email data, will be developed. LinearVis was selected because the results 

demonstrated that it was the most usable email condition in terms of browsing email 

messages. This experiment is described in more detail in Chapter 4.  
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Chapter 4 LinearVis II: Further Usability Evaluation 

4.1 Introduction 

Chapter 3 documented an initial experiment aimed at investigating the effect of graphical 

visualisation techniques on the usability of browsing email messages. The results 

demonstrated that the usability of browsing email messages can significantly be improved 

by incorporating such techniques. However, the results also indicated that hiding some 

email data from the view of the users to reduce the graphical complexity can negatively 

affect their performance. Furthermore, various design limitations were observed during the 

experiment 

An enhanced version of LinearVis (i.e. called LinearVis II) which takes into account the 

limitations highlighted in the previous experiment will be developed. In this tool, all 

properties of email messages will be presented to users and email messages can be accessed 

by the common email data such as date, senders and subject at a glance from the main view 

without using typical menus. A further experiment was carried out to investigate usability 

issues in browsing email messages using this tool. This experiment was a comparative 

usability evaluation between the proposed experimental email approach (i.e. LinearVis II) 

and a typical email client. The design of LinearVis II, the experimental design and the 

procedure are described in this chapter. This chapter also states the aims, objectives, 

hypotheses and the variables of this experimental investigation. It concludes with a 
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discussion of the obtained results and highlights further enhancements for the next 

experimental phase. 

4.2 Aims 

The main aim of this experiment is to investigate whether locating email messages using 

the features of LinearVis II is more usable than using typical methods used in 

representative email clients such as sorting and searching. The experiment is also aimed at 

investigating the effect of the enhancement applied in LinearVis II on the usability of 

browsing email messages. These enhancements can be broadly categorised into two 

categories: presenting all message properties to users and design improvements such as the 

reduction of dateline length.      

4.3 Objectives 

In order to fulfil the aims stated previously, the following activities were carried out: 

1. An improved version of LinearVis was developed based on the results of the previous 

experiment. In this experimental approach, email messages are presented with their 

properties classified by days in the main view. In addition, messages can be accessed 

through a dateline together with a senders’ list.   

2. The usability of the proposed email approach (i.e. LinearVis II) and a typical email 

client were measured by taking into account the effectiveness, the efficiency and the 

users’ satisfaction. Effectiveness was measured by calculating the tasks completed 

successfully in each condition. Tasks accomplishment time, errors carried out and 

number of actions carried out whilst performing tasks were calculated to measure the 
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efficiency. Users’ satisfaction was qualitatively measured through post-experimental 

questionnaires.    

3. In order to conduct the usability evaluation, a sample of email users was asked to 

perform a list of experimental tasks in the two email conditions. 

4.4 Experimental Platform: LinearVis II 

An email visualisation tool, called LinearVis II, was developed in order to conduct the 

empirical study. The limitations and drawbacks of the tools used in the previous experiment 

(i.e. LinearVis and MatrixVis) were taken into account when designing this experimental 

tool. Table 12 summaries the differences between LinearVis II and LinearVis and shows 

the new enhancements applied. It was developed to facilitate the browsing of email 

messages using the common email attributes such as senders’ names and date at glance 

from the inbox. Figure 17 shows that the inbox of LinearVis II is constructed of the main 

view, dateline, temporal view, senders’ list and attachment panel. Email messages are 

presented in the main view of LinearVis II textually in a similar way of most representative 

email clients. Email messages and their properties were not displayed graphically in a 

similar way of LinearVis (i.e. square boxes and colours) for two reasons. First, subject must 

be hidden or indirectly presented by mouse hovering which will more likely delay locating 

messages by subject. Second, users will be visually overloaded by graphically displaying 

all messages properties. However, the main view shows email messages that were received 

in the same month clustered by days. For example, if email messages were received in 5 

days only of a particular month, the main view will present these messages in five chunks 

based on the day each message was received. Messages received in the latest month of the 

current year will be displayed in the main view when LinearVis II is started. If no message  
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Features LinearVis LinearVis II 

M
es

sa
ge

s 
pr

es
en

ta
tio

n 

• Messages are presented by square boxes 
in the main view and classified by 
senders. 

• Some email data are hidden from the users 
view to reduce the complexity. 

• Messages are presented in the main 
view textually and classified by 
days. 

• All email data are presented to 
users at a glance from the main 
view. 

R
ec

ip
ie

nt
s 

pr
es

en
ta

tio
n • Recipients of messages can be displayed 

in the temporal view connected by 
coloured lines according to their types 
(TO,CC). 

• Displayed textually and classified 
by their types (i.e. TO, CC) to 
avoid the confusion and the visual 
overload can be caused by the 
coloured lines. 

D
at

el
in

e 

• Dateline is composed of days.  
• Long scrolling might be required to find 

an old date. 
• Can be used to find messages by date. 
 

• Composed of months to reduce the 
length.  

• No need for scrolling to find an old 
date. 

• Can be used together with senders’ 
list, for instance navigating through 
messages of a sender by date.  

Se
nd

er
s’

 li
st

 

• Senders are alphabetically ordered in the 
list. 

• Used only for classifying messages. 
• To find a message by a sender, all 

messages must be presented in the main 
view. 

• Senders are ordered according to 
their activities with the recipient. 

• A look up feature was implemented 
to find less active users. 

• Can be used together with the 
dateline. 

• Used for classification and, to find 
messages and attachment by 
senders. 

 

Lo
ca

tin
g 

at
ta

ch
m

en
t

s 

• Not implemented. 
•  To find an attached file, the email 

message containing this file must be 
found first. 

• Attachments panel that work in 
synchronisation with senders’ list 
was implemented to find 
attachments by senders. 

Su
bj

ec
t 

se
ar

ch
 • Not implemented. • An instant search feature was 

implemented to find messages by 
subject. 

Table 12: Comparisons between LinearVis and LinearVis II and improvements applied 
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Figure 17: Default view of LinearVis II (A denotes the main view, B the dateline, C the 
temporal view, D Senders’ List, E the attachment panel and F the instant subject search) 

was received in this month, email messages of the previous month will be displayed in the 

main view and so on.    

Days' chunks are presented chronologically in the main view where the top chunk 

represents the most recent day and the one located in the bottom is the oldest. Moreover, 

messages are displayed chronologically in the days' chunks and the attributes of messages 

are presented in the conventional way used in most email clients. To avoid the repetitive 

display of the date that messages were received on, it is presented in a grey label at the top 

of each day chunk. Therefore, the time of receiving messages is only displayed inside the 

day chunk which clearly shows the chronology of the messages. The content of an email 

message can be displayed by selecting it and double clicking on its subject. Also, the 

recipients (TO, CC) of an email message can be presented in the temporal view by selecting 

it from the main view (see Figure 17). In this version, recipients are displayed textually and 
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classified by their types (i.e. TO, CC) in order to avoid the confusion and the visual 

overload that can be caused by connecting them by coloured lines (see Chapter 3).     

In order to facilitate the navigation through email messages using the date, a dateline was 

designed and placed at the top of LinearVis II inbox. The dateline of the previous version 

(i.e. LinearVis) was composed of days which required users to perform long scrolling to 

locate messages by date. Therefore, the length of the dateline in this version was reduced 

by only presenting the months of the current year in a chronological order. Moreover, a 

dropdown menu that contains previous years was placed at the left corner of the inbox.  By 

clicking on one of the buttons that represents months in the dateline without selecting a 

year from the dropdown menu, the content of the main view will be changed to present 

email messages received on the selected month in the current year whereas to find email 

messages received in a previous year the required year should be selected first and then the 

required month can be clicked. For example, to find an email message that was received on 

“10/12/2006”, “2006” should be selected from the previous years’ menu first, and then the 

button labelled “Dec” would need to be clicked to present all email messages received on 

December 2006 where the required message can be found in the day chunk labelled 

“10/12/2006” in the main view.   

One of the most important features of LinearVis II is the senders’ List which is located in 

the left side of the inbox. It was developed in order to help users finding email messages by 

senders’ names or email addresses. In a similar way of the previous version, the sender’s 

full name will be presented in the list if it was found in the email server; otherwise the 

email address will be presented instead. The alphabetical order of senders that was used in 

the previous version was not used here because it does not change over time while the 

content of email inboxes does. For instance, a person might contact with the email user  



105 
 

 

 

Figure 18: Looking up less active senders 

heavily within a period of time on a particular issue and when it is over another sender can 

become the most active sender for a different reason (e.g. interacting with a project 

manager regarding an ongoing Project). In the alphabetically ordered list all senders will 

approximately be in the same position irrespective of the changes in their activity status 

which most likely requires long scanning and scrolling operations. On the other hand, 

scrolling and scanning operations will most likely be reduced by placing the most active 

users at the top of the list. Thus, senders are ordered by the number of email messages they 

have sent within the last month. 

This approach can help email users finding messages belonging to most active users easily. 

However, locating messages that belong to less active email users such as those who have 

sent one message within the last month will become difficult. Thus, a text field that enables 

an instant search for the senders (i.e. the list content changes as the user types in the text 

field) in the list was placed above the senders’ list. It is not necessary to type the correct  
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Figure 19: The main view displaying email messages sent by a sender in a selected month with 
all attachment displayed in the attachment panel 

spelling of the sender’s name or email address as the tool searches for the keyword that is 

being typed in any location in the sender name or address. Figure 18 shows how the sender 

“Mohammad Alharbi” was found by typing a part of his surname “harb” since all senders 

whose names contain this keyword were displayed in the list. By selecting a sender from 

the list, email messages that were sent by this sender and received on the selected month 

will be displayed in the main view (see Figure 19). This interactive feature was not 

implemented in the sender list of the previous version since senders’ names were used only 

for classifying messages in the inbox. Moreover, the email messages of a selected sender 

can be explored by date using the dateline in the same way described earlier. For example, 

by clicking “November” in the dateline when “john” is selected all of his messages that 

were sent in November will be displayed and classified by days in the main view.  In order 

to avoid the usability problems that could occur by miss-noticing the selected sender, the 

font colour of the selected sender’s name is changed to blue. Also, a bar that shows the  
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Figure 20: The main view displaying all messages sent by the selected sender with a selected 
type of attachments is presented in the attachment panel 

sender’s name will be displayed at the top of the main view. This bar contains a checkbox 

labelled “Check All “and a button labelled “Deselect”, too. By checking the checkbox in 

the sender bar the structure of the main view will be changed to a list presenting all 

messages sent by the selected sender in a chronological order (see Figure 20). Furthermore, 

un-checking the checkbox will result in removing all the displayed messages except those 

received on the selected month. The email sender can be deselected by clicking on the 

button labelled “Deselect” on the sender bar. In this case, all email messages that were 

received on the last selected month will be displayed in the main view. 

Sometimes email users search for files attached with messages rather than searching email 

messages themselves. For instance, a project member can search for the file containing the 

project timetable which was sent by the project manager irrespective of which email 
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message was attached to. An attachment panel was developed in LinearVis II in order to 

facilitate the accessibility of documents and files that were exchanged by email. It is 

directly synchronised with the senders list. Therefore, when a sender is selected, all 

attachments that were sent by this sender will be displayed in the attachment panel (see 

Figure 19). Figure 19 shows it is composed of two parts. The first part, which is located on 

the left side of the panel, shows the applications’ icons and the number of files attached by 

the selected sender of the same icon’s type. The file types were used only for the purpose of 

the empirical study as more file types can be added to the tool such as image and video 

files. The second part of the attachment panel shows file names and subjects of messages 

containing the attachments. This list can be filtered to show only one type of files by 

clicking on the required application’s icon from the left side of the panel (see Figure 20).  

Attached files can be accessed by clicking on the required file name from the list. Also, the 

content of the email message that contains attachment can be accessed by clicking on the 

subject in the list. 

One of the new features that were added to LinearVis II and was not implemented in the 

previous version (i.e. LinearVis) is the instant subject search. It was designed to help users 

findw email messages by subject easily. Therefore, a text field was located at the top right 

corner to facilitate this task (see Figure 17). The content of the main view changes to a list 

view presenting the relevant email messages according to the text being typed in this field.  

4.5 Sample 

Thirty users were recruited in this experiment in order to conduct the experiment. They 

were asked to fill a pre-experimental questionnaire to find out their computer and email  
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Figure 21: Sample profiles 
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experiences. This questionnaire consisted of thirteen questions regarding users’ personal 

information, computer background, email experience and attitudes towards email (see 

Appendix B1). Figure 21 shows the results of users’ profiles. All users were male (question 

1) doing a bachelor degree in computer science (questions 3 and 4). Typically, they were 

aged between 18 to 25 years. Figure 21 shows that most of the users have been using 

computer for four to six years (question 4). Moreover, the entire sample was regular 

computer users using windows operating system (question 7).  

Figure 21 shows that 40% of the sample used email for one to three years and only 10% 

used for more than 10 years (question 8). Also, most of them use web-based email systems 

and few of them indicated they use a standalone email client when asked about the type of 

email software they use in question 9. The results indicated that most of them check their 

email inboxes continually (i.e. once the email message arrives) or several times a day 

(question 10). Furthermore, the majority of the users send and receive one to ten email 

messages a day (questions 11 and 12). However, 20% of the users indicated that they do not 

send any message a day. Finally, half of the sample stated that current email systems need 

further enhancements. 

4.6 Experimental Design and Procedure 

An experiment was designed in order to investigate whether the usability of browsing email 

messages can be improved. This experiment is a comparative usability evaluation between 

a representative email client, Microsoft Office Outlook, which was used as control 

condition and the proposed graphical email approach that was used as the experimental 

condition (i.e. LinearVis II). The same email inbox that contained 921 real email messages 

was used in both conditions. The oldest email message was sent on 06/02/06 while the most  
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Task 

No 
Description 

Task 

No 
Description 

T1 Locating a message by sender name T7 Locating a message by sender and date 

T2 Locating a message by date T8 Locating a message by date and priority 

T3 
Locating a message by sender and 

subject 
T9 

Locating a message by Sender and 

priority 

T4 
Locating a message by sender and 

attachment 
T10 

Locating a message by date and 

recipients in CC 

T5 
Locating a message by attachment 

name 
T11 

Locating a message by date and 

recipients in TO and CC 

T6 
Locating a message by date and 

subject 
T12 Locating a message by subject 

Table 13: Experimental tasks 

recent was sent on 13/10/08. Thirty users were asked to participate in this experiment. As 

the experiment was designed to be within-subject design, users were required to use both 

email conditions. Twelve experimental tasks were designed in order to control users’ 

performance during the experiment and to test the usability of each condition (see Table 

13). In each task, users were asked to find an email message with the provided relevant 

information. Most of the practices that could be performed when searching email messages 

were taken into account during the design of the tasks. Users were required to find email 

messages by date beside other email properties such as subject and priority of email 

messages in five experimental tasks. They were also required to find messages by sender’s 

email address beside other information such as subject and the existence of attachment in 

five tasks. One experimental task included the search for an email message by subject only. 

Furthermore, users were required to find an attached file in one task in order to test the 

usefulness of the attachment panel described earlier. The tasks sheet provided to users in 

the experiment is attached in Appendix B3. Users were given four training sessions in a 

typical computer science lab before conducting the experiment. Each session lasted one  
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Figure 22: Layout of users seating in 
the lab (CC denotes the control 
condition and EC the experimental 
condition) 

Pr
e-

Ex
pe

rim
en

ta
l 

Q
ue

st
io

nn
ai

re
 

Users 
Tasks 

Po
st

-E
xp

er
im

en
ta

l 

Q
ue

st
io

nn
ai

re
 T1- T6 T7 – T12 

15 

Users 

Standard 

Email 

LinearVis 

II 

15 

Users 

LinearVis 

II 

Standard 

Email 

Table 14: The format of the experiment 

hour. Moreover, two sessions were allocated for each experimental condition although most 

of the users were email users. In these sessions they were trained how to locate and deal 

with email messages in both experimental conditions. Also, they were asked to perform 

training tasks apart of those which were performed in the experiment. The experiment was 

carried out in the same training lab where each user was seated at a computer. 

In order to avoid users learning from each other, each user was seated where the users 

sitting besides performing different conditions (see Figure 22). In addition, the order of the 

presentation of experimental conditions was varied between users to avoid the learning 

effect [2]. Table 14 shows the format of the experiment. As shown in Table 14, users were 

required to fill a pre-experimental questionnaire to find out their experience and email 

habits (see Appendix B4). Users’ profile was described in more detail in the previous 

section.  In order to avoid the learning effect, experimental tasks were also rotated on both 

experimental conditions where each user was required to perform six tasks in each 

condition. Each task was performed the same number of times in each condition (see 

Table14). As shown in Table 2 half of the users started the experiment with carrying out the 

first six tasks (i.e. T1, T2, T3, T4, T5 and T6) on the control condition and the others 

started with carrying out the last six tasks (i.e. T7, T8, T9, T10, T11 and T12) on the  
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Usability 

Metrics 
Dependant Variables 

Effectiveness 1. Tasks completion rate ( Number of users and tasks) 

Efficiency 

2. Tasks accomplishment time (seconds) 

3. Error occurred when performing tasks (Number of errors) 

4. Actions performed to complete tasks ( Number of actions) 

Users’ 

Satisfaction 

5. Usefulness of email features (Number of ranks) 

6. Overall users’ satisfaction ( Number of scores) 

Table 15: Usability metrics and dependant variables 

experimental condition. Users were asked to close LinearVis II after performing each 

experimental task to avoid dependency in performing tasks. They were also required to 

resort email messages by size in the control condition. At the end of the experiment users 

were required to fill a post-experimental questionnaire to measure their attitude and feeling 

about each experimental condition. This approach was used to enable users comparing 

between the two conditions and to avoid the variance in the results of the previous 

experiment (see section 3.10.3).     

4.7 Measures 

The usability of software can be measured by taking into account the effectiveness, the 

efficiency and the users’ satisfaction [3, 4, 203]. In a similar way of the previous 

experiment, the dependant variables used in this experiment were classified according to 

these usability metrics (see Table 15). Tasks’ completion rate was considered to measure 

the effectiveness of each experimental condition. Moreover, tasks’ accomplishment time, 

error occurred whilst performing tasks and actions needed to complete tasks were measured 

in order to test the efficiency of each experimental condition. Users’ satisfaction over each 

condition was measured qualitatively through a post-experimental questionnaire. Users 

were required in this questionnaire to rate the usefulness of locating email messages and 
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state the overall level of their satisfaction over each condition. The independent variable in 

this experiment was the presented email approach to users. Email data was presented in two 

ways: graphically in LinearVis II and in a typical way such as MS Outlook.     

4.8 Hypotheses 

The main hypothesis of this study was that browsing email messages using LinearVis II is 

more usable than using standard email clients. This hypothesis was decomposed into more 

specific hypotheses, in a similar way of the previous experiment (see Section 3.9),  

according to the usability metrics and dependant variables used in the experiment. These 

hypotheses are: 

1. LinearVis II should result in an overall improved tasks’ completion rate when 

compared to the standard email client. 

2. LinearVis II should result in an overall reduction in tasks’ accomplishment time when 

compared to the standard email client. 

3. LinearVis II should result in an overall reduction in the number of errors carried out 

whilst performing tasks when compared to the standard email client. 

4. LinearVis II should result in an overall reduction in the number of actions required to 

perform tasks when compared to the standard email client. 

5. Locating email messages using the features of LinearVis II should be more satisfactory 

when compared to typical methods used in representative email clients. 

6. LinearVis II should be more satisfactory in terms of the overall users’ satisfaction 

scores when compared to the standard email client.  
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4.9 Results  

The performance of each user was video recorded in each experimental condition. Each 

recording was observed independently in order to measure tasks’ accomplishment time, 

errors occurred when performing tasks and actions needed to complete tasks. Furthermore, 

users’ satisfaction data was collected from post-experimental questionnaires. This 

experimental data was analysed independently according to effectiveness, efficiency and 

users’ satisfaction. The raw data obtained from this experiment is attached in the 

Appendices B5 – B9 

4.9.1 Effectiveness 

The same critical time used in the previous experiment (see Section 3.10.1) was applied for 

each task in order to find out whether it was completed or not. Users who took longer than 

this critical time to complete a task were considered as not to have completed the task. The 

percentage of users who completed each experimental task in both experimental conditions 

was calculated. Figure 23 shows the percentage of users who completed each task 

successfully in each experimental condition. It also shows that most experimental tasks 

were completed in LinearVis II with a higher percentage of users than the control 

condition. For instance, senders’ list helped all users to complete the first experimental task 

(T1) where 20% of them have not completed it in the control condition. The observation of 

users’ performance showed that users used senders’ list frequently. For example, most users 

(93%) completed task 3 in LinearVis II through the senders’ list although they could 

perform the task using the instant subject search feature since they were required to find the 

email message by sender and subject (see Table 13). Furthermore, most experimental tasks 

in which users were required to find email messages by date ( tasks 2,6,8 and 11) were  
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Figure 23: Users (%) who successfully completed each task, all tasks and the tasks (%) 
completed by all users (Number of messages = 921, Number of users = 30 and CT (Ti) = M 
(Ti) + 30s) 

completed by all the users in LinearVis II while only one experimental task (task 10) was 

completed by all the users in the standard email. Thus, the dateline in LinearVis II was 

found more effective in terms of tasks’ completion for locating messages than using the 

standard sorting process. Figure 23 shows a notable difference between the percentages of 

users who completed task 5 in both conditions. Users needed to open email messages in the 

control condition in order to find the required attached file; therefore only 67% of them 

have completed the task within the critical time. In contrast, the attachment panel in 

LinearVis II helped all users complete the task within the critical time. Figure 23 shows that 

the percentage of users who completed the last experimental task (task 12) in the control 

condition was slightly lower than LinearVis II because both conditions used almost the 

same approach for finding messages by subject.  

The overall percentage of users who completed all experimental tasks in each condition 

was also calculated. Figure 23 shows that 60% (9 users) of users have not completed all 

tasks in the control condition where only 13% (2 users) have not completed all tasks in 

LinearVis II. Moreover, the overall percentage of tasks completed by all users in each 
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condition was calculated. Figure 23 shows that only 25% (3 tasks) of the experimental tasks 

were completed successfully by all users in the standard email whereas 83% (10 tasks) was 

completed in LinearVis II. Chi-square was performed on the number of users who 

completed all tasks to test the difference between both conditions. The result showed that 

tasks’ completion rate in LinearVis II is significantly higher than the control condition     

(χ2
 = 7.03, df= 1, cv=3.84, p<0.05). Thus, the hypothesis stating that browsing email 

messages in LinearVis II should be more effective than the standard email in terms of 

tasks’ completion was confirmed (i.e. Hypothesis 1).  

4.9.2 Efficiency  

4.9.2.1 Tasks’ Accomplishment Time: 

The mean value of time taken to accomplish each task was calculated in both experimental 

conditions. Figure 24 shows the mean value of time taken to accomplish each task in both 

experimental conditions and also shows the overall mean value of time taken to complete 

all tasks. It can be noticed from Figure 24 that all tasks were completed in LinearVis II with 

reduced time in comparison with the control condition. Senders’ list in LinearVis II helped 

users to complete the tasks in which they were required to find email messages by sender 

(tasks 1, 3, 4, 7 and 9) faster than in the control condition. For instance, users took longer 

time to complete the first experimental task (task 1) in the control condition than   

LinearVis II although the required sender was not located amongst the most active senders 

in the list. Moreover, it helped to reduce the time taken to complete the tasks in which users 

were required to find messages by sender alongside attachment or priority (task 4 and 9) 

although this type of data was presented in a similar way in both conditions. 
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Figure 24: Mean value of tasks accomplishment time (Number of messages = 921 and Number 
of users = 30) 

The dateline in LinearVis II has also helped in the reduction of time taken to accomplish 

experimental tasks. Figure 24 shows that users could complete task 2 (i.e. in this task, users 

were required to find an email message by a date) using the dateline in LinearVis II faster 

than using the typical way used in the control condition. Furthermore, the time taken to 

accomplish task 6 in LinearVis II was reduced when compared to the control condition 

despite the fact that users were required to select the year from the previous years’ menu. 

Figure 24 shows that the time taken to accomplish the tasks in which the recipients of email 

messages were required (tasks 10 and 11) was dramatically reduced (i.e. nearly to half) in      

LinearVis II. This is not only because of the dateline has helped users to locate the required 

date quickly but also due to the presentation of the recipients in the temporal view. In 

contrast, users needed to open email messages and check the recipients of each message in 

order to complete this type of tasks in the control condition. 

Figure 24 shows that time taken to complete task 5 was also dramatically reduced in 

LinearVis II when compared to the control condition. As users were asked in this task to 

find an attached file by sender’s name, they needed to open most of the messages that 
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contained attachments and sent by this sender to check the required file name in the control 

condition. In contrast, the coordination between the senders’ list and the attachment panel 

in LinearVis II helped users to find the required file rapidly. In the last experimental task 

(task 12), users were asked to find a message by subject; hence they needed to use the 

menus of the control condition to activate the search window and then type the required 

subject. On the other hand, users used the instant subject search textbox located in the 

inbox of LinearVis II to accomplish this task. Thus, time taken to complete this task (task 

12) was noticeably reduced in LinearVis II when compared to the control condition. 

The overall mean time of accomplishing all experimental tasks was calculated in each 

condition.  Figure 24 shows that the mean time taken to accomplish all tasks in LinearVis II 

was extremely lower than the control condition. T-test was performed on the tasks’ 

accomplishment time in order to test the difference between both conditions. The results 

demonstrated that the time taken to complete experimental tasks in LinearVis II was 

significantly lower when compared to the control condition (t11 =13.07, cv=2.2, p< 0.01). 

Therefore, the hypothesis stated that browsing email messages in LinearVis II is more 

efficient that the standard email in terms of tasks’ accomplishment time (i.e. Hypothesis 2) 

was confirmed.  

4.9.2.2 Errors Rate 

Figure 25 shows the mean value of errors that occurred whilst performing each 

experimental task in the two conditions. It also shows the overall mean value of errors in 

each experimental condition. It can be clearly seen that users made less errors when 

carrying out most of the experimental tasks in LinearVis II.  The observation of users’ 

performance showed that one of the frequent errors that was observed when performing the  



120 
 

 
Figure 25: Mean value of errors occurred whilst performing tasks (Number of messages = 921 
and Number of users = 30) 

experimental tasks in the control condition is miss-noticing the required email messages 

due to the excessive use of sorting. For example, most users did not notice the required 

sender name (i.e.” mohammed Al-ashikh”) when performing the first experimental tasks 

after sorting messages according to senders and were imposed to use the menus to activate 

the search window and hence descended in errors. Deviation from the right path of carrying 

out tasks was also frequently observed in the control condition for example sorting 

messages by date when the sender is required or using the menus for finding a message by 

date. However, many types of errors were observed when performing the experimental 

tasks in LinearVis II. For instance, the most frequent error that was observed while 

performing the experimental tasks in which users required to use the senders’ list (tasks 1, 

3, 4, 7 and 9) is forgetting to click on the sender’s name to display messages belonging to 

this sender after typing it in the search field. Also, typing the sender’s name in the textbox 

dedicated for subject search and vice versa. Although, senders’ list helped users to perform 

the tasks with a reduced error rate when compared to the control condition (see Figure 25). 

