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Abstract. We describe an examination of various physical and human
factors which in uence the e ectiveness of location-based applications.
By varying both the target location size and position system accuracy,
and hence the ease of use of an application, we are able to idetify physi-

cal constraints which apply as well as quantifying performa nce and eval-
uating human factors. A movement analysis is proposed which allows us
to formulate a set of equations that relate the time to nd the target to

the target location size, distance and positioning system accuracy. We
validate our work using a game based application, digital ho pscotch, in
which the location size and the accuracy of the positioning system are
varied. A further set of tests is performed outdoors using a G PS-based
application. We show that the results from these experiment s concur
with the results from our equations. This work may be usefull y embed-
ded in software packages that allow designers to build location-based
applications.

1 Introduction

Location-based applications for mobile computing have beame of increasing in-
terest to the research community, and are entering daily usge by the general
public. Examples of this range from GPS-based navigation sstems for vehi-
cles and pedestrians, "where's my nearest' applications fanobile phones and,
increasingly, Geographic Information Systems (GIS) whichassociate informa-
tion with geographic co-ordinates. Emerging applicationsinclude gaming and
location-based entertainment. In this paper we explore phgical aspects which
a ect the performance of applications, in particular the parameters of the lo-
cation or target, and also the speci cation of the position snsing system. As
part of this continuing research we are seeking to contribu¢ to methods for the
objective evaluation of such systems.

? Funding for this work is received from the U.K. Engineering a nd Physical Sciences
Research Council, Grant No. 15986, as part of the Equator IRC



The class of applications which particularly interests us ae those in which
digital information is associated with a real location. Examples of this type of
application include museum guides where background informtion is provided
about nearby exhibits [1, 2]; tourist guides again providing context related in-
formation to users [3, 4]; and mediascapes where sound and ages are presented
at particular locations to provide a multimedia experience [5, 6].

The information is accessed by a user who employs a positioressing system,
such as GPS or ultrasonics, to determine coincidence betwaehe user and the
location. Confusion can be caused by the words “position’ ah ‘location' being
used as synonyms (examples of dictionary de nitions of posion are \a strategic
point" and of location \a particular place"). We de ne a loca tion as a place,
or target area, with an assigned label. We de ne a position as point in space
with speci ed 3D coordinates and a known error distribution. Our de nitions
are consistent with Hightower and Borriello's descriptions of “physical position’
and “symbolic location' [7]. Examples of location are thus &known area such as
Cambridge (within the City Boundary), or MacDonalds (insid e the restaurant
building); and examples of position are 51deg 32.78min N, 2y 15.35min W,
altitude 102m, with a standard deviation of 5m; or x=15.45m, y=6.28m, z=-
7.14m relative to a known xed origin with a 30cm standard deviation. We have
used standard deviation as this does not assume a particulagrror distribution.

We assume that the user of a location-based system has to traV a variable
distance to reach a location where the digital information i revealed. The per-
formance of such a location-based application often depersdon the accuracy
of the position sensing system. A GPS-based city tourist sytem that correctly
identi es which part of a street the user is on is considered aceptable, however
a similar system based on mobile phone cell recognition wodlbe of little use.

In this paper we use an ultrasonic positioning system indocs to facilitate a
simple game of hopscotch with a PDA interface, and then applyour ndings to a
similar outdoor application using GPS. By varying the target location size, and
for the indoor case, the positioning accuracy, we have coltged suitable data to
enable us to propose a relationship between location size,ogitioning accuracy
and application e ectiveness. The baseline tests were caied out in such a way as
to be able to enable to consider the results according to gerat, age and relative
di culty of the task (i.e. getting easier or harder).

While much work has already been undertaken examining simédr issues for
desktop computing, little has been done to objectively assss the relative perfor-
mance of positioning systems for location-based applicadins. We believe that a
games based approach has the potential to contribute to thidine of research.

