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Abstract: Problem statement: With the rapid growth of the number of email megsagnd the
diverse use of email, people have become overwhitbyehe large volumes of email archives. As a
result, email tools that facilitate the browsing exhail messages are highly required. This study
described an empirical study that aimed to invastigvhether the usability of email client can be
improved by incorporating graphical visualizati@thniques to browse email datgproach: Two
email visualization approaches, called LinearVid BtatrixVis, were developed for this empirical stud
which presented email messages based on a datajigier with other email information. The usabpilit
of each approach was compared to atypical emdilriderms of locating messagé&esults: The results
demonstrated that LinearVis was the most usablél emaroach in terms of browsing email messages
whereas MatrixVis was found to be the least usabiail condition.Conclusion: The results showed
that usability of email clients can be significgniinproved by presenting graphically email messages
with only a small volume of hidden email data. Resalso indicated that usability of the graphical
representations, that hide large volume of emdd,dan be negatively affected.
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INTRODUCTION need for more usable email clients that help users
browse email messages efficiently and effectively
Email is one of the most widely used applicationsbecomes important.

and Duchenaut and Bellotti called it habiat This study describes an empirical study that was
Sometimes, email applications are also used toeseryperformed to investigate how the various ways of
users for task and time management as well as fdsrowsing email messages graphically affect the
personal archivifg. Whittaker and Sidner called this usability of email clients. An experimental emdiknt
as email overlodd. The number of email messages andplatform was developed to be used as a basis fsr th
accounts often grows rapidly. For example, it hasrb empirical study. The platform provided two types of
estimated that about 31 billion email messages havgraphical representation of email messages, both of
been sent in 20¢% It has also been shown that thethem present email messages based on a dateline
average user gets around 49 email messages a d@mgether with other email information. The
while high volume users can get more than oneeffectiveness, efficiency and users’ satisfactidrthe
hundre®’. Email inboxes have become cluttered andexperimental platform were compared to a standard
difficult to browse as users usually keep their #ma email client (i.e., Outlook Express). This study
messages in the inbox for different purpdse¥he use concludes with the results of this comparative gtaid
of folders and filing has been proposed to organizesome directions of the future research.
email messages in the inbox. Becker and Ferreira
developed an email tool that automatically classifi Email visualization: Several studies have employed
email messages using virtual fold8rsAccording to  information visualization to represent email messag
Duchenaut and Bellotti, the use of folders dematstt  for different purposes and they can broadly besifiasl
problems such as long nesting and lack of use ovanto three categories. These are users’ relatipnshi
timel. Yiu et al stated that filing is time consuming messages relationship and tasks management. For
and it could be cognitively intensie Thus, folders example, FaMailiar uses visualization techniques to
are not always useful especially for high volumea#¢m present personal relationsHi8sby allowing users to
users and some users may also have difficultiesategories their contacts into five intimacy catégpas
generating appropriate folder lad8lsTherefore, the well as an automated intimacy weight based on the
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content of the e-mail messages. Messages in faMaili table visualizations and demonstrated to have an
are presented in calendar-like mafifer Perer, advantage over thétd. ThreadArcs was used in the
Shneiderman and Oard developed an approach thatinventing email “Remail” projelt!. “EzMail” is an
helps to understand the individuals and communitiegmail visualization that displayed messages as
from the email archif&). Rhythms of relationships components of threads in order to provide contdxtua
were visualized in this project and have shown theynformatiod®. The thread visualization in this tool
could provide context that is necessary for a $ociawas compared with a traditional textual thread &nd
scientist'. Perer and Smith developed three emailhas been found more usable and preféffedPerer
visualizations that capture the hierarchal, tempanal and Shneiderman stated that threading messages by
correlation patterd€.. One of the goals of theses subject lines and reply relationships does notengfl
visualization was to improve the understandinghe t users behavidf. Therefore, they developed a thread
variation in email users’ practice such as thenisity  visualization that portrayed users participationan
and the duration of relationships with people. &g conversation in addition to the time of sending
Golder and Donath developed an email visualizatiomessagé¥’.
tool called “Themail”, which visualized email arebs Email can be used to perform the management of
based on the content of email messages, in order fending task&”. Gwizdka focused on how to support
presents relationships between individddls It  this function in email and divided this problem spa
presented a series of keywords in columns arrangeiito two levels (message and inb8X) Gwizdka
along a timeline, where each keyword was shown in a@eveloped two email user interface prototypes. firke
different color. The size of keywords dependedtmirt prototype explored the automatic placement of pendi
frequency and distinctiveness. The main goal of¢he tasks and the second explored the manual arrangemen
studies was only to show the relationships amongstf pending task®. Yiu et al.®! developed an
email users where the usability of email has nanbe alternative approach of using folders, called TitoeS
considered. to organize email messages in the inbox and to®stipp
Message threads, which is the reply relationship f task management. This approach used the time of
a group of email messad¥s have been used by many receiving the email messages as the determinirtgrfac
studies to visualizing email messages. Ro#ia#l ®*®!  to display email messages. Email messages were
developed three visualization techniques and coebin organized on X, Y axes where time was presentawjalo
them in order to enhance the email inbox. Theseéhe X-axis and the senders on the y-axis. Email
visualization techniques depend on message threadsiessages were displayed as dots and they were
time and content of the email messages. In theathre interactive (e.g., a user can click on an emailsage
visualization, all the messages that are relatedhby in order to read it). The result showed that thgonitg
reply function are shown as connected tree. Thef the users thought it was uséful The task
relationship between email senders can also beigeen management has been employed in “Remail” project
this visualization by displaying the related emailwhere the received messages can be marked into
messages using different colors. For example, amlem different categories such as to-do, reminder and
message colored purple is from someone outside theppointmert?. Some of these marks can be applied
recipient’s work. Venolia and Neustaedter pointetl o automatically where other should be applied maguall
that email clients would be more useful if convémsa  Sudarsky and Hjelsvold developed a tool that vigadl
threads were used as the main display for emaihe email inbox depending on a hierarchal nature of
clientd'®. They presented a mixed-model visualizationdomain names in email addresses such as COM and
that shows the sequence of email messages and refpU™. This approach had two hierarchal views. These
relationships among the messages of conversatios. T were a tree generated from the domain names and a
users’ understanding of message threads was tasted temporal view which presented the email messages. |
the results showed they were able to understami.the a brief and informal study, significantly improved
The results of this study showed that users coulgherformance as well as improved overall preferences
understand the message threads but the usabilityeof were demonstrat&d
approach was not considered. Kerr developed a The main goal of most of the previous studies was
visualization technique called ThreadArcs that show to visualize email data without fully taking intoecunt
the reply relationships in messadBs Related whether the usability of email clients was enhanced
messages are connected with arcs and displayetherefore, this study described a comparative lisabi
chronologically. It was compared with the existing study aimed to investigate how the various ways of
thread visualizations such as tree diagram and trelerowsing email messages graphically affect the
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usability of email clients. This was conducted byLinearVis. The LinearVis approach presented emalil
comparing the effectiveness, efficiency and usersmessages based on the date and senders’ emalil
satisfaction of two experimental email visualizaido  addresses. Figure la shows that the inbox is divide
a standard email client (i.e., Outlook Express)isTh into three parts: dateline, main view and tempuigl.
study concludes with the results of this evaluatiol ~ The dateline was located at the top part of thexnb
some directions of the future research. which presented all the dates that contained email
messages in chronological order where the firs dat
Experimental platform: LinearVis and MatrixVis: the far left side was the most recent date thatilema
An experimental email visualization platform was messages were received and the last date on the far
developed using Microsoft Visual Basic 2005 under dight side was the oldest date. A drop down merth wi
Windows XP platform and supported by a database th@revious dates (not displayed in the current view)
was designed by Microsoft SQL Server 2005. Thedllows the users to view earlier dates. This apgtoa
platform simulated an email client with a reducetigf ~ Minimized the number of presented dates in order to

