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ABSTRACT

We present preliminary results from two studiesngixéng the

selection techniques suitable for paper maps usiagdheld
computers or cellphones as interaction devices. ifformal

mockup exploration indicated a strong tendency tdwgoint-

and-click style interaction when participants wesgked to
envision how a range of queries might be expressadbsequent
study involving a functional prototype and a shoaining session
showed that participants were receptive to othieraction styles,
including tracing paths, circling regions, constmag queries with
paper menus, and selecting multiple non-adjaceptiocens. The
contrasting results underline the importance ohgis range of
design evaluation techniques when developing agipdics

involving handheld devices as interactors.

Categories and Subject Descriptors

H5.2. [Information interfaces and presentation (e.g., HCI):
User Interfaces prototyping.

General Terms
Design, Experimentation, Human Factors.

Keywords

Mixed Media Interfaces, Universal Interactors, Gaphic Maps.

1. INTRODUCTION

Paper maps are promising physical artifacts torawate with

digitally. As information resources with distinaégions, paths,
and icons, they promote the expression of spatial @pical

queries via selection operations [1]. For examjiéormation

about a given map icon might be retrieved by pomt device at
the icon and clicking a button. Such interactions @ common
feature of electronic map interfaces, however nas at all clear
that a successful technique for electronic maps tvéhslate to
paper maps.

Interaction with paper maps was one facet of then@ieon
project [2], wherein a handheld computer was used airtual
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overlay or lens over a static paper map. Combirghegtronic
resources with paper maps is also explored by M@aeeCohen
[3]. Interactive paper technology including Anotdl] [and
DataGlyph [5] have also been used to produce ictigeamaps.

Our focus is on ad-hoc interaction with paper megpurces when
mobile, using either personal maps or public kioske envision
that the interaction device under such circumstaveeuld be a
personal device such as a smartphone.

This scenario presents a number of potential benéficluding:

e Permitting the continued use of standard paper raaps
navigation tools, while introducing the electrodivice
as a dynamic, interactive information resource.

e Allowing users to build and use survey knowledge,
which is harder to achieve using maps on smalkese

* Allowing users to take the results of their intéi@es
with them on their mobile device.

2. MOTIVATION

The work presented in this paper follows from aopstudy in
which participants retrieved pages from mobile dtyides by
holding a handheld over places of interest on sepapmap and
clicking a button (figure 1). Results were promgsifor the
technique, especially during tasks which requiredclase
correspondence between the map information and gthide
resources (e.g. spatially-oriented tasks) [6].

Figure 1: Initial prototype, showing Nottingham paper map
and attraction detail on PDA



The prototype used in the first study permittednpand click

interaction only, by associating information togénpoints on the
maps. We have since developed a prototype thatijsea wider

range of interactions with a map using a handhelputer. In

this paper we present initial results concernirgydfiectiveness of
various techniques when interacting with staticqrapaps.

For example, the current prototype permits selgcpaths. The
technique is illustrated in the following exampléhich expresses
a request for a street directory:

1. point the PDA at one end of a street (on the payz)
2. press a button on the PDA to begin the selection

3. drag the PDA across the length of the street (an th
paper map)

4. release the PDA button to complete the request.

Additional supported interaction styles include cliirg map
regions, selecting multiple non-adjacent map itenand
interacting with “paper controls” on the map itsali the next
section we discuss the results of a lo-fi prototgpaluation.

3. MOCKUP EVALUATION

We conducted an informal study involving seven ipgrants in
which we explored potential techniques for interagiith paper
maps, to gather design ideas for prototype devedopm

Participants were given either a cellphone or a P& told that
the device could be used to interact directly witips, much like
a pointer or stylus. We alternated between detcensitigate the
impact of form factor, screen size, buttons, eta the
participants’ expectations. The exercise was dptinmake-
believe: the device was turned off, and participagvisioned
and demonstrated how they would use the device ngwer
certain questions. They were free to imagine any kif software
support on the device, and to assign functionsap ioons.

Participants were asked how they would expect tmptete
several fact-finding tasks. Each task involved oh¢hree paper
maps: a schematic subway map, an illustrative soumap, or a
street map. Tasks ranged from executing targetedesu(e.g. get
bus lines and frequency between two points on a)map
gathering a range of detail (e.g. get tourist infation pertaining
to a map region). Participants described and detraiad their
expected interactions, which were recorded for laeiew.

3.1 Observations

As might be expected, there were a variety of ebqueapproaches
to the tasks provided. We categorized each by tyke ©f

interaction between the device and the map, andnéttere of
expected software support. Observations are surnethbielow.