Furthermore, forgetting to select the year from previous years’ menu in LinearVis II is one 

of the common errors noticed when carrying out experimental tasks in which users were 

required to find messages sent in a previous year. In task 6, most of the users who carried 
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out errors clicked on the button labelled “May” in the dateline without selecting “2007” 

from the menu. Nevertheless, Figure 25 shows that the dateline helped in the reduction of 

the error rate in LinearVis II when compared to the control condition (tasks 2, 6, 8, 10 and 

11). 

The attachment panel in LinearVis II helped users to accomplish task 5 with a reduced error 

rate than the control condition (see Figure 25). However, the observation of users’ 

performance showed that most of them had difficulties recalling the attachment panel. For 

example, the most frequent error that occurred whilst performing this task is that users 

displayed all messages of the selected sender in the main view and then remembered to use 

the attachment panel. This is because of users’ unfamiliarity with this new approach of 

presenting attachments. Thus, this type of errors is more likely to be avoided when the 

familiarity of users increased. Figure 25 shows that users carried out fewer errors when 

performing tasks 10 and 11 in LinearVis II when compared to the control condition. This is 

because of the recipients of messages being displayed in the temporal view of LinearVis II 

while messages needed to be opened in the control condition to find out the required 

recipients and therefore more errors occurred. The mean value of errors was increased 

when performing the last experimental tasks in both conditions due to the spelling mistakes 

when typing the required subject (see Figure 25). Additionally, one of the most frequent 

errors occurred by users whilst carrying out this task in the control condition is misplacing 

the search command. However, the instant subject search feature in LinearVis II helped 

users avoid this type of errors and therefore the mean value of errors was reduced (see 

Figure 25). Table 16 shows the frequency and percentage of users who completed each 

experimental task without carrying out any errors in each condition. It is clearly shown that 

the number of users completed most experimental tasks without any error in LinearVis II is  
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Task 

No 

Standard 

Email 
LinearVis II 

Task 

No 
Standard Email LinearVis II 

T1 3 (20% ) 3 (20%) T7 7 (47%) 7 (47%) 

T2 6 (40%) 10 (67%) T8 4 (27%) 8 (53%) 

T3 6 (40%) 4 (27%) T9 7 (47%) 8 (53%) 

T4 6 (40%) 9 (60%) T10 6 (40%) 9 (60%) 

T5 5 (33%) 5 (33%) T11 5 (33%) 8 (53%) 

T6 5 (33%) 7 (47%) T12 0 (0%) 2 (13%) 

Table 16: Frequency and percentage of users completed tasks without carrying out errors 

higher than the control condition. It also shows that the number of users who performed the 

last six experimental tasks in LinearVis II was increased when compared to the number of 

users who performed the first six tasks in the control condition in spite of considering the 

errors of the last experimental task that were not caused by the system (i.e. spelling 

mistakes). Consequently, errors occurred in LinearVis II are most likely caused by users’ 

unfamiliarity with the system and hence can be avoided over time. Paired t-test was 

performed on the number of errors occurred whilst performing experimental tasks, in order 

to test the difference between experimental conditions. The results showed a significant 

reduction in the number of errors occurred in (t18 =3.41, cv=1.7, p< 0.01) LinearVis II 

when compared to the standard email. Thus, browsing email messages in LinearVis II is 

more efficient in terms of error rate than the standard email (i.e. Hypothesis 3).    

4.9.2.3 Number of Actions Carried out  

Figure 26 shows the overall mean value of the number of actions carried out to perform all 

experimental tasks in both experimental conditions. It also shows the mean value of actions 

carried out to accomplish each experimental task in the two conditions. The overall mean 

value of actions carried out to perform experimental tasks in LinearVis II was slightly 

lower than the control condition (see Figure 26). Paired t-test was applied on the number of  
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Figure 26: Mean value of actions carried out to accomplish tasks (Number of messages = 921 
and Number of users = 30) 

actions carried out in order to test whether this difference is significant. The results 

indicated that the number of actions carried out to accomplish tasks in LinearVis II was not 

significantly reduced when compared to the control condition (t11 =1.33, cv=1.7, p> 0.05). 

Therefore, the hypothesis stating that LinearVis II is more efficient than the standard email 

in terms of number of actions carried out was rejected (i.e. Hypothesis 4). 

Figure 26 shows that most experimental tasks were completed in LinearVis II with a 

reduced number of actions except the tasks in which senders’ names were required (tasks 1, 

3, 4 and 9). In task 1, users were required to find an email message sent by a non-active 

email sender. Hence, the increase in the number of actions was expected as they needed to 

type the required sender’s name, select it and display all messages. Although they were 

required to find email messages by the most active senders, who were located amongst the 

top 10 senders at the senders’ list in the rest of this type of tasks, the mean value of actions 

carried out was nearly the same when compared to the first experimental task (see Figure 

26). The reason behind this increase is that unfamiliarity of users with the names and 

addresses in the experimental inbox entailed them to find the active senders in the same 

way of non-active ones. The mean value of the number of actions carried out to perform 

task 7 in LinearVis II was lower than the control condition although users were required to 
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find the email message by a sender’s name (see Figure 26). This is because they were 

required to use the dateline as the date was required and the required sender was the most 

active (i.e. the first sender in the list) sender, too. 

Figure 26 shows that the dateline in LinearVis II helped users to accomplish tasks 2, 8, 10 

and 11 with a reduced number of actins when compared to the control condition. 

Observation of users’ performance showed that some users sorted messages several times 

by date in the control condition in order to find the required email message. On the other 

hand, only one action (i.e. month selection) was required to find an email message sent in 

the current year and the maximum number of actions required to find a message sent in a 

previous year which is two (i.e. year and month selection). Figure 26 shows that task 6 was 

performed in    LinearVis II with a slightly increased number of actions when compared to 

the control condition though the date was required in this task.  Only five users completed 

this task in LinearVis II with the number of actions higher than expected (i.e. two actions). 

This is because of the frequent error occurred whilst performing this task, which is 

forgetting to select the previous years (see Section 4.9.2.2), has affected users’ performance 

in terms of the number of actions carried out.  

Figure 26 shows that the attachment panel in LinearVis II has also helped users perform 

task 5 in LinearVis II with a considerable reduced number of actions (i.e. nearly 50%) 

when compared to the control condition in spite of the occurrence of the un-required 

actions due to recall errors (see Section 4.9.2.2). Furthermore, the presentation of the 

recipients in the temporal view of LinearVis II helped users to accomplish tasks 10 and 11 

with a lower number of actions than the control conditions where they needed to open 

email messages to find the required one (see Figure 26). The number of actions carried out 

to perform the last experimental task in the control condition was considerably higher than 
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the experimental condition (i.e. LinearVis II). This is because the search feature in the 

control condition was located amongst the menus where it was located in the main view of 

the experimental condition. Additionally, an instant search feature was implemented in the 

experimental condition where it was not used in the control condition.  

Since the results showed that the unfamiliarity of users with the names and addresses in the 

experimental inbox has affected their performance in terms of number of actions when 

carrying out the tasks that used senders’ details in LinearVis II, paired t-test was performed 

on the number of actions carried out excluding this type of tasks (i.e. tasks 1, 3, 4, 7 and 9) 

although some of them produced fewer actions in LinearVis II such as task 7.  The aim of 

this test is only to investigate the difference between LinearVis II and the control condition 

in locating email messages by date, subject and attached files. The results indicated that 

number of actions carried out to perform the tasks in which senders were not required to 

find email messages LinearVis II is significantly lower than the control conditions (t6 

=2.56, cv=1.94, p< 0.05). Thus, browsing email messages by date, subject and attached 

files in LinearVis II is more efficient in terms of the number of actions than the control 

condition. Furthermore, the number of actions required to find email messages in LinearVis 

II will more likely be reduced when users’ email data is used in the experiment or users get 

more familiar with the experimental email data.  

4.9.3 Users’ Satisfaction 

Each user was asked to fill a post-experimental questionnaire at the end of the experiment 

in order to obtain their views and opinions regarding the experimental conditions. It was     

a 1 to 5 Likert rating scale with 10 statements. It consisted of three sections; the first one  
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Figure 27: Median value of users' response (Number of messages = 921 and Number of users 
= 30) 

 
Figure 28: Frequency of users who are satisfactory and dissatisfactory with the questionnaire 
statements (Number of messages = 921 and Number of users = 30) 

containing four statements regarding the layout of the experimental conditions and the ease 

of use. Users were required to rate their level of agreement with each statement in each 

experimental condition using the scale where 1 indicated a strong disagreement and 5 a 

strong agreement. The second section contained five statements regarding the usefulness of 

finding email messages in each experimental condition. Similarly, users were asked to rate 

the level of difficulty of searching features in each statement using the scale where 1 
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indicated very difficult and 5 indicated very easy. The last section of this questionnaire 

included one statement about the overall users’ satisfaction over each experimental 

condition. The same scale was used in this section to rate the overall level of satisfaction 

where 1 was indicating very frustrated and 5 very satisfied. The obtained data was analysed 

in two independent ways. First, the score of each statement in the questionnaire was added 

together to produce an overall satisfaction score for each user. The mean value of 

satisfaction score in the control condition was 26.93 where it was 42.47 in the experimental 

condition (i.e.LinearVis II). Paired t-test was used to test whether this difference is 

significant. The results indicated that LinearVis II was significantly more satisfactory than 

the control condition (t29=16.41, cv=1.61, p<0.01). Thus, the hypothesis stating that 

LinearVis II is more satisfactory than the control email in terms of overall users’ score was 

confirmed (i.e. Hypothesis 6). 

Each statement in the questionnaire was analysed independently in the second way. Figure 

27 shows the median value of users’ response regarding each statement in the two 

experimental conditions. Also, Figure 28 shows the frequency of users who were satisfied 

and unsatisfied with each statement in the two experimental conditions. Although the 

control condition is one of the widely used email clients, the median value of users’ 

response regarding the organisation of the inbox, ease of use and ease of learning was lower 

when compared to LinearVis II (see Figure 27). Figure 28 shows that the number of users 

who agreed with the statement regarding the layout and the ease of use (i.e. the first section 

in the questionnaire) of LinearVis II was notably higher than the control condition. Also, it 

shows that the number of users who disagreed with the same statements is considerably 

higher in the control condition than LinearVis II. For instance, only two users disagreed 

when they were asked about the clarity of the LinearVis II inbox (i.e. question 1) and the  
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Question No Results Question No Results 

Q1 Z=3.17, cv=165, p<0.05 Q6 Z=4.63, cv=165, p<0.05 

Q2 Z=4.11, cv=165, p<0.05 Q7 Z=4.21, cv=165, p<0.05 

Q3 Z=4.10, cv=165, p<0.05 Q8 Z=4.96, cv=165, p<0.05 

Q4 Z=4.52, cv=165, p<0.05 Q9 Z=3.76, cv=165, p<0.05 

Q5 Z=4.32, cv=165, p<0.05 Q10 Z=3.83, cv=165, p<0.05 

Table 17: Statistical results of Wilcoxon test 

ease of learning (question 2) where 6 and 16 users respectively disagreed when asked about 

the same questions regarding the control condition.  

Wilcoxon Signed Ranks test was performed on the satisfaction scores of each statement in 

order to test the difference between both experimental conditions. The results are shown in 

Table 17. This test was used because the obtained data was not normally distributed and 

considered as nominal data [201]. The results indicated that LinearVis II is significantly 

more satisfactory in terms of the clarity of inbox, ease of use and ease of learning (Q1, Q2, 

Q3 and Q4) when compared to the control condition (see Table 17). Figure 27 shows that 

the median value of finding email messages by sender (i.e. question 5) in LinearVis II is 

higher than the control condition. Also, twenty four users (80%) who rated that locating 

email messages by sender in LinearVis II is easy while none of them found it easy in the 

control condition (see Figure 28).   

Conversely, 40% of the users rated that finding messages by sender in the control condition 

is a difficult task while 6% only found it difficult in the experimental condition. The results 

of Wilcoxon Signed test demonstrated that finding email messages by the senders’ list in 

LinearVis II is significantly more satisfactory than the traditional way used in 

representative email clients (see Table 17). 

In question 6, users were asked to rate the level of difficulty of finding email messages by 

date. Figure 27 shows that the median value of users’ response in LinearVis II is higher 
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than the control condition. The number of users (86%) who found this task easy in 

LinearVis II is also remarkably higher than those who found it easy in the control condition 

(13%) (see Figure 28). Moreover, none of the users found that locating email messages by 

date is difficult in LinearVis II while nearly half of them found it difficult in the control 

condition. Statistical results showed that locating email messages using the dateline is 

significantly easier than the traditional way used in the control condition (see Table 17). 

Although both experimental conditions used a similar way of locating email messages by 

subject, the median value of users’ response for LinearVis II is slightly higher than the 

control condition. This is because the search textbox was located in the main view and it 

used the instant search feature (see Section 4.4). Moreover, the number of users who found 

the instant subject search in LinearVis II (80%) is considerably higher than the control 

condition (20%). On the other hand, nearly half of the users (40%) found locating messages 

by subject in the control condition is a difficult task while only two users found it difficult 

in LinearVis II (see Figure 28). Statistical results indicated that locating email messages by 

subject in LinearVis II is significantly more satisfactory when compared to the control 

condition (see Table 17).  

Figure 27 shows that the median value of users’ response regarding finding attachments in 

LinearVis II is considerably higher than the standard way. Also, Figure 28 shows that most 

users (86%) found this task easy while none of them found it difficult. In contrast, none of 

the users found locating attachments in the control condition is an easy task and most of 

them (80%) found it difficult. The results of Wilcoxon Signed test indicated that the 

attachment panel used in LinearVis II was significantly easier than the traditional way of 

finding attachments. The majority of users found that presenting the recipients of email 

messages in the temporal view of LinearVis II is also easier than the control condition (see 
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Figure 27 and Figure 28). Statistical results showed that the identification of recipients in 

LinearVis II is significantly easier than the control condition.  

Finally, users were asked in the last question about their overall satisfaction over each 

experimental condition. Figure 27 showed that the median value of users’ response 

regarding the experimental condition is higher than the control one. Figure 28 shows that 

the majority of users were satisfied with LinearVis II and none of them found it an 

unsatisfactory tool. Conversely, 40% of the users were not satisfied with the control 

condition and six users only were satisfied. Statistical results demonstrated that     

LinearVis II is significantly more satisfactory than the control condition. As shown 

previously, the statistical results of each statement in the questionnaire showed that users 

found locating email messages by date, senders, subject and attachments is significantly 

easier in LinearVis II when compared to the control condition. Hence, the hypothesis stated 

that locating email messages using the features of LinearVis II should be more satisfactory 

when compared to typical methods used in representative email clients was confirmed    

(i.e. hypothesis 5). 

4.10 Discussion 

The experimental results showed that the multiple coordinated views in LinearVis II 

improved the usability of browsing email messages using the common email properties 

such as date, senders’ details and subject. Statistical results showed that LinearVis II has 

significantly increased the tasks’ completion rate as well as users’ satisfaction when 

compared to the standard email client. Thus, the stated hypotheses for effectiveness and 

users’ satisfaction were approved. 



131 
 

Search 

Method 

Number 

of Tasks 
Conditions Time Error rate 

Actions carried 

out 

Sender 5 tasks 
Control 67.35 1.04 2.01 

LinearVis II 41.95 0.71 2.55 

Date 5 tasks 
Control 69.36 0.92 2.81 

LinearVis II 36.08 0.52 1.81 

Subject 1 task 
Control 80.67 2.13 3.73 

LinearVis II 42.13 1.07 1.69 

attachments 1 task 
Control 94 1.33 5.13 

LinearVis II 51.40 0.80 2.87 

Table 18: Mean value of tasks accomplishment time, error, actions carried out classified by 
search method 

Table 18 shows the mean value of each efficiency parameter used in the experiment 

classified by email properties used to find messages. Such a classification can help to 

identify the usefulness of each component in the experimental condition. Table 18 shows  

that the dateline in LinearVis II helped users to accomplish most experimental tasks with 

reduced time, errors and number of actions in comparison with the standard email. 

Reducing the length of the dateline to be composed of months rather than days as in the 

previous version (i.e. LinearVis) helped to find messages of the current and previous years 

with less effort than the standard email client. Furthermore, observations showed that users 

found locating messages by date using the dateline is significantly easier than the typical 

sorting process.  

Senders’ list in LinearVis II differs from the one in the previous version (i.e. LinearVis) in 

one aspect which is the interactivity where users can select and look up senders. 

Experimental results showed that it helped users accomplishing most of the experimental 

tasks with reduced time and errors when compared to the standard condition (see Table 18). 

Moreover, statistical results showed that users found locating email messages using the 

senders’ list is significantly easier than the conventional way used in the standard email. 
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However, the number of actions required to find email messages using the senders’ list in 

LinearVis II was increased when compared to the standard email. This is because the 

training sessions given to users prior the experiment were not adequate to make them 

familiar with the provided names and addresses since most users did not exploit senders 

sorting in the list. Users’ performance in LinearVis II was further analysed and compared 

based on the type of the experimental tasks. 

The results showed that the tasks in which users were required to use the senders’ list were 

performed with increased time and errors when compared with the tasks in which they were 

required to use the dateline (see Table 18). Such a comparison is possible as the number of 

tasks is the same and tasks were performed equally in LinearVis II, too. Consequently, 

unfamiliarity with the provided names and addresses has also affected users’ performance 

in terms of time and errors when locating messages by senders in LinearVis II although 

they were significantly reduced when compared to the standard email. This issue is most 

likely to be resolved when the familiarity of names and addresses increased or when users’ 

personal email data is used in the experiment. 

Experimental results also showed that presenting the recipients of email messages in the 

temporal view of LinearVis II helped users to accomplish experimental tasks with reduced 

time, error and number of actions when compared to the standard email. Most users also 

found that the identification of To, CC in LinearVis II is easier than the standard email. 

This result was statistically significant. Since the temporal view was found effective for 

presenting such information, it can also be utilised to present more email data which can 

also improve the accessibility to email messages such as threads. Furthermore, instant 

subject search in LinearVis II helped users to complete the last experimental task with 

reduced time, errors and number of actions in comparison with the standard email. Placing 
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the textbox in the main view of LinearVis II reduced the number of actions required to 

complete the task and hence time and errors were reduced, too. Statistical results 

demonstrated that it was significantly easier than the conventional subject search used in 

the standard email.  

One of the novel components in LinearVis II is the attachment panel. It helped users find 

the attached files by senders with dramatically reduced time, errors and number of actions 

when compared to the standard email in spite of the recalling difficulties observed during 

the experiment due to the unfamiliarity with such a new feature. Satisfaction results 

indicated that finding attachments in LinearVis II is significantly easier than the standard 

email. The classification of attachments according to file types was found very effective for 

accessing the required files. Hence, the size of application icons in this panel can be 

reduced to add more file types such as video and image files.  

Statistical results showed that tasks’ accomplishment time and errors were significantly 

reduced in LinearVis II when compared to the standard email. Thus, the hypothesis 

regarding the efficiency was confirmed in terms of time and errors. The number of actions 

carried out to perform experimental tasks in LinearVis II was also reduced when compared 

to the standard email. However, this difference was not statistically significant. 

Nevertheless, statistical results showed that the number of actions carried was significantly 

reduced in LinearVis II when the experimental results that used senders’ details were 

excluded. Thus, the hypothesis regarding the efficiency which was initially rejected in 

terms of the number of actions will most likely be confirmed when users become more 

familiar with the provided email data. Users’ email data was not used in the experiment for 

two reasons: first, to ensure that the number of messages used in the experiment is the same 

so that the usability metrics will be measured far from other effects. The second reason is 
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the difficulty of finding an adequate number of users with high volumes of email data for 

the experimental programme.   

4.11 Summary 

The results of the experiment in Chapter 3 indicated that presenting email data graphically 

can significantly improve the usability of browsing email messages. However, the results 

also highlighted some limitations that can negatively affect users’ performance such as 

hiding some message properties to reduce the graphical complexity. This chapter described 

the design of an experimental email approach, called LinearVis II, which was developed in 

the light of these results. It is composed of multi coordinated views that enabled users 

accessing email messages by date, senders and subject at a glance from the main view 

without using typical menus. These views are: the main view, dateline, senders’ list and 

attachment panel. 

 Email messages sent on the same month were displayed in the main view and classified by 

days. A dateline was implemented in this approach to facilitate the navigation through 

messages by date. This dateline differs from the one used in LinearVis (see Chapter 3) in 

one aspect which consists of months rather than days. The senders’ list was implemented in 

LinearVis II to help users finding email messages by senders’ names or addresses. It differs 

from the one used in the previous experiment (see Chapter 3) in two main aspects. First, 

senders were ordered in this list according to their activities with the recipient while they 

were ordered alphabetically in the old version. The second aspect that differentiates the 

senders’ list in LinearVis II from the one used in LinearVis is the interactivity, where 

senders can be selected and looked up in LinearVis II while the senders’ list in LinearVis 

was used for classifying messages only. The recipients of email messages were presented in 
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the temporal view of LinearVis II by selecting the required message from the main view. 

One of the novel components in the LinearVis II is the attachment panel which was 

developed to enable users finding the attached files by sender’s information.  

A comparative usability evaluation between the proposed experimental email approach and 

a typical email client (i.e. MS Outlook) was carried out to investigate the usability of 

browsing email messages. The experiment also attempted to find out the usefulness of the 

features implemented in LinearVis II. In this experiment, thirty users were asked to perform 

twelve experimental tasks, six tasks in each condition. The usability was measured using 

the well known three usability metrics: effectiveness, efficiency and users’ satisfaction. 

Effectiveness was measured by calculating the tasks’ completion rate in the two conditions. 

Tasks’ accomplishment time, errors carried out whilst performing tasks and actions 

required to accomplish each task were considered to measure the efficiency of each 

condition. Users’ satisfaction was measured through 1 to 5 Likert rating scale post-

experimental questionnaires.  

The results indicated that the multi coordinated views in LinearVis II have significantly 

improved the overall usability of browsing email messages using the basic message data 

such as the date, subject and senders when compared to the typical email client. For 

instance, the dateline helped users accomplish most experimental tasks with reduced time, 

errors and number of actions. This is mainly due to the reduction of its length in 

comparison with the one used in the previous version. Furthermore, senders’ list helped 

users locate messages by senders’ names or addresses with reduced time and errors’ rate. 

Presenting the recipients of email messages in the temporal view also helped to lessen 

tasks’ accomplishment time, errors’ rate and number of actions carried out when compared 

to the typical email condition. This result confirmed the results in Chapter 3. Moreover, the 
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attachment panel helped the users find attachments with dramatically reduced time, errors 

and number of actions when compared to the typical ways used in representative email 

clients. 

The results, on the other hand, highlighted that users’ performance was affected by the 

unfamiliarity with the provided experimental tool and email data. For instance, most users 

did not make use of the senders’ sorting in the senders’ list but used the same approach to 

find active and non-active senders. Therefore, the number of actins required to find 

messages by senders was increased when compared to the standard email condition. This 

issue will most likely be resolved when the familiarity of users with the provided email data 

increased or when users’ personal email data is used. Moreover, users were observed facing 

recall difficulties when finding email attachments although the effectiveness, efficiency and 

satisfaction were increased when compared to typical methods. Similarly, this issue will be 

overcome when users become more familiar with the proposed email approach.  

These results encouraged us to perform a further experiment to investigate the browsing of 

email messages using different type of email data such as email threads. This experiment 

investigates the extent to which such information can be implemented in LinearVis II. In 

addition, it attempts to find out the most useful approach for presenting such information. 

This experiment is described in chapter 5. 
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Chapter 5 Email Threads: A Comparative Evaluation  

5.1 Introduction 

The results of the previous experiments demonstrated that presenting email messages in a 

multi coordinated views based on the date and the senders, such as in LinearVis II, can 

improve the usability of browsing email messages. Chapter 2 shows that many studies 

indicated that grouping email messages based on threads (i.e. messages conversation) is an 

effective way for reducing the graphical complexity in the email inboxes. Therefore, this 

chapter presents an experiment aimed at finding out whether email threads can be 

incorporated into graphical email approaches that consisted of multi coordinated views 

such as LinearVis II to improve the usability of browsing email messages. Generally, 

chapter 2 showed that most studies investigated the incorporation of two types of 

information in email threads. First, relationships between messages where users can decide 

which messages are replies to which message. Second, the chronology of messages where it 

can be decided which messages were sent before a particular message.  

In fact, contextual information about email messages in the threads such as the status and 

priority must be presented in order to improve the usability of browsing email messages. 

However, chapter 2 shows that this type of information was somewhat neglected by most 

studies that investigated email threads. Based on the results of the experiment in chapter 3, 

this type of information can be critical to users according to their purposes. For example, 

let’s assume that a user would like to access the email message that contains an attachment 

within a thread. This task can become difficult with the absence of such information 
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especially with threads containing a large number of messages. The same scenario can be 

assumed for different information such as the priority and status. Therefore, the experiment 

described in this chapter also investigated the extent to which contextual information about 

email messages can be incorporated in email threads. Furthermore, the experiment attempts 

to find out the most useful ways of presenting such information.  

This experiment was carried out in a similar approach (i.e. usability based evaluation) of 

the experiments described in the previous chapters. The design of the experimental 

approaches that were developed in order to conduct the experiment is described in this 

chapter. This chapter also states the aims, objectives, variables and hypotheses used in this 

experimental study. Finally, it concludes with a discussion of the obtained results.    

5.2 Aims  

The experiment is aimed mainly at investigating whether the usability of browsing email 

messages can be improved by incorporating email threads with the features implemented in 

LinearVis II. To facilitate the browsing of email messages using threads, contextual 

information about email messages must be accessible to users as this type of information is 

mostly used to find email messages. Therefore, the experiment also explores how such 

information can be presented in email threads. More specifically, it attempts to find out the 

most usable approach, in terms of effectiveness and efficiency, for presenting email threads 

in LinearVis II and the contextual information about messages within the threads. The 

approaches being investigated in this experiment are: 

1. Presenting related email messages (threads) in the main view with the contextual 

information communicated in the common way used in representative email clients 

(i.e. textual and icons). 
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2. Presenting related email messages (threads) graphically in the temporal view with 

graphical representation of the contextual information. 

3. Presenting related email messages (threads) graphically in the temporal view with the 

contextual information presented in a multimodal manner (i.e. graphics and non-speech 

sounds). 

5.3 Objectives 

In order to achieve the above aims, the fowling objectives had to be satisfied: 

1. The implementation of three different email threads approaches in LinearVis II. The 

first approach is called the textual approach where related email messages are 

presented in the main view with contextual information presented in a conventional 

way. Secondly, in the graphical approach related email messages are presented 

graphically in the temporal view of LinearVis II with graphical presentation of 

contextual information about messages. Thirdly, in the multimodal approach messages 

are presented in a similar way as the previous one and contextual information is 

presented in a multimodal manner. 

2. Further enhancements are needed to be performed in LinearVis II such as changing the 

way of presenting the recipients (TO, CC) and adding graphical icons in the main view. 

3. A comparative usability evaluation amongst the three approaches. The usability of each 

approach was measured by taking into account the effectiveness and efficiency. 

Identification of contextual information in threads and tasks’ completion rate was 

considered to measure the effectiveness. Furthermore, tasks’ accomplishment time and 

the number of errors carried out were calculated in order to measure the efficiency. 
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4. Recruiting three groups of users with each group performing eight experimental tasks 

in one approach.  

5. Training sessions were given to each group of users prior to the experiment to 

introduce them with the concept of email threads.    