We rst outline theories relating to target acquisition, th en describe in detail
our indoor location test scenario based on the children's hpscotch game, and
then report on our ndings with the outdoor GPS-based application. Finally we
discuss the results and make our conclusions.



2 Theory

In this section we discuss two possible approaches to analigsof the e ects of
location size and positioning system characteristics. Therst is a physical anal-

ysis of the human movements in a location-based applicatiorand the second is
the well established Fitts' Law, commonly used for pointing analysis though also
applicable to target acquisition.

2.1 Movement Analysis

The time taken to acquire a target has two major components. kst the time
taken to move from the current position to the boundary of the new target area
and, secondly, the time required to carry out the search necgsary to trigger the
application. The search is needed as error in the positionig system may result
in false readings which do not trigger the application even hough the user has
arrived at the physical target area. The search time will alo be a ected by the
update rate of the positioning system as the more often the rading is updated,
the sooner a match will be obtained. The overall time can thusbe expressed as:

Toa=(d r)=v+1=(fp) ()

where T, is the overall time; d is the distance to the centre of the target
location, r the radius of the target - and hence (I r) is the distance to the
boundary; v is the average velocity of the user;f is the update rate of the
positioning system; andp is the probability of a trigger point being found. This
probability can be expressed as the area of the target locatin divided by the
area of uncertainty of the positioning system:

p=r?=( (k )?) (2)

wherek is a constant representing the error distribution and is the standard
deviation of the positioning system. Note that the term (k )? can be re ned if
the error distribution is known.

Taking equations 1 and 2 together we have:

Ta=(d r)=v+ k? 2=(fr ?) (3)

These equations form the basis of our hypothesis, however wequire an
alternative approach to test the usefulness of our thinking We have chosen
Fitts' Law as a potentially suitable comparator.

2.2 Fitts' Law

Extensive research has already been carried out into the acisition of targets,
particularly for desktop computer systems, and has resultd in many variations
of Fitts' Law [8]. This law states that the time taken to acqui re a target is a



function of the distance to, and size of, the target. Mathemdically this can be
expressed as:

T=a+ blog(D=S+ ¢) 4)

where T = time to move the hand to a target, D = distance between hand
and target, S = size (width) of target, and a,b & c are constants, with a or ¢
usually equal to one.Log,(D=S + ¢) is known as the Index of Di culty (IOD).

Fitts' Law is a powerful tool for predicting the performance of a pointing
based application, usually involving a mouse and screen igtrface. The objective
of Fitts' Law is analogous in the real world to the physical aaqquisition of a target
location by a moving subject. However additional factors ned to be considered.
The speed with which a mouse pointer traverses a display scem is assumed
not to have a rst order e ect while the speed of a moving subject is patently
relevant to the time needed to move to a location in the real wald. The accuracy
of the positioning of a mouse pointer can also be determineddtthe nearest pixel,
whereas in the real world we are subject to the vagaries of phsical position
measurement. We would thus expect that for a location-basedapplication, the
time taken to acquire a target will also depend on the speed ofhe user and the
characteristics of the position measurement system.

In the following section we test the applicability of both equation 3 and Fitts'
Law to a real indoor application, and discuss the validity of our results.

3 Indoor Test Scenario

The elements which we require to test our hypotheses includa measured posi-
tion, a target location, a distance to be traversed, and the grformance of test
subjects measured in time. These requirements can be ful #d by creating a PDA
based game requiring the player to move between a number of lsas, or targets.
For the results to be meaningful it is necessary for some fornof unpredictability
to be incorporated to prevent the player second guessing theystem.

3.1 Position Sensing

There are many indoor position sensing technologies avaitde for research pur-
poses [7]. For our experiments we require a system which wiprovide coverage
over a limited area with an accuracy predicted to be greater han that needed
for the chosen application. GPS accuracy, while suitable fonavigation at street

level, has proved problematic at smaller scales [9]. The aocacies provided by
systems integrating ultrasonics or magnetic sensing withnertial techniques [10,
11] far exceed our anticipated needs, and do not provide covage over a large
enough area.