3.1.1 Trend toward Point-and-Click interaction

Selecting by pointing at a map location with thenditzeld and
clicking a button on the device was by far the momtnmon
interaction envisioned by the participants. Thiteiaction was
predominant when tasks involved individual map gesuch as
attraction icons, but was also used to expressiepiéor travel
time between points (select each endpoint), queetsted to
streets (select street name), and queries pergiton larger
regions (select name of region). Other interacteminiques were
envisioned as well, however point and click wasdpreinant.

Other techniques included circling regions, tracipaths, and
hovering over/scanning areas.

3.1.2 Amount of interaction with the handheld device
On several occasions a participant would indidas they didn’t
expect map interaction itself to be able to proviue information
required for a particular task. For example, ongiggpant made a
distinction between “typical” queries, which woub@ supported
primarily via direct interaction with the map, aatypical ones,
which would require some additional interaction hwithe
handheld. Interactions described with the handhdklice
included selecting a category of information priorinteracting
with the map, following step-by-step instructioniven on the
handheld while interacting with the map, and drdlidown to
specific detalls after selecting items on the map.

4. IMPLEMENTATION

A functional prototype was developed, permittinge usf a
handheld computer to directly interact with papapmin various
ways. We focused our prototype on the action céciglg map
items, as this is a critical aspect of many exgkdtéeractions.
Techniques were inspired by our previous work dedresults of
the informal study just described. They are outliimetable 1.

Table 1: Interaction techniques supported by the pototype.

Technique Description

Click-select Click handheld button when device is over item
to select it (point and click).

Path-select Click handheld button at starting point, drag
along path, release button to select entire path.

Multi-select As with click-select, but using a different button,

to select multiple non-adjacent items.

Lasso-select | As with path-select, but with same end and

starting point. Points inside circle are selected.

Menu-select | First select an information category using|a
paper menu (see figure 4), then interact with the

map using one of the previous techniques.

While the make-believe session suggested that Jaoidiclick

could be the dominant or sole technique for intémgowith paper
maps (at least for the range of maps and tasks),useddecided
to include a range of interaction capabilities um prototype. This
is because several individuals suggested the useotioér

interaction techniques for one or more tasks, theratechniques
might more effectively express certain informatinaeds, and
because we felt that a functional prototype midteraeceptivity

to other interaction styles.

Our prototype was developed as a simple clienteserv
application. An RFID (Radio Frequency Identificatjoreader
was attached to the back of an iPag handheld canmsuch that
regions on the map were selected by holding theleld face up
over the region. RFID reads were sent to a sewkeich logged
RFID reads and communicated RFID tag ids to clearftware on
the handheld. The client software combined RFID drea
information with button presses to generate thehdrglevel
selection events described in table 1. These ewvesris sent back
to the server for logging, and determined the awatid visual



feedback presented on the handheld (see figurEd2)example,

the start of a path selection would cause an or&nageto be left

as the selection progressed; once the button uessesl the path
would then turn red and a particular sound wouéypl

Figure 2: Interacting with the Nottingham map. Map-style
feedback indicates the map icon the user is currelytover.

Beyond selection feedback, no further informatioesvprovided
to the user relevant to specific queries. Thatars,information

system was not created as part of this prototyge t

implementation ended at selection. The prototype also limited

in selectiongranularity by the size of the RFID tags. A grid of

40x40mm squares was used for one map, and ancakdeRRID
“hotspots” corresponding to prominent map icons. asesult,
only coarse approximations of selected regionstems were
captured by the prototype.

Despite this limitation, we consider RFID to haweme benefits
for portability. It allows a paper map to be hetdaay angle, to
not be completely planar, and to be used in amyitig condition.

5. EXPERIMENT

Our formal experiment is briefly described hereful discussion
of the experimental design is available separd@ly

5.1 Design

The study employed a repeated measures designlyiimyal2
participants. The main experimental factor wastyipe of visual
feedback presented on the handheld during interactith a
paper map (figure 3).

In this paper, we focus on the use and evaluatidheointeraction
techniques supported by the prototype, and do nEcty
consider the effect of specific feedback stylesceéBse two types
of feedback were used, the impact of the type stfiali feedback
during selection operations was mitigated.

Two map scenarios were used under each feedbadkitioon
One scenario involved an illustrative tourist mdgNottingham,
England (figure 2), and the other a larger streap rof Halifax,
Canada (figure 4). Participants were not familidghveither city.
For each map scenario, participants were firstrgigeseries of
short training tasks designed to demonstrate thieug selection
techniques. These tasks were not explicitly suggesif how
specific information queries might be posed. Indtetaey were
direct instructions for accomplishing selectionk&gse.g. “click

and hold the button over Sherwood Forest, folloveets to
Nottingham Castle, and release the button”.
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Figure 3: Feedback styles presented on the PDA dug
interaction with the Nottingham map. On the left isthe map-
style feedback, indicating that a path has been smited for a
query constrained as “tourist information”. On the right is an
example of “butterfly net” feedback, showing the Ist of items
selected so far, and the current item the PDA is ev.