functionality but sufficient to serve the empiricaldy. {Dhrgdslgguﬁl Clga(rerzrt]iccj)nsriﬁg?t\j\lguIglirz)al\?g S:gnto Eel (iJIuc
The platform provided two email visualizations wic 90p

X i o by the users if all dates were presented. The main
were called LinearVis and MatrixVis. Both of these view presented email messages from the inbox as

approaches presented email messages based ONsdiare boxes which were grouped based on the
dateline together with other email information (e.g alphabetically ordered list of email senders onléfe
senders’ email addreSS, tlme) Table 1 shows thalem side of the inbox. The size of the presented square
data that was hidden in both email visualizations i decreased according to the number of email messages
order to reduce the graphical complexity in the ikma sent by the email sender (i.e., the larger numifer o
inbox and to avoid the visual overload. email messages received, the smaller the square).

Table 1: Presented and hidden information in thpeemental visualization and the standard email

Email data
Conditions Date Email address  Subject Status Antesct Priority Recipients (TO,CC)
Standard email N N N N N x
LinearVis v N x N x x N
MatrixVis \/ x x N x x x
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Fig. 1: The inbox of LinearVis with all email megss presented (a) and after selecting a date (le(tes the
dateline, B the main view and C the temporal view)
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Fig. 2: The inbox of MatrixVis with all email megges presented (a) and after selecting a date (lde(tes the
dateline, B the main view and C the temporal view)

The filled color of the square communicated to sser same approach as the LinearVis. The main view ef th
whether the email message was unread (displayed MatrixVis inbox was divided into six timeslots that
yellow), read (displayed in white), replied (disygal presented a full day. Each timeslot representechaus
in green), or forwarded (displayed in grey). Subjec period. Email messages were also presented asesquar
attachment and priority were hidden in order toued  boxes and sorted into timeslots according to the they
the graphical complexity in the main view and towere received. In this case, the size of the pteden
avoid visually overloading the users. This inforroat  squares was fixed as the size of timeslots couly va
can be seen by users when the content of the emaitcording to the number of email messages received
message is viewed by clicking on the email messagwithin that particular timeslot. Therefore, emaissages
in the main view. in each of the timeslots were presented chronaddlgic
The number of displayed messages and addressigsrows with up to eleven per row (Fig. 2a). Colamre
in the main view can be reduced by selecting thelso used to present the status of the email messag
required date from the dateline (Fig. 1b). Thepieeits the same way as in the LinearVis approach.
of an email message can be shown in the temparal vi The size of the timeslots and the number of email
by moving the mouse cursor over its icon in thermai messages displayed in the main view can be minanize
view. Rather than using the traditional textual wdy by selecting a date from the dateline at the tophef
displaying the recipients (TO, CC) of an email nages inbox (Fig. 2b). The content of email messagesthad
they are presented using colors. All email addsessehidden information (e.g., subject and the recifdiib,
connected by green lines are those email messdyes wCC)) can be seen by clicking on the required email
have been received as Carbon Copies (CC) and emailessage in the main view. Senders’ email addresses
addresses connected by red lines are those recasved were not presented directly in this approach. Tioeee
normal messages (TO). In order to reduce the amoutty moving the mouse over an email message, all the
of presented information on the screen, the emaiemail messages sent by the same sender of thisgeess
addresses that appear in both TO and CC fields amgere presented chronologically in the temporal view
displayed once and connected by blue lines ratteart The content of email messages presented in the
displaying them twice. temporal view can be seen by clicking on the resglir

L L ) _ email messages, too.
MatrixVis: The MatrixVis approach displayed email

messages according to the date and time. Figure 2a MATERIALSAND METHODS

shows the way in which the inbox was similarly dis

into three main parts: Dateline, main view and terap ~ Subjects:  Thirty users (all were postgraduate
view. The dateline section presents the dates ubieg computing students) participated in the experimaiit.
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of them were email users but were not familiar Wit ~ operations to find an email message. In ordemio diut
experimental visualizations. if the hidden email information in both experimdnta
conditions (i.e., LinearVis, MatrixVis) would affethe

Experimental design and tasks: An experiment was ysability, medium tasks were designed based on
designed in order to find out whether the usabitity jncreasing the number of required information inaém
email clients can be imprOVed by ViSUaIiZing emailmessage, especia”y the hidden ones. For exan'rp|e, i
data. This experiment is a comparative usabilityone of the medium tasks users were asked to find an
evaluation between one of the well-known emailemail message by the attachment name with the kiate.
clients, outlook express and the proposed expetahen the difficult tasks, users were mainly asked tod fin
graphical email approaches. It was three-conditionsemail messages by asking them about the recipients
within-subjects design and therefore each subjexgt w (TO, CC) of the email message beside other

asked to perform the experimental tasks in eachhformation such as the sender’s email address.
condition. The email messages were the same under

each condition. In Qrder to avoid the learning <Etffehe. Hypoth and m res The experiment aimed to
order of the conditions was varied between subjects

