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ABSTRACT

Following up on work presented at IESD 2012 introducing the

paradigm of multifocal exploration of semantic data, thesant
paper reports on two user studies of prototypes that inatargar-
allel faceted browsing—a generalization of faceted brogghat
enables multiple interrelated queries and their resultbetalis-

played at the same time. In the first study, with the “World iDes
Capital Helsinki” demonstrator, 100 participants remptested
the prototype for a few minutes each, performing simplesagkh-

out explicit instructions about how to operate the systeire ha-
jority of participants were able to understand the systeter a&h-

gaging in trial and error, but even the successful ones fauather

unfamiliar-looking at first; and a feeling of unfamiliarigppears to
have discouraged the less successful subjects from exgltine

interface in the first place—a result that indicates a neguideide

explicit explanation and motivation for the benefit of usstwo are
less inclined to engage in trial and error. The participaptsn-

taneously noticed a variety of benefits of parallel facetemvis-

ing relative to existing interaction paradigms. In the setestudy,

which involved a different instantiation of parallel faedtbrows-
ing in the domain of food and recipes, results concerningkgail-

ity and perceived benefits were generally consistent wiblsetof
the first study. Subjective ratings revealed mostly posiévalua-
tions of the demonstrator, though a minority of particigastopped
working with it before they perceived its benefits.

Categories and Subject Descriptors

H.5.2 [Information Interfaces and Presentatior]: User inter-
faces—Evaluation / methodology

Keywords

Parallel faceted browsing; Learnability

Permission to make digital or hard copies of all or part o§ twork for

personal or classroom use is granted without fee providatidbpies are
not made or distributed for profit or commercial advantage that copies
bear this notice and the full citation on the first page. Toyootherwise, to
republish, to post on servers or to redistribute to listguies prior specific
permission and/or a fee.

IESD’13,May 1, 2013, Paris, France.

Copyright 2013 ACM 978-1-4503-2006-1/13/05 ...$15.00.

1 Multifocal Exploration and Its
Hypothesized Benefits

In the keynote talk at IESD 2012,Jameson argued that more
attention should be paid toultifocal exploratiorof semantic data.
A system for multifocal exploration enables the user to esgin
several directions in parallel, instead of being forceduspe one
line of exploration at a time, as is the case with almost atha@n
the most sophisticated data exploration systems.

Jameson postulated several general benefits of multifgcali
which follow from its basic nature:

1. Multifocality enables users to deal more effectivelyhwtite
uncertainty that is inherent in explorationBy definition, some-
one who is exploring isn’t sure exactly where to go at any mjive
moment. Going in a direction that turns out not to be rewaydin
typically results in backtracking and trying out a new dire, as
in the computational search strategies of hill climbing degth-
first search. Note that computational strategies also deckome
that involve exploring multiple lines at a time, such as beaarch
and best-first search. Such strategies are much less conmion i
teractive systems, presumably because pursuing more tigdine
at a time is inherently more demanding in terms of both screah
estate and cognitive complexity.

2. Multifocality helps users when they need to find a set obiwo
more items that are related in some way, each of which canlrelfo
in a different placeBeing forced to identify one item and then look
for another one thatfits it is often less effective than logkior two
suitably related items in parallel.

3. A system that supports multiple lines of exploration deidy
as a side effect a structured overview of a subset of the sippace
question.Such an overview can serve as a useful source of infor-
mation for future reference, for the users themselves ootfoers.

4. Multifocality makes it possible for two or more persons
to explore along different lines in a coordinated wajther syn-
chronously or asynchronously.

1.1 Previous Related Work

In areas outside of semantic data exploration, there has bee
some experimentation with systems that support multifegplo-
ration. Lunzer and Hornbaek)introduced the concept stibjunc-
tive interfaceswhich “provide mechanisms for the parallel setup,
viewing and control of scenarios”. This concept has beelizezh
in various domains (see, e.8),but not (to our knowledge) applied
to semantic data. The benefits of multifocal exploration faene-
son argued for should in principle apply to these interfasewell;
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they are not in fact discussed explicitly in this way by the\as
mentioned authors, though the first and most general adyanta
that of better coping with uncertainty about where to exploext,
is discussed in other terms.

More generally, support for mutifocality is hard to find ireth
many existing types of system for exploratory search (see,&
7.