Figure 4: Interacting with the Halifax map. On the right the
user sets a query category by selecting a menu icon

The second set of tasks were more open-ended. tBakitould
be accomplished using more than one selection igeén
however each was most efficiently completed (in estimation)
using a particular technique. For example, one &s&led how the
participant would retrieve a list of coffee shopsiipedestrianised
area. The expected interaction was to select “fomud
entertainment” on the paper menu, then to “lasecte(circle)
the region on the map. Participants completed efthe or five
such tasks (as time permitted) for each of the maps under
each feedback condition, for a minimum total ofukrique tasks
attempted per participant. A think-aloud protoc@swsed when
these tasks were being completed. Task, map, aedbdek
condition orders were counterbalanced.

5.2 Measurement

The software logged time taken per task and therastions
registered by the handheld while the task was bperdormed.
For each task, an observer recorded on a codingt she final
interaction as described by the user as well agsaription of
overall style (e.g. speed, precision, fluidity).

Participants completed questionnaires asking them rdte
interactions for given maps, and evaluate the Viseedback
provided to them. Most questions were on a fiverphikert
scale. A post-session interview asked several mumssintended
to garner impressions of the prototype, ideas ffoprovement,
and their overall experience. Prior to the intawiparticipants



completed similar tasks with an electronic map emésd on a
touch-sensitive wall-display, to use as a countetpevhen
discussing the prototype.

6. RESULTS

Overall, the interactions recorded stand in contwaith those
imagined by participants during the mockup evabratiThe full
range of interaction styles were used; there wasobserved
preference for point and click.

For the majority of tasks, there was strong coesis{ across
participants in the interaction techniques chodeor. the most
part these techniques were as expected for the t&sle table 2).

Table 2: Number of trials completed per interactiontechnique,
and the percentage completed using the expected heique.

Technique Total number of tasks Percentage of
Expected (trials) trials as expected
Path-select 8 (92 trials) 87%
Lasso-select 4 (46 trials) 70%
Multi-select 8 (74 trials) 64%
Click-select 0 (O trials) n/a

A number of tasks engendered a variety of appreadi@vever.
For example, certain tasks that were expected mhwleted via
multi-select were often completed as either pathe several
click-select operations. When the map icons to ddected were
relatively close to each other and could be comkbly drawing
an arc (path) through them, approximately one thofl
participants chose the path interaction.

None of the tasks given to participants highly fanen a “click-
select” (point and click) interaction, however tleéck-select
technique was introduced in the training sessitvis.did this to
evaluate the strength of the tendency toward pamd click
observed in the mockup study. Only 9% of all tas&ld were
completed using a click-select approach.

Each map included an iconic paper menu allowinggpants to

constrain queries according to information categdiye menus
were used in this way by all participants. In fabigre were no
cases where participants felt that they could neter a question
given the tools provided. However, some menu caiego
overlapped and there was no unanimity in the cayegosen for
most tasks. For example, “tourist
“accommodations” were chosen with equal frequendyerw
participants were asked how they would find a hiigghg.

7. DISCUSSION

Providing a functional prototype and some basidning led

participants to quite fluidly interact with the papmap using the
path, lasso, and multi-select techniques. Thisirpnehry finding

from our study illustrates that freeform designssass with users
can be problematic when the application is novelnfand click

interaction is an important technique when retrigvinformation

from static resources like paper maps, however ndappermit

other types of interactions, as shown in our study.

Unlike the mockup evaluation, no participants stidt a task
could not be completed using the prototype. Webaitte this in

information” and

part to the availability of paper menu items, andhe training
sessions. However the nature of the tasks thensseae they
favoured completion using given techniques, alsyed a role in
this. Only a subset of the tasks given in the mpckualuation
were also given in the second study. As such, weataconclude
that the functional prototype impacted the partais’
impressions of what was possible in all cases.

Our prototype did provide valuable insight into eptivity to

interaction techniques. However, as a functionglreximation

the prototype is limited in terms of granularityhi§ means
coarseness in the detail captured during seledjmerations, as
belied by the visual feedback.

Additionally, the prototype only supports the sétat operations
themselves, and does not respond to operationsetsieving

information according to the expressed query. These
participants could not use the prototype to vaéiddtat their
interactions would successfully express the gueey tntended to
formulate. Participants were instead told to intees they would
expect to, and assume that the system would chyriaterpret the
interaction. We cannot use our current prototype ifasto

determine what kind of self-correcting behaviourghti emerge
through use over time.

The coarse visual feedback and the absence ofcessindicator
had a definite impact on several participants. Asreault,

guestionnaire and interview responses are notpretd as an
evaluation of the interaction techniques as para dfinctioning

system. Future work will evaluate the techniquethacontext of
a working information system, and with finer graamitly in both

capture and feedback.
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