5.4 Experimental Platform 

In order to conduct the experimental study, three types of email threads approaches 

(i.e.Textual, Graphical and Multimodal) were designed and embedded into LinearVis II 

(i.e. an experimental email tool described in Chapter 4). Related email messages were 

grouped using ConversationID and ConversationTopic properties used in MS outlook APIs. 

Various types of information were provided in each approach. Table 19 shows the 

questions that can be answered according to the provided information in the three 

approaches. Moreover, Table 2 shows the method used for presenting contextual 

information about messages in each approach. The graphical representations used in the 

graphical and multimodal approaches were produced using ActionScript 2.0 in Macromedia 

Flash MX. XML language was used to allow the communication between the experimental 

platforms (i.e. graphical and multimodal approaches) and the produced flash movies. These 

approaches are described in more detail in the following sections.  

5.4.1 Textual Threads 

Figure 29 shows that threads are presented in this type of interface textually in the main 

view within all email messages. Table 20 shows that two types of threads information (i.e. 

chronology and contextual) are presented in this approach. Relationships between messages 

were not provided in order to reduce the complexity of the inbox. Thus, questions 1 to 6 

can only be answered in this approach. 
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Information 

Category 
Questions can be Answered Textual Graphical Multimodal 

Contextual 

1. Which messages were sent by the 

same person?  
√ √ √ 

2. Which messages were sent on the 

same day? 
√ √ √ 

3. What is the status of a message? √ √ √ 

4. Which message does contain 

attachments? 
√ √ √ 

5. What is the priority of a message? √ √ √ 

Chronology 

6. Which message was sent first? √ √ √ 

7. Which messages were sent before a 

message? 
√ √ √ 

8. Which messages were sent after a 

message? 
√ √ √ 

Relationships 

9. Which message is the root of the 

thread? 
× √ √ 

10. Which message is this reply to?  × √ √ 

11. Does a message have any replies? × √ √ 

12. Which messages are replies to a 

specific message? 
× √ √ 

Table 19: Types of information presented and the questions can be answered in the 
experimental approaches; questions 6 – 12 adapted from [8] 

Contextual Information 
Conditions 

Textual Graphical Multimodal 

Messages sent by the same sender × Colours Colours 

Messages sent on the same day × Colours Colours 

Message Status Text Colours Colours 

Attachment Icon Colours Auditory Icon 

Priority Icon Colours Earcon 

Table 20: The way of presenting contextual information in each experimental condition 
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Figure 29: A collapsed email thread in the textual approach 

If an email message is a part of a thread, an arrow icon will be displayed beside its subject 

(see Figure 29). All messages in a thread can be presented by clicking on this icon.  All 

email messages under the selected thread will be shifted down to leave the required space 

for displaying the thread’s messages (see Figure 29). Also, the arrow icon will be changed 

to an arrow indicating upwards. Figure 29 shows that messages in a thread are presented 

indented to the right to distinguish them from unrelated email messages presented in the 

same day chunk. The properties of email messages such as subject, attachment and priority 

in a thread are presented in a similar way of representative email clients (see Figure 29). 

This can help users to find out contextual information regarding each message in the thread 

easily. 

Moreover, messages in a thread are displayed in a chronological order where the message 

presented after the selected one is the latest and the last message presented within the 

thread is the oldest. This way of presentation helps users understand the arrival order of 

each message in the thread, for example users can decide which messages were sent after 

and before the selected one. The relationships between messages are not shown in this type 

of threads. For instance, users cannot decide which email message is a reply to the other. 

This type of information was hidden from the users’ view in order to avoid the complexity 

of the inbox. However, the root message, which is the first message in the thread, can be 
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identified by the subject where it does not contain the part “Re:”. Furthermore, messages in 

a thread can be re-hidden by clicking on the arrow icon again. The presented email 

messages in the main view will be shifted up to return to their primary position as well as 

the arrow icon will be changed to indicate downward. 

5.4.2 Graphical Email Threads   

This approach was designed to be presented in the temporal view of LinearVis II. The 

temporal view was chosen because the results of the previous experiments, in chapters 3 

and 4, showed that it was an effective way of presenting email data. Hence, the recipients 

of email messages were presented graphically in the graphical and multimodal approaches 

in order to save an adequate area to display messages threads. Figure 30 shows that the 

recipients of email messages are represented as circular icon in two columns. Those who 

received the email message as a normal copy (i.e. TO) are represented by the red icons in 

the column located in the left side. On the contrary, the second column shows those who 

received the email message as carbon copy (i.e. CC) in green icons (see Figure 30). The 

email address or the name of a recipient can be displayed by hovering over an icon (see 

Figure 30). In order to facilitate the distinction between the displayed recipients from those 

who have not been displayed, the degree of the filled colour of the icons representing 

displayed recipients is reduced (see Figure 30). All types of information were provided and 

therefore all questions in Table 19 can be answered in this approach. An icon, which 

contains three dots above each other with different colours, was designed to facilitate the 

identification of messages contained in a thread from the main view (see Figure 31). For 

instance, if an email message is a part of a conversation this icon will be presented 

alongside the subject. 



144 
 

 

 

Figure 30: The recipients of email messages in (a) the textual approach, (b) the graphical and 
multimodal approaches, (c) the graphical and multimodal approaches with a recipient in To is 
displayed and (d) the graphical and multimodal approaches with a recipient in CC is 
displayed  

 

Figure 31: A selected email thread in the graphical approach 

By selecting an email message from the main view, the entire thread will be presented 

above the recipients in the temporal view in a similar way of THREAD ARCS (see Figure 

31). However, in our proposed graphical email threads, contextual information about  
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Figure 32: Layout of the graphical email threads approach where (a) presents the person who 
sent the message, (b) the day on which the message was received , (c) the status, (d) the 
existence of attachment and (e) the priority    

messages such as the status, priority and the existence of attachment is presented to users at 

a glance where it is not presented in THREAD ARCS. Table 20 shows how such 

information was presented in this approach. Figure 31 shows that email messages in a 

thread are presented by circular icon. This icon was used to communicate the properties of 

each email message graphically where each icon was divided into three nested circles. 

Figure 32 shows the layout of message icons in this approach. The outer circle was used to 

communicate the person who sent the message. Messages sent by the same person within a 

conversation are filled by the same colour in this part of the icon. This can help users to 

indentify the number of people who participated in the conversation. For example, Figure 

31 shows two persons only participated in a conversation composed of four messages. The 

middle circle (i.e. denoted by b in Figure 26) was used to communicate the time messages 

were sent on. Messages sent on the same day are filled by the same colour in this part of the 

icon. For instance, all messages in the conversation shown in Figure 31 were sent on 

different days. The colours used in the outer and intermediate circles are automatically 

generated by the tool where they cannot be overlapped.  
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The inner circle was divided into two semi circles (see Figure 32). In THREAD ARCS, 

new email messages added to a thread can be easily miss-noticed especially with threads 

containing a large number of messages. Therefore, the first semi circle, which is located on 

the left side and denoted by C in Figure 32, was used to communicate whether an email 

message was read or not in order to facilitate the identification of new messages in threads. 

Similarly, colours were used to communicate such information where unread messages are 

filled yellow in this part of the icon; otherwise white colour is used. For example, the 

conversation shown in Figure 31 contains three unread messages and one read. The second 

semi circle was used to communicate the priority of email messages and the existence of 

attachments. The upper part of the semi circle (i.e. denoted by D in Figure 32) is used to 

communicate whether an email message contains attachments. This part of the icon will be 

filled by black colour if the email message contains attachments or white if it does not. 

Figure 31 shows that two email messages in the thread contain attachments. The filled 

colour of the lower part (i.e. denoted by E in Figure 32) communicated to users whether the 

email message is important (displayed in red) and unimportant (displayed in blue). White 

colour was used to show that the priority of email message was not specified. The 

conversation shown in Figure 3 contains one email message with high priority and one 

email message with low priority. Chronology of email messages within a thread is 

presented using their position in a similar way of THREAD ARCS where the first circular 

icon in the left represents the oldest message in the thread and the one located in the far 

right is the latest. Furthermore, the relationship between messages is presented with arch in 

a similar way of THREAD ARCS where each message is connected with its parent by an 

arc. For example, all email messages in the conversation shown in Figure 31 are replied to 

the root message (i.e. the one located in the far left). 
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Figure 33: Layout of the multimodal email threads approach where (a) presents the person 
who sent the message, (b) the day which the message was received on and (c) the status 

5.4.3 Multimodal Email Threads 

Related email messages are presented in the multimodal thread approach in a similar way 

of the graphical approach. Moreover, the same types of information presented in the 

graphical approach are provided in this approach (see Table 19). The main aspect that 

differentiates it from the graphical approach is that some information of email messages is 

communicated aurally in order to reduce the visual load and the complexity of the thread. 

Table 20 shows the way of presenting each property in this approach. Figure 33 shows the 

layout of messages icon used in this approach. The dividing of the inner circle in the 

messages icons used in the previous approach was removed and has become a complete 

circle. The status of email messages (i.e. read, unread) is only presented in this part of the 

message icon. This is more likely to help users to identify new messages easier than the 

graphical approach. Moreover, the area used to communicate information in other circles 

such as the people participated in a thread was increased as the information communicated 

visually was reduced (see Figure 34). Figure 34 shows a thread containing three (i.e. one 

unread and two opened) email messages sent by two persons. 
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Figure 34: A selected email threads in the multimodal approach 

The existence of attachments in email messages and the priority (i.e. high and low) are 

communicated with non-speech sound when the mouse curser moves over message icons. 

A sound similar to the ‘stapler’ was used to communicate the email message that contains 

attachments. This sound will not be played if the email message does not contain 

attachments. The duration of this sound was 0.50 seconds. Furthermore, the priority of 

email messages was communicated using earcons based on the guidelines in [69, 81].  Five 

notes with 0.1s delay using Celesta were used to communicate high priority email 

messages. A different number of notes, delay and instrument were used to communicate 

low priority messages in order to avoid users’ confusion. Three notes with 0.4s delay using 

acoustic piano were used to represent low priority. The duration of each note was 0.15s. If 

the priority of an email message was not assigned, none of these sounds will be played. If 

an email message contains attachments and has been given a priority, the sound used to 

communicate attachment will be played first and then the priority notes.  

As mentioned earlier, new messages added to the thread are most likely dismissed by users 

especially in large conversations. Therefore, number of new messages in a thread is 

communicated aurally when a related email message is selected from the main view 

alongside the graphical presentation described above. This type of information was 

communicated to users using rising pitch notes (range 1 to 3) based on the guidelines in 
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[80, 112]. A note is played when the conversation contains one new email message and two 

notes are played when it contains two new email messages. Three notes are played when 

the conversation contains more than two new messages. For example, one note will be 

played when the email message related to the conversation shown in Figure 34 is selected. 

All notes were played using organ with 0.1s delay and 0.3s duration.  

5.5 Sample  

Forty five users, three groups of fifteen, were asked to participate in the experiment. They 

were asked to fill the same pre-experimental questionnaire used in Chapter 4 in order to 

obtain an overall understanding of their computer and email experience (see Appendix B1). 

Figure 35 shows the results of the users’ profile.  All of them were male undergraduate 

students doing a bachelor’s degree in computer science (questions 1, 3 and 4). Figure 35 

shows that the age of all users ranged between 18 and 25 years (question 2). Moreover, all 

users were regular computer users using the Windows operating system (questions 5, 6 and 

7). Most of them have been using email from one to three years and used web-based email 

systems (questions 8 and 9). Also, the majority of the sample checked their emails several 

times a day. In addition, most of them indicated that they receive and send one to ten email 

messages a day (questions 11 and 12). Finally, more than half of the sample stated that the 

current email systems need further enhancements (question 13). 
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Figure 35: Sample profiles 
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5.6 Experimental Design and Procedure 

The aim of this experiment was to investigate the possibility of improving the usability of 

browsing email messages by incorporating contextual information about email messages in 

email threads. This experiment was also designed to investigate usability aspects of 

presenting email threads textually in the focus area of the inbox, graphically and using 

multimodal metaphors. Therefore, three experimental conditions (i.e. textual threads, 

graphical email threads and multimodal email threads) were tested in this experiment. The 

same email inbox used in Chapter 4 was used in the three experimental conditions. These 

conditions were tested independently (i.e. between-subject design) by three groups with 

each group testing one experimental condition. Forty five users, fifteen in each group, were 

asked to participate in this experiment (users’ profile was described in more details in 

Section 5.5). This methodology was used in order to avoid the learning effect, users' 

confusion and tiredness.  

Eight experimental tasks were designed in order to control users’ performance during the 

experiment and to test the usability of each condition. Table 21 shows the experimental 

tasks used in this experiment. In each task, users were asked to find an email thread with 

the provided relevant information. Users were required to find email threads by date beside 

other contextual information about email messages such as messages sent by the same 

sender or messages with attachments in four experimental tasks (see Table 21). Also, they 

were required to find threads by sender beside other contextual information in four 

experimental tasks. The complexity of the last three experimental tasks (i.e. T 6, T7 and 

T8) was increased by increasing the required information in the threads to test users’ 

performance when browsing complex and large email threads under the three experimental 

conditions (see Table 21). 
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Task 

No 
Description 

T1 Finding a thread by a date which all its message contain attachment  

T2 Finding a thread by a date which does not contain any attachment 

T3 Finding a thread by a sender which contains two unread messages  

T4 Finding a thread by sender that contains more than two unread messages  

T5 
Finding a thread that all its messages sent on the same day and contains three messages 

sent by the same sender 

T6 
Finding a thread by date which contains an unread message with an attachment and 

unread message with an attachment and low priority 

T7 
Finding a thread by date which contains a message with attachment, a message with 

low priority and a messages with high priority 

T8 
Finding a thread by sender which contains an unread message with attachment and high 

priority and a message with attachment and low priority  

Table 21: Experimental Tasks 

Question 

No 
Tasks Description 

Q1 T1,T2,T3,T4,T5 How many email messages does it contain?   

Q2 T1,T5,T6,T7,T8 How many new email messages does it contain? 

Q3 T3,T4,T5,T6 How many email messages with high priority does it contain? 

Q4 T1,T2,T7,T8 How many email messages with low priority does it contain? 

Q5 T3,T4,T5,T6 How many email messages with attachments does it contain? 

Q6 T1,T2,T7,T8 How many email users were involved in this conversation?   

Q7 T3,T4,T2,T6 How many email messages were received on the same day? 

Table 22: Questions were asked after each experimental task 

Seven questions regarding the contextual information of email messages in threads were set 

to investigate how the questions in Table 19 will be answered in the three experimental 

conditions and to test users’ understanding of the proposed threads approaches. In order to 

avoid the learning effects and the users’ tiredness, they were rotated on the experimental 

tasks. Table 22 shows these questions and their distribution amongst experimental tasks. A 
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combination of four questions was required to be answered after performing each of the 

first six experimental tasks (i.e. T1, T2, T3, T4, T5 and T6) and a combination of three 

questions after each of the last two tasks (i.e. T7 and T8). The tasks sheet provided to users, 

which contains these questions, in the experiment is attached in Appendix C2. 

Four training sessions, each session lasted one hour, were given to each group of users prior 

to the experiment in a typical computer lab. Users were introduced with the concept of 

email threads as well as how to use the experimental platform. They were also required to 

carry out training tasks during these sessions apart from the experimental tasks used in the 

experiment. The experiment was conducted with the users of each group together in the 

same lab. 

Usability 

Metrics 
Dependant Variables 

Effectiveness 
Tasks’ completion rate ( Number of tasks and users)  

Identification of threads data (Number of Questions) 

Efficiency 
Tasks’ accomplishment time (Seconds) 

Error occurred when performing tasks (Number of errors) 

Table 23: Dependant variables and usability metrics 

5.7 Measures 

The usability of each condition was measured by taking into account the effectiveness and 

efficiency. The dependant variables used in this experiment were classified according to 

these usability metrics (see Table 23). The effectiveness of each experimental condition 

was measured by considering the tasks’ completion rate and the identification of threads 

information. Moreover, tasks’ accomplishment time and error occurred whilst performing 

tasks were measured in order to test the efficiency of the three experimental conditions. The 

independent variable in this experiment was the way of presenting email threads and the 
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contextual information about email messages in the threads. As mentioned previously email 

threads were presented in LinearVis II in three different ways: textually in the main view, 

graphically and in multimodal way in the temporal view.      

5.8 Hypotheses 

The main hypothesis of this experiment is that the usability of browsing email messages 

using the textual, graphical and multimodal email threads is different. This hypothesis was 

decomposed into more specific hypotheses according to the usability metrics applied in the 

experiment. These hypotheses are: 

1. Effectiveness of textual, graphical and multimodal email threads approaches should be 

different in terms of tasks’ completion rate. 

2. Effectiveness of textual, graphical and multimodal email threads approaches should be 

different in terms of identification of contextual information about email messages 

within the threads. 

3. Email threads represented in the graphical approach should result in an overall 

improvement in tasks’ completion rate when compared to the textual approach. 

4.  Email threads represented in the multimodal approach should result in an overall 

improvement in tasks’ completion rate when compared to the textual approach. 

5. Email threads represented in the multimodal approach should result in an overall 

improvement in tasks’ completion rate when compared to the graphical approach. 

6. The overall number of identified contextual information should be higher in the 

graphical email threads approach when compared to the textual approach. 

7. The overall number of identified contextual information should be higher in the 

multimodal email threads approach when compared to the textual approach. 
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8. The overall number of identified contextual information should be higher in the 

multimodal email threads approach when compared to the graphical email approach. 

9. Efficiency of textual, graphical and multimodal email threads approaches should be 

different in terms of tasks accomplishment time. 

10. Efficiency of textual, graphical and multimodal email threads approaches should be 

different in terms of errors carried out whilst performing tasks. 

11. Email threads represented in the graphical approach should result in an overall 

reduction of tasks’ accomplishment time when compared to textual approach.  

12. Email threads represented in the multimodal approach should result in an overall 

reduction of tasks’ accomplishment time when compared to the textual approach.  

13. Email threads represented in the multimodal approach should result in an overall 

reduction of tasks’ accomplishment time when compared to the graphical email 

approach.  

14. Users should carry out a fewer number of errors when performing experimental tasks 

in the graphical email threads approach when compared to the textual approach.  

15. Users should carry out a fewer number of errors when performing experimental tasks 

in the multimodal email threads approach when compared to the textual approach. 

16. Users should carry out a fewer number of errors when performing experimental tasks 

in the multimodal email threads approach when compared to the graphical email 

approach.  

5.9 Results  

Users’ performance was fully recorded in each experimental condition. These recordings 

were analysed independently in order to measure tasks’ accomplishment time and errors 
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carried out. Answer sheets of the questions that were asked after each experimental task 

were compiled to measure the level of users’ identification of threads information. This 

data was analysed independently based on effectiveness and efficiency. The raw data 

obtained from this experiment is attached in the Appendices C3 – C6. 

5.9.1 Effectiveness 

5.9.1.1 Tasks’ Completion Rate 

The same critical time used in previous experiments (see chapters 3 and 4) was applied for 

each experimental task to find out whether it was completed or not.  Users who took longer 

than this time to complete a task were considered as not to have completed the task as well 

as those who did not find the required email thread successfully. Figure 36 shows the 

percentage of users who completed each experimental task in the three experimental 

conditions. The percentage of users who completed the first four experimental tasks is 

swung amongst all experimental conditions. For example, the percentage of users who 

completed the first experimental task in the graphical condition was the highest when 

compared to the textual and multimodal conditions whereas the second experimental task 

was completed with the highest number of users in the textual condition in comparison with 

graphical and multimodal conditions. In tasks 3 and 4, users were required to find threads 

by the number of unread messages. All users completed both tasks in the multimodal 

condition as this type of information is communicated to users by earcons, using the rising 

pitch metaphors (see Section 5.4.3), when a relevant email message is selected. In fact, 

users did not need to visit each message in the threads to complete such tasks. In contrast, 

not all users could complete both tasks in the textual and graphical conditions.  
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Figure 36: Percentage of users who completed the experimental tasks and overall tasks 
completion rate (Number of messages = 921, Number of users = 45 and CT (Ti) = M (Ti) + 
30s) 

Figure 36 shows that presenting the contribution of people in the threads and messages sent 

on the same day graphically helped more users to complete task 5 in the graphical and 

multimodal conditions when compared to the textual. As mentioned previously, the 

complexity of the last three experimental tasks (i.e. tasks 6, 7 and 8) was increased by 

increasing the number of required information in the threads (see Table 21). The percentage 

of users who completed these tasks in the textual and graphical conditions is somewhat 

similar (see Figure 36). This is because users were visually overloaded in the graphical 

condition as all information was presented by colours. In contrast, communicating some 

information aurally to reduce the visual load helped to complete these tasks in the 

multimodal condition with a remarkably higher percentage of users when compared to the 

textual and graphical conditions. 

Figure 36 also shows the percentage of tasks completed by all users and the overall 

percentage of users who completed all tasks in the three experimental conditions. It shows 

that the percentage of tasks completed by all users in the multimodal condition (i.e. five 

tasks) is considerably higher when compared independently to the textual and graphical  
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Conditions Statistical results Significance 

Textual Vs Graphical (χ2
 = 1.22, df=1, cv=3.84, p>0.05) × 

Textual Vs Multimodal (χ 2
 = 4.82, df=1, cv=3.84, p<0.05) √ 

Graphical Vs Multimodal (χ 2
 = 1.30, df=1, cv=3.84, p>0.05) × 

Table 24: Tasks completion statistical results 

conditions. Moreover, three experimental tasks were completed by all users in the graphical 

condition whereas only one experimental task was completed by all users in the textual 

condition. The overall percentage of users who completed all tasks in the multimodal 

condition (i.e. eleven users) is also notably higher when compared to the textual and 

graphical conditions. Furthermore, about half of the users completed all tasks in the 

graphical condition while only five users completed all tasks in the textual conditions. In 

fact, the multimodal presentation of email threads was found to be the best conditions in 

terms of tasks’ completion whereas the textual condition was found to be the least effective 

in terms of tasks’ completion. 

Chi-square was performed on the number of users who completed all tasks in order to test 

the significance of this difference. The results indicated that tasks’ completion rate is not 

significantly different among the three experimental conditions (χ 2
 = 5.99, df=2, cv=5.99, 

p>0.05). Therefore, the hypothesis number 1 is rejected. In order to investigate the most 

effective threads approach in terms of tasks’ completion, experimental conditions were 

independently compared to each other. The results are shown in Table 24. However, the 

results indicated that multimodal condition is significantly more effective in terms of tasks’ 

completion when compared to the textual condition. Therefore, the hypothesis number 4 

was confirmed. Also, the results indicated that the effectiveness of the graphical condition 

fluctuated between the multimodal and the textual approaches where the graphical 

presentation of threads in a temporal view (i.e. off the focus area) helped to increase the 
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tasks’ completion rate when compared to the textual approach. At the same time, visually 

overloading users with the colours decreased the tasks’ completion rate to a level near to 

the textual condition. However, statistical results indicated that graphical email threads 

approach is not significantly more effective in terms of tasks’ completion than the textual 

approach. Hence hypothesis number 3 was rejected. The statistical results also indicated 

that tasks’ completion rate was not significantly improved in the multimodal condition 

when compared to the graphical condition and hence hypothesis number 5 is rejected, too.   

5.9.1.2 Identification of Threads Information   

Users’ answers to the questions asked after performing each experimental task were 

analysed in two different ways. First, they were analysed according to the experimental 

tasks in order to investigate the effect of the tasks and the type of information presented to 

users in the threads. The total number of correct answers in each experimental task was 

calculated for each user. The mean value of correct answers for each experimental task was 

also calculated in the three experimental conditions. Figure 37 shows that the number of 

correct answers for all experimental tasks was the highest in the multimodal condition 

when independently compared to the textual and graphical conditions. It also shows that the 

difference between the graphical and textual conditions in the mean value of correct 

answers was varied in most experimental tasks. This is due to the nature of the tasks and the 

complexity of the required threads. For instance, the number of messages in the required 

threads in the first three experimental tasks was not high (i.e. about two messages). 

Therefore, the mean value of correct answers in this type of tasks was higher in the textual 

condition when compared to the graphical condition as message information was presented 

in the conventional way used in representative email clients where users had difficulties 

recalling colours in the graphical condition (see Figure 37 ). Figure 37 shows that the  
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Figure 37: Correct answers classified by tasks (Number of messages = 921 and Number of 
users = 45) 

reduction of graphically presented information and the increase in the areas dedicated to 

communicate graphical information helped users answering more questions correctly in the 

multimodal condition after performing the same tasks when compared to the textual and 

graphical conditions. 

The observation of users’ performance showed that the majority of users used the textual 

condition mixed between the messages contained in the threads and messages displayed in 

the same day chunk especially when the number of related messages in the threads is 

increased. Consequently, the mean value of correct answers in tasks four, five and six was 

higher in the graphical condition in comparison with the textual condition. This is mainly 

because most of them had difficulties in identifying the number of email messages in the 

required threads and hence answering the rest of the questions incorrectly. In contrast, the 

mean value of correct answers in the same tasks was higher in the multimodal condition 

when compared to the graphical condition (see Figure 37).  

The required threads in the last two experimental tasks communicated a large number of 

information, for example at least one email property (i.e. attachment, priority or status) was 

presented in each message. Figure 37 shows that the number of correct answers in this type  
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Figure 38: Mean value of correct answer of each question (Number of messages = 921 and 
Number of users = 45) 

of tasks was dramatically reduced in the graphical condition when compared to the textual 

and multimodal conditions. This is because the large scale of graphically presented 

information in this approach complicated the identification of threads information. In fact, 

information presented in the multimodal condition was found to be the most identified by 

users despite its presentation in a conventional way in the textual condition. Users’ answers 

were analysed in the second way according to the seven questions shown in Table 22 in 

order to investigate the usefulness of the method used to communicate message information 

in each experimental condition. The mean value of correct answers for each question was 

calculated in the three experimental conditions. Figure 38 shows that the number of related 

messages in threads (i.e.Q1) was identified easily in the graphical and multimodal 

conditions when compared to the textual condition. This is because threads are presented in 

the main view of the textual condition with unrelated email messages where the majority of 

users’ were observed mixing between messages in the threads and unrelated ones. Figure 

38 also shows that the number of correct answers in the second question, in which users 

were asked about the number of unread messages, was the lowest in the graphical condition 

when compared to the multimodal and textual conditions. This is due to the small area used 

to communicate such information in the graphical condition. On the other hand, the number 
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of unread messages in threads was identified more easily in the multimodal condition when 

compared to the textual condition as such information was clearly presented in a larger area 

in comparison with the graphical condition.  

The priority of related email messages in threads (i.e. questions 3 and 4) was more 

identified in the textual condition when compared to the graphical and multimodal 

conditions because users were more familiar with the icons used to communicate such 

information in the textual condition than the graphical and multimodal conditions (see 

Figure 38). However, non-speech notes used to communicate such information in the 

multimodal approach was more identified than the graphical representations used in the 

graphical approach. Identification of the auditory icon used to communicate the existence 

of attachments in messages in the multimodal condition (i.e. Q5) was found nearly similar 

to the conventional way used in the textual condition (see Figure 38). Also, this type of 

information was least identified by users in the graphical condition where they had 

recalling difficulties especially with the large scale of graphically presented information. 

Figure 38 shows that identifying people contribution in threads (i.e. Q6) was the easiest in 

the multimodal condition when compared to the textual and graphical conditions. As 

message icons were visually crowded in the graphical approach, identifying people 

contribution in threads was nearly similar to the textual condition despite the fact that it was 

presented in a similar way of multimodal condition. Figure 38 shows that the number of 

messages sent on the same day (i.e. Q7) was easier to identify in the graphical condition 

when compared to the textual condition. Similarly, reducing the amount of information 

graphically communicated to users led to a considerable increase in the number of correct 

answers in the multimodal condition.  



