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Ther is powerful evidence that office information systems and the information
technology evolution ae failing to deliver the expected quluctivity gains.
Increased use of useentied design and the associated methods and techniques of
human-computer interaction (HCI) gmise to impove on this poor performance.
This paper demonstrates how empirical studies can help in understanding the use
and efficiency issues of systems within the modern officee Thse studies examine
usability poblems that arise &m diffeent souces. Firstly a study of the usability
of differing email formats shows that the actions of one user can impact on the
efficiency of many other users. Secondlgtudy of the use of web page bookmarks
shows that, even with effective tools, users caaterinformation management
problems for themselves. Tdily, a study of next-generation 3D systems for file and
document management shows that the temptations of technology can confuse both
designers and users in striving for racefficient tools. Tlmughout the case studies
we illuminate some of the conflicting issues and factors that make HCI a deeply
challenging andewaiding area of eseach.
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1. INTRODUCTION

In his book “TheTrouble With Computers”"Thomas Landauer (1995)gares that information
technology has lgely failed to provide productivity gains. He states that the main causes of this
failure are inappropriate uses of technolguyor understanding of the useesks, and inadequate
user interface design. He proposes that a-cessired focus on the design, development, and
deployment of computer systems can turn the tables on this poor performance.

Research into human-computer interaction (HCI) has the goal of improving the usability of
computersThis is a wide ranging objective that demands the understanding of the human factors
of perception, cognition and motor coordination, together with the societal impact of new
technology Furthermore, HCI researchers must develop and test new ways of supporting users, as
well as finding improved methodologies for designing successful computing systems.
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There are a wide range of HCI tools and techniques that can be used to help improve the
learnability efficiency and subjective satisfaction of computer usens. objective of this entry in
the ‘Special Edition on HClis to illustrate the use of one of these techniques — empirical
evaluations — in understanding the use of everyday computer\iégmIgresent three case studies.
As well as demonstrating empirical evaluations, we use the studies to illuminate the diverse range
of conflicting factors that complicate designing systems for human use. It is these factors that make
HCI such a challenging, rich and fascinating area of research.

2. CASE STUDY 1: EMAIL FORMATS

There are four main problems associated with working with email. First, there is ‘email overload'. It

is not uncommon for people to spend a substantial part of their working day dealing with overloaded

email inboxes. Since Denning (1982) observed the arrival of ‘junk email’, many filtering and

prioritisation systems have attempted to ease email overload, for example the Information Lens

(Malone, Grant,Turbak, Brobst and Cohen, 198The second main problem is email ‘flaming’

where conversants become engaged in an escalating war of (textual) M@ gsoblem is lagely

due to the absence of ‘back-channedgth as facial expression and tone of voice in email

communications. ‘Emoticonsuch as ‘:-)have become common to reinforce the wiiténtent in

email, and mature email users carefully chose their words to reduce the likelihood of flaming.

Viruses, the third major problem of email use, are a relatively new email problem. Sophisticated

email systems support powerful capabilities such as automatically opening email attachments within

particular applicationsAlthough these capabilities can enhance thieiefcy of working with

trusted collaborators, they also create a security weakness that malicious computer users can exploi
The fourth email problem, and the focus of this case siadyat of working with dferent

email formats.

Motivating Anecdotes
Like many oganisations, our institution recently embraced email as a medium for information
exchange. Many stiafvho would have previously spent much of their time in print and mailrooms,
can now distribute their documents widely at the click of a button. But does this apparent increase
in efficiency save time?

Consider the following quotes extracted from email messages recently received by the authors:

e PLEASE NOTE THAT THE ATTACHMENT HAS BEEN SCANNED AND SAVED AS A POWERPOINT FILE.
Message sent to approximately 40 Heads of Department at our university
e Two more trys!!/A comment was made to me that some si@mfe no access to word... So here are two alternatives.

Message sent to fourteékcademic Stdf Both attachments were unformatted, making the
tabulated information they contained unusable.

Our supply of examples of inappropriate document distribution with email is extremely long.
The two examples above demonstrate ingenuity (!) and frustrated sledgehammer approaches by th
message creator¥Vhat the examples do not show is the loss of productivity caused for the
recipients who must deal with the information received.