(counter-balanceB}!. Table 2 shows the structure of " eStgate the effect of the graphical browsingofail

the experiment. Users were required to perform al[lhessages on _the usab_lllty of er_na|l clients. Theezfo
experimental tasks in a condition and then movthéo the hypothe3|s of this experiment was that the
next one. As shown in Table 2 users were requiced iLinearVis appr_oac_h should be more usable than_ the
fill a satisfaction questionnaire after performipgch ~Standard email (i.e., Outlook Express). A similar
experimental condition. They were free to use ahy ohyPothesis was also formulated for MatrixVis. The
the functions that are offered by Outlook Expresshs Usability of a user interface can be measured kgria
as sorting email messages and searching for an em#jto account the effectiveness, efficiency and siser
message but they were not able to use these fuasdtio SatiSfaCtiOHz]. These Usablllty metrics were considered
the experimental tool. At the end of the experimen@s the dependant variables in this experiment. A
users were also required to choose their most peefe detailed analysis based on the tasks complexitgldev
email version. A five minutes demonstration wasegiv. was also performed on each experimental condition t
for all users prior performing each condition. find out whether the hidden email information intfbo
Users were required to perform 10 tasks in eackexperimental conditions would affect the usabildfy
experimental condition in each task they had t@atec email clients.
an email message with the provided relevant As the effectiveness of user interfaces can be
information such as the date of receiving, the séad measured by finding out whether certain tasks ca
email address and subject. In order to test théraon be accomplished successfiif; tasks completion
email and the experimental email approaches (i.erate were considered to measure the effectivermess i
LinearVis, MatrixVis) under various situations, #le  this experiment. The efficiency of user intedac
data of email messages were taken into account whezan be measured by finding out the amount of
designing the experimental tasks. In addition, theye  effort required to accomplish certain ta8k&’.
designed to be in three complexity levels: easkstd8  Therefore, the efficiency was measured by the time
tasks), medium tasks (4 tasks) and difficult taéks taken by users to perform tasks and the number of
tasks). The location of email messages in the inbomctions carried out during the performance of those
were considered when designing the easy tasksasks. For example, one of the actions that can be
Therefore, the required email messages in the easarried out  whilst performing a task in this
tasks were located at the top of the standard eénfmik  experiment is clicking on a date in LinearVis oings
so users do not need to perform scrolling and bgagc  the search function in the standard ikermléent.

Table 2: Experimental structure and the order iictvithe conditions were attempted by the users
Order of the presentations of conditions

Users Users’ satisfaction Users’ satisfaction Users’sgatition
1,2,3,4,5 Outlook Express LinearVis MatrixVis
6,7,8,9, 10 Outlook Express MatrixVis LinearVis
11,12, 13, 14, 15 LinearVis Outlook Express Matis

16, 17, 18, 19, 20 LinearVis MatrixVis Outlook Ergs
21,22, 23,24,25 MatrixVis Outlook Express Lindar

26, 27, 28, 29, 30 MatrixVis LinearVis Outlook Ergs
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Table 3: Usability metrics and dependant variables B standardEmail LinearVis MatrixVis
Usability metric Dependant variables -
Effectiveness Tasks successfully completed
Efficiency Tasks accomplishment time

Nurlz\ber of actions performed to accomplish

tasks

Users’ satisfaction Overall users’ satisfaction
Users’ preference

S
Percenlage

T LTSS IS SIS ST ITIS

A
\
\
N
8

Users’ satisfaction is usually measured by knovihmey
level of users’ comfort when using an interfate
Therefore, satisfaction was measured qualitativmty
asking users to rate their satisfaction over eanhile
version and asking them about the most preferregllem
client. Table 3 summarizes the dependant variable
used in this experiment.

T1 T2 T3 T4 T3 T6 T7 T&§ T9 TI0)
@ :

]

]

I§ig. 3: The percentage of users (a) who succegsfull
completed the ten tasks, (b) all tasks and (c) the
RESULTS tasks completed by all users

The performance of each user in each conditiorsuggested that both —email visualizations are
was observed and noted in an evaluation form whici$ignificantly better than the standard email imterof
included the accomplishment time of each task, th&umber of users who completed all tasks, but 67% of
number of actions carried out when performing eache users who did not complete all tasks in LinésrV
task and whether each task was successfully coeaplet because they could not complete Task 4. In thik tas
The obtained data was analyzed independentlyisers were required to find an email message bjgstub
according to the usability metrics of efficiency, where it is hidden in both gxperlmental conditions.
effectiveness and satisfaction of users. Each graph Also, 50% of the users who did not complete alksas
email approaches was compared independently to tH8 MatrixVis because they could not complete thesa
standard email client. task and the other 50% could not complete the tasks

that users wherein required to find email messayes
Effectiveness: In order to find out whether a task was sender's email address where it is hidden in this
completed successfully, a critical time for taskvisualization approach.
completion was derived. It was computed as follows: The number of tasks completed by all users in the
three conditions was also calculated to produce an
CT(T)=M(Ti) +30s overall percentage. Figure 3 shows both emalil

CT = The critical time visualizations produced higher percentage of tasks
T = An experimental task completed by all users. Chi-square was also usésgsto

i = The experimental task number the significance in the number of tasks completedlb
30s = 30 sec users. It showed a significant difference in thenbar

of completed tasks by all users in LinearVig £6.05,

Users who took longer than this critical time todf = 1, cv = 3.84, p<0.05) where insignificant
complete a task, were considered as not to havdifference was shown in MatrixVis & 0.2, df = 1,
completed the task. Figure 3 shows the overalktv = 3.84, p>0.05). Figure 3 shows that the congoiet
percentage of users who successfully completed afate in both experimental visualizations decreagssn
tasks and the overall percentage of tasks completed the required information of the email messages was
all users. Also, it shows the percentage of usdie w hidden. For example, most of the experimental tasks
successfully completed each tasks in each of treeth have been successfully completed by all users in
experimental conditions. The users who completéd alLinearVis except Task 4 where the subject of email
tasks using the experimental conditions (i.e., &ivés  message was hidden. Also, most of the experimental
and MatrixVis) are higher than the control conditio tasks were successfully completed by all users in
(i.e., standard email client). Chi-squéfe results MatrixVis except those tasks where users required
showed a significant difference in the number adras finding email messages by subject or email address
who completed all tasks in LinearVis{% 15.8, df = 1, (i.e., Tasks 4, 6 and 7). Therefore, the largeescdl
cv = 3.84, p<0.05) and MatrixVis @¢ 8.14, df =1, hidden information in MatrixVis affected users’
cv = 3.84, p<0.05) when independently comparethéo t performance in terms of number of completed ta©ks.
results of the standard email client. A detailedthe other hand, the percentage of users who coeaplet
investigation showed that although the statistieaullts  last three tasks (8-10) using the experimental itiomd
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(i.e., LinearVis and MatrixVis) was higher than the condition (the conditions were evaluated with thene
control condition (Fig. 3). The reason of this m&se is users and therefore such a comparison is possible).
that the status of email messages was communitated Therefore, the large-volume of information hiding i
users by colors in both visualizations and usedsndit ~ MatrixVis is more likely affected users’ performanio
need to open email messages to find out the rexdgpie terms of time and number of actions.