For our requirements we have used the Bristol ultrasonic poioning system

with a reference RF signal and a measured standard deviatioqn ) of 5.7cm [12].
This system relies on a synchronising RF pulse followed by aumber of timed



Fig. 1. Layout and typical path.

ultrasonic signals transmitted from known positions in the infrastructure. A
receiver decodes these signals and provides a position to a&arable or handheld
computer.

3.2 Digital Hopscotch

The children's game of “hopscotch' comes close to meeting ptequirements and
has inspired our design. In this game the player moves acrossgrid, or pattern
of bases, in a predetermined sequence. There are many variahs of this game,
however for our purposes we wish to create uniform, but stillunpredictable,
paths for the players to follow. A pattern of eight circles, or bases, whose size
for detection purposes can be varied for each game, can be ukto provide six
equally long paths which can be chosen at random (see Figure).1The positions
of the bases and path are chosen to ensure that the distancedm each base to
the next on the path is identical. For example, paths [tart-1-3-4-6-end], [start-
1-3-5-6-end] and [start-2-4-3-5-end] are all the same length. The size of the base
circle is set within the application software, with its centre being indicated by a
marker on the oor (see Figure 2). We do not require the playerto “hop' as the
PDA and positioning system introduce su cient handicaps!

The player is guided along the chosen path by a PDA with a positon sensor
attached. The PDA displays the number of the base to be locatd (see Figure 2).
Success at reaching each base is determined using the positing system. The
accuracy of the system can be degraded with the addition of nadom, but sta-
tistically limited, error values. After each base is found the number of the next
base in the path is displayed on the PDA. By timing each playerfrom start to
nish, and combining this with the varying location size, we expect to be able
to identify relationships between the variables.

Twenty volunteers, 10 females and 10 males took part in the bseline experi-
ment. In the age range 18-24 years there was one female; in tl2&-34 years range
there were ve females and four males; there were three fema$ and three males
between 35 and 44 years and one female and three males were 148 years.



Fig. 2. iPAQ, with ultrasonic sensor, and hopscotch layout.

Based on pilot studies we de ned ve experimental conditions. In the rst
condition each target had a diameter of 200 centimetres, fothe second condition
this was set at 100 centimetres, for the third at 50 centimetes, the fourth at 25
centimetres and for the last, and hardest, the detection sie was 12.5 centimetres.
Individual experimental sessions were short, no longer tha ten minutes, and as
a consequence, although subjects had to complete ve expemnental conditions,
this did not result in experimental fatigue.

There were two orders of presenting the experimental condions: the rst
from large to small (starting with the 200 cm size, followed ty the 100 cm size
and subsequently the 50, 25 and 12.5 cm sizes); the second erdf presentation
was the reverse, from small to large. Half of the subjects (e females and ve
males) followed the rst order of presentation, from large to small, whereas the
other half followed the second order of presentation from smll to large.

To detect di erences, between genders, order of presentatn of experimen-
tal conditions, age and most importantly between experimemal conditions, we
carried out several avours of the analysis of variance (ANOVA). To investigate
similarities between the conditions, i.e. to examine if suljects who were fast (or
slow) in one condition were also fast (or slow) in the other caditions, we used
the product moment correlation coe cient.

The statistic associated with ANOVA is the F-ratio ( F) with two accom-
panying sets of degrees of freedom (df) and the product momeércorrelation
coe cient (r). Both statistics provide an indication of how much the results
could have come about by chance alone. This is denoted by thergbability (p)
value and, in general, a result is called statistically signcant if the p-value is
0.05 or smaller.
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Fig. 3. Baseline Results - Mean Times, Spread and Standard Deviation

Further tests were carried out with random subjects using limited noise val-
ues added to the sensed positions to degrade the accuracy dfe position sensing
system. These tests enabled us to examine the e ect of posihing system ac-
curacy on the game's e ectiveness.