2.2 Efficiency of Different Email Formats

Our study investigates the relative costs of working witfediht email formatsThe ultimate goal

of the study is to develop guidelines that helficefworkers make appropriate decisions about
document distribution.
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Although there are many possible email formats that could be included in thevetufihcus
on five: raw-text email, html encoded email, ‘url to hterhail (meaning a raw-text email message
that includes a reference to a ‘normldlTML web-page), ‘url to pdfemail (meaning a raw-text
email message that includes a reference to a web-page that islad&@fent, and ‘word
attachmentemail (meaning a message that contains a Micrd¥oft attachment).

We break the ‘costsdf working with diferent email formats into three categories, each
described below: work for the sendelata transmission and storage costs, and work for the
recipient(s).

2.2.1Work for the sender

Busy ofice workers are often concerned about clearing items from th@iD%r list as quickly as
possible. Naturallythe quickest and most convenient way of doing so is often the most attractive.
Unfortunately what is quickest for the sender need not be the mibgent for the oganisation,

once the costs of dealing with inappropriate formats are multiplied across the recipients.

To provide an estimate of the costs for the sender of various formats, we timed how long it took
one of the authors to prepare a simple one-sentence message “How about lunch at 3pm on Friday?
in the five formats identified in the previous sectidhis specific analysis addresses only one
scenario of email usage, and it ignores issues such as distribution of pre-existing documents. Initial
guidelines and recommendations for the use déémiht email formats in specific usage scenarios
are discussed in Bell (1999).

The email system used in the study was Netscape Mail, and it was running in an iconified
window when the clock started for each format. Netscape dvidefault text editor was used: plain
text rather than HTMltext.

The raw-text email message took 17 seconds to send.

The HTML email message took 36 seconds to séndubstantial fraction of the message
composition time was spent changing the preferences for the message creation tool to include
HTML markup capabilities. Had the preferences for HTédliting already been set, the total time
would have been similar to the raw-text time.

The URLto HTML format took 75 seconds to sefidhe actions necessary to complete the task
included authoring the web-page (with Netscape Composer), saving the file on a welsstiner
access permissions on the file, then composing an email message to refer to foe ti&page.

The technical proficiency required to carry out this task, and the opportunity for areor
substantially higher than the previous two formats.

The URLto PDF format took 90 seconds to send. Creating the PDF document involved using
‘distill’ to create a PDF document from a Postscript file which was generated fromeX Létter
file. The PDF document was copied to a web-server and the access permissions were changec
Finally, an email message referring to the URds composed and sefihe technical demands of
this process are relatively high, but some applications greatly ease the process. It is also worth
noting that the final PDF document can be a highly polished publication, includjagisational
logos, quality fonts, and so on.

The MSWord attachment took 26 seconds to séftds included the start-up time fuvord,
typing time, menu-selection time, and the time to complete two dialogue boxes for identifying the
message recipienthe technical demands of using this technique are low and similar to those for
the raw-text and HTMlformats.

1 Adobe Portable Document Format
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2.2.2 Data costs

Although our primary interest is in the human costs of working wiflerdifit email formats, there
are also very diérent media costs associated with thdedént formats. Mail messages are
normally stored on both the sendeand the receiversbmputer disks, and network bandwidth is
absorbed in transmitting the email and web files.

Three of the five formats (raw-text, HTMAnd word attachment) are primarily ‘pushéthods
for information sharing, where the sender delivers the full information to the email inbox of all of
the recipientsWith ‘push’ methods, the recipients have no choice about whether to commit disk
space to the incoming email.

The ‘URL to HTML' and ‘URL to PDF’ formats are primarily ‘pul’methods, where each
recipient receives a notification of the existence of a web-page and can subsequently choose
whether or not to visit the pag€he ‘pull’ methods are substantially cheaper on disk-space and
network bandwidth because only those recipients who are interested in the information go to the
expense of downloading Also, data downloaded through web-browsers is normally automatically
deleted from the cache after a relatively short time (usually less than two weeks), but most email
applications are cautious about deleting email (in Netscape Malil, ‘Delating'ssage moves it to
a trash folderand only a subsequent ‘Empisash’frees the disk spaceit the time of writing, one
of the authors was shocked to find that his effraish folder was consuming over 26 megabytes of
diskspace.