(TO,CC) in LinearVis as they were visualized in the An analysis was performed on each condition
temporal view. independently based on the complexity level of
Thus, the experimental results showed thalexperimental tasks. Figure 5a shows the mean tikent

presenting email messages graphically such asein thpy users to complete each task in all three coorfiti
LinearVis could improve the effectiveness of emailgng Fig. 5b shows the mean number of actions chrrie

clients in terms of number of tasks completedyyt py users to perform each experimerttsk.
successfully and number of users who completed all

tasks. Also, the large volume of hidden email data
reduce the graphical complexity in the inbox could
negatively affect the effectiveness of email clent

W MatrixVis B LinearVis Standard Email

707

61,38

Efficiency: Figure 4a shows the overall mean time
taken by all users to accomplish all tasks in ezfctie
three experimental conditions. The mean time tdken
users to complete all tasks in both experimental
conditions is lower than the mean time taken in the
control condition. Figure 4b shows that the mean
number of actions carried out by users in the Liviea
is lower than in the standard email and MatrixVis.

The standard email client required users to take 0 Experimental conditions
fewer actions than the MatrixVis. The mean timestak (@)
to accomplish each task was calculated in ordeesb
the difference among the three conditions. Alse th 127
number of actions carried out by each user in otder
perform the tasks in each condition was added eget
to produce a total number of actions. T-té8tsvere
used to compare each experimental condition
independently to the control condition. The resalts
shown in Table 4. It shows that the results indidat
that the time taken to complete experimental tasks
significantly reduced in the LinearVis and not
significantly reduced in the MatrixVis. Similarifthe =

304

S 60

s

50
40 -
30

Mean value ol Lime (sce)

10,11

-

Mean value of action
=)
1

number of actions carried out by users to perform 0
experimental tasks in LinearVis was significantly Experimental conditions
reduced and significantly increased in the MatrxVi (b)

(Table 4). It was also observed that the mean taken
to complete all tasks in the MatrixVis was not reeid
more than 9 seconds and the number of actionsedarri
out nearly doubled when compared with thetrd

Fig. 4: Overall efficiency results in terms of mean
value of tasks accomplishment time (a) and the
mean v of actions carried out (b)

Table 4: The results obtained from t-test wheregis performed at 0.05 significance level, statidiycsignificant results are displayed in bold

Time Number of Actions
Measure

——————————————————————————— Standard email Vs

Conditions/tasks type

LinearVis

Staadl email Vs
MatrixVis

Standard email Vs
LinearVis

Standard email Vs
MatrixVis

Easy tasks 4=3.30, cv =2.13 4t=3.50, cv = 2.13 s4=0.85, cv=1.67 s4=0.64, cv=1.67

Medium tasks ¢t=0.40,cv=1.9 st=-1.04,cv=1.9 st=-14.8, cv = 1.67 s6=-13.9, cv = 1.67
Difficult tasks %=217,cv=213 4=0.70,cv=2.13 s6=19.01, cv = 1.67 s8=-5.60, cv = 1.67
Overall tg=1.7,cv=1.73 16=0.40,cv=1.7 s§=11.44,cv =1.67 s8=-9.20, cv = 1.67
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(i.e., LinearVis and MatrixVis) was significantly
reduced when compared to the control condition.
Although the mean value of actions carried out to
perform easy tasks in both experimental conditiwas
reduced, the statistical results indicated thats thi
difference was not significant (Table 4). This echuse
users were required to find email messages by idate
this type of tasks and they needed to sort email
messages by date in the control condition and lecse
T T mim TS Te miTs T T the required dates from the dateline in both
EasyTasks | Medium Tasks | pifficult Tasks experimental condition as well as they used the
@ experimental conditions for the first time.
, , L o Users were required to locate email messages in
40 1 WStandard Email B LinearVis 1§ MatrixVis § the medium tasks by subject, priority or attachmést
i this type of information was hidden in both
experimental conditions, users needed to openrtizdl e
messages in order to find the required informatiod
complete the task. As a result, the time taken to
complete tasks 4 and 5 in the both experimental
conditions was higher than in the standard emalil
condition. The number of actions required to be
H H performed by users to complete tasks was similarly
T1Ea9;]?ask:3 i T oo Toes 77 i LI higher (Fig. 5b). In addition, as the senders’ émai
®) addrt_asses were also hidden in the MatrixVis coowliti
the time taken by users to complete task 6 and the
Fig. 5: The detailed efficiency results in termstbé  number of actions carried out by users were higffren
mean time taken (a) and mean number ofin the standard email condition (Fig. 5). T-tessvedso
actions carried out (b) to complete easy,used to test the difference in the time taken andber
medium and difficult tasks. T1: Location email Of actions carried out to accomplish medium tasks i

by date; T2: Locating email by status and dategach experimental condition independently to the
T3: Locating email by status. Attachment andcontrol condition. Table 4 shows that time taken to

date; T4: Location email by sender and subjectperform medium tasks was not significantly reduted
T5: Location email by sender and priority; LinearVis and not significantly increased in Maris.
T6: Location email by sender, status andFurthermore, the statistical results indicated ttee
attachment; T7: Locating email by date andnumber of actions carried out to perform mediunkgas
attachment name; T8: Locating email by sendein both experimental conditions was significantly

and CC; T9: Location email by sender, TO andincreased (Table 4). Consequently, the hidden email
CC; T10: Location email by status, TO and CC data in both experimental conditions affected users