1.2 Goals of the User Studies

At IESD 2012, Buschbeck et al2) presented an example of
multifocal exploration of semantic data, introducing tregaligm
of parallel faceted browsingan interface for faceted browsing (see
6 for a thorough survey) that enables the user to create raultip
interrelated queries on the screen at the same time and msami
their results in relation to each otifer.

Although this prototype had been subjected to iterative test-
ing, there had been no summative testing of its usabilityuesedul-
ness with a large number of users. In the present paper, et rep
on a study of a later version of the PFB demonstrator whiclsaim
to fill this gap. We also report more briefly (in SectiBpon an
evaluation of an independent instantiation of PFB whicthalgh
it does not access semantic data, embodies most of the saie ba
ideas as the semantically based prototype.

2 Research Questions

There are many conceivable user studies of a parallel facete
browsing system that could be conducted. For example, onle co
compare it directly with a normal faceted browsing systersee
which one was more effective for particular types of taskt &u

even more basic question is that of whether PFB can be made rea

sonably comprehensible and learnable even to users whooare n
willing to spend much time getting to know it. Also, users btig
to be able to perceive the advantages of PFB so as to be neativat
to use it. If these conditions are not satisfied, then thediginais
unlikely to gain wide acceptance.

Consequently, the evaluation studies reported on hereéaicon
the questions of immediate learnability and perceivabiit ben-
efits. We chose a method of recruiting participants thatdgiel
relatively large number of participants who expect to bekivay
for only a few minutes and who can essentially stop at any time
they do not feel motivated to continue. Although more extens
contact with study participants is normally considerediraéte,
this sort of brief contact has the advantage of being claséne
situation of a casual user who visits a website with novehret
ogy and must quickly decide whether it is worthwhile to figoce
how to use the novel system, as opposed to clicking away kyuick
to visit a more conventional site.

3 Study 1: Method
3.1 Prototype

The PFB demonstrator used in the first study gives acces$to 89
events that are relevant to Helsinki’s role as the 2012 WDdsign
Capital. In addition to the exhibitions associated with tlesign
capital itself, the repository contains a large number ttical and

2A more recent version is being presented in the CHI 20134nter
activity track ).

sports events that might be of interest to visitors to theltvbe-
sign Capital.

Figurel shows how several interrelated queries are visualized at
the same time on the screen: The small pile of cards in therlowe
left-hand corner represents the set of 12 events that eatduring
the last 22 days of December, 2012 that involve musical atsice
in Helsinki; the smaller pile of cards to the right includis &inal-
ogous events in Tampere. Much larger trees of interrelatedies
can be built up according to the same principle. As can be iseen
Figure 2, the user can examine the results of each query by click-
ing on the pile of cards, and they can also “pin” descriptiohthe
individual events so as to be able to keep them in view.

Readers who are interested in seeing exactly how the demon-
strator works (which is not necessary for the understandfrigis
paper) can visit a websttavith links to (among other things) the
demonstrator itself and a video in which its use is demoteira
The prototype’s user interface, implemented in thed&LE WEB
ToOLKIT, essentially runs in any web browser. Information about
how the event repository was constructed can be foung)in (

3.2 Pilot Study

As preparation for a larger-scale study, five students were o
served as they performed several typical tasks with the dstre
tor. In addition to suggesting several usability improveisethat
were realized immediately, this pilot study suggested tisats do
not find it particularly helpful to be given a legend explaigithe
visual notation and the controls in the PFB interface. Asmsee
quence, it was decided to give the participants in the maitysan
already existing PFB structure to examine and explore befoey
began extending it themselves.

3.3 Main Study
Participants

The participants were 100 persons from the United States,
Canada, and the United Kingdom who were registered witthn A
ZON MECHANICAL TURK and who responded to an invitation to
participate in a brief on-line website evaluation. Dempgia de-
tails about the participants are not available, but the tfzat they
were registered with MAZON MECHANICAL TURK suggests that
they are regular computer users who are familiar with theafise
websites; this assumption is confirmed by the comments hlegt t
made.