One advantage of ‘pushiethods is that the recipient has a personal copy of the information.
When using ‘pull’technologies there is a risk that the recipient will be unable to retrieve the
information because the file has been moved from its original location or because a web-server is
unavailable.

Table 1 compares the file sizes associated with each formatEmail’ row shows the amount
of data transferred to each recipient in the email mes$ageWeb-server/Cachebw shows the
amount of data transferred (and stored on disk) when the recipient of an email message follows the
link to a specified URIin the messag&.he main data-saving in using the ‘pdiirmats (‘URLto
HTML’ and ‘URL to PDF’) arise because only those recipients who suspect that they will be
interested in the document incur the data cost of accessing the web{deteehat each copy of
theWord Attachment format requires approximately fifty times more data to be transmitted than the
raw-text format.

Raw-text HTML URL to URL to Word
HTML PDF Attachment
Email 527 1367 527 527 27517
Web-server 0 0 309 2213 0
Total 527 1367 836 2740 27517

Table 1: Data costs (in bytes) foa one-sentence plain text email message infdifing formats

2.2.3Work for the recipients
The common one-to-many relationship between email senders and recipients indicates that it is the
efficiency of the email recipients in working with fdifent email formats that most heavily
influences overall éitiency. This contrasts with the desire of the individual senders to deliver their
messages in the quickest and most convenient méthdidemselves.

We measured the times taken to send replies to one-sentence email questions that were prepare
in the five diferent formats identified above. Each of the questions asked a simgaéNtY
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question such as ‘Is your hair red?’. Fourteen professionals took part in the study which took place
in their ofices using their normal computing environment. Seven of the subjects were Unix users,
four used one of the Microsdftindows operating systems, and three were Mac uEbesseven
Microsoft Windows/Mac users all used Microsafford as their normal document preparation
system, but none of the Unix users did. For the purpose of data analywisdosvs and Mac users
were treated as a single group: comparing Mauwddivs users who primarily work with direct-
manipulation interface with Unix users who primarily work with a command-line inte#agee
hundred and sixty second time limit was placed on all of the tasks.

We analysed the task times using a two-way mixed analysis of variance @gN@\factors
‘format’ and ‘operating systemrl.he format factor (within subjects) had five levels: raw-text, html,
url to html, url to pdf, and word attachmenhe operating system factor (between subjects) had two
levels: Unix users, and/indows/Mac users.

Figure 1 shows the mean task completion times for each of the five formats across the two
operating system types. Error bars show one standard error above and below tRghensaans
for the two operating system types were not significantlyedift (F(1,12)=2.66, p=0.128).
Unsurprisingly the means for the five formats were significantlyedént (F(4,48)= 14.74, p<.01).
There was also a significant interaction between the two factors (F(4,48)=6.82, phéthause
of the interaction is almost entirely due to theoh/ format task: Figure 1 clearly reveals that the
Windows/Mac users were able to quickly solve the task using this format, while those using Unix
were not. Removing the ‘Bvd’ task from theANOVA analysis shows no significant interaction
between ‘operating system tymaid ‘email format{(F(3,36)=0.16, p=0.923). In other words, each
of the formatexceptheWord Attachment format resulted in similar task completion times for both
operating systems.

Our observations of the subjects completing these tasks give further insights into the variety of
problems that users have in dealing witliedtgnt email formatAll of the formats except for ‘raw-
text’ and ‘html’ required the subjects to make a context-switch to another window or application
outside the email reader (a web-browgetobe Acrobat ReaderMicrosoft Word, or some other
application). Sometimes the users would open many new windows while attempting to read and
reply to the messag®/e observed several cases of userfegufy window management problems
in returning to their email system. In one case, the'sisdick to regain input focus on the email
window had the side-fgfct of selecting a diérent email message in their inbdhey failed to
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Figure 1: Mean task completion times foth efive email formats acoss thetwo operating system types. Eor bars
show one standard eror above and below the mean.
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notice the side-&ct and issued the ‘replgommand and typed their response to the wrong user
Only intervention by the observer stopped them adding to some innocent thiré anil
overload and confusion.