3.3 Baseline Test Procedure

Each test consisted of ve movements between bases two metseapart, com-
mencing at a “start' base and ending at a " nish' base. The tets were repeated
consecutively ve times with the base target area either ingeasing from test to
test, or decreasing. The smallest base diameter was 0.125mdéthe largest 2.0m.
A factor of two was used to increase/decrease the di culty between tests. Thus
each participant provided 25 results. Participants were gien a single familiari-
sation test before readings were recorded.

The bases were designated by bright orange plinths 30cm diayb25cm high
with the relevant marking on top. The participants carried an iPAQ PDA with
an ultrasonic receiver attached (see Figure 2). They were td that there was a
trigger point somewhere above the top of the plinth where thePDA receiver had
to be held, and that height was not a factor. The PDA would con rm that the
target had been reached by displaying the number of next targt. A researcher
stands by to resolve any misunderstandings, and to encouragthe player to con-
tinue searching where the base circle is small relative to ta positioning accuracy,
and thus hard to nd.

User Behaviour and Analysis The time taken by each subject to complete
the course was analysed using ANOVA. There were no di erenceg between the
performances of females and males nor did age have an e ect.h€ order of
presentation of the experimental conditions (large to smadl or small to large)

also did not result in signi cant dierences. We therefore collapsed all these
factors and further statistical results are shown across tle group as a whole. We



Size 100 cm 50 cm 25 cm 12.5 cm

200cm|  F(1,19) = 24.48| F(1,19) = 42.12| F(1,19) =51.66] F(1,19) = 33.25
p < 0.001 p < 0.001 p < 0.001 p < 0.001

100cm F(1,19) = 11.14| F(1,19) = 42.05| F(1,19) = 31.25
p = 0.003 p < 0.001 p < 0.001

50cm F(1,19) =18.26] F(1,19) =28.95
p < 0.001 p < 0.001

25¢cm F(1,19) = 23.83
p < 0.001

Table 1. Paired comparisons between conditions

compared each condition with the other conditions and all pared comparisons
resulted in highly signi cant F-ratios (all p-values were well below 0.01, see
Table 1. Thus we can conclude that each of the ve conditions $ signi cantly
di erent from the other. The means and standard deviations for each condition
are given in Figure 3.

Oddly enough there were no signi cant correlations betweerconditions. Thus
if a volunteer was fast in one condition then this did not automatically mean that
this subject was also fast in the next condition (and vice vesa), although for
the rst order of presenting the experimental conditions, where subjects started
with the easiest conditions there was one signi cant corredtion between the 200
cm and 100 cm, i.e. the rst two conditions, r = 0.76, df =9, p =0 .01 . In the
200cm and 100cm conditions, the dominant time appears to be alking between
the bases, so the correlation is probably walking speed. Fothe smaller targets
there is an acquisition time as well (walking then searching. So for the di erent
conditions, signi cantly di erent (in the day-to-day sens e) mechanisms dominate
the times.

Movement Analysis  Applying Equation 3 to our hopscotch game, with an
estimated walking speed of 0.5m/s and the positioning syste updating at 1Hz,
we see the resulting curve combined with our actual resultig times in Figure 4.
It was necessary to estimate the walking speed due to the stdgtart nature of
the exercise prohibiting normal walking speeds being reaad. Actual walking
speed measurements were later used for the outdoor GPS apgpdition. We used
a value of k=3 which would represent a 99.7 per cent value for a normal eror
distribution (3 ). Figure 4 indicates a close relationship between our obseed
data and the hypothetical curve. We carried out a regressionanalysis on this
data and a correlation coe cient of 0.94 was obtained. This indicates a good
match between the recorded data and the hypothesis.

The gure illustrates an anomaly with the target location at 2m diameter.
This is probably due to the uncertainty of the start point - wi th a location
diameter of 2m there is likely to be a signi cant error due to the variability in
the position of the start point. With smaller locations the p articipants ensured
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that they were actually at the centre of the location - the game thus became
haphazard with 2m diameter targets.