Procedure

Participants were instructed to visit a URL which took them t
the view shown in Figurd. After reading the introduction shown
in the right-hand side of that figure, they were to follow thsk
instructions shown in Tabl® which they could access by scrolling
downward. Note that these task instructions include noaagilon
of the visual notation in the interface, including the caretaphor,
or any indication of where the participant should click. tRgpants
could figure out what to do by examining the interface itsiif,
cluding the tooltips that appeared when the cursor was glacer
an icon, and by engaging in trial and error.

A participant who successfully followed all of the task mst
tions ended up with a view like that shown in Fige
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Figure 1: Initial view of the World Design Capital prototype seen by study participants.
(By scrolling down in the right-hand sidebar, they coulddéize specific task instructions, which are shown here inreigy)
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Figure 2: Final view of the World Design Capital prototype
seen by study participants who successfully followed all dhe
task instructions.

Table 1: Tasks presented to participants in the study.

These instructions alfpeared below the heading “What Yowlgh
0" that is visible in Figurel.)

Alice has told you that her favorite Finnish band is appearing in
both Tampere and Helsinki, so please ...

1. Figure out which band that is.

2. Pull out a description of the concert by that band in Tampere,
so that Alice will see it later.

3. To save space,
hide the details about the other events in Tampere;
get rid of the information about the concerts in Helsinki.

Alice has said she’d also like to attend exhibitions about product
design, so please ...

Find the events during this period with the tag "product design".

Among these exhibitions, pull out the set that will take place in
Helsinki.

Check whether some of those exhibitions will still be going on
after Alice has attended the concert in Tampere.

To finish up, ...

Create a link ("bookmark") to the display that you have just
created, and copy it (so that you could send it to Alice by email).

Close this tab and click "Next" in the tab with the instructions.



Table 2: Questions asked of the participants after they had
completed their tasks.

ber of milestones; the data points are shown along the yiaxis
terms of the number of actions performed. It can be seen that a
number of participants achieved only 2, 3, or 4 of the 9 miless.

It is unknown how many of these participants simply aimedae ¢

1. Please paste in here the user ID that you copied before leavinglect their modest financial reward as quickly as possibléetiag

the site:
2.
exploring a large set of events?
Can you think of a website that would be more useful if it
offered this method of exploring things like events or products?
If so, please give its name or web address.

3.

the main new advantage of this method?

After performing the tasks, the participant was asked tarreto
the AMAZON MECHANICAL TURK page and answer several ques-
tions, which are shown in Tabi

Logging

The prototype is instrumented in such a way that every action
performed by the user is logged in a8 QL database, each action
being labeled with a unique user ID. Since the study pagitip
were asked to report the user ID that they had been assidmeas i
possible to identify all of the actions performed by eachipigant
(though in fact some participants did not follow these nstions
adequately, as will be noted below).

4 Study 1: Results and Discussion

4.1 Completion of Milestones

For 11 of the 100 participants, the logging did not work famgo
technical reason; most of these were using Version 9 of Mafto
Internet Explorer. For another 18 participants, the ifizé&ion
event was logged but no user actions were recorded. Sincethe
bal comments made by these participants made it clear thay ma
of them did have some experience in using the prototypeginse
most likely that they simply did not correctly follow the tngc-
tion for copying and reporting their user ID. Consequerithgse
18 participants are likewise omitted from the quantitativalyses
below.

For each of the remaining 71 participants, their action®\aea-
lyzed as follows: The tasks described in Taklean be broken
down into 8 small segments, each of which begins and ends with
a “milestone”. The first milestone is the trivial one of wadgifor
the initial view to load; achieving this milestone simplynfioms
that the user actually visited the site. The next milest@nthe
action of clicking on the pile of cards in one of the bottom esd
in Figure 1, which causes the search results to be displayed (cf.
Figure2). The remaining milestones can be seen on the x-axis of
Figure3; this figure shows, for each milestone, the number of par-
ticipants who achieved it and the average amount of timentéde
achieve the milestone. The longest gaps (e.g., the onethafiirst
action “Open first stack”) include the time required to retael task
instructions, so they do not actually imply that particifsawere
actively experimenting with the system for as long as oneutein
before figuring out how to perform the action.