Two things are clear from the results: firstigw-text is an extremely fefient format for short
email messages; secondbxposing users to ‘advancddrmats can result in serious problems for
some userstwo subjects (on&Vindows user and one Mac user) were unable to complete the ‘url
to pdf task within the 160 second time-limit, and twofeliént subjects (both Unix users) were
unable to complete the ‘word attachmeask.A third-party would have been necessary for these
users to reply to messages in these formats.

3. CASE STUDY 2: WEB-PAGE BOOKMARKS
The previous study investigated external sources of user problems: message senders causin
difficulties for the message recipienthis study shows that there are also many ways that users
can create problems for themselves. By investigating the use of Netscape Navigeitkmarking
tool we show that as computer tools become more popular and useful they can introduce new
problems for users to contend with.

In a recent foumonth study we found a web-page revisitation rate of approximately 80%
(McKenzie and Cockburn, 2001): of every five pages displayed in thé&s usemser four have
been previously visited. Given this high revisitation rate, it is clearly important that web-browsers
provide eficient techniques for returning to pages. ‘BookmadtsFavorites’are one of the main
tools for returning to web-pageBhese tools allow the user to create a short-cut access method for
the page currently displayed in the browsérams, Baecker and Chignell (1998) found that 84%
of the subjects in their study had more than eleven bookmarks.

How do users use bookmarking tools, and what problems do they have withTthisntase
study provides further information on the use of bookmarks.

3.1 Problems with Bookmarks

This section summarises the anecdotal experiences and empirical findings of a four month study of
seventeen I'professionalsuse of web-bookmarks with Netscape Navigakbe full experimental

details of the empirical study are described in McKenzie and Cockburn (2001).

3.1.1 Planning versus doing
Two of the major anecdotal problems of working with bookmarks arise from the explicit action that
is necessary to add a page to the bookmark collection. First, users must remember to carry out th
necessary bookmarking actioddthough this sounds trivial, anecdotal reports indicate that users
frequently foget to do so (or remember too late). It seems that web-browsing is often a deeply
engaging activity (searching for a particular paparinstance), but bookmarking requires users to
switch from a ‘doingimode of action to a ‘planningiode. It appears that deep engagement in brows
ing reduces the likelihood of the mode switch, and the consequent failure to bookmark the pages.
The second major anecdotal problem is that users often do not know that a particular page will
become relevant to them. Several users mentioned that they have had to search for previousl
visited pages that, at the time, they did not realise they would want to return to.

3.1.2. Ttles and page identification
Netscape Navigatts bookmarking tool and Microsoft Internet ExpldseFavorite tool both use
the ‘Title’ tag extracted from the pageHTML to provide the default page identification label. In
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earlier studies we found that approximately 5% of pages havéitieotag (McKenzie and
Cockburn, 2001), and that errorsTiitle tags are common (Cockburn and Greegp2000).

3.1.3 Page redirections and broken links

Web-sites are easily modified and many sites are frequently modified through the addition, deletion,
and re-oganisation of materiall his is a problem for bookmarking tools that record a static URL

for the bookmarked pag#®Ve found that 25% of our subjectsbokmarks did not retrieve valid
pages two months after the study (McKenzie and Cockburn, 2001).

3.1.4 The overloaded bookmarker
Our empirical analysis of bookmark use indicated that usefersimformation management
problems in dealing with lge bookmark collections.

One of our subjects had 587 bookmarks and was adding to his collection at three times the rate
of deletion Across the seventeen subjects, the mean number of bookmarks held by the subjects was
184, and all had addition rates outweighing deletion.

There are three ways that the empirical results indicate that there are problems in managing
bookmarks. First, the normal user interface mechanism for selecting bookmarks is a drop-down
cascading menu. Each item in the top-level of the'sidmvokmark structure is rendered as a
separate entry in the top-level of this mehlne mean number of entries in the top-level structure
was 42, with a maximum of 130. Clearbne hundred and thirty items in a single level of a menu
is an unwieldy useinterface component!