Correspondence with Fitts' law To conrm the consistency of our data
with Fitts' Law we should obtain a straight line result when o ur resulting times
per game are plotted against the 10D (Index of Di culty). See Figure 5. The
x-axis is the Index of Diculty log,(D=S + 1) where D is the distance to the
target (in our case 2m) and S is the (variable) size of the targt. The results
used are the means of the data collected for each target sizend are shown
where the size S is taken to be the diameter of the target. We oderve that for
the case where the target diameter is 12.5 cm - the highest IODn each case -
then the results clearly do not correspond with Fitts' Law. We believe that this
is because a boundary condition is being approached. Exceph special cases,
it is not possible to achieve a target which is smaller than tke resolution of
the position detection system. There are further boundary onditions which we
discovered in our preliminary tests - these are where our taget locations overlap,
and ultimately where our target size is greater than, or equato, the size of our
world (or playing area). Excluding the 12.5 cm case from our aalysis we carried
out a regression analysis and achieved a correlation coe @nt with Fitts' Law
of 0.58 - a poor match.

We also note that Fitts' Law was devised for systems where thetarget is
visible. It is important to realise that the target in our tes ts is actually virtual.
The target location is not displayed in the real world, it exists in our application's
memory and is only represented by our hopscotch bases. It isagier to understand
Fitts' Law if one considers the control task of hand-eye coodination. This is an
interaction - one moves the mouse (or other pointer), the eys see the movement,
you correct and repeat until the target is reached. Our hopsotch game does not
consist of a series of successive movements to acquire eaehget. Fitts' Law
thus appears not to be appropriate in this case but neverthedss provides an
interesting counterpoint to our movement analysis.
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3.4 Accuracy Tests

The baseline tests investigated the e ect of changing targesizes, in this section
we further explore theories by carrying out indoor tests varing both positioning
accuracy and target size. Again using the hopscotch layout & have carried
out 64 tests with 20 participants of mixed age and gender. In hese tests the
participants were able to select the level of di culty. This was varied using the
target size as well as the accuracy of the positioning systenThe accuracy was
varied by adding random error values to the detected x:y coodinates (already
with an inherent 5.7cm standard deviation). These values wee scaled to achieve
proximity to preset standard deviations. It is not possible to precisely achieve
standard deviation gures as the values generated are randm and within an
unknown timeframe - the length of the game. The error distribution is also
likely to be dierent to the distribution for the ultrasonic positioning system
and hence a dierent value for k is predictable. The number of tests for each
condition are shown in Table 2 with the number of unsuccessfi) or timed out,
tests shown in brackets.

Table 2 shows that none of the participants were able to compdte the test
with the target set to 10cm, and with the accuracy set to 2m the test could
only be completed with a target size of 2m. With a time limit of 45 seconds

Target Dia. 10cm| 20cm| 50cm| 1m| 2m
Accuracy
10cm (5) 3 3 1 2
20cm Q) 2 10 5 1
50cm - 1) 4 13 2
1m - @) 3) 1 2
2m @ 1) @] @ 1

Table 2. Accuracy Tests: Number of Participants per Condition. () in dicate timeout.
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for each movement between basesno participant was able to complete a test
where the system accuracy approached the target size. By théme 45 seconds
had elapsed we found that participants ceased to search e dively as they had

either lost interest or they suspected that the task was impasible. In retrospect
the time limit could have been set higher to further explore the condition where
the target becomes relatively small; perhaps more active esouragement of the
participants would have facilitated this. The self selection allowed the partici-

pants to choose settings which resulted in a satisfactory gae and this is re ected

in the distribution of conditions attempted.

The mean results are shown graphically for each accuracy satg in Figure 6,
along with the predicted curves using a value ok=1.5. We applied regression
theory to these curves rstly to assist in determining a suitable value fork, and
secondly to evaluate the match of the data to Equation 3. The esulting values
were 0.81, 0.65, 0.74 and 0.93 for increasing position errealues, indicating fair
to good matches.