Figure4 (A) shows how many participants completed each num-

that it would not be noticed whether they actually experitadn

Do you feel that you now understand how to use this method ofwith the system or nct. There are several comments from par-

ticipants in that group which suggest that they found therfate
initially unusual and confusing, to the point where theydiéven
want to try exploring it. Since, as we will see, even the sasce
ful subjects often reported having initially been taken ckbhy

. Compared to other ways of exploring things on the web, what's the unfamiliarity of the interface, it seems that there idua@sh-

old here that is too high for some participants, at leastdfthave
no particular motivation to spend some time experimentifge
three milestones that were achieved least frequently—itiiie
Tampere”, “Add Helsinki”, and “Open Helsinki"—requiredatuse
of icons that were apparently not as intuitively suggeséigsehey
should have been. On the basis of these results, addititiaatian
was paid to the detailed design of these icons, resultinggronhes
shown in Figured and?2, and the formulations of the tooltips were
also improved. It can therefore be hoped that the next etiatua
will yield higher success rates for these actions.

It is interesting to check the relationship between the remalh
milestones achieved and the number of actions that eacltipart
pant performed. Figuré(A) shows this relationship with one data
point for each participant. Figuré(B) shows the same relation-
ship after averaging of the number of actions for each nurober
milestones. Overall, it can be seen that participants whéeaed
fewer milestones also performed fewer actions. This résuibt
obvious; conceivably, many participants could have expenited
extensively with the system but still not figured out how t@igie
it. In the graphs, we see that the less successful partisipaith
just a couple of exceptions, apparently gave up or lostestafter
only a modest amount of exploration. So the bottleneck appea
lie more with the motivation of the participants to experirththan
with the inherent difficulty of discovering the methods fqreoat-
ing the system.

Another factor that might affect participants successhis ize
of the screen. Because of the parallelism, parallel faceteds-
ing sometimes requires more screen real estate than ischéade
normal faceted browsing, even though the query resultsheners
only when requested. For participants with smaller screins
possible to zoom out so as to retain an overview of the ente t
(or large parts of it); but not all users may think of this gb#iy
in the absence of instructions.

It can be seen in Figurg(C) that there is a barely noticeable
relationship (which does not remotely approach statissigmif-
icance) between screen size and mile stone achievemengrabev
users with quite small screens achieved almost all of thestahes,
which suggests that scrolling and zooming are adequated ap-
propriately. Note that it would be possible to include esiplhints
about scrolling and zooming for the benefit of users with senal
screens.

4.2 Self-Assessments of Understanding

In response to Question 2: “Do you feel that you now under-
stand how to use this method of exploring a large set of e¢énts
73% of the participants essentially answered “yes” and there
“no”. Understandably, the latter participants were maangs who

“The fact that logging would occur was not announced, andadn fa
no participant was denied remuneration on account of haviade
inadequate effort.
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Figure 3: Number of participants who completed each milestoe and the time required to do so.
(The x-axis shows the average time between completion tidlliaation and completion of each milestone. The heightaxth line shows

the number of participants (out of the 71 included in tsf%ggria) who completed it; the horizontal error bars show thgeabetween the
first quartile and the third quartile (i.e., 25% of the sustelsparticipants were faster than the shortest time and 8% slower than the
longest time. Note: The milestone “Pin 69 Eyes” logicallggedes “Minimize Tampere”, but the average time before detion of the

latter milestone is sl/?htly shorter; this pattern is pbsbecause the averages are based on different subsetsicippats, namely those

who achieved the milestone in question.)

achieved fewer milestones. Here is a typical negative camyme  actions will be successful. Combined with a number of commen

from a participant who, according to the logs, performed ame of unsuccessful participants indicating a desire for explisage
action: “It was rather confusing. | feel like this could haweich instructions, these results suggest that explicit hintsikhbe made
more easily been managed with filters, or separate webphges t available for those participants who are not inclined toaggin
were nested. (All Events > Date— > Place— > etc).” It ap- trial and error.

pears that some participants conclude, while simply inspgthe
interface, that it will be hard to use and consequently doseoit

ously try it out. Note that this participant seems to thin&tttihere 4.3 Perceived Appllcatlon Areas

are no benefits relative to a normal faceted browsing interfain Question 3 asked “Can you think of a website that would be more
contrast to the comments of the more successful particpeasiich useful if it offered this method of exploring things like @te or
are reported id.4. products? ...” The most frequently mentioned applicaticeaa
Here are two typical responses of successful participartish was event sites (e.g. evenffylwhich is understandable in that the
show that the initial impression of dlﬁlCU'ty soon dlsappEEﬁthe demonstrator’s repository included 0n|y events. But ﬁvpar-
participant takes the trouble to take a few actions: ticipants also saw applicability for online shops, societworks,
= “The way to explore a large set of events was fairly self ex- and travel sites, respectively, indicating an ability togeéve the
planatory after some trial and error. | was initially not oof general benefits offered by the system.

