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Users can be frustrated by touch screen applications that inmaccurately record their
touches. Enlarging touch sensitive regions can improve touch accuracy, but few
specific quantitative guidelines are available.  This paper reports on a conirolled
experiment that invesiigated the effect of target location and horizontal viewing
iocation on user accuracy. Measurements showed thai persons tended 1w 1wouch below
the target, with touch distance increasing as the iarget localion moved dowr the
screen. In addition, they tended 1o touch toward the sides of the screen. Using
collected datz for each of mnine screen seciors, graphs were prepared that show the
relationship between iouch target size and expecied accuracy. For exampie, a 36 mm?
target ic the top left sector would be expected 10 accurately record 99% of its iouches.
The empirically-derived, gQuantitative guidelines will help designers create screens

that " decrease wuser errors and frostration.

INTRODUCTION
Many computer . applications use touch screen
devices to communicate with users. Reported
applications include power plant moniioring
(Usher and Ilet, 1586}, vehicle contro! panels
(Oison, 1987), hospital paient monitoring
(Weisner, 1988), aircraft instrumentation
(Berringer and Bowman, 1989), and a public
nutritionz! information system (Winett etal., m
press). In addition, the public uses iouch screens
in literacy/iraining programs,
merchzndising, and shopping mall
sysiems.

Some touch systems, particularly public
information systems, are used by many persons,
but each person often touches the screen only 2
few times before finishing. Many persons do not
return to reuse the sysiem. Designers must
simplify such systems as muchk as possible, sincs
most users are new and have little time to
“learn”™ accuracy. Previous research has
examined the effect of horizontal and_ verical
viewing angles and parallax on the accuracy of 2
user attempting to touch a target om a touch
screen.  This study invesiigaled the effect of
1arget jocarion on accuracy and predicted target
accuracy based or locatior. The swmdy tesied 2
woTst case scepario because of the physical
surroundings (z grocery store, with glare, noise,
and other distraciions) in which it was
conducted, and because it gave no feedback on
accuracy {0 wvarticipanits.

retail
informaiion

© 1986; Hall er al., 1588).
access systems, only the last 1echnigue — error

~ visual
buffers, touch insensitive regions.

RELATED WORK

Several studies have measured user performance
on touck screems (Berringer and Petersom, 1985;
Hall er al., 1988&; ~ Potier, Weldon, and
Shneiderman, 1988; Berringer and Bowman,
1989). -These swdies agree that horizomtal amd
vertical viewing locations and parallax decrease
touch accuracy. They agree that persoms iouch
toward the sides of the screen, but  some repott
psers touching above the targets while others

report touching below.

Previous research has described technigues to
improve performance by iraining users
{Berringer and Peterson, 1985; Poter et al.,

1988), modifying touch strategies (Valk, 1985;
Pickering, 1986; Pouer er al., 1988},
compensating for user tendencies (Berringer
and Peterson, 1985; Pickering, 1986), and
designing error toleramt targets (Pickering,
Unforrunately, in public

tolerant targets — can be expecied to work well.

- Training is impractical due to the number of

users and their short term usage, modified touch

_ strategics are mDon-intuitive and ofien confusing,

and user characteristics are too varizble to allow
effective . compensation.  Error tolerant targers
have large touch sensitive regions around the
1arget and are usually surrounded by



METHOD

xperimental Setup

.o IBM InfoWindow Touch Moritor and an IBM
'g/2 housed in an information kiosk at the front
f a local grocery store were used for the smdy.

‘ne monitor was tilted back 15° and its center
+as 131.8 cm above the ground. Touch targets

vere red sguares on & black background.
‘articipan

iprty-five participants were recruited in  the
rrocery store as they walked past the kiosk.
iclection criteria were simpie:  less than 30
ninutes of prior touch screen use, unimpeded
notion in the arm to be used for touching the
.creen, corrected vision, mno bifocals, normal
:olor perception, and at least 18 years of age.

Zxperimental Design

User performance was assessed by @ 3 x3x9
(target size x horizontal viewing location x target
iocation) factorial analysis. Targer size was 2
setween-subjects variabie, while horizontal
viewing locarion and targer locarion were
within-subjects variables.

Three visual target sizes were used: 7.5 mm2, 12.2
mm2, and 20 mm2. The first two were used in
similar tests (Baggen, 1987; Hall er al., 1988),
while the largest size closely maintained an
increasing ratio of areas among targets. Each
participant saw only one size target 1o avoid an
asymmetric transfer of skill.

Three horizontal viewing locations wers tested
for each subject: perpendicular to the screem,
20° to the left of perpendicular, and 20° 10 the
right of perpendicular.” Side viewing locations
represented  the locations from which two 50
percentile US adults standing side by side would
view the screen (Hall er al, 1988). Target
locations were ordered randomly for ecach
participant.

The screen was divided imio three rows and three
columns, forming nine logical sectors of egual
size. Each sector was subdivided into four logical

quadrants. A target was centered in each
quadrant, resulting in 36 targets.
Experimental Task

A pretest familiarized panicipants with target
appearance and force required to  activate the
touch screemn. The experimenter stressed
accuracy when pressing targets, not speed.
Dunng the 1est, parucipants sicod at each of the

r.l‘xrcc: viewing locations and saw the 36 equal |

‘When the participant pressed anywhere on the
screen, the monitor beeped, the target vanished,
and another targe: appearsd.

RESULTS AND DISCUSSION

X and Y offsets from target center 1o touch
location were collected and anaiyzed to
determine user accuracy ({i.e., the straight line
distance), as shown in Figore 1.  Amalysis of
variance 1iests showed tha: horizontal viewing
locarion significantly affected user accuracy in
both the horizontal direcdon (F(2.84)=136.67,
p<.0001) and in the vertical direciion
(F{2,84)=32.97, p<.0001). Mean X offset was -1.77
mm when standing to the right, -0.29 mm when
standing 1o the center, and 2.13 mm when
standing to the left. Mean Y offset was 5.28 mm
from the right, 5.51 mm from the center, and 6.58
-mm from the left.  ANOVA 1ests showed that

‘varying target size (7.5 mm? t0 20.0 mm2) had no

ieffect on user accuracy (p>.05).
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Figure 1: Relationships among target center and
touch logation.

"ANOVA tests showed that target sector
significantly affected wuser accuracy. X offsers
differed significantly among columns
(F(8,338)=428.14, p<.0001}, ranging from 6.07 mm
10 the lefi of cenmter 1o 4.90 mm to the right, as
shown in Figure 2a. Y offsers differed
significantly among rows (F{8,336)=9%43.35,
p<.0001), ranging from 3.75 mm above 1arget
center o 14.21 mm below targer cenrer, as shown
in Figure 2b. In general, disiance from rarger
center to touch location increased sigmificantly
as the target row approached the bouom (except
that the top left and middle center sectors were
not significantly different), as shown in Figure
- 2e. Figure 3 shows touch wvariation among
sectors by plouing the mean X and Y offsets.

Differences among X offsets are due primarily to
parallax of the touch screen. The technoological
design of the screen and i1s touch overlay bend
light toward screen edges, causing the perceived
target to shift toward the edges. Therefore,
target centers jin right hand sectors appear
further 1o the right than they actually -are.
Tikewise., targét centers in left hand sectors