The curves in Figure 6 indicate that, as a rule of thumb for this application,
target locations should have a diameter of at least the sizefo2 x standard de-
viation of the positioning system and at most a quarter of the distance between
locations. (Note that in this application we have a generatel a normal error
distribution which may not be typical of such systems). These indoor test appli-
cations, however, are not typical and we thus carried out tets outdoors with a
standard GPS receiver to provide additional support for the use of Equation 3.



Fig. 7. iPAQ showing the next landmark.

4 Testing Outdoors

Due to the worldwide availability of GPS the majority of loca tion-based ap-
plications are found outdoors. As outlined in the introduction, a wide range of
location dependent digital information is becoming available ranging from tourist
information to situated mediascapes. With this in mind we have designed a GPS
application in which a user explores a pedestrianised city entre, surrounding the
Bristol Millennium Square, and discovers soundtracks assdated with the city
and its features. Composer, Roger Mills, and artist, Annie lovejoy, developed
the conceptual mapping of audio content based on the physidattributes of the
area. The goal was to re ect aspects of the city; pieces portaying multiculturism
and history. Adhoc interviews were conducted in streets, chs and shops, and
a musical collaboration was also included. The user is guidkfrom landmark
to landmark using images shown on a PDA connected to a shouldemounted
GPS receiver. Five landmarks were chosen along a 250m trailith each land-
mark visible from the previous one and displayed in sequencen the PDA. For
example see Figure 7. The soundtracks are triggered at eachdation using GPS
data at 1Hz. As with the hopscotch game in our indoor trials, the user has to
search for the media at each landmark. Once it has been foundeimage showing
the next landmark is displayed. Again the users were shadowtby a researcher
to resolve any misunderstandings, and to encourage contired searching where
small target areas were used.

The times and paths between leaving each landmark and triggéng the next
sound le are recorded. The accuracy of the GPS receiver wasadermined from a
24 hour test in a xed position with buildings, trees and a dummy head providing
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some occlusion of the satellite signals so as to simulate tregpplication conditions.
Tests were carried out using target location sizes with diameters of 2m, 4m,
10m, 20m, 40m and 100m. The tests carried out at 2m diameter milted in
the application timing out after three minutes searching and this condition was
thus removed from our analyses. The remaining data was normiged by starting
measurements at a distance of 80m from each target. The walkg speed was
determined by sampling along the route at points inbetween he landmarks where
the users would not be carrying out any search.

Five sets of tests were thus initially carried out at 4m, 10m,20m, 40m and
100m target diameter and analysed with our movement analys equations. We
plotted the results against Equation 3, and this is shown in Hgure 8. A value of
k=3 was used again with the GPS error distribution being similar to the indoor
positioning system distribution. The dotted curves show the two main elements
of the equation - the walking time to reach the target's boundary tapering o as
the target radius approaches the distance to be travelled; ad the search time
ranging from in nity where the target is too small to be detected, to near zero
where the target size is less than or equal to the area of unceinty of the
positioning system. Regression analysis was again appligdelding a correlation
coe cient of 0.92 indicating a good t.

The initial tests showed that for a target diameter equal to, or over 40m, the
signi cant component was walking speed. At 5m diameter the wncertainty of the
positioning system caused the search to become onerous fdnet users. Further
experiments were thus limited to the 10m and 20m target diaméer. A total of
19 subjects of mixed age and gender took part in the experimés: 10 subjects
in the 20 metre diameter target size condition and nine in thel0 metre diameter
target size. ANOVA resulted in a signi cant (between subjects) e ect for target
size, F(1,17) = 5.49, p = 0.033. There was no (within subject} e ect for targets
and no signi cant interaction.