performance in terms of accomplishment time and
As most of the required email information in thesyea number of actions.
tasks are presented directly in the inbox, the mean Figure 5a shows that the time taken to complete
accomplishment time and the number of actions oflifficult tasks in LinearVis was dramatically redut
these tasks in both experimental conditions is toweThis is because of the recipients (TO, CC) of email
than in the control condition (Fig. 5). The numlér ~messages are presented in the temporal view wheye t
actions carried out and the accomplishment timthef ~ can not be seen in the standard email except i i
task 3 have increased because one of the requirddessage has been opened. Also, most users could
information (i.e., the attachment) to find the elmai complete the difficult tasks in LinearVis without
message was hidden in both experimental conditiongerforming any actions (Fig. 5b). Although the time
T-test was used to test the difference in the tiaken  taken by users to complete task 8 and 10 was rddace
and number of actions carried out to perform easgs  MatrixVis condition, time was increased when users
in each experimental condition independently to theperformed Task 9 (Fig. 5a). The number of action
control condition. Table 4 shows that the time take carried out by users to perform tasks 8, 9 and18 wa
complete the easy tasks in both experimental ciomgit ~dramatically increased, too. This is because of the
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senders’ email addresses are hidden in thishown in the medium tasks of both experimental
visualization. Table 4 shows a significant reduttin ~ conditions and the difficult tasks in MatrixVis.
time taken to perform difficult tasks in LinearVis
whereas it was not significantly reduced in MatixV  oatisfaction: Users' views were obtained after
The statistical results also indicated that numbBr erforming  each  experimental  condition. A
action c_arned out in order to perform d|fflcqllst_a_; n guestionnaire with 9 statements and 1 to 6 Likert
LinearVis was significantly reduced where signifidg rating scal€® was used. Users had to select from 1 to
increased when compared to the control cond|t|on6 h 1 indicati ¢ di 6and
Thus, the detailed investigation and statisticaluts where 1 was indicating a strong disagreementan

a strong agreement. For each user, the score of eac

showed that visualizing email data improved users o th ) ) dded th
performance in terms of accomplishment time ancPtatément in the questionnaire was added together t

number of actions when performing easy tasks (wherBroduce an overall user's satisfaction score ofheac
most of the required information were visualized) i condition. The same methodology for scoring Likert

both experimental conditions and when performingScale questionnaires was usedbyTable 5 shows a
difficult tasks in LinearVis. On the other handdinig ~ descriptive analysis of the users’ satisfactionadat
email data from the view of users in order to redthe =~ Obtained from the satisfaction questionnaires.
graphical complexity could significantly reduce tsse Figure 6a shows the mean values of users’ response
performance in terms of time and number of actia®s of each statement for each of the three itiomd.

B Standard Email B®LinearVis BMatrixVis
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Fig. 6: Satisfaction results: (a): Mean values &g’ responses obtained via a questionnaire afteln condition
which 1 indicates a strong disagreement and éoagtagreement; (b): The overall users’ preference

Table 5: Descriptive analysis of users' satisfactio
Statements in the questionnaire

Conditions 1 2 3 4 5 6 7 8 9
Median

Control 5.00 4.00 5.00 6.00 5.00 5.00 6.00 2.00 04.0
LinearVis 5.00 5.00 5.50 6.00 6.00 2.00 3.00 5.00 .006
MatrixVis 4.00 4.00 4.00 5.00 3.50 2.00 2.00 2.50 .006
Mode

Control 5.00 4.00 5.00 6.00 6.00 5.00 6.00 1.00 04.0
LinearVis 6.00 6.00 6.00 6.00 6.00 2.00 5.00 6.00 .006
MatrixVis 4.00 5.00 5.00 6.00 6.00 1.00 2.00 3.00 .006
Standard deviation

Control 0.97 0.89 0.93 0.95 1.01 1.28 1.07 1.28 41.4
LinearVis 0.91 0.99 1.24 0.47 1.07 1.72 1.55 0.79 450
MatrixVis 1.45 1.65 1.47 1.60 1.85 1.43 1.31 1.30 .890
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Table 6: The frequency and percentages of usersagteed and disagreed in each statement

Conditions (n = 30)

Standard email LinearVis MatrixVis
Statements Disagreed Agreed Disagreed Agreed Risdg Agreed
Inbox was
Clear 4 (13.3%) 26 (86.7%) 0 (0%) 30 (100 %) 9430 21 (70%)
Easy to use 2 (6.7%) 28 (93.3%) 3 (10%) 27 (90%) (40%%0) 18 (60%)
Easy to learn 5 (16.6%) 25 (83.4%) 4 (13.3%) 26689 13 (43.3%) 17 (56.6%)
L ocating email by
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%) (88%0) 15 (50%)
Subject 6 (20%) 24 (80%) 20 (66.6%) 10 (33.3%) 1.%) 9 (30%)
Identifying e-mail by
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 %) 300%) 25 (83.3%) 5 (16.6%)
Status 10 (33.3%) 20 (66.6%) 0 (0 %) 30 (100%) 6.8 %) 28 (93.3%)
Table 6 also shows the frequency and the percetage In order to find out the usefulness of the graphic