163 
 

Conditions Statistical results Significance 

Textual Vs Graphical (t14 = 1.22, cv=1.76, p>0.05) × 

Textual Vs Multimodal (t14 = 1.76, cv=1.76, p=0.05) √ 

Graphical Vs Multimodal (t14= 2.28, cv=1.76, p<0.05) √ 

Table 25: Threads identification statistical results 

The overall mean value of correct answers was calculated in the three experimental 

conditions. Figure 38 shows that the overall mean value of correct answers in the 

multimodal condition was the highest when compared to the graphical and textual 

conditions.  

It also shows that the mean value of correct answers of the graphical and textual conditions 

was nearly similar. One-way Anova was applied on the number of correct answers in order 

to test the significance of this difference. The results showed that the three experimental 

conditions are not significantly different in terms of the number of correct answers (F (2, 

21) =2.82, cv=3. 46, p> 0.05). Therefore, the hypothesis stating that the effectiveness of the 

three experimental conditions is different in terms of the identification of threads 

information (i.e. hypothesis 2) was rejected. This is most likely because of the similarity 

between the graphical and the textual conditions. Therefore, t-test was performed on the 

number of correct answers in order to investigate the most effective threads approach. The 

results are shown in Table 25. The results indicated that message information 

communicated to users in the multimodal condition was significantly more identified than 

textual and graphical conditions. Thus, multimodal email threads approach was the most 

effective condition in terms of the number of information identified by users and hence 

hypotheses 7 and 8 were confirmed. Conversely, graphical representations used in the 

graphical approach were the least effective method to communicate threads information. 

Hence, hypothesis 6 was rejected. 
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Figure 39: Time taken to accomplish each experimental task and the overall tasks’ 
accomplishment time (Number of messages = 921 and Number of users = 45) 

5.9.2 Efficiency  

5.9.2.1 Tasks’ Accomplishment Time 

Figure 39 shows the mean value of time taken to accomplish each experimental task in the 

three experimental conditions. It can clearly be noticed that all experimental tasks were 

accomplished with considerably reduced time in the graphical and multimodal conditions 

when compared to the textual condition. This is most likely because users were 

overwhelmed by the large volume of presented email messages in the main view of the 

textual condition. In contrast, presenting email threads in the temporal view of graphical 

and multimodal conditions helped to lessen the complexity of the inbox and hence users 

could decide whether the thread was the required one or not at a glance. For instance, 

Figure 39 shows that users took longer time to recognise the required thread in the first task 

amongst the presented messages in the same day chunk when compared to the graphical 

and multimodal conditions. Furthermore, the time taken to complete task 5, in which users 

were required to find threads by people contribution and chronology of messages, was 

dramatically reduced in the graphical and multimodal conditions when compared to the 

textual condition (see Figure 39). 



165 
 

Conditions Statistical results Significance 

Textual Vs Graphical (t14 = 6.28, cv=1.76, p<0.05) √ 

Textual Vs Multimodal (t14 = 7.77, cv=1.76, p<0.05) √ 

Graphical Vs Multimodal (t14= 1.53, cv=1.76, p>0.05) × 

Table 26: Tasks accomplishment time statistical results 

In the multimodal condition, users needed to move the mouse curser over each email 

message in the thread in order to listen to message information. Nevertheless, the time 

taken to complete most experimental tasks was nearly the same in the graphical and 

multimodal conditions. The main reason behind this result is that they used almost the same 

approach to present email threads and the users could easily identify as well the non-speech 

sounds communicated message information in the multimodal condition. However, time 

taken to accomplish the tasks in which users required to find threads by the number of 

unread email messages (i.e. tasks 3 and 4) was noticeably reduced in the multimodal 

condition when compared to the graphical condition. This is mainly because the rising pitch 

metaphors used to communicate the number of unread messages in the multimodal 

condition helped users to identify the required thread from the main view without looking 

at the threads in the temporal view. Clearly, it also helped users to identify the number of 

unread messages more easily than the common way used in the textual condition. 

Moreover, the mean value of time taken to complete the last three experimental tasks, in 

which the complexity of the required threads was increased, was slightly reduced in the 

multimodal condition in comparison with the graphical condition, meaning that users’ 

performance was affected by the large scale of visually presented information in the 

graphical condition.   

The overall mean value of tasks’ accomplishment time was also calculated. Figure 39 

shows that the textual condition required the highest time to complete all experimental 
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tasks when compared to the graphical and multimodal conditions. Furthermore, the overall 

mean time taken to complete all tasks in the multimodal condition was slightly lower than 

the graphical condition. One-way Anova was performed in order to investigate whether 

these conditions are significantly different in terms of tasks’ accomplishment time. The 

results indicated that they are significantly different (F (2, 21) =37.56, cv=3. 46, p< 0.05). 

Thus, hypothesis number 9 was confirmed. In order to investigate the most efficient 

condition in terms of tasks’ accomplishment time, the three experimental conditions were 

statistically compared to each other using t-test. The results, shown in Table 26, showed 

that the time taken to complete experimental tasks was significantly reduced in the 

graphical and multimodal condition when compared independently to the textual condition. 

Therefore, hypotheses 11 and 12 were confirmed. Meanwhile, time taken to complete tasks 

in the multimodal condition was not significantly reduced when compared to the graphical 

condition and hence hypothesis number 13 was rejected. Thus, textual condition was found 

to be the least efficient in terms of tasks’ accomplishment time. Moreover, the efficiency of 

graphical and multimodal conditions was found almost the same in terms of tasks’ 

accomplishment time.  

5.9.2.2 Errors Rate 

Figure 40 shows the mean value of errors occurred whilst performing each experimental 

task in the three experimental conditions. It can be noticed that all experimental tasks were 

performed in the multimodal condition with the lowest errors rate whereas the highest rate 

of errors occurred in the textual condition. Furthermore, errors rate in the graphical 

condition was unsettled during the experiment according to the type of tasks and the 

presented threads. It reached to a similar rate of the textual condition in some experimental  
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Figure 40: Errors carried out whilst performing experimental tasks (Number of messages = 
921 and Number of users = 45) 

tasks and also reached to a level near to the multimodal condition in other tasks (see Figure 

40).  

One of the most frequent errors that were observed when displaying email threads in the 

textual condition, especially in the first two experimental tasks, is the slipping from the 

arrow icons. For example, the majority of the users made this error at least one time when 

carrying out the first experimental task. On the contrary, this type of errors was not 

observed in the graphical and multimodal conditions as threads were displayed in the 

temporal view by selecting a related message from the main view. Thus, the mean value of 

errors occurred whilst performing the first two experimental tasks was considerably 

reduced in the graphical and multimodal conditions when compared to the textual 

condition. However, errors rate in these tasks was almost the same in the graphical and 

multimodal conditions. 

Moreover, one of the errors that were observed frequently when performing the 

experimental tasks in the textual condition was that the non-consideration of the selected 

message as a part of the email conversation. For instance, the majority of the users selected 

an email thread containing two messages with attachments and the selected messages which  
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(a) 

 
(b) 

Figure 41: Examples of frequent errors in the textual approach (a) not considering the 
selected messages and (b) mixing between related and unrelated messages  

did not contain attachments when they were asked to find the thread that all its messages 

contain attachments (i.e. Task 1) (see Figure 41a). Users were also observed repeatedly 

mixing between messages in the threads and unrelated messages whilst performing most 

experimental tasks in the textual condition especially with threads containing a large 

number of messages. For example, Figure 41b shows a selected email thread contains three 

email messages where some users thought it contained two messages and some thought it 

contained four messages. However, these errors were not observed in the multimodal and 

graphical conditions as threads were presented separately in a different view and the 

number of related messages can clearly be identified as well through the number of 

message icons. Miss-noticing the required email threads was one of the most frequently 

occurring errors in the graphical condition. For instance, most users were observed in most 

experimental tasks searching for the required threads while it was selected. However, the 

auditory metaphors used in the multimodal condition helped users perform the tasks 

without carrying out such errors. For example, the rising pitch notes helped users 

accomplish the tasks in which they were required to find threads by number of unread 

messages (i.e. tasks 2 and 3) with dramatically reduced errors when compared to the  
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Conditions Statistical results Significance 

Textual Vs Graphical (t14 = 1.79, cv=1.76, p<0.05) √ 

Textual Vs Multimodal (t14 = 4.34, cv=1.76, p<0.05) √ 

Graphical Vs Multimodal (t14= 2.24, cv=1.76, p<0.05) √ 

Table 27: Errors rate statistical results 

graphical condition (see Figure 40). Moreover, users could perform the task in which they 

were required to find a thread by people contribution and chronology of messages (i.e. task 

5) with remarkably reduced errors in the graphical and multimodal conditions when 

compared independently to the textual condition (see Figure 40). However, errors occurred 

whilst performing this task in the multimodal condition was slightly reduced when 

compared to the graphical condition because of the expansion of the areas used to present 

graphical information in message icons. 

One of the observed errors in both multimodal and graphical conditions is the mixing 

between high priority and low priority messages. For example, many users considered 

messages as high priority when listening to the low priority earcon whilst performing tasks 

in the multimodal condition and vice versa. This type of errors was noticeably increased in 

the graphical condition when the complexity of email threads was increased. For instance, 

although the number of errors in this condition was lower than the textual condition in most 

tasks, it was increased when carrying out the last three experimental tasks to a level near to 

the textual condition (see Figure 40).   

Figure 40 also shows the overall mean value of errors carried out in the three experimental 

conditions. The mean value of errors carried out in the multimodal condition was 

dramatically reduced when compared independently to the graphical and textual condition. 

Also, experimental tasks were carried out with a reduced number of errors in the graphical 

condition when compared to the textual condition. One-way Anova was performed on this 
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data in order to investigate the significance of this difference. The results indicated that the 

three experimental conditions are significantly different in terms of the errors carried out. 

(F (2, 21) =8.29, cv=3. 46, p< 0.05). Therefore, the hypothesis stating that the efficiency of 

the three experimental conditions is different in terms of errors (i.e. hypothesis 10) was 

confirmed. T-test was performed in order to find out the most and least efficient conditions 

in terms of errors. The results are shown in Table 27. The results demonstrated that the 

textual condition was significantly the least efficient in terms of errors rate. Also, graphical 

condition was found significantly more efficient than the textual condition and hence 

hypothesis number 14 was confirmed. However, the multimodal condition was 

significantly more efficient than the graphical and textual conditions and hence hypotheses 

15 and 16 were confirmed. Thus, it was the most efficient condition in terms of errors 

carried out. 

5.10 Discussion 

The experimental results demonstrated that presenting email threads in the main view with 

unrelated messages will most likely lead to serious usability problems. Users had 

difficulties deciding whether messages are related to threads or not since they were 

overwhelmed by the large volume of presented messages in the inbox. Consequently, 

experimental tasks were completed in the textual threads approach with dramatically 

increased time when compared to the approaches using the temporal view (i.e. graphical 

and multimodal approaches) for displaying threads. Hence, tasks’ completion rate was also 

decreased in this approach. The identification of message information (e.g. priority and 

attachments) was also affected by the clutter of the inbox although they were 
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communicated in the common way used in most email clients (i.e. graphical icons) and 

various errors were frequently occurring were observed as well.  

On the contrary, the results showed that the readability of email threads can be improved by 

presenting them individually in a temporal view. This approach helped to reduce the 

complexity of the email inbox, too. Therefore, the usability drawbacks mentioned 

previously were significantly overcome in the approaches using this method of presenting 

threads (i.e. graphical and multimodal). For example, users could easily identify the 

characteristics of threads such as the number of messages, unread messages and 

chronology. Hence, the time taken to complete experimental tasks and errors carried out 

whilst performing these tasks were significantly reduced when compared to the textual 

threads approach. 

The experimental results showed that the auditory metaphors used in the multimodal 

approach could not improve users’ performance in terms of time in all experimental tasks in 

comparison with the graphical approach. This is mainly because users were imposed to put 

the mouse curser over each message icon in the thread to find out its properties. However, 

other usability aspects were considerably improved using these metaphors such as errors 

rate and threads readability. For instance, rising pitch metaphors helped users identify the 

number of unread messages at a glance from the main view. Identifying such information in 

the textual approach was a difficult task particularly with threads containing a large number 

of messages. As a result, the time taken to complete the tasks in which users needed this 

information (i.e. T3, T4) to find threads was dramatically reduced when compared to the 

textual approach and errors rate as well. Hence, tasks’ completion rate was also improved 

in this type of tasks. Graphical representations used in the graphical approach to 

communicate this type of information were also found more effective than the textual 
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approach in some usability aspects.  However, the experimental results demonstrated that 

rising pitch notes were more usable in communicating the number of unread messages in 

threads than the graphical representation. 

Priority of email messages in threads was more identified in the textual approach when 

compared to the graphical and multimodal approaches. Moreover, the auditory icon used to 

communicate the existence of attachments in email messages were found very similar in 

terms of identification to the conventional icon used in the textual condition. This is mainly 

due to the familiarity of users with the icons used to communicate such information. 

Nevertheless, experimental results indicated that tasks’ accomplishment time, errors rate 

and tasks’ completion rate were improved in the multimodal approach when compared to 

the textual approach in spite of the high level of identification in the textual approach. 

Furthermore, the results showed that earcons used to communicate the priority of email 

messages and the auditory icon used to communicate attachments were more recognised 

than colours. This difference became more explicit with complex email threads (i.e. last 

three experimental tasks). For instance, errors rate, correct answers and tasks’ completion 

rate in the graphical approach reached a level near or less to the textual condition in the last 

three experimental tasks although some of these variables were enhanced in the graphical 

approach in the rest of the tasks. Furthermore, these tasks were also completed in the 

multimodal email threads with an overall improved usability when compared to the 

graphical approach. The main reason behind these results is that communicating such 

information aurally helped users complete these tasks with a reduced visual overload. 

The graphical representations used to communicate the chronology of email messages and 

people contribution within threads helped users identify such information easier in the 

graphical and multimodal approaches when compared to the textual approach. Furthermore, 
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task 5, in which this type of information was needed to find a thread, was completed with 

extremely enhanced usability (i.e. tasks accomplishment time, errors rate and tasks’ 

completion rate) in the graphical and multimodal approaches in comparison with the textual 

approach. However, conveying various data of email messages aurally in the multimodal 

approach helped to expand the area used to communicate this information graphically. The 

experimental results demonstrated that this expansion helped users identify the number of 

messages sent on the same day and the people participated in threads easier than the 

graphical approach (Questions 5 and 6). 

Table 28 summarises the results of the statistical tests applied on each dependant variable to 

compare the three experimental conditions. Experimental tasks were completed in the 

graphical and multimodal approaches with significantly reduced time when independently 

compared to the textual approach (see Table 28). Experimental results also showed that the 

overall mean value of time taken to complete all experimental tasks in the multimodal 

approach was reduced when compared to the graphical approach. However, this difference 

was not found statistically significant. This is mainly due to two reasons.  

First, the similarity of presenting threads in both approaches. Second, users were impelled 

to put the mouse over each message in the multimodal approach to find out its properties. 

Table 28 also shows that experimental tasks were accomplished in the graphical and 

multimodal approaches with significantly reduced errors when independently compared to 

the textual approach. However, experimental results also showed that errors carried out 

whilst performing the tasks in the multimodal approach were remarkably reduced when 

compared to the graphical approach. This difference was statistically significant. Hence, 

multimodal approach was the most efficient approach in terms of errors rate where the least  
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Dependant Variables 

Textual          

Vs      

Graphical 

Textual 

Vs 

Multimodal 

Multimodal                                

Vs 

Graphical 

Tasks completion × √ × 

Identification of threads information × √ √ 

Accomplishment time √ √ × 

Errors rate √ √ √ 

Table 28: Summary of the statistical results of all dependant variables 

efficient one was the textual approach. Thus, graphical and multimodal approaches were 

found more efficient than the textual approach. Statistical results indicated that multimodal 

approach was significantly more effective in terms of tasks’ completion rate and 

identification of threads information when compared to the textual approach. Moreover, 

tasks’ completion rate was higher in the graphical approach than the textual approach. 

However, this difference was not statistically significant.  

The identification of threads information was also degraded in the graphical approach when 

compared to the textual approach. Furthermore, the number of users who completed all 

tasks in the multimodal approach was higher than the graphical approach. However, this 

difference was not significant because this variable was measured based mainly on time 

where most experimental tasks were completed in both conditions with similar time. 

Statistical results also showed that the identification of threads information was 

significantly improved in the multimodal approach when compared to the textual approach. 

In conclusion, multimodal email threads approach was found more effective and efficient in 

terms of all usability metrics than the textual approach. On the other hand, graphical email 

threads approach has failed to become more effective than the textual approach although it 

was more efficient. The results of this empirical study demonstrated that the multimodal 

approach was more usable than the graphical approach in terms of all usability metrics 
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except those depending on time (i.e. tasks’ completion rate and tasks’ accomplishment 

time).  

5.11 Summary 

This chapter described an experiment carried out to investigate whether the usability of 

browsing email messages can be improved by incorporating email threads with contextual 

information about messages within the threads in graphical email approaches such as 

LinearVis II. The experiment also attempted to find the most usable way of presenting 

email threads with their contextual information. Three email threads approaches: textual, 

graphical and multimodal were implemented in LinearVis II. Related messages were 

displayed in the textual approach in the main view with chronological and contextual 

information. In the graphical approach, messages were presented graphically in a temporal 

view where all types of information (chronological, relationships and contextual) were 

provided. The same approach was used to present threads in the multimodal approach with 

some information communicated aurally (i.e. none-speech sounds) in order to reduce the 

visual overload.  

These approaches were tested comparatively with three independent groups of users. Each 

group tested one experimental approach. The usability was measured in this chapter based 

on effectiveness (i.e. tasks completion rate and identification of threads information) and 

efficiency (i.e. tasks accomplishment time and errors rate). 

The results indicated that presenting email threads in the main view can significantly 

reduce the usability of email clients in contrast to the temporal view. As a result, 

Multimodal email threads approach was found more usable in terms of effectiveness and 

efficiency than the textual approach. Furthermore, graphical email threads approach was 
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found more efficient in terms of tasks’ accomplishment time and errors rate when 

compared to the textual approach. However, effectiveness of the graphical approach was 

significantly degraded when compared independently to the textual and multimodal 

approaches. This is because of the difficulties faced by users in recalling the graphical 

representations used to communicate threads information specifically with complex email 

threads. On the other hand, auditory metaphors (i.e. rising pitch notes, earcons and auditory 

icons) used to communicate the same information were found more recognised than its 

graphical counterpart. For instance, rising pitch metaphors helped users identify the number 

of unread messages at a glance from the main view. This difference became more explicit 

with complex email threads. Furthermore, the results indicated that errors carried whilst 

performing tasks in the multimodal approach were significantly reduced when compared to 

the graphical approach. However, the results demonstrated that there was not a significant 

difference between the graphical and multimodal approaches in the usability metrics which 

depended on time such as tasks’ completion rate and tasks’ accomplishment time. This is 

mainly because of the similarity between the two approaches and the nature of 

communicating information aurally. 
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Chapter 6  Conclusions and Experimentally Derived 

Guidelines  

6.1 Introduction 

This chapter begins with a brief review of the experimental work carried out and the results 

obtained. The chapter, then, describes a set of empirically derived guidelines that can be 

used for designing email clients that facilitate the browsing of email data. It, finally, 

concludes with some directions for future work that can be carried out based on the 

experimental study described in the thesis.       

6.2 Review of the Experimental Work  

The experimental work described in the thesis aimed at investigating the use of various 

information visualisation techniques and non-speech sound in enhancing the usability of 

browsing email data. This aim was accomplished evolutionary through three experimental 

phases. 

An initial experiment was carried out, first, to investigate the effect of incorporating various 

visualisation techniques on the usability of browsing email messages (see Chapter 3). It is 

also aimed at finding out the most appropriate visualisation techniques for presenting email 

information. In order to conduct the experiment, two email visualisation approaches, called 

LinearVis and MatrixVis, that presented email messages in multi coordinated views were 

developed. The two approaches consisted of a dateline, main view and temporal view, and 

presented email messages as squares. The status of email messages was communicated by 

colours in the two approaches, too. However, the main aspect that differentiates LinearVis  
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Usability 
Metrics Dependant Variables LinearVis MatrixVis 

Control 
Condition 

Effectiveness 
Tasks completed Successfully 8 (80%) 6 (60%) 3 (30%) 

Users completed all tasks 24(80%) 22 (73%) 11(37%) 

Efficiency 
Tasks’ completion time 29.15 52.94 61.38 

Actions carried out 2.88 10.11 6.62 

Users’ 
Satisfaction 

Ease of use  5.1 3.9 4.5 
Ease of learning  5 3.6 4.6 

Usefulness 4.7 3.5 4.4 
Overall satisfaction 43.3 32.8 41.50 
Preference (users) 22 (73.3%) 2 (6.7) 6 (20%) 

Table 29 Quantitative review of the results obtained in the first experimental phase  

from MatrixVis is the way of classifying messages. LinearVis presented email messages in 

the main view classified by senders whereas MatrixVis presented email messages in the 

main view classified by time were messages received on.  

Thirty users (n=30) were required to perform ten experimental tasks in the two 

experimental email approaches and a typical email client (same tasks in each condition). 

These experimental tasks were designed to be in three complexity levels: easy, medium and 

difficult. The results obtained were analysed into effectiveness, efficiency and users’ 

satisfaction. Effectiveness was measured by taking into account tasks completed 

successfully. Tasks’ accomplishment time and the number of actions carried out were 

considered to measure efficiency. Users’ satisfaction was measured by using 1 to 6 Likert 

rating scale questionnaire after each condition as well as the overall users’ preference. 

Table 29 shows a quantitative review of the results obtained in this experimental phase. The 

results demonstrated that visualising email messages in multi coordinated views based on a 

dateline together with senders can significantly improve the usability of email browsing. 

Moreover, information hiding was not found to be an effective way for reducing the 

graphical complexity in the inbox. The overall usability of browsing email messages in 

LinearVis was significantly increased when compared to the typical email client. The 
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overall usability of MatrixVis, on the other hand, was significantly degraded when 

compared to the typical email client.   

In the second experimental phase, an experimental email visualisation, called LinearVis II, 

was developed based on the findings of the previous experiment. In a similar way of 

LinearVis, it presented email messages using multi coordinated views based on a dateline 

with senders’ names or addresses (see Chapter 4). However, various aspects differentiate 

LinearVis II from LinearVis. First, email messages were presented in LinearVis II textually 

in a list view as the results of the initial experiment demonstrated that list view is the most 

appropriate way for presenting email messages. On the other hand, messages were 

presented as square icons in LinearVis. Second, the length of dateline in LinearVis II was 

reduced to be composed of months instead of day as in LinearVis. Third, senders were 

displayed alphabetically in LinearVis where they were displayed based on their activities in 

LinearVis II. Fourth, dynamic filters were implemented in LinearVis II as users can 

dynamically use the dateline together with the senders’ list. Such features were not 

implemented in LinearVis. Fifth, an instant subject search and attachment panel were added 

in LinearVis II.  

In order to investigate the usefulness of these enhancements in the usability of browsing 

email messages, a comparative usability evaluation was conducted between the new 

experimental email approach and a typical email client. Thirty users (n=30) were required 

to perform twelve experimental tasks, six in each condition. The usability of each condition 

was measured in this experiment by taking into account effectiveness, efficiency and users’ 

satisfaction. Effectiveness was measured by calculating the tasks’ completion rate in the 

two conditions. Tasks’ accomplishment time, errors carried out whilst performing tasks and 

actions required to accomplish each task were considered to measure the efficiency of each  
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Usability 
Metrics Dependant Variables LinearVis II Control 

Condition 

Effectiveness 
Tasks completed Successfully 10 (83%) 3 (25%) 

Users completed all tasks 13(87%) 6(40%) 

Efficiency 
Tasks’ completion time 40.31 71.52 

Errors occurred 0.67 1.11 
Actions carried out 2.19 2.75 

Users’ 
Satisfaction 

Overall satisfaction 42.47 26.93 

Table 30 Quantitative review of the results obtained in the second experimental phase 

condition. Users’ satisfaction was measured through 1 to 5 Likret rating scale post-

experimental questionnaires. Table 30 shows a quantitative review of the results obtained in 

this experimental phase. The results of the initial experiment were confirmed in this 

experiment since multi coordinated views were also found to be an effective way for 

presenting email information. The results also demonstrated that the enhancements applied 

on the dateline and senders’ list helped in the reduction of tasks’ accomplishment time, 

errors and actions carried out to perform tasks when compared with the typical ways used 

for browsing messages. Furthermore, the attachment panel helped users find attachments by 

senders with dramatically reduced time, errors and number of actions when compared to the 

standard email client. One of the powerful features of LinearVis II that was found to be a 

helpful method for browsing email messages is the use of dynamic filters. In overall, 

LinearVis II was found significantly more usable in terms of effectiveness, efficiency and 

users’ satisfaction than the typical email client.    

The first two experiments investigated the usability of browsing email messages by the 

basic email properties such as date, subject and senders. The third experimental phase was 

aimed at investigating the usability of browsing email messages by other email data, 

particularly email threads (see Chapter 5). The experiment assumed that in order to 
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facilitate the browsing of email data using email threads, contextual information about 

messages in the thread should be provided to users. Therefore, the experiment was also 

aimed at investigating the most appropriate way of communicating such information. In 

order to conduct the experiment, three email threads approaches were implemented and 

embedded into LinearVis II. The first approach called the textual threads approach where 

related email messages were presented textually in the main view with contextual 

information presented in the typical way. The graphical and multimodal email threads 

approaches presented related messages graphically as nodes connected with arches in the 

temporal view. However, the graphical approach communicated contextual information 

graphically while the multimodal approach communicated some contextual information 

using non-speech sound (i.e. earcons and auditory icons).  

These approaches were tested independently by three groups of users, each group 

consisting of fifteen users (n=45). Each user was required to perform eight experimental 

tasks in an experimental approach. In these tasks, users were required to find the required 

email threads with the provided relevant information. Moreover, they were asked to answer 

a set of questions about the required thread after completing each task. The usability of the 

three approaches was measured based on effectiveness (i.e. tasks completion rate and 

identification of threads information) and efficiency (i.e. tasks accomplishment time and 

errors rate). Table 31 shows a quantitative review of the results obtained in this 

experimental phase.  These results showed that presenting email threads in the main view 

can significantly reduce the usability of email clients in contrast with the temporal view. 

Temporal views, on the other hand, were found to be the most useful way for presenting 

email threads as in the graphical and multimodal approaches. Furthermore, the results 

demonstrated that users were able to identify contextual information presented by colours  
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Usability 
Metrics 

Dependant Variables Textual 
Approach 

Graphical 
Approach 

Multimodal 
Approach 

Effectiveness 

Tasks completed Successfully 1 (12.5%) 3 (38%) 5 (63%) 
Users completed all tasks 5(33.3%) 8 (53%) 11(73%) 

Question answered regarding 
email threads 2.34 2.16 2.98 

Efficiency 
Tasks’ completion time 69.31 49.47 44.15 

Errors occurred 1.48 1.22 0.96 
Table 31 Quantitative review of the results obtained in the third experimental phase 

in the graphical approach. However, this high rate of identification was dramatically 

decreased when small areas were used for presenting such information or a large volume of 

information was presented. The results also indicated that auditory metaphors used in the 

multimodal approach helped users perform the majority of the experimental tasks with an 

overall usability in comparison with the textual and graphical approaches. In contrast to the 

graphical representations, these improvements became more explicit when a large volume 

of information was communicated. Thus, the multimodal email threads approach was found 

to be the most usable threads approach amongst the three experimental approaches.  