The second indication of problems in managing bookmarks is illuminated by investigating the
number of items in the usertop-level bookmark structure over time. Figure 2 (extracted from
McKenzie and Cockburn, 2001) shows the number of items in the top-level bookmark structure
plotted against time for three users over the four month .stindyclear steps in each line of the
graph indicate that the user has spent time garosing their bookmark structure. Further analysis
showed that when these steps occurred, few bookmarks were deleted, Bethekisting
bookmarks were placed into folders at lowaarels in the bookmark structure.

The final indication of bookmarking problems is the number of unknown duplicate bookmarks
found in the usergollections.Across all users, approximately 5% of bookmarks were duplicate
entries, and many of these were unknown to the users.

80

Number of top-level items

10/99 10/99 11/99 11/99 12/99 12/99 01/00 01/00 01/00
Date

Figure 2: Numberof items in the top-level bookmark structue against time
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3.2 Possible solutions?

Although our study only analysed the use of Netscape Navigatookmarking tool, it seems
reasonable to suspect that similar results would be found in a study of Microsoft Internet Explorer
‘Favorites’tool. Regardless of the generality of results, the study provides interesting insights into
some of the problems that interface designers face.

The original design motivation for bookmarking tools addressing was probably something like:
"how can we support fast andetive access to the small set of pages that users will want to return
to frequently?'The designers succeeded in easing this user problem, but the existerfeetioEef
bookmarking tools has changed the way that people try to keep track of pages, and now managing
the tool is becoming a problem.

This lead-on d&ct between one problem-solution creating a new problem is a good example of
‘homeostasis’. Homeostasis (Thimble990) describes the tendency of humans to maintain
equilibrium: if a user interface makes tasks easiavill be used to do more difult tasks. In the
case of bookmarks, the interface allows usersféxtfely manage more web-pages, but ultimately
it is used to manage so many pages that management is no ldageveef

The question for the designers of the next-generation web-browsing interfaces is “what can be
done to remove the problems of managingdatumbers of bookmarks?”

Some of the bookmarking problems identified above are already being addressed through the
iterative development of browsers. For instance, in helping users manage their bookmark
collections, Netscape Navigator supports an ‘Update Bookmapkish that automatically checks
all of the bookmarked web-pages and flags those that do not address an accessible Wélispage.
would help users identify broken bookmarks (approximately 25% in our study) as candidates for
deletion.
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Figure 3:A recent version ofWebView that is integrated with Netscapes Back/Fomward buttons. Moving the mouse
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Another possible enhancement to bookmark interfaces would be to allow more page identi
fication cues than simply the pageitld tag. As mentioned in Section 3.1.2, many pages are
missing title tags (5% in our study) and many more have incorrect or misleadind titkesbnail
images of pages provide another cue to page identification that would reinforce the page title and
URL. Further discussion on page-identification cues is given in Cockburn and Gre€2(i@),
and the weblw system (Cockburn, GreenfgerMcKenzie, JasonSmith and Kaasten, 1999)
demonstrates a wide variety of visual and textual page identification cues.

Looking beyond bookmarks, web-browsers currently support a wide variety fefedif
schemes for revisiting page$hese include Back/Forward buttons, “Go” lists, history tools,
bookmarking/favorite tools, and past-URElectors. Integrating these might reduce the learning
overhead of these diverse tools while allowing users the flexibility of choosing the fectivef
revisitation tool for their current task. Figure 3 shows a recent version of ourievelsystem
which integrates zooming thumbnails of past pages with the Back/Forward bitkeinidew’s
history of past pages can be searched through dynamic queries, and pages can be bookmarked t
simply clicking on the appropriate thumbnail.

4. CASE STUDY 3: MOVEMENT TO THREE DIMENSIONAL INTERFACES

The third case study investigates some of the risks associated with the enticing properties of new
technology We focus on current research systems that use three-dimensional (3D) displays for
common dfice tasks such as file, document, and bookmark management.