users who agreed and disagreed on each statementrapresentation of email data and to test whethdingdi
each condition. Users who selected 1-3 in the scalemail information to reduce the graphical complexit
were considered as users who disagreed with ththe inbox will affect users’ satisfaction, usersreve
statements and those who selected 4-6 were coadiderasked to rate their agreement regarding the usefsin
as users who agreed. They were mainly asked in eadf locating email messages using different emaib.da
guestionnaire about the ease of use, ease ofgaand  Also, they were asked to rate their agreement daggr
the usefulness of each condition. For examplerdeo the way of presenting some email data in each
to measure the ease of use of each email verséens u experimental condition. Figure 6a and Table 6 show
were required to rate their agreement regarding théhat most users found that the dateline in both
clarity of the inbox in each condition and whetliee  experimental conditions (i.e., LinearVis, MatrixVis
condition was easy to use generally. was useful. In the fifth statement, users were égke
The mean values of users’ response regarding thete their agreement regarding the usefulnesadirfg
ease of use of LinearVis (statements 1 and 2) wasmail messages using the email address. As itdehi
higher than the standard email client but it csodle in MatrixVis, the mean value of users’ response thas
seen that users found that MatrixVis was not easisé  lowest amongst the three conditions where it was th
(Fig. 6a). Table 6 also shows that all users fotimdl highest in LinearVis as email senders are visudline
inbox of LinearVis was clear whereas 4 and 9 usershe main view (Fig. 6a). Additionally, 50% percagft
disagreed when asked about the clarity of the imfox the users found that locating email messages ubing
the control condition and MatrixVis respectivelyhi¥  email address in MatrixVis is not useful (Table 6).
is because users needed to use the search featime i Furthermore, subject, attachment and priority ofigém
control condition whereas email messages arenessages were hidden in both experimental condition
automatically grouped in the inbox of LinearVis &ds (i.e., LinearVis, MatrixVis). Consequently, the mea
on the senders’ email addresses. As email senders avalue of users’ response regarding the usefulnéss o
not directly presented in MatrixVis, the percentarje locating email messages using the subject was
users who did not find it easy to use was the taghe dramatically reduced when compared to the control
amongst all the three experimental conditions (@&)l  condition (Fig. 6a). Also, Table 6 shows that 0886
Figure 6a shows that mean values of users' resparise percent of the users agreed with the usefulness of
statement 3 have also demonstrated that the LingarVlocating email messages using the subject in LWisar
was easier to learn than the standard email atiethe  and 30% in MatrixVis. In addition, Fig. 6a showsth
MatrixVis. Also, the percentage of users who agreed the mean value of users’ response regarding the
that MatrixVis was easy to learn was the lowestidentification of attachment and priority of email
amongst the three experimental conditions (Tahlén6) messages in both experimental conditions is lotvan t
fact, the MatrixVis was rated as the most conditionthe control condition. Also, more than 50% of users
difficult to learn. This might be because most bét disagreed when asked about whether it was easy to
email data in this condition was hidden especitiily  identify attachment and priority of email messages
sender’s email address. LinearVis and 73% in MatrixVis (Fig. 6a). On théhet
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hand, users were required to rate their agreemeithe temporal view of LinearVis helped all users to
regarding whether it was easy to identify the riegits  complete the difficult tasks where not all usersildo
and the status of email messages in the eightmistid  complete them in the control condition. Hiding emai
statements respectively. Since the recipients odilem data in both experimental conditions affected users
messages are visualized in the temporal view operformance in terms of tasks completion. The
LinearVis, the mean value of users’ response réiggrd detailed investigation showed that users who coold
this statement was the highest amongst the threeomplete all tasks in both experimental conditions
conditions (Fig. 6a) and all users agreed with thebecause they could not complete the tasks that
usefulness of visualizing the recipients in LineiarV wherein they required to find email messages by
(Table 6). Moreover, as the status of email message hidden information. For example, more than 50% of
communicated to users by colors in both experinientathe users who did not complete all tasks in LinéarV
conditions, the mean value of users’ response waand MatrixVis have not completed the task whichythe
dramatically increased when compared to the contralequired to locate an email message by subject. The
condition (Fig.6a). All users found that it is usefo  overall effectiveness results indicated that Linésr
present the status of email messages by colors was significantly more effective than the standamahil
LinearVis and 93% of them agreed in MatrixVis, too. and MatrixVis was not significantly improved in tes
T-test was performed on the total number of scoresf effectiveness (Table 7).
to test the difference in the overall users’ satisbn. The experimental results showed that LinearVis
The results showed that users were significantlyemo was significantly more efficient than the standandail
satisfied with the LinearVis than the standard émaiand MatrixVis was not (Table 7). Although, the
client (bg = 1.77, cv = 1.69, p< 0.05) and unsurprisingly graphical presentation of email data improved users
with the standard email client than N&fis performance in terms of accomplishment time and
(tog = -3.39, cv = 1.69, p< 0.05). The reason of thenumber of actions carried out in both experimental
control condition being more satisfactory thanconditions. The accomplishment time of the difftcul
MatrixVis could be the large scale of information tasks was dramatically reduced in both experimental
hiding in MatrixVis. conditions when compared to the control condition
At the end of the experiment users were requived tbecause of the presented email data in the temporal
choose the most preferred condition. Figure 6b showview. Also, presenting the recipients (TO, CC) ofadl
the percentage and number of users who chosen theessages in LinearVis helped users to performcdiffi
different conditions. It can be seen that LinearWes  tasks without carrying out any actions. Althougle th
the most preferred condition and the MatrixVis wasaccomplishment time was reduced when performing
the least preferred. As the collected data involvedifficult tasks in MatrixVis, but hiding the sender
counting items that falls into three categories;&juare  email address led to a significant increase imtimaber
was used to test the satisfaction Hdtalt showed of actions carried out to perform these tasks when
significant results in users’ preference {X 22.4, compared to the control condition. Users’ perforogn
cv = 3.84, df = 2, p<0.05). Thus, the analysisted t has not only affected by the hidden email data when
obtained data from users’ satisfaction questiomsair performing the difficult tasks in MatrixVis, but ¢h
showed that visualizing email archives can sigaifity ~ statistical results indicated that it has alsocéd them
increase users’ satisfaction over email clientslavhi in both experimental conditions when performing
hiding email information in order to reduce the medium tasks. Therefore, hiding email data to reduc
graphical complexity can significantly reduce thisthe graphical complexity more likely to affect the

satisfaction. efficiency of email visualization.
Furthermore, the analysis of the obtained data fro
DISCUSSION users’ satisfaction demonstrated that the graphical

browsing of email data can improve users’ satigfact
The analysis of the effectiveness results showedver email clients. Most users found the identifaa
that the graphical presentation of email data ithbo of messages status, which is presented by coldrstin
experimental conditions helped users to complete thexperimental conditions, was easier than the typica
experimental tasks. For example, as the statusnafle way. They also found that presenting the recipi@fts
message was presented in both experimental conslitio email messages in the temporal view of LinearVigano
(i.e., LinearVis, MatrixVis), most users could cdete  useful than the typical way. On the other hand, the
the tasks wherein the status of email message wassults indicated that the hidden email data e
required. Displaying the recipients of email megsaig only affected users’ performance in terms
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Table 7: A summary of the statistical results g&lfformed at 0.05 significance level)

Variables

Efficiency Effectiveness Satisfaction

Conditions  Completion time  Number of actions  Petage of users  Percentage of tasks  Overall safisfiact Overall preference