5 Discussion and Future Work

In the baseline tests we have carried out a study which indictes that a move-
ment analysis is a useful method for the predicting the perfomance of a location-
based application where a target is to be acquired. The corspondence of the
data-points to the predicted curve along with regression aalysis supported our
theories where the target area is varied. However further wik is required par-

ticularly where the target area is very small, and also whereghe times are short.
We also did not investigate conditions at the target boundaties. A probabilistic

approach may be more appropriate in these circumstances.

There were other elements of the baseline tests which are wibry of further
discussion. The ve dierent conditions were very di erent from each other in
two respects. Firstly the p-values for each target size shoad highly signi cant
statistical di erences from all the other sizes. There was ot a particular reason
to expect that this would be the case. After all the di erence between 100 cm
and 200 cm, or between 100 cm and 50 cm do not seem too di erenbtexpect
such signi cantly di erent completion times.

The second way in which the sizes di ered behaviourally was eamewhat puz-
zling. Subjects did not perform consistently across the coditions, i.e. someone
could be fast in the 100 cm condition but this did not mean they were also fast
in the 50 cm condition. One possible cause could be the unifar distribution
of the error introduced by the positioning system as this woud not favour any
particular subject. However, observing the subjects it sems that they adopted a
particular strategy to deal with nding the target in a (poss ibly) varying world
and carried on with this strategy, e.g. holding the handheldcomputer at a cer-
tain height, moving it about in a circular fashion to detect t he target. For those
ten subjects that started with the easier targets, however,there was a signi -
cant correlation between the rst two easy conditions, i.e. those that were fast
(or slow) in the 200 cm condition were also fast (or slow) in tle 100 cm condition.

The accuracy tests in which both target size and positioningsystem accu-
racy were varied, also supported Equation 3, however theresia greater spread
of data. This points to the limited sample we have gathered an again the prob-
abilistic nature of this experiment. Equation 3 is not an absolute measure, it
actually relates the probability distribution of the time r equired to complete the
test to the probability distribution of the positioning sys tem. Further examina-
tion of this aspect could be worthwhile but is beyond the scop of this paper.
In particular, a comparison of the application of di erent m easures of accuracy
may be worthwhile. The adoption of, say, a 95% con dence leviemay be more
appropriate than the use of standard deviation, and could m&e it possible to
replace the error distribution factor k with a constant value.



The results from the GPS-based application illustrate the ntuitively evident
in a useful graphical form. Figure 8 appears to con rm the valdity of our hy-
potheses, and is consistent with the authors' experiencesf &PS-based systems.
We can use this curve by applying, for example, 20% bounds tohte optimum
time. This then indicates that the preferred values of targe location diameter,
for our application, are between 6m and 25m .

It was evident that users adopted di ering search strategies (with variable
results) and an observational study could be productive inb the e ectiveness of
these strategies. We have also assumed that users are awafal@ital information
being associated with known, visible, points. However if tle points of association
are not known, or not visible, to the user then it is likely that a systematic search
strategy would be adopted e.g. ‘lawnmowing'. The choice ofearch strategy, and
relative merits of such strategies as applied to location-ased applications, is a
logical continuation of this research.

6 Conclusion

The approach which we have employed, demonstrates that it ipossible to anal-
yse the human aspects together with the design parameters asciated with a
location-based application. This gives a greater understading of the factors
which in uence performance, and hence designers can uselplemploy this ap-
proach to inform the design of future applications. The modé that we have de-
rived can be included in authoring packages for locative syems that are emerg-
ing at present [13{15]. These packages are designed to allowontent designers
to quickly deploy location-based applications. By incorpaating our model, an
authoring package could usefully warn designers when theyreate target zones
that are too small, and thus hard to nd, or too close to each other, causing
ambiguous triggering of associated media.

We have thus presented a practical approach to reasoning ahm the relation
between the time to complete a location-based task, a targetd location size and
the accuracy of the sensed position. A formula has been proped to describe
this relationship, and shown by experiment that, for both an indoor gaming
application and for an outdoor GPS application, there is a cbse correspondence
between the formula and our measurements.
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