6.3 Addressing the Tested Hypotheses  

This section reviews the success criteria of the aims considered in this experimental work. 

In order to investigate whether these aims were satisfied, the hypotheses tested throughout 

the three experimental phases were reconsidered according to the usability metrics 

measured in the thesis (i.e. effectiveness, efficiency and users’ satisfaction). Table 32 

shows the acceptance, rejection and the significance level of each hypothesis. It can clearly 

be seen that LinearVis has successfully succeeded to confirm the majority of the stated 

hypotheses. Therefore, it can be said that there is at least 95% probability that the way of 

presenting email data in LinearVis approach can improve the usability of retrieving email 

messages by senders and date. In the contrary, Table 32 also shows that MatrixVis has  
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Hypothesis 
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Evidence 
Reference 

Effectiveness 
Experimental tasks should be performed by users more 
effectively in LinearVis than the standard email 
condition. 

 √ 95% 
Section 
3.10.1 Experimental tasks should be performed by users more 

effectively in MatrixVis than the standard email 
condition. 

√  95% 

Experimental tasks should be performed by users more 
effectively in LinearVis II than the standard email 
condition. 

 √ 95% 
Section 
4.9.1 

Experimental tasks should be performed by users more 
effectively in the graphical email threads approach 
than the textual email threads approach. 

√  95% 

Section 
5.9.1.1 

Experimental tasks should be performed by users more 
effectively in the multimodal email threads approach 
than the textual email threads approach. 

 √ 95% 

Experimental tasks should be performed by users more 
effectively in the multimodal email threads approach 
than the graphical email threads approach. 

√  95% 

Contextual information should be more identified by 
users in the graphical email threads approach than the 
textual email threads approach. 

√  95% 

Section 
5.9.1.2 

Contextual information should be more identified by 
users in the multimodal email threads approach than 
the textual email threads approach. 

 √ 95% 

Contextual information should be more identified by 
users in the multimodal email threads approach than 
the graphical email threads approach. 

 √ 95% 

Efficiency 
Experimental tasks should be performed by users more 
efficiently in LinearVis than the standard email 
condition. 

 √ 95% 
Section 
3.10.2 Experimental tasks should be performed by users more 

efficiently in MatrixVis than the standard email 
condition. 

√  95% 

Experimental tasks should be performed by users more 
efficiently in LinearVis II than the standard email 

 √ 95% 
Section 
4.9.2 
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condition. 
Experimental tasks should be performed by users more 
efficiently in the graphical email threads approach than 
the textual email threads approach. 

 
√ 95% 

Section 
5.9.2 

Experimental tasks should be performed by users more 
efficiently in the multimodal email threads approach 
than the textual email threads approach. 

 
√ 95% 

Experimental tasks should be performed by users more 
efficiently in the multimodal email threads approach 
than the graphical email threads approach. 

√  95% 

Users’ Satisfaction 
LinearVis should be more satisfactory than the 
standard email condition. 

 √ 95% 

Section 
3.10.3 

MatrixVis should be more satisfactory than the 
standard email condition. 

√  95% 

LinearVis should be more preferred than the standard 
email condition. 

 √ 95% 

MatrixVis should be more preferred than the standard 
email condition. 

√  95% 

LinearVis II should be more satisfactory than the 
standard email condition. 

 √ 99% 
Section 
4.9.3 

Table 32 Overall review of the hypotheses test throughout the three experimental phases             

failed to confirm all stated hypotheses. Hence, there is also at least 95% likelihood that the 

way of presenting email data in MatrixVis will affect users’ performance when retrieving 

email messages. However, these results will be more clarified and interpreted to design 

guidelines in the following sections.  

It is also can be noticed that LinearVis II has successfully succeeded to prove most of the 

hypotheses in Table 32. Therefore, there is 95% possibility that the way of presenting email 

data in this approach can at least improve the retrieval of email messages. Furthermore, 

presenting email threads in a multimodal way were found to improve the retrieval of email 

messages, with at least 95% probability, when compared to the textual presenting (see 

Table 32). Table 32 also shows that the graphical email threads approach, on the other 

hand, has failed to improve the process of retrieval messages when compared to the textual 
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approach. Finally, it can be noticed that presenting email threads in a multimodal way can 

significantly improve the process of retrieval email messages in respect of some usability 

aspects when compared to the graphical approach. These findings will be discussed in more 

detail and will be presented as a set of empirically derived guidelines in section 6.5.   

6.4 The Significance of the Empirical Study   

This empirical work contributes to the literature of Electronic Email research and to the 

Multimodal Interaction field as well. Multimodal interaction metaphors specifically 

information visualisation techniques and non-speech sound (i.e. earcons and auditory icons) 

have not been utilised to enhance email messages retrieval (see Chapter 2). As a result, this 

thesis fills this gap in the literature and provides with novel email approaches such as 

LinearVis II that simplify the process of messages retrieval. Further, the thesis also 

provides a set of empirically derived guidelines for using multimodal metaphors to improve 

email messages retrieval.             

6.5 Empirically Derived Guidelines 

The results and findings from the experimental study described in the thesis were 

interpreted into a set of guidelines that can be used for designing email clients that facilitate 

the browsing of email messages. This set of guidelines contributes to the current research 

literature of using information visualisation for improving the usability of email. Table 33 

shows a brief summary of these guidelines. Furthermore, they also help in answering the 

research questions stated in chapter 1 (see Section 1.3). These guidelines were derived by 

discussing the results obtained based on the following key points: 
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Adopted Techniques Design Guidelines 

Multiple views visualisation 

1. Messages must be classified based on an appropriate 
email data such as senders and date. 

2. Coordination must be provided between views. 
3. Scrollbars should be avoided in the dateline as much as 

possible. 
4. Senders’ list (people list) should not be used for 

classification only and should provide interactivity.  
5. Order of the senders in the list plays an important role in 

the usability of retrieval messages by senders. 

Reducing the graphical 
complexity 

6. Avoid hiding message information for reducing the 
complexity in the inbox. 

7. Reduce the number of messages presented in the inbox 
rather than hiding some information. 

Using colours 

8. Avoid excessive of presenting email data using colours. 
9. Avoid presenting messages information using colours in 

the main view. 
10.  Communicate email information using colours in the 

temporal views and in an adequate space.   

Using dynamic filters 

11. All presented email information should be exploited for 
filtering messages. 

12. Selection of multiple attributes must be provided. 
13. Deselect feature should be allowed. 

Using non-speech 

14. Avoid communicating messages information using sound 
in the main view. 

15. Rising pitch notes is an effective way for communicating 
an overview about the inbox. 

16. Non-speech sound can be used effectively to 
communicate email data in limited space. 

17. The synergic use of non-speech sound with visualisation 
can be effective for communicating email threads 
information. 

Email threads 
18. Contextual information about messages should be 

provided to allow messages retrieval. 
19. Avoid presenting email threads in the main view. 

Table 33 Summary of the derived guidelines 

1. Presenting email information using multiple view visualisation 

2. Reducing the graphical complexity in the inbox 

3. Using colours for presenting email information 
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4. Using dynamic filters for retrieving email information 

5. Using non-speech sound for communicating email information   

6. Using email threads for retrieving email messages 

6.5.1 Presenting Email Information Using Multiple View Visualisation 

Dividing the interface that is used for presenting email data into multiple views was found 

to be an effective way for improving the accessibility of email information. For instance, 

the results of the experiment described in chapter 3 demonstrated that users could 

accomplish most of the experimental tasks in LinearVis with improved effectiveness, 

efficiency and satisfaction when compared to the standard email client. These results were 

also confirmed in chapter 4 where LinearVis II produced an overall improvement in the 

usability when compared to the typical email client. However, this may not necessarily 

always be the case. For example, the results of the initial experiment in chapter 3 indicated 

that users accomplished the majority of the experimental tasks in MatrixVis with 

significantly reduced effectiveness, efficiency and satisfaction when compared to the 

standard email client. One of the crucial factors for the success of using multiple views is 

that presenting email information based on the appropriate email properties. The 

experimental results in chapters 3 and 4 indicated that email data can effectively be 

presented based on date together with senders. LinearVis ( where messages were presented 

based on date and senders), for instance, was found the more usable email approach in 

terms of browsing email messages than MatrixVis (where messages were presented based 

on date and time). Furthermore, chapter 4 shows that browsing email messages using 

LinearVis II was more usable than the typical email client. 
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One of the powerful features that must be considered when presenting email data in a 

multiple view interface is the coordination between views. This feature allows the 

presentation of different types of information with one action (e.g. mouse click) and, 

therefore, helps in retrieving email information with less effort in comparison with typical 

approaches. In LinearVis II, for example, users were able to browse the email messages and 

the attachments of a particular sender at the same time by clicking on its name from the 

senders’ list (see Chapter 4). However, existing guidelines in the design of multiple views 

visualisations such as [24] must be taken into consideration with the issues mentioned 

above when presenting email data in a multiple views visualisation.  

The results of the experimental study in the thesis suggested that dividing the email user 

interface into dateline, senders’ list, main view, temporal view and attachment panel can 

significantly improve the usability of browsing email data. Various design issues regarding 

most of these views are discussed in the next sections. 

6.5.1.1 Dateline 

Date is one of the frequently used email properties for locating email messages. In this 

experimental study, Dateline was found an effective method for finding email messages by 

date. The results obtained from the initial experiment in chapter 3 showed that the dateline 

used in LinearVis and MatrixVis helped users find email messages by date with an overall 

reduction of time and actions when compared to the typical approach. However, one of the 

vital issues that should be considered when designing a dateline is the length of the 

dateline. The longer the dateline is the more actions are required to find a message and, 

consequently, the time taken to find an email message increases. In order to reduce the 

efforts (e.g. time, errors, actions, etc) required to use the dateline, its length should not 
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exceed the boundary of the interface and scroll bars must be avoided as well. Furthermore, 

one of the approaches that can be used to reduce the length of the dateline is presenting the 

dates of the current year only. The dates of the previous years can be presented when 

required. For example, previous dates can be presented in the dateline of LinearVis and 

MatrixVis by selecting the required year from a dropdown menu. The dateline used in 

LinearVis II was designed based on these guidelines. The results of the experimental study 

(see Chapter 4) demonstrated that users were able to find email messages by date with a 

dramatically reduced time, errors and actions when compared to typical approaches. For 

example, the maximum number of actions carried out to find email messages by date using 

LinearVis II was only three (see Section 4.10). 

6.5.1.2 Senders’ List 

Grouping email messages by senders was found a useful approach for enhancing the 

usability of browsing email data. The results of the experiment in chapter 3 demonstrated 

that the senders’ list used in LinearVis helped the users to complete experimental tasks with 

an improved effectiveness. It also helped users find email messages by senders with 

dramatically reduced time and actions. However, classifying email messages by senders 

may not be sufficient for improving the retrieval of messages. One of the powerful features 

that have to be considered when designing a senders’ list is the interactivity, where 

messages can be filtered according to the selected sender in the list. The results of the 

experiment in chapter 4 showed that this feature helped the users find email messages by 

senders with reduced time and errors when compared to the typical approaches.  

One of the important issues that should also be taken into account when designing a 

senders’ list is the order of the senders in the list. Although the results of the initial 



190 
 

experiment in chapter 3 indicated that presenting the senders in alphabetical order can 

significantly improve the usability of browsing messages, but this may not necessarily 

always be the case. With this type of presentation, senders relatively remain at the same 

position in the list although users’ behaviours in email change over the time. Consequently, 

more efforts (e.g. time, actions and etc) will be required for finding email messages sent by 

a regular sender located at the bottom of the list. Presenting senders according to their 

activities with the email user was found an effective way for retrieving messages. The 

results of the experiment in chapter 4 showed that users could find email messages by 

senders using the senders’ list in LinearVis II with remarkably reduced time and errors 

when compared to the typical way used in current email systems. Moreover, a facility for 

locating less active senders must be provided in the senders’ list when using such an 

approach. One of the facilities, for example, that can be used is the ability of searching for a 

sender in the list.            

6.5.1.3 Temporal Views   

One of the useful approaches that can be used for enhancing the usability of browsing email 

data is using temporal views. Temporal views can be used effectively for providing an 

overview of a specific email data. This helps in reducing the efforts required by users for 

retrieving email data. For example, the temporal view in LinearVis (see Chapter 3) was 

used for presenting the recipients of email messages. It helped users accomplishing the 

difficult tasks without opening un-required email messages and, consequently, time and 

actions were remarkably reduced when compared to the typical email client. These results 

were also confirmed in chapter 4 with the temporal view used for presenting recipients in 

LinearVis II.  
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Moreover, one of the email data that was communicated successfully using temporal views 

is attachments. The results of the experiment described in chapter 4 showed that the 

attachment panel helped all users complete the task in which they were requested to find 

attachments. Furthermore, time, errors and actions were reduced nearly to 50% when 

compared to the typical ways used in the current email systems. Chapter 5 also showed that 

email threads were more readable when presented in a temporal view than when presented 

in the main view. In fact, further investigations into the number of temporal views that can 

be used in an email client and the type of email data that can be presented using such views 

are required.           

6.5.2 Reducing the Graphical Complexity in the Inbox 

Previous research showed that crowding the user interface with a large volume of graphical 

information may lead to serious usability problems [87, 88, 204, 205]. These problems can 

be avoided by hiding some information that is thought to be less important. However, 

hiding message information such as subject and priority was not found to be an appropriate 

approach for reducing the graphical complexity in the inbox as such information might be 

critical for users. For example, the overall usability of MatrixVis was significantly 

degraded in terms of effectiveness, efficiency and users’ satisfaction when compared to the 

typical email client due to the large scale of hidden information. Moreover, users’ 

performance was significantly affected when performing the medium experimental tasks in 

LinearVis when compared to the standard email. Thus, all message information must be 

presented directly to users when designing email clients.  

In contrast, reducing the number of email messages presented in the inbox was found to be 

a better approach for reducing the graphical complexity of the inbox than hiding message 
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information. As the older email messages get, the less likely they will be looked for [1], 

LinearVis II presented email messages that were received within the past month in the main 

view. The experimental results showed that this approach helped users in browsing email 

with significantly improved usability when compared to the standard email client. 

6.5.3 Using Colours for Presenting Email Information 

Colours were found a useful way for communicating various types of email information. 

The results of the initial experiment (see Chapter 3) demonstrated that presenting the status 

of email messages by colours in LinearVis and MatrixVis helped users complete 

experimental tasks with reduced time and errors when compared to the typical email client. 

Furthermore, users were able to distinguish between the types of recipients (i.e. CC, TO) in 

LinearVis. The results of the experiment described in chapter 5 also showed that users 

could easily identify the characteristics of email threads in the graphical approach. 

However, various design issues must be taken into account when using colours for 

presenting email information graphically. First, colours must not be used excessively for 

presenting email information in order to avoid the visual overload. For example, the results 

of the experiment in chapter 5 showed that users’ identification of threads information in 

the graphical approach was considerably reduced in the last three experimental tasks, where 

large volume of graphical information was presented. Second, colours should not be used 

for presenting message information in the main view. Using such an approach may enforce 

the designer to hide some important information such as the subject which breaks the 

guidelines in section 6.5.2. Consequently, the most usable approach for presenting message 

information is using the textual list view. Third, the size of the area dedicated to present 

email information graphically plays an important role in the identification of such 
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information. For example, users’ performance was dramatically affected in LinearVis when 

message information was presented in small icons. Furthermore, some threads information 

in the graphical approach was not easily identified (e.g. unread messages and people 

contribution) due to the small presentation space used. In contrast, the same type of 

information was found easier to identify in the multimodal approach due to the extension 

the area used for presentation. 

6.5.4 Using Dynamic Filters for Retrieving Email Information 

As mentioned previously, all information of email messages must be directly provided to 

users. In order to improve the usability of browsing messages, all presented information 

should be utilised for filtering messages. For example, presented messages can be filtered 

to present messages with attachments only by clicking on an attachment icon from the main 

view. This type of filter was implemented in LinearVis and MatrixVis (see Chapter 3) for 

filtering messages based on date using the dateline, and the results demonstrated that users 

could accomplish experimental tasks with dramatically reduced time and errors in 

comparison with the typical email client.  

One of the powerful features that can be implemented in this type of filters is the ability of 

selecting multiple properties dynamically (i.e. according to users objectives) at the same 

time. For example, messages with attachment and high priority can be presented in the 

main view by clicking on the attachment icon then the high priority icon from the main 

view. Moreover, such filters should also allow users to deselect un-required email 

properties. For example, email messages with attachments only can be presented instead of 

those with attachments and high priority by clicking again on the high priority icon. Using 

filters with such features likely can significantly reduce the actions, such as the navigation 
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through menus to find the search command and typing the required email proprieties 

manually in the search fields, required by users for retrieving messages. LinearVis II (see 

Chapter 4) allowed users filtering messages in a similar approach according to date and 

senders. The results indicated they were able to find messages with dramatically reduced 

time and errors when compared to the typical methods used in current email systems. 

However, existing guidelines of the use of dynamic queries for exploring information in the 

user interface such as [206-208] must also be taken into account together with these key 

points when employing such approach in email browsing. In fact, using dynamic filters for 

filtering email messages has two superiorities over the use of rules. First, programming 

skills is not required for using dynamic filters whereas they are essential for using rules. 

Second, automatic rules might become obsolete as users’ email activities change over the 

time. Dynamic filters, on the other hand, were designed for this purpose.     

6.5.5 Using Non-Speech Sounds for Communicating Email 

Information    

Previous research such as [53, 68-70, 83, 87, 91, 95, 101] showed that non-speech sound 

can significantly contribute to the usability of user interfaces in different domains. This 

thesis investigated how non-speech sound can be utilised in email clients to assist the 

browsing of email data. Similarly, the results indicated that it can be used fruitfully for 

enhancing the browsing of email information. More specifically, email information such as 

the priority (i.e. communicated by earcons) and attachment (i.e. communicated by auditory 

icons) was easily identified by users. In addition, aural messages communicated 

consecutive email information, such as an email message with low priority and attachment, 

were also easily identified by users. The results, for instance, demonstrated that the 
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identification rate of the contextual information in the multimodal approach was 

dramatically increased in the last three experimental tasks where various email messages 

communicated several properties aurally (see Chapter 5). In spite of the fact that non-

speech sound was found an effective contributor to browsing email messages, various key 

points should be considered when it is implemented in email clients. First, it should not be 

used for conveying information about messages in the main view as textual list was found 

the best way for presenting such information (see Section 6.5.2). In contrast, it can be used 

effectively for providing users with an overview of the inbox. This can help in lessening the 

efforts required to find an email message. The experimental results, for example, showed 

that presenting the number of unread messages within a thread using the rising pitch notes 

helped users accomplish experimental tasks easily. Consequently, tasks 3 and 4 were 

completed with an improved usability in the multimodal approach when compared to the 

other approaches (see Chapter 5). In fact, rising pitch notes were found to be effective 

means for communicating countable data in the inbox (i.e. number of unread messages). 

Therefore, similar types of information such as the number of attachments in an email 

message and the number of recipients can more likely be successfully communicated with 

rising pitch. 

Second, non-speech sounds (i.e. earcons and auditory icons) can also be used for 

communicating email information that can hardly be presented graphically due to the 

restriction of presentation area. The results demonstrated that users had difficulties 

identifying priority of email messages and attachments in the graphical email threads 

because of the small areas used for presenting this type of information (see Chapter 5). On 

the contrary, the identification of the same information was dramatically increased when it 

is communicated aurally in the multimodal email threads approach. Third, the synergic use 
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of non-speech sounds (i.e. earcons and auditory icons) and graphical representations were 

found an effective way for communicating information of email threads. The benefits of 

using such an approach are likely become more explicit when a large scale of information 

would need to be presented. The results, for example, showed that users’ performance in 

terms of time, errors and identification was remarkably degraded when performing the last 

three experimental tasks, where a large volume of information was presented, in the 

graphical email threads approach. In fact, the synergy of non-speech sound and 

visualisation in the multimodal approach helped users in performing this type of tasks with 

considerably improved performance. Similar results were also found in different problem 

domains such as the web search results [98, 99]. Furthermore, the guidelines described 

above showed only how and when to utilise non-speech sound in email retrieval. Therefore, 

several existing guidelines such as [74, 81, 117] should be taken into account to produce 

effective auditory messages.                 

6.5.6 Using Email Threads for Retrieving 

Previous studies showed that email threads can be used successfully to enhance the 

efficiency of email in terms of various aspects [139, 149, 183, 185, 186, 188, 189, 209, 

210]. For example, they can be used to reduce the clutter in the inbox or to improve the 

process of email triage. This thesis, however, investigated whether email threads can be 

used to improve the browsing of email messages. The results (see Chapter 5) demonstrated 

that they can significantly improve the usability of browsing messages. One of the powerful 

features of email threads that they facilitate the accessibility to messages that can hardly be 

found by common email data such the date and sender. However, several design issues 

must be taken into account when utilising threads for retrieving messages. One of the 

essential information that must be provided in email threads to facilitate the retrieving 



197 
 

process is the contextual information about messages within the threads such as the 

existence of attachment and the status of messages. The existence of such information can 

significantly reduce the efforts required to retrieve email data. For example, to find an 

email message with attachment in a thread, email messages with attachment will only be 

visited if such information was provided; otherwise all messages in the thread would need 

to be opened. Additional information, such as relationships and chronology, about email 

threads can also be provided to enhance the usability of browsing messages using threads.  

The main view of the email inbox should not be used for presenting email threads as such 

approach can visually overload users with messages and, consequently, increase usability 

problems. However, temporal views should be used instead. The experimental results 

described in chapter 5 showed that the majority of the users who used the textual threads 

approach, where threads presented in the main view, mixed between messages with threads 

and unrelated messages especially with email threads containing a large number of 

messages. Consequently, tasks’ accomplishment time and errors rate were dramatically 

increased when compared to the approaches that used the temporal view. On the contrary, 

the results indicated that the readability of email threads can be enhanced by presenting 

them in the temporal view. For example, the results (see Chapter 5) indicated that the 

multimodal email threads approach, where threads presented in the temporal view, was 

significantly more usable in terms of effectiveness and efficiency.  

The experimental results indicated that the method used for presenting the contextual 

information affects the usability of email threads presented in the temporal view. For 

instance, the graphical email threads approach, where threads presented in the temporal 

view and contextual information presented graphically, failed to become more effective 

than the textual approach due to the large scale of graphically presented information. In 
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contrast, presenting contextual information in a multimodal way (i.e. the multimodal email 

threads approach) helped users perform experimental tasks with improved effectiveness and 

efficiency. Thus, the most appropriate way for presenting such information is the 

multimodal approach. However, the guidelines described in sections 6.5.3 and 6.5.5 must 

be followed when using this approach for communicating information. 

6.6 Future Work 

This section shows some directions for future work that can be carried out based on the 

study described in the thesis.  

6.6.1 Investigating Experimental Platforms with Long-term 

methodologies  

In spite of the fact that the methodology adopted in the thesis helped in addressing the 

advantages and disadvantages of the experimental email approaches, the results obtained 

were only in terms of usability and according to fixed experimental tasks. As the usability 

of the final product of the thesis (i.e. LinearVis II with multimodal email threads approach) 

was investigated and ensured, a study, such as a long-term or a longitudinal study, that 

provides broader measurements, would also be required. In such a study, a sample of users 

with a large volume of email data would be asked to browse their email using LinearVis II 

on their computers for a period of time (e.g. a month or more). After completing this 

evaluation period, users will be asked to comment on the experimental email approach 

through interviews and questionnaires. The analysis of log files would also be valuable in 

such investigation. Moreover, a fully functioned version (e.g. printing, save and compose) 

of LinearVis II can also be evaluated with the methodology defined by Ben and Catherine 
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[29], which is called MILCs (see Chapter 2). Various measurements and views about 

LinearVis II can be obtained from several types of people (e.g. designer, research and 

users) in different aspects (e.g. usability, insights and users’ goals) by adopting this 

methodology.          

6.6.2 Users’ Modelling (Adaptation and Personalisation) 

Although the majority of the classifications of email data used in the experimental email 

approaches described in the thesis were found useful for browsing email data, further 

investigation into classifying email data based on users’ modelling techniques would be 

valuable. Two major questions would be investigated in such studies: “how users’ 

modelling techniques can be employed to enhance the usability of email browsing?” and 

“what is the most appropriate technique (i.e. adaptation, personalisation and 

customisation) that can be implemented in email clients?”. LinearVis II can be 

implemented to adapt personalisation, adaptation or customisation. Senders’ list, for 

example, can be redesigned to allow users changing senders’ order in the list based on their 

objectives (i.e. alphabetically or based on activities). Furthermore, it would also be 

redesigned to be capable of understanding users’ behaviour over time. For example, some 

users must be located at the top of the list irrespective of the order applied. Dateline, main 

view and threads can also be redesigned in a similar way. For example, users would be able 

to change the way of clustering email messages in the main view (e.g. weeks instead of 

days) and customise the presentation of email threads information.  

6.6.3 Vocal Speech Commands and Non-Speech Feedback 

Further investigation into the use of sound in enhancing the usability of browsing email 

data would be useful. This research work would mainly be categorised into two main 
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categories: using vocal speech commands and non-speech feedback. Vocal speech 

commands can be utilised to reduce the actions required to retrieve a particular email data. 

For example, the commands “Select all” and “Deselect” would be used to display all 

messages sent by a selected sender in the senders’ list of LinearVis II and to hide all 

presented messages of the selected sender, respectively. The usability of LinearVis II in 

terms of browsing email messages is anticipated to increase dramatically by incorporating 

this type of metaphors into some of its components such as dateline, main view, temporal 

view and the attachment panel. Furthermore, the usability of email threads can be further 

investigated using vocal speech commands. In such an investigation, commands would be 

used for filtering email messages within the threads (e.g. displaying messages with 

attachments or messages sent in a particular day).  

This thesis investigated the use of non-speech sounds, by conveying specific email data, to 

improve the usability of email browsing. However, further studies that utilise non-speech 

sounds (e.g. earcons, auditory icons, etc) to reduce the errors that might occurred when 

browsing email data are highly required. Short musical notes would be used in email 

clients, like LinearVis II, to notify users when activating or deactivating a command. In this 

context, a short earcons would, for example, be played in LinearVis II to inform the user 

that a month was selected from the dateline. It is anticipated that the number of errors, such 

as the closure and slipping-off [2], would dramatically be reduced by implementing non-

speech sounds in a similar way. A comparative usability evaluation between a LinearVis II 

with speech commands and non-speech feedback, and a typical LinearVis II would be 

useful in such an investigation.             
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6.6.4 Email for Elderly and Disabled People 

There is an insisting need to investigate the usability of email for users with special needs 

(e.g. old users and users with disability). Multimodal metaphors would be admirable to 

explore in such studies. For example, auditory metaphors (i.e. earcon and auditory icons) 

and haptic can be combined together to produce email clients that can be used by users with 

visual disabilities. Furthermore, users with hearing disabilities would be also able to use 

email by utilising avatars and haptic.      