the layout/setup due to the lack of a legend detailing whett ea
symbol stood for. Also, there was not very much instruction o . .
exactly HOW to fully utilize the website. However, afteratri 4.4 Perceived Benefits
and error in using the website, the value became quite tlear.
“Yes, although it was intimidating when | first saw it. But fol
lowing the steps that were outlined was easy. And | liked that
it turned out to be easy. There was a sense of discovery which
made me want to keep going.”

In sum, the results are consistent with our hypotheses ligat t
interface is quite learnable if users actually performactiwith
it. But they also show that we cannot count on users beingngill
to try actions if they don’t have immediate confidence thairth

In response to the Question 4, “Compared to other ways of ex-
ploring things on the web, what’s the main new advantage isf th
method?”, some participants expressed insights that sjoorel
fairly closely to the theoretically derived benefits men#d in Sec-
tion 1.

For example, the advantages for dealing with uncertainbuab
what direction to take next were summarized by one partitipa
as follows: “It is easy to access a lot of different infornoatiand

Shttp://eventful.com
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@ ° With regard to the side effect of producing a structured ziegr
of items, one participant wrote: “I like the filtering downdapin-
ning of events .... Also then being able to share this chatt wi
my friends to be able to collaborate together about the svibiatt
# of Actions a we want to attend. Very Nice!”. Note that the collaborati@nbfit
Performed 8 Ny mentioned here concerns the ability to save and share @ydarti
. : view, not the ability of two or more persons to work on suchewi
/ vl simultaneously; the participants in this study did not hameop-
@ R portunity to experience this benefit. Other comments in Hraes
i ’ ° vein are: “It can be shared with friends who want to attendd d
| could easily send the link to a friend or she/he could comd& bac
, , , ‘ check the events she/he might like better”.
4 5 6 7 8 9 Some of the other comments do not identify any of the listed
M benefits explicitly but do show an appreciation of the basatires
of the prototype that enable them: “It can quickly overviemda
compare events in different places and time periods”; “Bd info
o e is in one place, | like the way you can categorize and pull gplis
~ side by side”.
e Many of the other comments about benefits do not explicitly
Average a identify a benefit of PFB that distinguishes it from relatedtm
#P°f Actions s ods such as normal faceted browsing. For example, one ipartic
erformed . . ) .
e wrote “The main advantage, for me, of using this method is how
e fast it is to systematically eliminate things to find exactlyat you
& are looking for"—a benefit that, as formulated here, mighbdle
found with normal faceted browsing.
o Other participants expressed appreciation for the way iichvh
the event repository includes events of different typesgirsg from
ilestones Achieved World Design Capital events to sports events: “This showsfal
the events taking place in one city. It is very helpful for pko
@ ¢ who like to experience variety of things.” This benefit is da¢he
semantic web technology supplied by the colleagues frontoAal
University and EURECOM who were responsible for creatirg th
o event repository.
o In retrospect, it is understandable that simply askinggpgnts
Screen Size 1 . . to compare the current system with “other ways of exploriigds
(M Mega- a e a2 o @ on the web” was not the ideal way to elicit very sharp comments
pixels) e identifying the distinguishing features of multifocal éaation;
- but still some of the comments do identify such features,raady
of the others can be interpreted as being consistent withdkei-
lated benefits.
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To give an idea of the generalizability of the results repdifor
the World Design Capital prototype, we will briefly summarthe
results of a similar study conducted with an independertaiiz-
tion of parallel faceted browsing.

Figure 4: A and B: Differences among more and less success-
ful users of the World Design Capital prototype in terms of
their amount of exploration; C: relationship between succss
and screen size.

(Further explanation in text.)