This case study of 3D interfaces reveals a tension between empirical and subjective results in
usability testingWe have found that subjects in our studies have expressed higher values for subjective
satisfaction for 3D interfaces even when the interfaces have made therfidiesg.&e suggest that
users, like designers, are susceptible to the ‘sirens of technology’, and that HCI researchers should b
cautious about subjective measures that result from short usability evaluations ofarid€atol’
systems. Furthermore, we encourage HCI researchers to isolate variables in their evaluations so that th
HCI community can determine the impact of each component of innovative new systems.

4.1Three dimensional systems falocument and file management

Recent research into three-dimensional systems is extending the realism of the visual presentatior
of user interfacesThree dimensional visualisation has been an essential component of 3D
modelling systems such as CAD/CAM, but only recently have researchers begun examining 3D
visualisations for the everydayfiok tasks of file and document management. Example systems
include ConeTrees for browsing hierarchical file structures (Robertson, Mackinlay and Card,
1991), WebBook andwebForager for browsing collections of web pages (Card, Robertson and
York, 1996), the Data Mountain forganising and accessing thumbnail representations of web
pages (Czerwinski, Dumais, Robertson, Dziadlisenan and van Dantzich, 1999), and Tlask
Gallery which is a 3D window manager (Robertson, van Dantzich, Czerwinski, Hinckiey;
Robbins, Risden and Gorokhovsip00).

Some of these systems have been evaluated in comparison to competing systems. For example
the Data Mountain has been shown to be mdieiaft for locating web-page bookmarks than
Microsoft Internet Explorés bookmarking tool (Czerwinski al, 1999). Howeverthere has been
no serious attempt to investigate the impact of 3D (rather than 2D) in these interfaces. For instance,
in the evaluation of the Data Mountain, it was unclear whether tiseee€y gain was due to the
use of 3D or to some other factdre designers (and users) succumbing to the tempting sirens of
technology or does 3D really enhance the usaxperience?
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4.2 Evaluations that isolate dimensionality

We have conducted two experiments that attempt to isolate dimensionality as an experimental
factor The 3D systems that we have studied are based onTCee® and the Data Mountain. Full
details of these two studies are presented in Cockburn and McKenzie (2000) and Cockburn and

McKenzie (2001).

4.2.1 Cone Tees versus ‘normalfrees

Cone Trees display hierarchical file structures by arranging the contents of each directory
around an inverted cone. In Figure 4(a), a Cbhee shows the contents of two directories, and in
Figure 4(b) a ‘normalree browser shows the same data structure. Each cone can be rotated to bring
particular files to the front of the cone.

The two interfaces used in our experiment (shown in Figure 4) have identical mouse bindings and
display schemes. Directories are displayed with red text and yellow background, and files are identified
by blue text on a white background. Clicking on a directory toggles the expanded display of its contents.

The subjectstasks consisted of locating particular files within a hierarchical data structure of
countries, regions, cities and places: for example, “Find Sumner in Christchurch in Canterbury in
New Zealand. We measured their task completion times and subjective assessment of how
effective the interface was for the task, measured on a 5 point Likert scale.

As well as investigating the fafiency of the 3D versus 2D interfaces, we investigated two
additional factorsThe first was the relative fefiency of the two interfaces as the density of the data
structure increasedhe three levels of density (sparse, medium and dense) were measured with
branching factors of six, ten and twenty files and directories per direEt@rgecond additional factor
was the depth of the search pdthe two levels of depth (shallow and deep) consisted of two and four
levels of search: for example, a shallow task might involve finding Canterbury in New Zealand, while
a deep task might involve finding Kings Cross in Sydney in New Sbatbs inAustralia.

- =l
R . = | || Fie Options
Fila ':I"-m ok ac hpuchior o -3-
A [FertFi]
| Ficte
' ! B |
fcilorng
e | PR Pty
< - e |
et T ET e o = ST
B Ol
!'-u] | | ¥ vonsTa
J‘J_‘ =
(a) The ConerEe interface (b) The Normal fiee interface

Figure 4: The experimental interfaces
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Figure 5: Mean task completion times fothe ConeTree and NormalTree interfaces aanss difering densities and
depths. Error bars show one standard eror above and below the mean.