6.6.5 Email from the Sender Side 

Email has been heavily investigated from the recipient side (e.g. reducing the complexity of 

the inbox, messages triage, etc). However, enhancing the usability of email from the sender 

side has been somewhat neglected. Therefore, further investigations into the usability of 

email from the sender side are highly demanded. One of the issues that can be explored in 

such an investigation is the usability of the address book, for example, how email addresses 

can be added to email messages easily. Furthermore, compose, reply, forward and attaching 

files features would also be worthy to investigate. Multimodal metaphors (earcons, auditory 

icons, speech recognition, avatars and hepatics) and users’ modelling techniques 

(adaptation, personalisation and customisation) might be useful in such investigation. For 

example, an email client that enables the users sending, replying and forwarding messages 

by speech can be investigated and compared in terms of usability with a typical email 

client.          
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6.7 Epilogue  

Information visualisation techniques have been extensively employed for improving email 

clients in terms of various aspects such as supporting the task management process. 

Furthermore, non-speech sounds have been little investigated in improving the usability of 

email clients. This thesis investigated, through three experiments, the use of various 

visualisation techniques and non-speech sounds for enhancing the usability of email clients 

in terms of message retrieval, and has demonstrated a prima facie case for using 

information visualisation techniques and non-speech sounds for improving email browsing. 

These metaphors (visualisation techniques and non-speech sound) were used to 

communicate two types of email data: basic email information such as senders, date and 

attachments, and email threads.  

The overall interpretation of the experimental results demonstrated that there is a high 

potential for using such metaphors, in their own or combined together, for improving email 

browsing. Based on these results, a set of guidelines was derived which is believed to be 

used together with existing guidelines in visualisation techniques and multimodal 

interaction for enhancing the usability of browsing email information in email clients. 

These guidelines contribute to the existing literature in using information visualisation 

techniques for improving the usability of email clients. Nevertheless, further investigations 

would need to be undertaken to provide email clients that facilitate the browsing of email 

data and also to provide additional guidelines in the use of multimodal metaphors for 

enhancing email browsing.            
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Appendix A- Initial Usability Experiment   

A1: Experimental Tasks Sheet 
1. Find the e-mail message that received on 5/07/2007 

              Sender e-mail Address: …………………………………………………. 

              Subject: ………………………………………………….             

2. Find the opened e-mail message that received on 2/07/2007. 

              Sender e-mail Address: …………………………………………………. 

              Subject: ………………………………………………….      

3. Find the opened e-mail message that contains attachment and received on 

31/05/07. 

              Sender e-mail Address: …………………………………………………. 

              Subject: …………………………………………………. 

4. Find the e-mail message sent by Rona Wilson with the 

              Sent Date: …………………………………………………. 

subject “8th Informatics 

Workshop”. 

5. Find the e-mail message sent by Peter Cowling and has high priority. 

              Sent Date: …………………………………………………. 

                  Subject: …………………………………………………. 
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6. Find the forwarded e-mail message that was sent by Nigel Hulley and does not 

contain attachment. 

              Sent Date: …………………………………………………. 

                  Subject: …………………………………………………. 

7. Find the e-mail message that received on 12/12/2006 and contains attachment with 

the name “TimeLogd.doc”  

              Sender e-mail Address: …………………………………………………. 

              Subject: ………………………………………………….………………. 

8. Find the e-mail message sent by Mat Overton and was sent to staff@inf.brad.ac.uk as CC. 

              Sent Date: …………………………………………………. 

                  Subject: …………………………………………………. 

9. Find the e-mail message sent by D.Rigas to 2 e-mail addresses in TO and 2 e-mail 

addresses in CC. 

              Sent Date: …………………………………………………. 

              Subject: ………………………………………………….... 

10. Find the replied e-mail message that contains 15 e-mail addresses in TO and 5 e-

mail addresses in CC. 

              Sender e-mail Address: …………………………………………………. 

              Subject: ………………………………………………….………………. 
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A2: Users’ Satisfaction questionnaire  

 

Dear Participant, 

Please rate your opinion in the following statements about the tool you have used.   

1. The organisation of e-mail messages in the inbox was clear from first glance 

Strongly 

Disagree 

1 2 3 4 5 6 Strongly 

Agree 
Ο Ο Ο Ο Ο Ο 

2. The tool was easy to use  

Strongly 

Disagree 

1 2 3 4 5 6 Strongly 

Agree 
Ο Ο Ο Ο Ο Ο 

3. I would imagine that most people will learn to use this tool quickly  

Strongly 

Disagree 

1 2 3 4 5 6 Strongly 

Agree 
Ο Ο Ο Ο Ο Ο 

4. It was easy to locate e-mail messages using the date 

Strongly 

Disagree 

1 2 3 4 5 6 Strongly 

Agree 

 

Ο Ο Ο Ο Ο Ο 
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5. It was easy to locate the e-mail messages using the sender’s e-mail address 

Strongly 

Disagree 

1 2 3 4 5 6 Strongly 

Agree 
Ο Ο Ο Ο Ο Ο 

6. It was easy to locate the e-mail messages using the subject 

Strongly 

Disagree 

1 2 3 4 5 6 Strongly 

Agree 
Ο Ο Ο Ο Ο Ο 

7. It was easy to identify the existence of attachment and the priority of e-mail 

messages 

Strongly 

Disagree 

1 2 3 4 5 6 Strongly 

Agree 
Ο Ο Ο Ο Ο Ο 

8. It was easy to identify the recipients (TO, CC) of e-mail messages  

Strongly 

Disagree 

1 2 3 4 5 6 Strongly 

Agree 
Ο Ο Ο Ο Ο Ο 

9. It was easy to identify the status (New, Replied, etc) of e-mail messages 

Strongly 

Disagree 

1 2 3 4 5 6 Strongly 

Agree 
Ο Ο Ο Ο Ο Ο 
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A3:  Evaluation Form 

Subject No: ............... Condition: .........................  Date: .........................  Time: ................      

Task No: Completed Number of help Required Number of clicks Time Taken 

1            

2     

3     

4     

5     

6     

7     

8     

9     

10     



223 
 

A4: Tasks Accomplishment Time of the Standard Email  
Users Task 1 Task 2 Task 3 Task 4 Task 5 Task 6 Task 7 Task 8 Task 9 Task 10 Total 

1 17.65 28.72 10.52 110.02 20.85 50.03 67.91 49.11 58.53 250.56 66.39 
2 35.82 11.14 25.21 43.39 14 66.31 66.67 88.93 130.66 340.53 82.266 
3 41.24 15.79 27.01 123.33 21.63 108.79 92.77 148.77 29 235.48 84.381 
4 13 5.42 30.31 10.89 23.62 92.62 75.69 84.79 116.99 110.16 56.349 
5 11.27 11.27 18.53 30.14 17.21 30.37 49.86 83.66 113.66 320.79 68.676 
6 11.18 5.23 7.12 12.04 6.97 10.41 43.31 53.18 74.4 113.82 33.766 
7 37.25 11.87 30.39 88.66 20.77 25.48 68.02 46.22 94.6 316.11 73.937 
8 37.22 55.76 26.99 70.85 22.17 33.84 104.31 142.08 131.74 277.67 90.263 
9 33.62 17.93 19.37 76.58 15.71 12.44 62.84 58.52 119.86 97.05 51.392 

10 54.77 19.92 20.1 19.21 10 50.27 56.66 158.34 52.37 261.51 70.315 
11 13.81 30.04 25.73 34.94 20.23 40.83 40.06 45.14 30.94 225.04 50.676 
12 55.08 15.35 26.7 124 10.78 23.42 31.01 79.82 123.56 180 66.972 
13 55.26 48.97 34.47 58.64 23.96 38.75 56.1 70.62 180 143.48 71.025 
14 15 10.32 13.38 39.88 10.43 25.15 26.17 125.84 49.19 156.86 47.222 
15 10 9.03 35.8 36.32 16.91 53.28 79.66 93.26 25.33 148.06 50.765 
16 12.56 9.56 33.34 18.88 27.22 44.29 30.95 42.97 65.65 146.11 43.153 
17 14.95 9.33 15.72 50.47 11.3 25 20.89 62.46 148.2 90.69 44.901 
18 10.99 9.27 9.59 16.74 22.66 15.74 29.71 36.64 22.93 131.87 30.614 
19 40.68 52.24 20.35 66.38 20 25.77 35.49 75.89 161.98 111.4 61.018 
20 21.12 36 22.5 100.8 19.47 101.85 90.5 70.58 180.78 240 88.36 
21 45.81 56.02 16 28.57 10.07 26.5 35.88 46 35.93 163.91 46.469 
22 16.55 15.32 13.68 65 21.98 25.73 37.95 86.45 26.26 223.73 53.265 
23 11.27 11.27 18.53 30.14 17.21 30.37 49.86 83.66 113.66 320.79 68.676 
24 11.18 5.23 7.12 12.04 6.97 10.41 43.31 53.18 74.4 113.82 33.766 
25 37.25 11.87 30.39 88.66 20.77 25.48 68.02 46.22 94.6 316.11 73.937 
26 57.22 55.76 26.99 70.85 22.17 33.84 104.31 142.08 131.74 277.67 92.263 
27 53.62 17.93 19.37 76.58 15.71 12.44 62.84 58.52 119.86 97.05 53.392 
28 54.77 19.92 20.1 19.21 10 50.27 56.66 148.34 52.37 261.51 69.315 
29 13.81 30.04 25.73 34.94 20.23 40.83 40.06 45.14 30.94 225.04 50.676 
30 58.79 47.71 26.33 74.47 12.3 28.05 87.24 55.66 158.08 122.68 67.131 

Completed  √ × √ × √ × × × × × 30% 
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A5: Tasks Accomplishment Time of the LinearVis  
Users Task 1 Task 2 Task 3 Task 4 Task 5 Task 6 Task 7 Task 8 Task 9 Task 10 Total 

1 11.12 15.54 27.65 95.88 21.03 19.63 46 49.2 50.7 75.23 41.198 
2 9.36 7.15 29.63 103.64 16.53 22 34.79 32.65 44.79 60 36.054 
3 11 3.08 9.06 120 10.61 18.49 41.6 23.87 32.41 34.14 30.426 
4 4.85 7.39 30.79 102.12 15.18 12.67 14.33 52.7 38.84 48.25 32.712 
5 4.72 5.23 22.03 144.93 27.26 23.33 17 35.1 66.82 61.13 40.755 
6 3.05 3.61 10.79 68.52 19.69 12.11 22.66 31.02 45.09 37.52 25.406 
7 10.6 2.53 6.29 39.97 20.64 6.56 43 16.9 19.96 31.11 19.756 
8 6.63 8.52 21.11 104.91 28.57 20 24.58 40.87 44.87 40.64 34.07 
9 7.99 10.62 14.59 80.36 27.92 15.76 21.28 41.37 50.66 42.58 31.313 

10 2.44 4.37 11.98 55.07 14.54 18.45 13.66 30.46 35.56 60.72 24.725 
11 4.95 3.4 12.47 50.73 20.32 20.43 29.24 24.25 48.82 43.47 25.808 
12 2.17 13.23 15.07 80.07 17.42 16 23.35 19.69 44.01 80.87 31.188 
13 2.77 4.24 24.35 41.04 25.42 20.96 35.99 45.53 47.23 45.37 29.29 
14 2.4 2.94 15.82 75.08 20.88 16.21 20.2 30.79 30.68 25.73 24.073 
15 10.63 14 21.08 60.37 25.76 13.08 40.87 55.23 42.98 47 33.1 
16 4.56 8.56 22.82 80.51 19.17 8.23 17.27 25.79 40.98 37.64 26.553 
17 9.99 5.85 20 90.15 30.81 16.19 13.76 25.78 31.64 31.45 27.562 
18 3.67 3.2 15.61 90.38 17.4 14 17.14 24.22 47.75 38.87 27.224 
19 2.87 4.77 18.72 80.4 18.79 17.15 24.71 20.68 39.19 40.87 26.815 
20 4.6 4.48 26.06 68.55 21.57 11.82 25.08 26.19 25.34 42 25.569 
21 2.99 2.81 18.32 135.69 20.44 15.16 30.35 25.21 45.85 28.27 32.509 
22 3.51 3.64 14.01 70.81 20.63 17.08 11.79 32.93 40.88 34.38 24.966 
23 4.72 5.23 22.03 144.93 27.26 23.33 17 35.1 66.82 61.13 40.755 
24 3.05 3.61 10.79 68.52 19.69 12.11 22.66 31.02 45.09 37.52 25.406 
25 10.6 2.53 6.29 39.97 20.64 6.56 43 16.9 19.96 31.11 19.756 
26 6.63 8.52 21.11 104.91 38.57 20 24.58 33.87 44.87 40.64 34.37 
27 7.99 10.62 14.59 80.36 27.92 15.76 21.28 41.37 50.66 42.58 31.313 
28 2.44 4.37 11.98 55.07 14.54 18.45 13.66 30.46 35.56 60.72 24.725 
29 4.95 3.4 12.47 50.73 20.32 20.43 29.24 24.25 48.82 43.47 25.808 
30 1.18 1.98 12.64 55.53 15.15 11.43 16.77 23.54 40.87 32.51 21.16 

Completed √ √ √ √ × √ √ √ √ × 80% 
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A6: Tasks Accomplishment Time of the MatrixVis  
Users Task 1 Task 2 Task 3 Task 4 Task 5 Task 6 Task 7 Task 8 Task 9 Task 10 Total 

1 6.75 4.68 17.8 71.96 62.42 108.19 30.76 54.83 111.58 129.93 59.89 
2 5.6 4.56 19.5 93.99 60.49 39.58 60.67 52.71 111 130.53 57.863 
3 6.57 9.65 14.89 59.74 60.33 46.77 19.41 42.19 122.36 120 50.191 
4 2.3 13.75 24.09 207.05 43.73 99.91 50.96 49.34 85.32 114.34 69.079 
5 1.88 4.85 15.33 76.49 72.77 68.62 20.89 54.63 90.71 120.43 52.66 
6 8.35 4.08 14.95 84.67 62.17 67.33 20 46 98.65 143.61 54.981 
7 8.24 7.24 6.77 60.75 48.79 40.79 19.69 44 127.96 102.44 46.667 
8 2.76 5.43 24.99 210.19 44.1 100.92 67.84 54.86 137.94 134.95 78.398 
9 5.76 11.24 20.48 99.69 80.74 63.64 40.07 62.2 96.12 120.34 60.028 

10 7.87 3.26 17.6 44.39 47.51 40.46 40.13 40.2 90.03 122.62 45.407 
11 2.72 3.6 20.59 65.07 43.84 35.96 17.78 45.94 65.11 140.69 44.13 
12 3.6 11.61 10.48 74.26 49 50 21.75 60.49 142 140 56.319 
13 7.69 6.25 17.3 180.3 50.91 39.51 35.46 50.27 130.65 130.99 64.933 
14 5 2.2 14.26 56.24 56.04 58.87 26.77 41.09 79.44 77.37 41.728 
15 4.32 11.16 25.34 59.7 76.28 70.83 35 42.08 60 96.26 48.097 
16 2 7.06 10.15 55.89 41.37 35.52 20.22 37.52 80.73 140.53 43.099 
17 1.23 2.64 12.1 58.82 32.58 50.77 17.75 29.43 80.42 130.1 41.584 
18 1.85 2.24 13.43 37.04 40.43 33.05 17 50.46 95.89 133.05 42.444 
19 2.79 4.65 12.59 70.84 55.09 50.97 25 60.04 135.92 143.44 56.133 
20 5.85 6.07 13.08 70.32 60.32 50.33 10.47 50 110.73 125.89 50.306 
21 2 4 20 90.25 40.08 80.72 42.87 40.69 115.15 120.28 55.604 
22 6.82 3.36 13.58 40.81 41.98 42.89 18.47 47.7 120.59 94.73 43.093 
23 3.7 2.55 19.05 55 43 90 20.99 33.74 60.07 128.53 45.663 
24 1.88 4.85 15.33 76.49 72.77 68.62 20.89 54.63 90.71 120.43 52.66 
25 8.35 4.08 14.95 84.67 62.17 67.33 20 46 98.65 143.61 54.981 
26 8.24 7.24 6.77 60.75 48.79 40.79 19.69 44 127.96 102.44 46.667 
27 2.76 5.43 20.99 200.19 44.1 100.92 67.84 54.86 137.94 134.95 76.998 
28 5.76 11.24 20.48 99.69 80.74 63.64 40.07 62.2 96.12 120.34 60.028 
29 7.87 3.26 17.6 44.39 47.51 40.46 40.13 40.2 90.03 122.62 45.407 
30 2.72 3.6 20.59 65.07 43.84 25.96 17.78 45.94 65.11 140.69 43.13 

Completed √ √ √ × √ × × √ × √ 60% 
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A7: Number of Actions Carried out for Accomplishing Tasks in the Standard Email  
Users Task 1 Task 2 Task 3 Task 4 Task 5 Task 6 Task 7 Task 8 Task 9 Task 10 Total 

1 0 1 1 1 1 1 3 7 4 29 48 
2 3 1 1 1 0 0 3 9 32 41 91 
3 1 1 1 0 0 0 3 5 3 29 43 
4 0 0 0 0 0 0 3 3 30 28 64 
5 1 1 1 4 0 3 4 10 11 23 58 
6 1 1 1 1 1 1 7 14 14 18 59 
7 1 1 1 1 2 1 4 10 6 40 67 
8 1 1 1 0 1 2 2 7 27 43 85 
9 1 1 1 2 2 1 3 6 34 13 64 
10 4 5 3 4 2 5 6 19 4 41 93 
11 1 2 1 2 1 1 3 9 4 32 56 
12 4 1 1 1 0 3 4 10 14 8 46 
13 1 1 2 2 0 1 4 9 37 13 70 
14 1 1 1 1 1 2 2 15 4 16 44 
15 1 1 1 1 1 2 4 9 4 13 37 
16 1 1 1 1 1 2 2 10 14 41 74 
17 1 2 1 1 1 1 2 9 35 9 62 
18 1 1 2 1 2 2 3 8 5 21 46 
19 1 1 0 1 1 1 9 4 43 19 80 
20 1 3 1 2 3 4 4 4 36 34 92 
21 4 5 0 1 1 2 3 7 4 32 59 
22 1 1 2 3 3 1 2 12 4 36 65 
23 1 1 1 4 0 3 4 10 11 23 58 
24 1 1 1 1 1 1 7 14 14 18 59 
25 1 1 1 1 2 1 4 10 6 40 67 
26 1 1 1 0 1 2 2 7 27 43 85 
27 1 1 1 2 2 1 3 6 34 13 64 
28 4 5 3 4 2 5 6 19 4 41 93 
29 1 2 1 2 1 1 3 9 4 32 56 
30 1 5 3 1 1 1 8 9 39 34 102 
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A8: Number of Actions Carried out for Accomplishing Tasks in the LinearVis  
Users Task 1 Task 2 Task 3 Task 4 Task 5 Task 6 Task 7 Task 8 Task 9 Task 10  Total 

1 1 1 1 13 4 2 5 1 0 0 28 
2 1 1 2 17 4 1 1 0 0 0 27 
3 1 1 1 9 4 2 1 0 0 0 19 
4 1 1 2 19 1 2 3 4 0 0 33 
5 1 1 2 15 4 2 2 1 0 0 28 
6 1 1 2 17 4 2 4 0 0 0 31 
7 1 1 2 5 4 2 6 0 0 0 21 
8 1 1 2 18 4 2 3 4 0 0 35 
9 1 1 1 18 4 2 3 1 0 0 31 

10 1 1 2 12 4 1 4 0 0 0 25 
11 1 1 2 15 4 2 3 1 0 0 29 
12 1 1 1 17 4 2 0 0 1 0 27 
13 1 1 2 4 4 2 4 1 0 0 19 
14 1 1 2 17 3 1 3 0 0 0 28 
15 1 2 2 18 4 2 4 0 0 0 33 
16 1 1 2 20 4 2 3 0 0 0 33 
17 1 1 2 22 5 2 3 0 0 0 36 
18 1 1 2 23 4 2 2 0 0 0 35 
19 1 1 2 17 4 2 3 0 0 0 30 
20 1 1 1 12 5 2 3 1 0 0 26 
21 1 1 2 24 4 2 5 0 0 0 39 
22 1 1 2 7 4 3 3 0 1 0 22 
23 1 1 2 15 4 2 2 1 0 0 28 
24 1 1 2 17 4 2 4 0 0 0 31 
25 1 1 2 5 4 2 6 0 0 0 21 
26 1 1 2 18 4 2 3 4 0 0 35 
27 1 1 1 18 4 2 3 1 0 0 31 
28 1 1 2 12 4 1 4 0 0 0 25 
29 1 1 2 15 4 2 3 1 0 0 29 
30 1 1 2 17 4 2 3 0 0 0 30 
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A9: Number of Actions Carried out for Accomplishing Tasks in the MatrixVis  
Users Task 1 Task 2 Task 3 Task 4 Task 5 Task 6 Task 7 Task 8 Task 9 Task 10  Total 

1 2 1 1 17 1 2 3 7 23 30 87 
2 1 1 2 17 4 1 9 15 28 35 113 
3 1 2 2 13 5 2 3 11 21 38 98 
4 1 1 2 20 6 3 1 12 21 34 101 
5 1 1 1 24 2 4 2 9 22 38 104 
6 1 1 1 7 4 3 3 5 27 37 89 
7 1 2 2 6 3 2 3 11 20 25 75 
8 1 1 2 20 1 3 6 5 26 35 100 
9 1 1 1 17 4 3 3 8 29 34 101 

10 1 1 2 13 3 2 2 13 33 37 107 
11 1 1 1 18 5 2 4 9 30 36 107 
12 1 1 1 17 4 2 2 10 36 38 112 
13 1 1 2 25 5 2 3 13 34 38 124 
14 1 1 2 16 4 2 2 9 25 18 80 
15 1 2 2 18 4 3 3 7 29 34 103 
16 1 1 2 18 5 3 2 12 30 36 110 
17 1 1 2 19 5 3 4 9 30 35 109 
18 1 1 2 11 5 2 4 15 30 38 109 
19 1 1 2 19 6 3 7 13 26 36 114 
20 1 1 3 15 4 1 2 13 33 35 108 
21 1 1 4 20 6 2 3 5 32 34 108 
22 1 1 2 9 3 3 4 12 31 23 89 
23 1 1 2 15 4 2 3 11 29 34 102 
24 1 1 1 24 2 4 2 9 22 38 104 
25 1 1 1 7 4 3 3 5 27 37 89 
26 1 2 2 6 3 2 3 11 20 25 75 
27 1 1 2 20 1 3 6 5 26 35 100 
28 1 1 1 17 4 3 3 8 29 34 101 
29 1 1 2 13 3 2 2 13 33 37 107 
30 1 1 1 18 5 2 4 9 30 36 107 
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A10: Users’ Satisfaction Scores of the Standard Email  

Users Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Total 

1 5 4 3 5 4 5 6 1 5 38 

2 5 5 6 6 6 6 6 1 4 45 

3 6 5 5 6 6 4 5 2 6 45 

4 5 4 4 5 4 4 5 2 2 35 

5 6 5 5 5 5 5 6 1 3 41 

6 3 5 4 6 6 4 6 3 5 42 

7 4 4 5 6 6 6 5 4 4 44 

8 5 5 5 5 5 5 6 3 6 45 

9 4 2 3 4 4 3 3 1 2 26 

10 4 5 6 6 6 6 6 2 4 45 

11 3 4 6 6 5 6 6 1 6 43 

12 4 4 4 4 4 4 5 1 4 34 

13 5 5 5 6 6 6 6 1 6 46 

14 6 5 5 6 6 6 2 1 3 40 

15 4 6 5 6 6 5 6 6 6 50 

16 5 4 5 6 6 2 4 1 1 34 

17 4 4 5 6 6 5 6 1 3 40 

18 5 4 4 4 5 3 5 2 3 35 

19 3 4 3 6 6 2 5 1 2 32 

20 6 6 5 6 5 5 6 3 5 47 

21 4 4 5 2 2 2 4 2 4 29 

22 5 4 4 5 4 5 5 3 5 40 

23 6 5 5 5 5 5 6 1 3 41 

24 3 5 4 6 6 4 6 3 5 42 

25 4 4 5 6 6 6 5 4 4 44 

26 5 5 5 5 5 5 6 3 6 45 

27 4 2 3 4 4 3 3 1 2 26 

28 4 5 6 6 6 6 6 2 4 45 

29 5 4 3 5 4 5 6 1 5 38 

30 6 4 5 5 5 5 5 4 4 43 
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A11: Users’ Satisfaction Scores of the LinearVis  
Users Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Total 

1 5 5 6 6 6 1 1 4 6 40 
2 6 6 5 6 6 2 2 6 6 45 
3 4 5 5 5 4 1 1 5 5 35 
4 6 6 6 6 6 2 2 5 6 45 
5 4 4 2 5 2 2 5 4 6 34 
6 4 5 4 6 5 1 3 4 6 38 
7 4 3 3 5 5 2 3 5 6 36 
8 5 5 5 6 6 4 4 5 5 45 
9 6 4 4 5 5 2 5 5 5 41 
10 4 6 6 6 5 1 2 4 5 39 
11 6 6 5 6 6 6 6 6 6 53 
12 6 6 5 6 6 5 5 6 6 51 
13 4 3 5 6 5 1 1 6 6 37 
14 6 5 6 6 5 6 5 5 6 50 
15 6 6 6 6 6 4 5 6 6 51 
16 4 6 6 5 6 1 1 6 6 41 
17 5 5 6 6 6 2 3 4 5 42 
18 6 6 6 6 6 5 5 6 6 52 
19 5 6 5 6 6 2 2 6 6 44 
20 4 5 4 5 6 2 3 5 5 39 
21 6 6 6 6 6 5 5 6 6 52 
22 6 5 6 6 6 6 5 5 5 50 
23 6 6 6 6 6 2 2 5 6 45 
24 4 4 2 5 2 2 5 4 6 34 
25 4 5 4 6 5 1 3 4 6 38 
26 4 3 3 5 5 2 3 5 6 36 
27 6 6 6 6 6 4 5 6 6 51 
28 4 6 6 5 6 1 1 6 6 41 
29 5 5 6 6 6 2 3 4 5 42 
30 5 6 6 6 6 5 5 6 6 51 
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A12: Users’ Satisfaction Scores of the MatrixVis  
Users Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Total 

1 4 4 4 6 4 4 4 4 6 40 
2 4 3 4 5 4 4 4 2 4 34 
3 3 2 2 5 1 1 1 2 5 22 
4 1 1 1 2 1 1 1 1 4 13 
5 3 3 2 5 2 2 2 2 5 26 
6 3 3 2 4 2 2 2 3 5 26 
7 2 5 4 5 4 1 2 1 5 29 
8 5 4 2 5 3 5 1 1 6 32 
9 5 1 1 5 1 1 1 1 6 22 
10 1 1 2 1 3 1 3 3 6 21 
11 4 5 5 6 6 2 2 2 6 38 
12 4 4 4 6 1 1 1 2 5 28 
13 4 5 3 4 4 4 4 3 5 36 
14 4 3 3 2 3 2 2 3 3 25 
15 6 6 5 6 6 5 5 5 6 50 
16 5 5 6 6 6 3 3 3 6 43 
17 3 2 2 5 1 1 1 1 6 22 
18 6 6 5 6 5 4 4 5 5 46 
19 3 3 4 6 2 2 2 3 6 31 
20 4 6 5 3 2 1 1 1 6 29 
21 6 6 5 6 6 3 3 2 6 43 
22 6 5 5 5 5 5 5 6 6 48 
23 5 5 5 6 5 2 2 2 6 38 
24 1 1 2 1 3 1 3 3 6 21 
25 4 5 5 6 6 2 2 2 6 38 
26 4 4 4 6 1 1 1 2 5 28 
27 4 5 3 4 4 4 4 3 5 36 
28 4 3 3 2 3 2 2 3 3 25 
29 6 6 5 6 6 5 5 5 6 50 
30 5 5 6 6 6 3 3 3 6 43 
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Appendix B- Second Experiment (Further Usability 

Evaluation) 

B1: Users’ Profile Questionnaire 
Dear Participant, 

Please answer the questions below to help me understand your background and experience. 