5.1 Prototype

. . L ] The German-language websiteyMMIRACLE® provides infor-
retrleve it again if need be. No need to hit 'back’ button as¢arch mation related to foods and recipes with the goal of suppgrti
in one’s ’hlstory’_folder. _It aI_I folds up or out_ all on one pag healthy eating. The site’s owner, Spiresé), fmplemented and
Two other participants likewise described this generalebErm tested an experimental PFB interfadsee Figured) that supple-
terms of no longer having to use clumsy workarounds: “I [t ments the more conventional methods that the main part afitbe
method much more than trying to open up several websites andoffers for searching for foods and recipes. The impleméntas

cross referencing myself”; “It's é}’” on one page so you ddmwive technically completely different from that found in the Wbbe-
to have many tabs open atonce”. sign Capital prototype: The database is a #QL database, and
With regard to the possibility of looking for two or more redd the user interface is implemented in PHP.

items, one participant wrote “...you can look at multiplengs in
different places and helps give you a way of figuring out how to ®htt p: // www. my- ni racl e. de
line up multiple events ...". "http://parall el -faceted- browsi ng. com
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Figure 6: Screenshot of theMY MIRACLE PFB prototype.

(The English translations are not present in the prototyhe.icon at the right-hand end of the node “Kategorie” andawer nodes enables
the user to “copy and paste” an entire subtree so as to aveidght construct similar subtrees manually.
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Figure 5: Subjective and objective effects of screen size ihe
MY MIRACLE study.

(A: Effect on agreement with the statement “The system mikes
easy to maintain an overview”; German: “Ich finde das System
libersichtlich”; B: effect on the number of milestones acbét)

5.2 Participants

The participants were 116 regular users (97% female) sf M
MIRACLE. They mostly lacked specialized knowledge of comput-
ers, but they were familiar with the domain.

5.3 Method

Participants typically devoted 20-30 minutes to the statlypf
whose instructions were embedded within the MIRACLE site.
They first saw an introductory explanation of the PFB prqgiety
that comprised only a compact legend pointing to the mosbimp
tant functions of the prototype. They were then given stgystep
task-level instructions—roughly comparable to those & \ttorld
Design Capital study—that enabled them to try out all of tkeérm
functions of the prototype. Subsequently, they perforrheekt less
structured tasks with goals such as selecting a set of iregrescfor
the food to be prepared for a picnic.

5.4 Learnability

When asked whether a more detailed introduction to the proto
type would be desirable, only 18% of the participants ingiddhat
they would prefer to have more introductory informationrtlibe
legend that was provided.

When expressing on a Likert scale their degrees of agreement
with a number of statements about the interface, the ppatnts
generally indicated that they found the prototype easy tiewstand
and use—though with all questions there were some partitspa
who gave negative responses. For example, 65% agreed rtelgera
or strongly with the statement “The system is easy to use”18%
expressed strong or moderate disagreement.



5.5 Benefits

In an open question, the participants were asked what bgnefit
they saw in the PFB interface. An advantage spontaneousty me
tioned by 27% of the participants was the ability to compauslp
ucts and find suitable combinations of products. This padntez
sponds to the first two benefits mentioned in SecfiorA more
specific benefit, mentioned by 16%, is that the prototype d/bel
useful for planning meals—a specific instantiation of theegen-
eral benefit of being able to take into account relationsaipsng
retrieved items.

Appreciation was expressed by 23% the participants foréhe r
sulting overview of the retrieved items, which correspotwishe
third benefit listed in Sectioh.

5.6 Effects of Screen Size

As with the World Design Capital demonstrator, no reliatde c
relation was found between the number of megapixels in thiecpa
ipant’s screen and the number of milestones that they ssitdlys
completed (see Figu&B). When asked with a Likert scale whether
they agreed with the statement “The system makes it easyite ma
tain an overview”, the participants’ answers did show aifiigamt
correlation with screen size (Spearman’s tha25, p = 0.013; cf.
Figure5A). This discrepancy between the objective and subjective
correlations is understandable: A participant who findfidilt to
maintain an overview can nonetheless perform the spectdmdt
for example by scrolling and zooming where necessary. , $till
seems worthwhile to adapt theWMIRACLE prototype’s graphi-
cal representations to make them more subjectively satgsfipr
users with smaller screens. In contrast to the World Desigpi-C
tal prototype, the M MIRACLE prototype currently represents the
query results in tables, each of which comprises severahuos

users an opportunity for side-by-side comparison.
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