LinearVis tg=1.7 ts=11.44 X?=15.8 $o=1.77 X?=22.4
cv=1.73 cv=1.67 df=1 %=5.05 cv=1.69 df=2
cv=23.84 df=1 cv=5.99
cv=3.84
MatrixVis  t13=0.40 ts=-9.20 X?=8.14 X2=0.2 bo=-3.39
cv=1.73 cv=1.67 df=1 df=1 cv=1.69
cv=23.84 cv=23.84

of effectiveness and efficiency but has alsomessages. Additionally, using colors was very usefu
affected them in terms of satisfaction. For examplefor presenting email data. Therefore, colors cao e
users found locating email messages using subject iused for presenting more email information.

both experimental approaches is more difficult tiran

the standard email as well as finding email message CONCLUSION

using a sender’s email address in MatrixVis. In

overall, the results showed that users were Thjg study described an empirical study that was

significantly more sat|sf_|ed with LinearVis thaneth erformed to investigate the effect of the graphica

ﬁ/lta?(_:ia\;(_j eng;l ?nd with the standard email tharﬁ)epresentation of email messages on the usabifity o
atrixVis (Table 7). email clients. Two graphical email visualizatiosit

As the results demonstrated, the LinearVis . : .
S ; . presented mail messages based on a dateline beside
approach  significantly improved effectiveness, S : .
other email information were developed. Various

efficiency and users’ satisfaction and the hypdthes ; i d hidden in th |
that LinearVis should be more usable than the smhd YPeS ©f email data were hidden in the two emai
approaches in order to reduce the graphical

email client was confirmed. The similar hypothesis ) _ X
regarding the MatrixVis was rejected because has n¢OmPplexity and to avoid the visual overload. The
significantly improved effectiveness, efficiency dan results demonstrated that a graphical presentaifon
users’ satisfaction when compared to the standarMail data, such as the one in the LinearVis amgiroa
email. Table 7 shows a summary of the statistiesist ~can significantly improve the usability of emailesits
performed in this experiment. The main reason ef thand large volume of hidden email data, such as the
MatrixVis being less usable than the standard emaipne in the MatrixVis approach, can significantly
client was due to the large volume of hidden emiaih.  reduce the usability of email clients.
LinearVis, on the other hand, had a small amount of Many studies have been performed in the last few
email data hidden and it is believed that this cbated  years to test whether multimodal interaction can
to the improved usability. enhance the usability of user interfaces. It hasnbe
The dividing of the email inbox into multi showed that it enhances the usability of interfaices
coordinated views was found an effective way forlimited size screens such as PDA dei€és.
organizing the email inbox. The dateline in bothFurthermore, previous empirical studies demonsirate
experimental conditions (i.e., LinearVis, MatrixYis that auditory stimuli was successfully applied to
helped to group email messages and reduced the tinl@mmunicate data in a variety of interface instafte
taken by users to locate email messages by dase, Al *. In some instances, the results of these studies
most users found it easy to use in both emaishowed that auditory stimuli complemented and aided
visualizations as shown in the satisfaction resdltee  users to successfully interpret incomplete visual
temporal view improved the effectiveness andinformation. Thus, further experiments need to be
efficiency of both  experimental conditions. carried out in order to evaluate the effect of torgi
Furthermore, satisfaction results demonstrated thaeedback (e.g., speech and non-speech soundsgin th
presenting the recipients of email messages in thkinearVis approach. In these experiments, some lemai
temporal view of LinearVis was more useful than thedata will be presented aurally in a multi-modal
typical way. hence, rather than displaying thepiecits ~ approach in order to reduce the graphical compjexit
on the temporal view only other information can bebut also avoid hiding email data from the view bé t
displayed on it, such as the subject and prioffitgroail ~ user.

701



J. Computer i, 5 (10): 690-703, 2009

REFERENCE

Duchenaut, N. and V. Bellotti, 2001. Email as
habitat. Interactions, 8: 30-38.
http://portal.acm.org/citation.cfm?id=383305

Whittaker, S., V. Bellotti and P. Moody, 2005. 11.

Revisiting and reinventing email. Special Iss. Hum.
Comput. Interact., 20: 1-8.
http://dis.shef.ac.uk/stevewnhittaker/email_intrae sp
cial_issue_final.pdf

Whittaker, S. and C. Sidner, 1996. Email ovatloa
Exploring Personal Information Management Of
Email. Proceedings of the SIGCHI Conference on
Human Factors in Computing Systems: Common
Ground, Apr. 13-18, Vancouver, British Columbia,
Canada, pp: 276-283.
http://portal.acm.org/citation.cfm?id=238530

Frau, S., J. C. Roberts and N. Boukhelifa, 2005.
Dynamic  coordinated email visualization.
http://wscg.zcu.cz/wscg2005/Papers_2005/Full/J83
.html

Rohall, S., D. Gruen, P. Moody and S. Kellerman,
2001. Email Visualizations to Aid
Communications. Proceeding of the IEEE
Symposium on Information Visualization, (IV'01),
IBM Research, Cambridge, pp: 1-4.
http://domino.watson.ibm.com/cambridge/research.
nsf/58bac2a2a6b05a1285256b30005b3953/62fd8b
3a73c2cfff85256ad4004e07ac/$FILE/remail-
steve%20rohall.pdf

Venolia, G.D., L. Dabbish, J.J. Cadiz and A. Gupta,
2001. Supporting email workflow. Technical
Report, Microsoft Research.

http://www.citeulike.org/group/2518/article/1403772 16.

Becker, K. and S.N. Ferreira, 1996. Virtual &gt
Database support for electronic messages
classification. Proceedings of the International
Symposium on Cooperative Database Systems for
Advanced Applications CODAS, Dec. 1996,
Kyoto, Japan, pp: 239-246.

Yiu, K., R. Baecker, N. Silver and B. Long, 1997 17.

A time-based interface for electronic mail and task
management. Proceeding of the HCI International,
Aug. 24-29, San Francisco CA., USA., pp: 19-22.
http://cat.inist.fr/?aModele=afficheN&cpsidt=1808 18
205

Sudarsky, S. and R. Hjelsvold, 2002. Visuafizin
electronic mail. Proceedings of the 6th
International Conference  on Information
Visualization, (IV'02), IEEE Xplore Press, USA.,
pp: 3-9. DOI: 10.1109/1V.2002.1028749

702

10.

12.

13.

14.

15.