The experimental design was a three-wdyOVA with repeated measures for the factors:
interface type (Con@rees versus Normdirees), density (sparse, medium and dense), and depth
(shallow versus deep)welve subjects participated in the study

The task performance results are summarised in Figtieesmain efects for each of the three
factors were significantVhen using Con@rees the subjects took significantly longer to complete
tasks (F(1,1)=71.98, p<.01) with mean task completion times of 9.88 and 6.74 seconds for the
Cone and Normallree interfaces. Unsurprisinglgepth (F(1,1)=133.93, p<.01) and density
(F(2,22)=64.12, p<.01) were also significant: in other words, the subjects took longer to solve deep
tasks than shallow ones, and they took longer to solve dense tasks than sparse ones.

There was a significant interaction between the factors of density and interface type
(F(2,22)=12.8, p<.01)The cause of this interaction can be seen in FigurAs5the density
increases, there is a fairly linear increase in task time for the Nainea| but for the Con€ree
there is a lager increase in task completion times between the medium and dense conditions.

The subjectsresponses to questions about théediveness of the two interfaces were
significantly diferent, with the Normalree interface ranking higher than the Cdnee interface.

The reason for the dédrence was the problems that users had reading overlapping file and directory
labels in the Cone interface. In the dense conditions, overlapping labels made the tasks substantially
more dificult to complete. Despite these problems, many of the subjects stated that they liked the
ConeTree interface and that it gave them a better sense of the data-space structure than the Norms
Tree interface.

4.2.2 2D versus 3D Data Mountains

The ConeTree study stiérs a major weakneséle wanted to isolate dimensionality as a factor for
study but the nature of interaction with Comfieees makes this extremely faitilt. When using
NormalTrees, scroll-bars are used to navigate around the data-space. Scroll bars are directly unde
the use’ls control, and they can choose how quickly to move through the Tda&aConeTree
equivalent to scrolling is cone rotation. If the part of the data space that the user wishes to interact
with is "at the bacK’of the cone, the user can rotate the cone to bring that region to the front. Cone
rotation is a dynamically animatedexft, and the speed of rotation is outside the’' sisentrol.There

is, therefore, a necessary latency in waiting for thgeetatem to come to rest at the front of the cone.
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Figure 6: The two versions of the Data Mountain

For this reason, the Cofieee experiment does not completely isolate interface dimensionality
as a factor for studyln aiming to overcome this limitation we carried out another experiment
comparing 2D and 3D versions of the Data Mountain (Czerwitski, 1999).

The 3D Data Mountain allows users to locate thumbnail images of web pages on an inclined
plane or ‘mountain’Thumbnails diminish in size as they are moved further up the mountain, and
they are dynamically redisplayed so that ‘n€atarmbnails occlude overlapping ‘furthemes.

We constructed a simple version of the 3D Data Mountain (Figure 6(b)) and a 2D version that
is almost identicabxceptfor the 3D ‘distancemetaphor (Figure 6(a)). In the 2D interface all
thumbnails are an identical size, but the user can control the layering order of thumbnails: clicking
on any thumbnail raises it above all the others.

The experimental design was a mixed two-way analysis of variance for the factors interface type
(2D versus 3D, between subjects) and density (33, 66 and 99 thumbnail images in thendibplay
subjects). Each subject used either the 2D or 3D interface, with 14 subjects in each cdindition.
subjectstasks involved positioning 33 thumbnails of well-known web-pages in the displdyhen
locating — as quickly as possible — ten randomly selected pages from thaaad¥s were timed.

They then repeated the process, adding two more sets of 33 well-known pages to the\ttesplay
each set of ten page retrievals the subjects were asked to ratiedhieesfess of the interface on a
5-point Likert scale. Full experimental details are presented in Cockburn and McKenzie (2001).