General information about you 

1. What is your gender?                    (  )  Male    (  ) Female 

2. What is your age group? 

       (  ) 18 – 25              (  ) 26 – 35               (  ) 36 -45                (  ) 46 – 64                  (  ) 65+ 

3. What is your academic level?          (  ) High School       (  ) Undergraduate       (  ) Postgraduate        

4. What is your major (subject you are studying)?   ..................................................... 

Your Computer background 

5. How long have you been using computers? 

        (  ) 1 – 3 years                  (  ) 4 – 6 years                    (  ) 7 – 9 years                       (  ) 10+ years 

6. How often do you use computers?  

      (  ) Never                           (  ) Sometimes                    (  ) Usually                            (  ) Always  

7. What type of operating system do you use? 

      (  ) MS Windows      (  ) Apple Mac         (  ) Linux         (  ) Unix          (  ) Other……………….   

Your Email Experience 

8. How long have you been using Email? 

      (  ) 1 – 3 years                  (  ) 4 – 6 years                  (  ) 7 – 9 years                         (  ) 10+ years 

9. Which email software do you use? 

       (  ) Mac Mail                                                             (  ) Linux Mail    

      (  ) Windows based (e.g. outlook, live mail)              (  ) Web-based (e.g. hotmail, yahoo) 
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10. How often do you check your email  

      (  ) Continually (  ) Several times a day  (  ) several times a week  (  )Once a week    (  )Not often    

11. In average, how many email messages do you send a day? 

        (  ) None           (  ) 1-10                          (  ) 11 - 20                          (  ) 21-30               (  ) 30+    

12. In average, how many email messages do you receive a day? 

        (  ) None           (  ) 1-10                         (  ) 11 - 20                         (  ) 21-30               (  ) 30+    

Your attitude towards email 

13. In your opinion, handling email messages has become difficult in current email systems and 

need further enhancement to become easier  

     (  ) Strongly disagree    (  ) Disagree        (  ) Neutral         (  ) Agree        (  ) Strongly Agree   

  

 

Thank you for completing this questionnaire,,,,,,,,,,,,,,, 
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B2: Frequency of Users’ Profile Questionnaire  
N=30 

Questions Options Frequency 

1. Gender 
Male 30 

Female 0 

2. Age 

18 – 25 29 

26 – 35 1 

36 -45 0 

46 – 64 0 

65+ 0 

3. Academic level 

High School 0 

Undergraduate 30 

Postgraduate 0 

4. Study subject Computer Science 30 

5. Computer experience 

1 – 3 years 7 

4 – 6  years 10 

7 – 9 years 9 

10+  years 4 

6. Computer usage 

Never 0 

Sometimes 5 

Usually 8 

Always 17 

7. Operating system 

MS Windows 30 

Apple Mac 0 

Linux 0 

Unix 0 

Other 0 

8. Email experience 

1 – 3 years 12 

4 – 6  years 10 

7 – 9 years 5 

10+  years 3 
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9. Email software 

Mac Mail 0 

Linux Mail 0 

Windows based 5 

Web-based 25 

10. Email checking experience 

Continually 6 

Several times a day 12 

several times a week 8 

Once a week 4 

Not often 0 

11. Average sent messages 

None 6 

1-10 12 

11 - 20 8 

21-30 4 

30+ 0 

12. Average received messages 

 

 

 

None 0 

1-10 21 

11 - 20 5 

21-30 1 

30+ 3 

13. Attitude  towards handling email 

Strongly disagree 6 

Disagree 15 

Neutral 5 

Agree 4 

Strongly Agree 0 
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B3: Experimental Tasks Sheet  
Subject No: ............... Condition: .........................  Date: .........................  Time: ................      

Please perform the following tasks on the provided email client and answer the 

questions followed by each task. 

1. Find the email message that was sent by Mohammed Al-sheikh. 
Date: ………………………………………………… 

Subject: ………………………………………………… 

Attachment:  Yes – No                                Priority: High – Normal – low  

Status: Opened – Unopened  

2. Find the email message that was received on 9/06/2008.  
Sender: ………………………………………………… 

Subject: ………………………………………………… 

Attachment:  Yes – No                                Priority: High – Normal – low  

Status: Opened – Unopened  

3. Find the email message that was sent by Rona Wilson with the subject “Christmas 
2007 Openings”. 
Date: ………………………………………………… 

Attachment:  Yes – No                                Priority: High – Normal – low  

Status: Opened – Unopened  

4. Find the email message that was sent by J.E.Mellor@Bradford.ac.uk 

Date: ………………………………………………… 

and contains 
an attachment 

Subject: ………………………………………………… 

Priority: High – Normal – low                       Status: Opened – Unopened  

5. What is the subject of email message that was sent by Nigel Hulley and contains 
the word document
Subject: …………………………………………………………………………… 

 named “Christmas 2006 Openings” in the attachment. 
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6. Find the email message that was received on 31/05/2007  with subject “ Holiday” 
Sender: ………………………………………………… 

Attachment:  Yes – No                                Priority: High – Normal – low  

Status: Opened – Unopened  

 

 

Condition: .........................  Date: .........................  Time: ................ 

Please perform the following tasks on the provided email client and answer the 

questions followed by each task. 

7. Find the new email
Subject: …………………………………………………………………………… 

 message that sent by D.Rigas@Bradford.ac.uk On 12/06/08 

Attachment:  Yes – No                                Priority: High – Normal – low  

8. Find the low priority
 Sender: ………………………………………………… 

 email message that was received on 14/08/08   

Subject: ………………………………………………… 

Attachment:  Yes – No                                  Status: Opened – Unopened  

9. Find the email message that has a high priority
Date: ………………………………………………… 

 and was sent by Traci Tighe  

Subject: ………………………………………………… 

Attachment:  Yes – No                                  Status: Opened – Unopened  

10. Find the email message that was received on  12/06/2008 with 

Sender: ………………………………………………… 

17 recipients in the 
CC 

Subject: ………………………………………………… 

Attachment:  Yes – No                                Priority: High – Normal – low  

Status: Opened – Unopened  

Move to the next email client 
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11. Find the email message that was received on 18/10/2006 with the 

Sender: ………………………………………………… 

2 recipients in 
To and 2 recipients in CC. 

Subject: ………………………………………………… 

Attachment:  Yes – No                                Priority: High – Normal – low  

Status: Opened – Unopened  

12. Find the email message that has the subject “I can't See you” 
Sender: ………………………………………………… 

Date: ………………………………………………… 

Attachment:  Yes – No                                Priority: High – Normal – low  

Status: Opened – Unopened  
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B4: Users’ Satisfaction Questionnaire 
Dear Participant, 

Please answer the following questions in order to help me understand your attitude and feeling 
regarding the tools you have used. 

Section 1: Please rate your level of agreement with the following statements by selecting one of 
the numbers using the scale below.  

Strongly Disagree      Disagree Undecided Agree                       Strongly Agree 

              1            2         3      4             5 

     

1- The organisation of the inbox was clear from the first glance 

                                                                                                                 Typical Email 1  2  3  4  5 
                                                                                                                           LinearVis    1  2  3  4  5 

  

2- The email client was easy to use Typical Email 1  2  3  4  5 

   LinearVis 1  2  3  4  5 

 

3- The navigation in the tool was easy  Typical Email 1  2  3  4  5 

   LinearVis 1  2  3  4  5 

 

4- I would imagine that most people will learn to use the tool quickly  Typical Email 1  2  3  4  5 

   LinearVis 1  2  3  4  5 

 

Section 2: Please rate the level of difficulty of performing each of the following functions in 
each email clients you have used by selecting one of the numbers using the scale below. 

Very Difficult Difficult Undecided Easy Very Easy 

           1         2          3      4           5 

 

5- Locating email messages by a sender’s name Typical Email 1  2  3  4  5 

   LinearVis 1  2  3  4  5 

 

6- Locating email messages by a date Typical Email 1  2  3  4  5 

   LinearVis 1  2  3  4  5 

 

7- Locating email messages by subject Typical Email 1  2  3  4  5 

   LinearVis 1  2  3  4  5 
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8- Finding attachments   Typical Email 1  2  3  4  5 

   LinearVis 1  2  3  4  5 

 

9- Identification of the recipients of email messages (To, CC) Typical Email 1  2  3  4  5 

   LinearVis 1  2  3  4  5 

Section 4: Please rate the level of your overall satisfaction in the following statements by 
selecting one of the numbers using the scale below.    

Very Frustrated Frustrated Undecided Satisfied Very Satisfied 

              1        2         3     4                5 

 

10- Please rate your overall satisfaction over Typical Email 1  2  3  4  5 

   LinearVis 1  2  3  4  5 
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B5: Tasks Accomplishment Time  

Users 
Standard Email LinearVis II 

Experimental Tasks 
T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 

1 50 29 84 68 77 42 29 29 23 39 33 30 
2 43 43 55 49 70 42 31 27 49 26 59 34 
3 80 87 87 70 115 93 61 29 36 38 55 41 
4 88 60 85 37 119 60 50 32 76 41 50 35 
5 98 41 99 69 79 64 56 25 43 35 30 44 
6 87 50 44 60 84 50 57 49 20 40 27 59 
7 54 59 85 89 117 47 48 39 31 33 23 58 
8 30 50 63 45 65 41 37 26 34 50 30 27 
9 99 44 80 54 120 91 57 47 59 69 59 45 

10 81 56 65 63 79 43 39 25 41 53 35 49 
11 94 67 91 58 89 49 41 24 45 49 54 33 
12 37 97 99 99 93 51 43 41 46 53 47 26 
13 45 53 66 73 95 42 38 26 39 41 41 43 
14 79 72 67 59 95 59 36 32 34 39 47 47 
15 83 58 59 49 113 46 29 31 47 43 49 61 

 LinearVis II Standard Email 
16 40 51 35 40 41 25 64 70 74 91 88 80 
17 59 33 44 30 48 19 69 40 40 86 77 98 
18 40 31 39 35 60 24 94 37 53 83 98 99 
19 51 35 47 55 69 26 68 92 80 79 94 76 
20 43 35 59 51 50 29 53 79 66 80 57 89 
21 36 42 55 42 56 22 83 60 56 96 89 99 
22 32 37 30 32 49 25 38 51 42 73 65 60 
23 44 49 40 39 63 35 40 61 88 99 78 91 
24 39 30 61 58 41 43 81 75 48 97 75 96 
25 40 27 36 39 45 27 69 67 59 87 68 72 
26 60 31 41 31 59 31 68 88 81 91 70 89 
27 42 26 37 39 46 39 71 69 69 101 69 60 
28 32 25 32 34 51 23 65 73 59 92 89 58 
29 37 40 39 53 49 30 59 59 61 85 96 70 
30 35 29 42 26 44 17 47 77 87 71 94 73 

 
Tasks Completed by All Users 

Condition T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 

Standard Email × × × × × × × × × √ √ √ 

LinearVis II √ √ √ √ √ √ √ √ × × √ √ 
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B6: Errors Occurred Whilst Performing Tasks  

Users 
Standard Email LinearVis II 

Experimental Tasks 
T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 

1 1 1 1 0 0 1 0 1 0 1 1 1 
2 0 1 0 1 1 0 1 0 0 0 2 1 
3 1 2 1 1 6 4 0 1 0 1 0 1 
4 4 1 2 2 1 1 2 0 1 0 0 2 
5 2 0 6 1 4 2 1 0 2 0 1 1 
6 3 1 1 0 0 2 0 1 1 1 0 1 
7 1 0 2 1 1 0 0 1 1 0 0 0 
8 0 0 0 2 1 1 1 1 1 0 0 1 
9 1 0 3 2 3 0 1 0 0 2 1 2 

10 1 2 1 1 1 0 1 0 1 0 1 1 
11 1 1 0 0 0 1 0 1 0 0 0 2 
12 2 1 0 0 1 0 0 0 0 1 1 1 
13 3 0 0 0 0 2 1 1 0 0 0 1 
14 1 1 0 1 0 1 0 0 0 0 1 1 
15 0 0 1 0 1 1 1 0 1 1 0 0 

 LinearVis II Standard Email 
16 1 0 1 0 0 0 0 0 0 1 0 1 
17 1 0 1 0 1 2 5 1 1 2 2 3 
18 0 0 2 1 1 0 0 1 1 1 0 2 
19 2 1 1 2 2 0 1 1 2 2 4 5 
20 1 0 1 0 1 1 2 0 2 0 1 3 
21 2 0 1 0 0 0 1 2 0 1 2 2 
22 1 1 0 1 1 3 1 2 0 0 1 2 
23 1 1 1 2 1 1 2 1 3 2 1 1 
24 0 1 0 0 1 0 2 1 1 2 1 1 
25 1 0 2 0 0 1 0 2 0 1 1 2 
26 1 0 0 0 1 0 0 1 1 0 1 2 
27 1 0 1 0 0 1 0 0 0 0 0 1 
28 2 2 1 0 2 1 0 0 1 0 0 3 
29 1 0 1 1 1 0 1 1 0 1 0 1 
30 0 0 0 1 0 1 0 1 0 0 1 3 
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B7: Actions Carried Out Whilst Performing Tasks  
 

Users 
Standard Email LinearVis II 

Experimental Tasks 
T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 

1 2 1 1 1 3 2 1 1 2 1 2 1 
2 1 1 1 1 4 1 3 1 3 1 2 1 
3 1 1 1 1 9 2 2 1 2 2 2 3 
4 7 1 1 2 4 3 2 1 4 1 2 2 
5 3 2 6 2 9 1 2 1 3 2 3 1 
6 2 2 1 1 5 1 2 1 3 1 2 3 
7 1 1 1 2 4 2 1 2 2 2 2 1 
8 3 2 5 2 5 1 1 1 2 1 4 1 
9 2 4 4 3 7 3 1 2 3 4 2 2 

10 1 3 3 2 5 1 2 1 3 1 4 1 
11 2 1 1 3 4 2 2 1 2 2 3 3 
12 1 1 1 2 6 2 1 3 4 1 2 1 
13 2 1 2 2 5 2 2 1 3 1 2 2 
14 1 2 1 1 4 3 1 2 3 3 4 1 
15 5 1 2 1 3 1 2 1 2 1 2 2 

 LinearVis II Standard Email 
16 2 1 2 3 2 2 2 2 2 5 4 2 
17 3 1 3 3 3 2 1 1 1 6 7 5 
18 2 1 3 2 3 3 2 1 1 6 3 4 
19 3 1 3 3 4 2 2 3 2 8 4 8 
20 2 1 3 4 3 3 3 2 3 4 6 6 
21 4 1 2 3 2 2 1 1 1 7 2 6 
22 3 2 2 3 3 2 2 5 3 4 6 3 
23 3 1 3 2 4 2 6 1 5 6 2 2 
24 4 1 3 3 3 2 3 1 1 6 2 4 
25 3 2 4 2 3 2 2 2 1 5 3 1 
26 3 3 3 2 2 2 2 1 2 4 5 1 
27 2 1 2 2 2 3 1 2 1 3 3 3 
28 3 1 2 3 2 4 2 1 3 4 5 4 
29 4 1 3 3 3 2 1 2 1 5 4 5 
30 3 1 3 2 4 2 2 1 1 3 2 2 
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B8: Users’ Satisfaction Scores of the Standard Email 
 

Users Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Total 
  1 3 3 2 3 2 2 2 1 2 3 23 
  2 3 2 3 2 2 3 4 2 2 3 26 
  3 4 3 3 2 2 2 3 1 3 2 25 
  4 2 2 4 2 3 3 3 3 3 3 28 
  5 4 3 3 3 3 3 2 1 2 4 28 
  6 3 2 2 2 3 3 5 3 3 3 29 
  7 2 4 3 2 3 2 2 2 4 2 26 
  8 3 3 3 3 3 4 4 1 5 4 33 
  9 3 3 2 2 1 2 2 2 1 2 20 
  10 4 4 3 3 3 3 3 2 3 2 30 
  11 3 3 2 4 1 2 3 1 2 3 24 
  12 3 2 2 2 3 3 3 3 5 2 28 
  13 4 4 4 2 3 4 2 2 3 5 33 
  14 3 3 3 3 2 2 1 2 3 2 24 
  15 2 2 2 4 3 3 3 2 3 3 27 
  16 3 3 2 3 2 2 2 1 2 3 23 
  17 3 2 3 2 2 3 4 2 2 3 26 
  18 4 3 3 2 2 2 3 1 3 2 25 
  19 2 2 4 2 3 3 3 3 3 3 28 
  20 4 3 3 3 3 3 2 1 2 4 28 
  21 3 2 2 2 3 3 5 3 3 3 29 
  22 2 4 3 2 3 2 2 2 4 2 26 
  23 3 3 3 3 3 4 4 1 5 4 33 
  24 3 3 2 2 1 2 2 2 1 2 20 
  25 4 4 3 3 3 3 3 2 3 2 30 
  26 3 3 2 4 1 2 3 1 2 3 24 
  27 3 2 2 2 3 3 3 3 5 2 28 
  28 4 4 4 2 3 4 2 2 3 5 33 
  29 3 3 3 3 2 2 1 2 3 2 24 
  30 2 2 2 4 3 3 3 2 3 3 27 
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B9: Users’ Satisfaction Scores of the LinearVis II 
 

Users Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Total 
  1 4 3 5 5 5 4 4 3 4 5 42 
  2 4 4 5 4 4 5 3 4 3 4 40 
  3 2 4 4 3 5 5 5 4 3 4 39 
  4 4 5 3 4 3 5 4 5 5 5 43 
  5 5 5 5 4 5 5 5 5 3 4 46 
  6 3 3 5 5 2 3 5 5 4 5 40 
  7 5 5 3 5 5 5 5 4 5 5 47 
  8 4 5 5 5 5 5 5 5 4 3 46 
  9 4 5 4 2 5 4 4 4 5 5 42 
  10 4 4 4 3 3 5 3 4 4 4 38 
  11 3 3 4 5 5 5 4 3 5 3 40 
  12 5 4 4 5 4 5 5 5 5 5 47 
  13 5 3 4 3 4 3 4 4 3 3 36 
  14 3 5 5 5 5 5 2 5 5 5 45 
  15 5 5 4 5 5 5 4 5 3 5 46 
  16 4 3 5 5 5 4 4 3 4 5 42 
  17 4 4 5 4 4 5 3 4 3 4 40 
  18 2 4 4 3 5 5 5 4 3 4 39 
  19 4 5 3 4 3 5 4 5 5 5 43 
  20 5 5 5 4 5 5 5 5 3 4 46 
  21 3 3 5 5 2 3 5 5 4 5 40 
  22 5 5 3 5 5 5 5 4 5 5 47 
  23 4 5 5 5 5 5 5 5 4 3 46 
  24 4 5 4 2 5 4 4 4 5 5 42 
  25 4 4 4 3 3 5 3 4 4 4 38 
  26 3 3 4 5 5 5 4 3 5 3 40 
  27 5 4 4 5 4 5 5 5 5 5 47 
  28 5 3 4 3 4 3 4 4 3 3 36 
  29 3 5 5 5 5 5 2 5 5 5 45 
  30 5 5 4 5 5 5 4 5 3 5 46 
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Appendix C- Email Threads 

C1: Frequency of Users’ Profile Questionnaire 
N=45 

Questions Options Frequency 

1. Gender 
Male 45 

Female 0 

2. Age 

18 – 25 44 

26 – 35 1 

36 -45 0 

46 – 64 0 

65+ 0 

3. Academic level 

High School 0 

Undergraduate 45 

Postgraduate 0 

4. Study subject Computer Science 45 

5. Computer experience 

1 – 3 years 15 

4 – 6  years 16 

7 – 9 years 11 

10+  years 3 

6. Computer usage 

Never 0 

Sometimes 15 

Usually 11 

Always 19 

7. Operating system 

MS Windows 45 

Apple Mac 0 

Linux 0 

Unix 0 

Other 0 
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8. Email experience 

1 – 3 years 22 

4 – 6  years 18 

7 – 9 years 1 

10+  years 4 

9. Email software 

Mac Mail 0 

Linux Mail 0 

Windows based 8 

Web-based 37 

10. Email checking experience 

Continually 9 

Several times a day 14 

several times a week 9 

Once a week 2 

Not often 0 

11. Average sent messages 

None 1 

1-10 41 

11 - 20 3 

21-30 0 

30+ 0 

12. Average received messages 

 

 

 

None 0 

1-10 29 

11 - 20 11 

21-30 3 

30+ 2 

13. Attitude  towards handling email 

Strongly disagree 9 

Disagree 25 

Neutral 7 

Agree 4 

Strongly Agree 0 
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C2: Experimental Tasks Sheet  
Subject No: ............... Condition: .........................  Date: .........................  Time: ................      

Please perform the following tasks on the provided email client and answer the 

questions followed by each task. 

1. Find the conversation that all of its messages contain attachments

How many email messages does it contain?  …………………… 

 and one of them 
was received on 12/12/2006 

How many new email messages does it contain? …………………… 

How many email messages with low priority does it contain? …………………… 

How many email users were involved in this conversation?  …………………… 

 

2. Find the conversation that one of its messages received on 17/09/2008 and 

How many email messages does it contain?  …………………… 

does not 
contain any attachment 

How many email messages were received on the same day? …………………… 

How many email messages with low priority does it contain? …………………… 

How many email users were involved in this conversation?  …………………… 

 

3. Find the conversation that was sent by Mat Overton which has two new messages 
How many email messages does it contain?   

How many email messages with high priority does it contain? …………………… 

How many email messages with attachment does it contain? …………………… 

How many email messages were received on the same day? …………………… 
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4. Find the conversation that was sent by Khaled ali which contains more than two new 
messages 

How many email messages does it contain?  …………………… 

How many email messages with high priority does it contain? …………………… 

How many email messages with attachment does it contain? …………………… 

How many email messages were received on the same day? …………………… 

 

5. Find the conversation that all its messages received in the same day

How many email messages does it contain?  

 and contains 
three messages sent by the same sender (Ahmad Alharbi). 

How many email messages with high priority does it contain? …………………… 

How many email messages with attachment does it contain? …………………… 

How many new email messages does it contain? …………………… 

 

6. Find the conversation that was received on 20/09/08 and contains : 
1 new email message with attachment 

How many new email messages does it contain? …………………… 

1 new email message with attachment and low priority 

How many email messages with high priority does it contain? …………………… 

How many email messages with attachment does it contain? …………………… 

How many email messages were received on the same day? …………………… 

 

7. Find the conversation that was received on 17/09/07 and contains the following: 
1 email message with attachment 

1 email message with high priority 

How many new email messages does it contain? …………………… 

1 email message with low priority 
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How many email messages with low priority does it contain? …………………… 

How many email users were involved in this conversation?  …………………… 

 

8. Find the conversation that sent by Mohammad Alharbi and contains : 
1 new email message with attachment and high priority 

How many new email messages does it contain? …………………… 

1 email message with attachment and low priority  

How many email messages with low priority does it contain? …………………… 

How many email users were involved in this conversation?  …………………… 
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C3: Tasks Accomplishment Time 
Users Task 1 Task 2 Task 3 Task 4 Task 5 Task 6 Task 7 Task 8 

Textual Approach 
User 1 60 64 56 88 80 85 60 54 
User 2 68 52 61 90 100 55 52 59 
User 3 83 63 60 88 103 90 65 81 
User 4 63 77 59 75 79 107 59 57 
User 5 67 59 67 73 76 112 76 73 
User 6 79 51 88 77 71 59 63 74 
User 7 81 57 69 69 83 68 64 59 
User 8 95 61 71 91 68 79 58 66 
User 9 65 63 63 68 73 72 57 63 
User 10 67 57 59 72 70 67 67 53 
User 11 59 52 55 76 82 74 59 66 
User 12 57 54 64 67 93 65 64 57 
User 13 55 81 69 59 68 73 62 61 
User 14 61 59 61 77 55 79 71 67 
User 15 90 64 58 78 77 91 53 71 

Graphical Approach 
User 1 42 41 54 41 42 50 53 54 
User 2 51 43 50 42 46 65 43 58 
User 3 49 35 47 52 46 62 47 49 
User 4 66 50 45 60 32 57 41 42 
User 5 60 56 45 40 36 42 59 65 
User 6 57 45 46 54 40 65 48 55 
User 7 60 55 44 77 45 68 46 61 
User 8 52 35 60 51 32 47 39 45 
User 9 77 40 61 53 35 45 47 57 
User 10 50 39 43 43 37 59 50 55 
User 11 52 40 41 46 43 46 34 63 
User 12 61 43 49 61 39 57 50 50 
User 13 71 35 65 52 56 40 51 51 
User 14 55 50 57 48 37 59 43 52 
User 15 50 44 45 39 44 35 52 54 

Graphical Approach 
User 1 47 34 37 36 46 57 44 53 

User 2 47 57 42 37 38 46 41 54 

User 3 43 28 56 35 39 27 45 45 

User 4 62 52 41 39 49 45 44 48 

User 5 47 40 37 37 33 39 51 51 
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User 6 61 32 34 42 51 52 47 43 

User 7 45 58 32 34 36 48 36 47 

User 8 62 32 47 39 43 31 51 45 

User 9 51 34 32 37 39 62 47 53 

User 10 41 33 52 36 31 46 42 51 

User 11 56 39 34 42 39 44 41 50 

User 12 45 59 41 34 35 59 59 46 

User 13 58 46 32 43 44 27 52 63 

User 14 62 27 32 44 34 57 39 45 

User 15 62 58 45 42 42 45 44 48 
  
 

Tasks Completed by All Users 

Condition T1 T2 T3 T4 T5 T6 T7 T8 

Textual Threads Approach × × × √ × × × × 

Graphical Email Threads Approach √ × √ × √ × × × 

Multimodal Email Threads Approach × × √ √ √ × √ √ 
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C4: Errors Carried Out Whilst Performing Tasks 
Users Task 1 Task 2 Task 3 Task 4 Task 5 Task 6 Task 7 Task 8 