Mandic, M. and A. Kerne, 2004. faMailiar and
intimacy-based email visualization. Proceeding of
the IEEE  Symposium on Information
Visualization, Oct. 10-12, IEEE Xplore Press,
USA,, pp: 14-14. DOI: 10.1109/INFVIS.2004.26
Perer, A., B. Shneiderman and D.W. Oard, 2005.
Using rhythms of relationships to understand
email archives. J. Am. Soc. Inform. Sci. Technol.,
57:1936-1948.
http://www.citeulike.org/group/2518/article/142%85
Perer, A. and M.A. Smith, 2006. Contrasting
portraits of email practices: Visual approaches to
reflection and analysis. Proceedings of the
Working Conference on Advanced Visual
Interfaces, May 23-26, Venezia, Italy, pp: 389-395.
http://portal.acm.org/citation.cfm?id=1133265.113
3346

Viegas, F.B., S. Golder and J. Donath, 2006.
Visualizing email content: Portraying relationships
from conversational histories. Proceedings of the
SIGCHI Conference on Human Factors in
Computing Systems Montreal, (HFCSM'06), QC,
Canada, pp: 979-988.
http://www.citeulike.org/user/indratmo/article/1 1420
Kerr, B. and E. Wilcox, 2004. Designing remail:
Reinventing the email client through innovation
and integration. Proceeding of the Conference on
Human Factors in Computing Systems, Apr. 24-29,
Vienna, Austria, pp: 837-852.
http://portal.acm.org/citation.cfm?id=985921.985944
Rohall, S. 2002. Redesigning email for the 21st
century workshop position paper.
http://domino.watson.ibm.com/cambridge/research.
nsf/0/f9092470e23a3ad785256ca7007532bf/$SFILE
/ITR2002-17.pdf

Venolia, G.D. and C. Neustaedter, 2003.
Understanding sequence and reply relationships
within  email conversations: A mixed-model
visualization. Proceedings of the Conference on
Human Factors in Computing Systems, Apr. 05-10,
Ft. Lauderdale, Florida, USA., pp: 361-368.
http://portal.acm.org/citation.cfm?id=642611.642674
Kerr, B., 2003. Thread arcs: An email thread
visualization. Proceeding of the IEEE Symposium
on Information Visualization, Oct. 21-21, IEEE
Xplore Press, Seattle, WA., USA., pp: 211-218.
DOI: 10.1109/INFVIS.2003.1249028

. Samiei, M., J. Dill and A. Kirkpatrick, 2004.

EzMail: Using information  visualization
techniques to help manage email. Proceeding of the
8th International Conference on Information
Visualization, July 14-16, IEEE Xplore Press,
USA., pp: 477-482. DOLl:
10.1109/IV.2004.1320187



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

J. Computer i, 5 (10): 690-703, 2009

Perer, A., B. Shneiderman and L.A.B. Maryland,29. Rigas, D. and J. Alty, 2005. The rising pitch

2005. Beyond threads: Identifying discussions in

email archives. http://hcil.cs.umd.edu/trs/2005-
26/2005-26.pdf
Gwizdka, J., 2002. Reinventing the inbox:30.

Supporting the management of pending tasks in
email. Proceeding of the Conference on Human
Factors in Computing Systems, Apr. 20-25,
Minneapolis, Minnesota, USA., pp: 550-551.
http://portal.acm.org/citation.cfm?id=506476

Dix, A., AJ. Dix, J. Finlay and G.D. Abowd, @0
Human-Computer Interaction. Prentice Hall, USA.,
pp: 1126. http://www.hcibook.com/e3/

Faulkner, X., 2000. Usability Engineering.
Palgrave, Basingstoke.

Jordan, P.W., 1998. An Introduction to Usapilit
Taylor and Francis, London, ISBN: 10:
0748407626, pp: 136.

Sanders, D.H. and R.K. Smidt, 2000. Statistics:
First Course. 6th Edn., McGraw-Hill, London,
ISBN: 10: 0072332174, pp: 704.

Salkind, N.J., 2006. Exploring Research. 6th.Ed 33.

Pearson Prentice Hall, Upper Saddle River, New
Jersey, ISBN: 10: 0131937839, pp:352.

Grasso, M.A., D.S. Ebert and T.W. Finin, 1998.
The Integrality of Speech in Multimodal Interfaces.
ACM Trans. Comput. Hum. Interact., 5: 303-325.
http://portal.acm.org/citation.cfm?doid=300520.30
0521

Vo, M.T. and A. Waibel, 1993. A multimodal
human-computer interface: Combination of speech
and gesture recognition. Proceedings of InterCHI,
April 1993, AmsterdamThe Netherlands, pp: 69-70.
http://www.cs.cmu.edu/afs/cs.cmu.edu/user/tue/ww
w/papers/chi93/paper.html

Dusan, S., G.J. Gadbois and J. Flanagan, 2003.

Multimodal interaction on PDA’s integrating
speech and pen inputs. Proceeding of the
EUROSPEECH'03, USA., pp: 1-4.

http://www.caip.rutgers.edu/~sdusan/dgf_euro2003
.pdf

703

31.

32.

metaphor: An empirical study. Int. J. Hum.
Comput. Stud., 62: 1-20.
http://portal.acm.org/citation.cfm?id=1056162
Rigas, D.l., J.L. Alty and F.W. Long, 1997. Can
music support interfaces to complex databases.
Proceedings of the 23rd EUROMICRO Conference
on New Frontiers of Information Technology,
Sept. 1-4, IEEE Xplore Press, Budapest, Hungary,
pp: 78-84. DOI: 10.1109/EURMIC.1997.617221
Rigas, D.l. and D. Memery, 2002. Utilising andi
visual stimuli in interactive information systenss:
two domain investigation on auditory metaphors.
Proceedings of the International Conference on
Information Technology, Coding and Computing,
Apr. 8-10, IEEE Xplore Press, USA., pp: 190-195.
DOI: 10.1109/ITCC.2002.1000385

Rigas, D. and M. Alsuraihi, 2007. A toolkit for
multimodal interface design: An empirical
investigation. Lecture Notes Comput. Sci., 455218-
DOI: 10.1007/978-3-540-73110-8

Rigas, D. and A. Ciuffireda, 2006. Multi-modal
web-browsing an empirical approach to improve
the browsing process of internet retrieved results.
Proceeding of the International Conference on
Signal Processing and Multimedia Applications,
(SPMA’06), Setubal, Portugal, pp: 296-276.
http://d.wanfangdata.com.cn/NSTLHY_NSTL_HY
16569591.aspx