The mean task times are summarised in Figuidtifough themean task completion times were
lower for the 2D interface in each of the densityconditions, there was no signifideneroie
between interface type(F(1,26)=0.289, p=#A% expected, there was a significantfetiénce
between densities (F(2,52)=8.752,p<.01): the subjects took longer to find thumbnails as the displays
became more cluttered in the denser taSksre was no significant interaction between interface
type and density (F(2,52)=.072, p=.93): the subjgtsformance deteriorated at a similar rate as
density increases in both interfaces.

Although there was no significant féifence in task completion times between the two
interfaces, there was a significantfeience between the subjecissessment of thefe€tiveness
of the two interfacesThe mean Likert response values to the question “Overall, the interface is
effective” were significantly higher (better) for the 3D interface than for the 2D one (Mann-
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Figure 7: Mean task completion times fothe 2D and 3D Data Mountain interfaces. Eror bars show one standard
error above and below the mean.

Whitney U Test, U=51,N;=N,=14, p<.05).There were many comments about the 3D interface
being ‘cool’and ‘a good way to ganise bookmarks’, but there were few equivalent statements
about the 2D interface.

4.3 Lessons Learned

In the ConeTree studywe found that Conérees are less fafient than their 2D counterparts for
tasks that involve searching for named files and directories. In the Data Mountain evaluation we
found no significant dference in task performance between the 2D and 3D interfaces, but
significantly higher subjective assessment for tiiecéf’eness of the 3D interface.

So what generalisable lessons fofioaf information systems can be taken from these two
studiesMVe offer two cautions to usability professionals.

The risks of ovegeneralising esults. It is often tempting to ovegeneralise the results of
experiments. Conérees, for instance, may be valuable tools fdied#int types of tasks than those
tested in our studwlternatively, a diferent implementation of Corfereesmayactually improve
task performance in tasks similar to those we used. For this reason, it is critical that papers reporting
on experiments provide digient detail for others to repeat the experiment and confirm or refute
the results.

One of our major motivations in carrying out the Data Mountain evaluation was to investigate
the extent to which the third dimension added value to the support it prowdegere impressed
by the original results of the Data Mountain evaluation (Robertson, Czerwinski, Larson, Robbins,
Thiel and van Dantzich, 1998) but were unclear about the extent to which its successful comparison
to Microsoft Internet Explorer was due to its 3D properties and to its support for the susipjeitéd’
memory about the location of the thumbnails. Following our evaluation, we waouid tirat spatial
memory accounts for much of the performance increase, and that the value of the third dimension
remains unclear

The risks of believing subjecssessment of enticing technologigabjects in the 3D Data
Mountain condition were clearly enthusiastic about the interface they were using, with many
describing it with phrases such as ‘cool’. It is interesting that the 3D subjects rated interface
‘efficiency’ significantly higher than the 2D subjects, despite the absence of performance indicators
to support this assessment. It seems likely that the relative ‘coadfidtss’3D interface swayed the
subjectsassessment of itsfefiency.
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Naturally, subjective evaluation of interfaces is extremely important in establishing the degree
to which users like their systems. Howe\vers not clear how enduring their assessment of a ‘cool’
but ineficient system will be, nor is it clear whether users will choose to pay for these systems and
to adopt them into their everyday work practidése short duration of typical usability studies may
offer a heavily distorted impression of subjective satisfaction.

5. SUMMARY AND CONCLUSIONS

This paper presented three case studies that examined problems in the fise offefmation
systems. Each of the case studies examinedfibieefy impact of factors that are primarily caused

by other users, by the users themselves, and by the system deSigeestudies demonstrate
evaluation techniques used by researchers in human-computer interaction to understand system us
and to identify possible areas for iterative improvement of user interfilteg.also demonstrate

the diverse factors that influence user interface design and use.

As well as demonstrating HCI methodolpggich case study illuminates a problem in working with
modern dfice information systems. By analysing the problems of working with email, we provide
concrete data on the usability impact ofafiént email formatsThis analysis could be used to begin
the development of guidelines for message and document distribution. Our analisiddofvide
Web bookmark collections provides insights into usage patfEnissdata could be used to inform the
design of next generation bookmarking tools. Finally study of three dimensional interaction tools
for file and document management indicates that researchers should carefully considieietheyef
of their tools before encouraging developers to adopt sophisticated user interfaces.
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