Textual Approach 
User 1 1 3 1 1 2 3 1 2 

User 2 3 2 2 4 2 1 1 0 

User 3 2 0 4 3 2 4 1 3 

User 4 1 2 1 0 1 0 0 3 

User 5 1 2 1 1 0 1 2 1 

User 6 0 1 3 0 0 1 0 2 

User 7 4 0 2 1 1 2 0 1 

User 8 2 0 0 3 2 4 0 2 

User 9 1 1 1 2 3 4 1 2 

User 10 1 2 0 2 1 1 3 2 

User 11 3 1 1 0 1 3 0 2 

User 12 0 2 2 1 0 0 0 3 

User 13 1 0 3 2 3 0 2 1 

User 14 3 2 1 1 0 1 1 1 

User 15 2 1 1 3 1 2 2 1 

Graphical Approach 
User 1 2 1 0 2 0 0 1 3 

User 2 1 0 1 2 1 1 0 1 

User 3 1 1 0 0 0 2 1 3 

User 4 2 0 3 2 2 2 2 2 

User 5 1 3 2 2 0 1 0 1 

User 6 1 1 1 0 1 0 2 1 

User 7 1 3 0 1 1 1 1 0 

User 8 2 1 1 1 2 4 1 2 

User 9 3 1 2 2 3 2 1 1 

User 10 2 2 1 2 1 1 1 3 

User 11 0 1 0 1 0 3 0 1 

User 12 1 1 3 2 1 2 1 2 

User 13 0 2 2 1 0 1 1 1 

User 14 1 0 0 0 1 2 1 1 

User 15 1 1 1 0 0 3 0 1 

Graphical Approach 
User 1 0 1 1 0 1 1 0 0 

User 2 2 0 0 1 0 0 1 1 

User 3 1 1 0 0 2 2 1 2 

User 4 1 2 1 1 0 1 1 1 

User 5 0 0 1 0 1 1 0 1 
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User 6 1 3 0 2 0 0 0 0 

User 7 2 1 1 1 1 3 0 2 

User 8 3 2 2 0 0 1 1 1 

User 9 0 0 1 2 3 0 0 3 

User 10 1 1 2 1 0 2 1 1 

User 11 1 0 1 1 1 1 0 1 

User 12 2 1 1 0 0 0 2 0 

User 13 3 2 1 1 1 0 0 0 

User 14 1 2 0 1 1 2 1 0 

User 15 0 1 2 2 1 2 3 1 
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C5: Number of Correct Answers (four questions were asked after tasks 1, 
2,3,4,5 and 6 and three questions after tasks 7 and 8)  

Users Task 1 Task 2 Task 3 Task 4 Task 5 Task 6 Task 7 Task 8 
Textual Approach 

User 1 4 2 4 1 3 1 0 2 

User 2 4 2 4 3 3 3 2 3 

User 3 3 1 2 1 3 1 2 2 

User 4 0 0 2 1 0 2 0 0 

User 5 3 3 3 0 1 1 0 1 

User 6 4 3 3 1 4 3 0 2 

User 7 4 3 3 1 4 3 0 2 

User 8 3 3 4 1 2 3 2 2 

User 9 4 3 4 1 4 3 2 2 

User 10 3 2 4 2 4 2 2 2 

User 11 3 3 4 3 4 2 2 2 

User 12 4 4 4 3 3 4 1 1 

User 13 4 3 3 1 4 4 3 2 

User 14 3 4 4 4 4 3 3 3 

User 15 0 0 2 1 0 2 0 0 

Graphical Approach 
User 1 3 3 3 3 4 3 0 1 

User 2 3 3 3 1 3 3 1 1 

User 3 3 4 4 3 4 4 1 2 

User 4 4 2 4 2 4 3 2 2 

User 5 2 0 3 3 3 2 1 2 

User 6 4 4 4 3 4 4 1 2 

User 7 1 0 2 0 2 4 0 0 

User 8 4 4 2 3 4 4 2 3 

User 9 0 0 1 1 2 1 0 0 

User 10 3 1 1 2 1 1 1 1 

User 11 3 3 3 3 3 3 1 1 

User 12 1 0 2 0 2 4 0 0 

User 13 4 4 2 3 4 4 2 3 

User 14 0 3 1 1 2 1 1 0 

User 15 2 0 3 3 3 2 1 2 

Graphical Approach 
User 1 2 4 4 4 4 4 2 3 

User 2 4 4 4 4 4 4 3 2 
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User 3 3 2 4 3 4 4 3 2 

User 4 4 3 4 2 4 3 0 1 

User 5 4 4 2 4 4 4 2 2 

User 6 1 1 3 2 2 1 0 1 

User 7 4 4 4 3 4 4 2 3 

User 8 4 3 4 3 2 3 1 2 

User 9 4 4 4 2 3 3 3 3 

User 10 3 2 4 4 4 4 1 1 

User 11 4 3 3 2 4 3 0 1 

User 12 4 4 4 3 4 4 2 3 

User 13 4 4 2 2 4 4 2 2 

User 14 4 2 4 3 4 4 2 3 

User 15 2 3 3 2 4 3 2 3 
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C6: Number of Correct Answers of Each Question 

Users Q1 Q2 Q3 Q4 Q5 Q6 Q7 Total 

Textual Approach 
User 1 5 4 2 2 3 2 2 20 

User 2 4 5 4 2 2 1 2 20 

User 3 5 5 4 4 3 2 0 23 

User 4 3 5 3 3 3 3 0 20 

User 5 3 5 4 4 3 2 3 24 

User 6 4 4 4 4 2 3 0 21 

User 7 5 5 3 4 4 3 0 24 

User 8 0 1 2 2 0 0 0 5 

User 9 1 2 1 0 1 0 0 5 

User 10 5 5 3 4 4 3 4 28 

User 11 0 3 4 4 3 0 1 15 

User 12 4 5 4 4 3 4 0 24 

User 13 4 5 4 4 3 3 0 23 

User 14 1 3 4 4 3 1 1 17 

User 15 2 3 2 3 2 0 0 12 

Graphical Approach 
User 1 3 2 0 1 2 0 1 9 

User 2 2 2 0 0 1 0 0 5 

User 3 4 5 4 3 3 4 3 26 

User 4 5 5 4 2 3 4 3 26 

User 5 3 1 2 1 2 0 0 9 

User 6 5 5 4 3 1 3 4 25 

User 7 4 5 3 4 4 2 4 26 

User 8 5 4 1 3 3 2 2 20 

User 9 5 3 1 2 1 2 2 16 

User 10 3 3 2 1 3 3 3 18 

User 11 5 3 4 4 4 0 0 20 

User 12 3 2 2 1 1 0 0 9 

User 13 3 2 1 1 0 1 1 9 

User 14 5 4 3 3 3 1 4 23 

User 15 5 3 2 2 1 2 1 16 

Graphical Approach 

User 1 5 5 4 3 4 4 4 29 

User 2 5 4 4 4 2 4 4 27 
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User 3 5 5 3 1 3 3 2 22 

User 4 5 5 2 3 3 2 3 23 

User 5 5 5 3 3 4 4 4 28 

User 6 5 5 4 2 4 4 3 27 

User 7 4 2 0 0 1 2 2 11 

User 8 2 4 3 4 2 2 3 20 

User 9 4 5 3 0 2 2 4 20 

User 10 5 5 3 3 2 4 4 26 

User 11 2 5 3 2 1 4 4 21 

User 12 5 4 3 2 3 4 3 24 

User 13 5 5 1 3 3 4 4 25 

User 14 5 5 3 4 2 3 4 26 

User 15 4 3 4 3 4 4 4 26 
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Appendix D- Code Samples 

D1: Retrieving Senders from Microsoft Outlook 
Private Sub Accounts_Retrive () 
        Dim ds As New DataSet 
        Dim oApp As New Outlook.Application 
        Dim i, c, j, count As Integer 
        Dim oMsg As Outlook.MailItem 
        Dim x = "" 
        Dim senderemail, sendername As String 
        Dim oNS As Outlook.NameSpace = 
oApp.GetNamespace("mapi") 
        oNS.Logon("xxxxx", "1234", False, True) 
        Dim oInbox As Outlook.MAPIFolder = 
oNS.GetDefaultFolder(Outlook.OlDefaultFolders.olFolderInbox) 
        Dim oItems As Outlook.Items = oInbox.Items 
        Dim q As String = "select AccountID,emailaddress from 
AccountsTb" 
        Dim adp As SqlClient.SqlDataAdapter 
        Dim add As String = " insert into 
AccountsTb(AccountID,name,emailAddress)values(@AccountID,@nam
e,@emailAddress) "        Dim cmd As SqlClient.SqlCommand 
        c = 0 
        count = 0 
        For i = 1 To oItems.Count 
            c = 0 
            ds.Clear() 
            adp = New SqlClient.SqlDataAdapter(q, con) 
            adp.Fill(ds) 
            If ds.Tables(0).Rows.Count = 0 Then 
                count = 1 
            Else 
                count = 
ds.Tables(0).Rows(ds.Tables(0).Rows.Count - 1).Item(0) + 1 
            End If 
            If TypeName(oItems.Item(i)) = "MailItem" Then 
                oMsg = oItems.Item(i) 
                If oMsg.SentOnBehalfOfName <> "" Then 
                    sendername = oMsg.SentOnBehalfOfName 
                    senderemail = oMsg.SentOnBehalfOfName 
                Else 
                    sendername = oMsg.SenderName 
                    senderemail = oMsg.SenderEmailAddress 
                End If 
                If ds.Tables(0).Rows.Count > 0 Then 
                    For j = 0 To ds.Tables(0).Rows.Count - 1 
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                        If senderemail = 
ds.Tables(0).Rows(j).Item(1) Then 
                            c = c + 1 
                            Exit For 
                        End If 
                    Next 
                End If 
                If c = 0 Then 
                    cmd = New SqlClient.SqlCommand(add, con) 
                    cmd.Parameters.Add(New 
SqlClient.SqlParameter("AccountID", count)) 
                    cmd.Parameters.Add(New 
SqlClient.SqlParameter("Name", sendername)) 
                    cmd.Parameters.Add(New 
SqlClient.SqlParameter("emailaddress", senderemail)) 
                    con.Open() 
                    cmd.ExecuteNonQuery() 
                    con.Close() 
                End If 
            End If 
        Next 
        MsgBox("done") 
    End Sub 
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D2: Retrieving Messages and Attachments 
Private Sub Messages_Retrive() 
Dim oApp As New Outlook.Application 
        Dim i, c As Integer 
        c = 0 
        Dim oMsg As Outlook.MailItem 
        Dim x = "" 
        Dim senderemail As String 
        Dim oNS As Outlook.NameSpace = 
oApp.GetNamespace("mapi") 
        oNS.Logon("xxxx", "1234", False, True) 
        Dim oInbox As Outlook.MAPIFolder = 
oNS.GetDefaultFolder(Outlook.OlDefaultFolders.olFolderInbox) 
        Dim oItems As Outlook.Items = oInbox.Items 
        Me.Button1.Text = ("Total : " & oItems.Count) 
        con.Open() 
        For i = 1 To oItems.Count 
            If TypeName(oItems.Item(i)) = "MailItem" Then 
                c = c + 1 
                oMsg = oItems.Item(i) 
                If oMsg.SentOnBehalfOfName <> "" Then 
                    senderemail = oMsg.SentOnBehalfOfName 
                Else 
                    senderemail = oMsg.SenderEmailAddress 
                End If 
                Dim SenderQry As String = "select accountid 
from accountstb where emailaddress = @emailaddress" 
                Dim QryCmd As New 
SqlClient.SqlCommand(SenderQry, con) 
                QryCmd.Parameters.Add(New 
SqlClient.SqlParameter("@emailaddress", senderemail)) 
                Dim SenderAdp As New SqlClient.SqlDataAdapter 
                SenderAdp.SelectCommand = QryCmd 
                Dim SenderDs As New DataSet 
                SenderDs.Clear() 
                SenderAdp.Fill(SenderDs) 
 
                Dim qry As String = "insert into 
MessageTB1(MSGID,SenderID,Category,Subject,Importance,Body,Se
ntDate,TOADD,CCADD,threadID) values 
(@MSGID,@SenderID,@Category,@Subject,@Importance,@Body,@SentD
ate,@TOADD,@CCADD,@threadid)" 
                Dim cmd = New SqlClient.SqlCommand(qry, con) 
                If oMsg.Subject <> "" Then 
                    cmd.Parameters.Add(New 
SqlClient.SqlParameter("@Subject", CStr(oMsg.Subject))) 
                Else 
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                    cmd.Parameters.Add(New 
SqlClient.SqlParameter("@Subject", x)) 
                End If 
                cmd.Parameters.Add(New 
SqlClient.SqlParameter("@SenderID", 
Val(SenderDs.Tables(0).Rows(0).Item(0)))) 
                If oMsg.UnRead = True Then 
                    cmd.Parameters.Add(New 
SqlClient.SqlParameter("@Category", Val("0"))) 
                Else 
                    cmd.Parameters.Add(New 
SqlClient.SqlParameter("@Category", Val("1"))) 
                End If 
 
                If oMsg.CC <> "" Then 
                    cmd.Parameters.Add(New 
SqlClient.SqlParameter("@CCADD", CStr(oMsg.CC))) 
                Else 
                    cmd.Parameters.Add(New 
SqlClient.SqlParameter("@CCADD", x)) 
                End If 
                cmd.Parameters.Add(New 
SqlClient.SqlParameter("@MSGID", Val(c))) 
                cmd.Parameters.Add(New 
SqlClient.SqlParameter("@Importance", oMsg.Importance)) 
                If oMsg.Body <> "" Then 
                    cmd.Parameters.Add(New 
SqlClient.SqlParameter("@Body", CStr(oMsg.Body))) 
                Else 
                    cmd.Parameters.Add(New 
SqlClient.SqlParameter("@Body", x)) 
                End If 
                cmd.Parameters.Add(New 
SqlClient.SqlParameter("@SentDate", oMsg.SentOn)) 
                If oMsg.To <> "" Then 
                    cmd.Parameters.Add(New 
SqlClient.SqlParameter("@TOADD", CStr(oMsg.To))) 
                Else 
                    cmd.Parameters.Add(New 
SqlClient.SqlParameter("@TOADD", x)) 
                End If 
                cmd.Parameters.Add(New 
SqlClient.SqlParameter("@size", oMsg.Size)) 
                If oMsg.ConversationIndex <> "" Then 
                    cmd.Parameters.Add(New 
SqlClient.SqlParameter("@threadid", oMsg.ConversationIndex)) 
                Else 
                    cmd.Parameters.Add(New 
SqlClient.SqlParameter("@threadid", x)) 
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                End If 
                cmd.ExecuteNonQuery() 
                Dim j, attachcounter As Integer 
                attachcounter = 0 
                If oMsg.Attachments.Count > 0 Then 
                    Dim attachQry As String = " select 
attachid from attachtb" 
                    Dim attachadp As New 
SqlClient.SqlDataAdapter(attachQry, con) 
                    Dim attachDs As New DataSet 
                    attachadp.Fill(attachDs) 
                    If attachDs.Tables(0).Rows.Count > 0 Then 
                        attachcounter = 
attachDs.Tables(0).Rows(attachDs.Tables(0).Rows.Count - 
1).Item(0) + 1 
                    End If 
                    For j = 1 To oMsg.Attachments.Count 
                        Dim attachAdd As String = " insert 
into AttachTB (AttachID,MSGID,FileName,FileLink)values 
(@AttachID,@MSGID,@FileName,@FileLink)" 
                        Dim cmdattach As New 
SqlClient.SqlCommand(attachAdd, con) 
                        cmdattach.Parameters.Add(New 
SqlClient.SqlParameter("@AttachID", Val(attachcounter))) 
                        cmdattach.Parameters.Add(New 
SqlClient.SqlParameter("@MSGID", Val(c))) 
                        cmdattach.Parameters.Add(New 
SqlClient.SqlParameter("@FileName", 
oMsg.Attachments.Item(j).FileName)) 
                        cmdattach.Parameters.Add(New 
SqlClient.SqlParameter("@FileLink", 
oMsg.Attachments.Item(j).FileName)) 
                        cmdattach.ExecuteNonQuery() 
                        attachcounter = attachcounter + 1 
                    Next 
                End If 
            End If 
            Me.Button1.Text = c 
        Next 
        MsgBox("done") 
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D3: Retrieving Sent Messages and their Information 
Private Sub Sent_Messages_Retrive() 
Dim oApp As New Outlook.Application 
        Dim i, c As Integer 
        c = 0 
        Dim oMsg As Outlook.MailItem 
        Dim x = "" 
        Dim senderemail As String 
        Dim oNS As Outlook.NameSpace = 
oApp.GetNamespace("mapi") 
        oNS.Logon("stalharb", "Saad2390", False, True) 
        Dim oInbox As Outlook.MAPIFolder = 
oNS.GetDefaultFolder(Outlook.OlDefaultFolders.olFolderInbox) 
        Dim oItems As Outlook.Items = oInbox.Items 
        Me.Button1.Text = ("Total : " & oItems.Count) 
        con.Open() 
        For i = 1 To oItems.Count 
            If TypeName(oItems.Item(i)) = "MailItem" Then 
                c = c + 1 
                oMsg = oItems.Item(i) 
                If oMsg.SentOnBehalfOfName <> "" Then 
                    senderemail = oMsg.SentOnBehalfOfName 
                Else 
                    senderemail = oMsg.SenderEmailAddress 
                End If 
                Dim SenderQry As String = "select accountid 
from accountstb where emailaddress = @emailaddress" 
                Dim QryCmd As New 
SqlClient.SqlCommand(SenderQry, con) 
                QryCmd.Parameters.Add(New 
SqlClient.SqlParameter("@emailaddress", senderemail)) 
                Dim SenderAdp As New SqlClient.SqlDataAdapter 
                SenderAdp.SelectCommand = QryCmd 
                Dim SenderDs As New DataSet 
                SenderDs.Clear() 
                SenderAdp.Fill(SenderDs) 
                Dim qry As String = "insert into 
MessageTB1(MSGID,SenderID,Category,Subject,Importance,Body,Se
ntDate,TOADD,CCADD,threadID) values 
(@MSGID,@SenderID,@Category,@Subject,@Importance,@Body,@SentD
ate,@TOADD,@CCADD,@threadid)" 
                Dim cmd = New SqlClient.SqlCommand(qry, con) 
                If oMsg.Subject <> "" Then 
                    cmd.Parameters.Add(New 
SqlClient.SqlParameter("@Subject", CStr(oMsg.Subject))) 
                Else 
                    cmd.Parameters.Add(New 
SqlClient.SqlParameter("@Subject", x)) 
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                End If 
                cmd.Parameters.Add(New 
SqlClient.SqlParameter("@SenderID", 
Val(SenderDs.Tables(0).Rows(0).Item(0)))) 
                If oMsg.UnRead = True Then 
                    cmd.Parameters.Add(New 
SqlClient.SqlParameter("@Category", Val("0"))) 
                Else 
                    cmd.Parameters.Add(New 
SqlClient.SqlParameter("@Category", Val("1"))) 
                End If 
                If oMsg.CC <> "" Then 
                    cmd.Parameters.Add(New 
SqlClient.SqlParameter("@CCADD", CStr(oMsg.CC))) 
                Else 
                    cmd.Parameters.Add(New 
SqlClient.SqlParameter("@CCADD", x)) 
                End If 
                cmd.Parameters.Add(New 
SqlClient.SqlParameter("@MSGID", Val(c))) 
                cmd.Parameters.Add(New 
SqlClient.SqlParameter("@Importance", oMsg.Importance)) 
                If oMsg.Body <> "" Then 
                    cmd.Parameters.Add(New 
SqlClient.SqlParameter("@Body", CStr(oMsg.Body))) 
                Else 
                    cmd.Parameters.Add(New 
SqlClient.SqlParameter("@Body", x)) 
                End If 
                cmd.Parameters.Add(New 
SqlClient.SqlParameter("@SentDate", oMsg.SentOn)) 
                If oMsg.To <> "" Then 
                    cmd.Parameters.Add(New 
SqlClient.SqlParameter("@TOADD", CStr(oMsg.To))) 
                Else 
                    cmd.Parameters.Add(New 
SqlClient.SqlParameter("@TOADD", x)) 
               End If 
                cmd.Parameters.Add(New 
SqlClient.SqlParameter("@size", oMsg.Size)) 
                If oMsg.ConversationIndex <> "" Then 
                    cmd.Parameters.Add(New 
SqlClient.SqlParameter("@threadid", oMsg.ConversationIndex)) 
                Else 
                    cmd.Parameters.Add(New 
SqlClient.SqlParameter("@threadid", x)) 
                End If 
                cmd.ExecuteNonQuery() 
                Dim j, attachcounter As Integer 
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                attachcounter = 0 
                If oMsg.Attachments.Count > 0 Then 
                    Dim attachQry As String = " select 
attachid from attachtb" 
                    Dim attachadp As New 
SqlClient.SqlDataAdapter(attachQry, con) 
                    Dim attachDs As New DataSet 
                    attachadp.Fill(attachDs) 
                    If attachDs.Tables(0).Rows.Count > 0 Then 
                        attachcounter = 
attachDs.Tables(0).Rows(attachDs.Tables(0).Rows.Count - 
1).Item(0) + 1 
                    End If 
                    For j = 1 To oMsg.Attachments.Count 
                        Dim attachAdd As String = " insert 
into AttachTB (AttachID,MSGID,FileName,FileLink)values 
(@AttachID,@MSGID,@FileName,@FileLink)" 
                        Dim cmdattach As New 
SqlClient.SqlCommand(attachAdd, con) 
                        cmdattach.Parameters.Add(New 
SqlClient.SqlParameter("@AttachID", Val(attachcounter))) 
                        cmdattach.Parameters.Add(New 
SqlClient.SqlParameter("@MSGID", Val(c))) 
                        cmdattach.Parameters.Add(New 
SqlClient.SqlParameter("@FileName", 
oMsg.Attachments.Item(j).FileName)) 
                        cmdattach.Parameters.Add(New 
SqlClient.SqlParameter("@FileLink", 
oMsg.Attachments.Item(j).FileName)) 
                        cmdattach.ExecuteNonQuery() 
                        attachcounter = attachcounter + 1 
                    Next 
                End If 
            End If 
            Me.Button1.Text = c 
        Next 
        MsgBox("done") 
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D4: Generating XML File with Threads Information on VB.Net 
Dim threadsXml As New XmlTextWriter("threadsXml.xml", 
Nothing) 
        threadsXml.WriteStartDocument() 
        threadsXml.WriteStartElement("Threads") 
        For i = 0 To dt.Rows.Count - 1 
            threadsXml.WriteStartElement("Message") 
            threadsXml.WriteAttributeString("Msgid", 
dt.Rows(i).Item(0).ToString) 
            threadsXml.WriteAttributeString("SenderName", 
dt.Rows(i).Item(1).ToString) 
            threadsXml.WriteAttributeString("Importance", 
dt.Rows(i).Item(2).ToString) 
            threadsXml.WriteAttributeString("Attachment", 
dt.Rows(i).Item(3).ToString) 
            threadsXml.WriteAttributeString("SentDate", 
dt.Rows(i).Item(4).ToString) 
            threadsXml.WriteAttributeString("SenderFlag", 
dt.Rows(i).Item(5).ToString) 
            threadsXml.WriteAttributeString("DateFlag", 
dt.Rows(i).Item(6).ToString) 
            threadsXml.WriteAttributeString("Category", 
dt.Rows(i).Item(7).ToString) 
            threadsXml.WriteEndElement() 
        Next 
        threadsXml.WriteEndDocument() 
        threadsXml.Close() 
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D5: Parsing XML Files Using ActionScript 2.0 for Displaying Threads  
function processXMLData(success) 
{ 
  if (success) 
  {   var n = threadsXml.firstChild.childNodes.length; 
   var xSender:Number =0; 
   var xDate:Number =2.5; 
   var xPriority:Number =5; 
   var counter:Number = 0; 
   var red:Number =0xFF0000; 
   var Yangle:Number = 70; 
   
   for (var i=0;i<n;i++) 
   {    var senderName:String = "s"+i; 
    var dateName:String = "d"+i; 
    var priorityName:String ="p"+i;    
switch(threadsXml.childNodes[0].childNodes[i].attributes.Send
erFlag) 
   { 
    case "1": 
    {    
 attachMovie("Sender1",senderName,counter,{_x:5+xSender,_
y:80}); 
    counter = counter + 1; 
    break; 
    } 
    case "2": 
    {    
 attachMovie("Sender2",senderName,counter,{_x:5+xSender,_
y:80}); 
    counter = counter + 1; 
    break; 
    } 
   case "3": 
   { 
  
 attachMovie("Sender3",senderName,counter,{_x:5+xSender,_
y:80}); 
    counter = counter + 1; 
    break; 
   } 
    case "4": 
    {    
 attachMovie("Sender4",senderName,counter,{_x:5+xSender,_
y:80}); 
     counter = counter + 1; 
     break; 
    }       
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   }    
    
switch(threadsXml.childNodes[0].childNodes[i].attributes.Date
Flag) 
   { 
    case "1": 
    { 
  
 attachMovie("Date1",dateName,counter,{_x:5+xDate,_y:82.5
}); 
    counter = counter + 1; 
    break; 
    } 
    case "2": 
    {    
attachMovie("Date2",dateName,counter,{_x:5+xDate,_y:82.5}); 
    counter = counter + 1; 
    break; 
    } 
   case "3": 
   {   
 attachMovie("Date3",dateName,counter,{_x:5+xDate,_y:82.5
}); 
    counter = counter + 1; 
    break; 
   } 
    case "4": 
    {    
 attachMovie("Date4",dateName,counter,{_x:5+xDate,_y:82.5
}); 
     counter = counter + 1; 
     break; 
    }       
   } 
if 
(threadsXml.childNodes[0].childNodes[i].attributes.Importance 
=="0" && 
threadsXml.childNodes[0].childNodes[i].attributes.Attachment 
=="No" ) 
{ 
 attachMovie("LowNoAtt",priorityName,counter,{_x:5+xPrior
ity,_y:85.5}); 
    counter = counter + 1;  
} 
else if 
(threadsXml.childNodes[0].childNodes[i].attributes.Importance 
=="0" && 
threadsXml.childNodes[0].childNodes[i].attributes.Attachment 
=="Yes" ) 
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{ 
 attachMovie("LowAttach",priorityName,counter,{_x:5+xPrio
rity,_y:85.5}); 
    counter = counter + 1; 
} 
else if 
(threadsXml.childNodes[0].childNodes[i].attributes.Importance 
=="1" && 
threadsXml.childNodes[0].childNodes[i].attributes.Attachment 
=="No" ) 
{ 
 attachMovie("NormNoAtt",priorityName,counter,{_x:5+xPrio
rity,_y:85.5}); 
    counter = counter + 1; 
} 
else if 
(threadsXml.childNodes[0].childNodes[i].attributes.Importance 
=="1" && 
threadsXml.childNodes[0].childNodes[i].attributes.Attachment 
=="Yes" ) 
{ 
 attachMovie("NormAttach",priorityName,counter,{_x:5+xPri
ority,_y:85.5}); 
    counter = counter + 1; 
} 
else if 
(threadsXml.childNodes[0].childNodes[i].attributes.Importance 
=="2" && 
threadsXml.childNodes[0].childNodes[i].attributes.Attachment 
=="No" ) 
{ 
 attachMovie("HighNoAtt",priorityName,counter,{_x:5+xPrio
rity,_y:85.5}); 
    counter = counter + 1; 
} 
else if 
(threadsXml.childNodes[0].childNodes[i].attributes.Importance 
=="2" && 
threadsXml.childNodes[0].childNodes[i].attributes.Attachment 
=="Yes" ) 
{ 
 attachMovie("HighAttach",priorityName,counter,{_x:5+xPri
ority,_y:85.5}); 
    counter = counter + 1; 
} 
                  lineStyle (2,red,100); 
   moveTo(15,80);    
   xSender=xSender+25; 
   xDate=xDate+25; 
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   xPriority=xPriority+25; 
   if (i<n-1) 
   { 
   curveTo(25,Yangle,xSender+10,80); 
   Yangle=Yangle-8; 
   }    
 
 threadsXml.childNodes[0].childNodes[i].attributes.Msgid;
     
   } 
  } 
   

}
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