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Abstract

We present the findings from two experiments designed to explore the effect of absolute vs.
relative direct pen interaction on both small and large scale displays where the input and display
spaces are co-incident. An absolute mapping - where there is a one-to-tone correspondence
between the pen and cursor positions - was found to be superior to a relative mapping - where
the pen and cursor positions can be offset with a variable mapping - for all distances on the small
screen of a Tablet PC; however, on a large wall-sized display, the relative mapping outperformed
the absolute mapping in situations requiring cursor movement over large distances. Our findings
can inform the design of pen interfaces, in particular for large scale displays.
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Abstract Direct pen input does not have to use an absolute

We present the findings from two experiments designedhapping between pen tip and cursor. Instead, a relative
to explore the effect of absolute vs. relative direct pemapping can be employed, where the cursor and pen
interaction on both small and large scale displays wherare no longer co-incident (Figure 1c,d). Thus, parallax
the input and display spaces are co-incident. An abs@rror is no longer a concern, theoretically making the
lute mapping — where there is a one-to-one corresporselection of small targets more accurate, and the hand
dence between the pen and cursor positions — wasay be positioned to avoid occluding important con-
found to be superior to a relative mapping — where théent. Also, with a control-display (CD) gain greater than
pen and cursor positions can be offset with a variablene, relative input can move the cursor a great distance
mapping — for all distances on the small screen of aith only a short pen movement. Combined with a
Tablet PC; however, on a large wall-sized display, thelutching mechanism, distant objects may be reached
relative mapping outperformed the absolute mapping invithout the user adjusting their body position.

situations requiring cursor movement over large dis- |ntuitively, we hypothesize that an absolute map-
tances. Our findings can inform the design of pen interping will perform well when the distances to be trav-
faces, in particular for large scale displays. ersed are small, whereas a relative mapping might be
Key words: pen-based input, pen, relative input, absobest when distances get larger. However, the affordance

lute input, wall display, tablet computing, direct input  0f an absolute “under-the-pen” mapping may be so
strong that users could find using a relative mapping
1 Introduction difficult or unnatural, impacting performance even at
The growing popularity of pen-based devices makedarge distances. Further, ulsing a relgtive mapping for
direct input — pointing and manipulating a cursor bytargets that are far away might result' in the target being
touching the surface of a display directly — a viableh?‘rder to see and thys select than in an absolute map-
alternative to indirect input such as using a mous®iNg Where the user is always visually close to the tar-
where there’s a spatial separation between the inp@et- To explore these issues, we conducted two experi-
device and output display. When combined with direcfMents that compare performance between absolute and
manipulation graphical interfaces, direct input providedelative mappings for direct pen input in a canonical
a strong affordance since users can simply touch thi@rget selection task, on both_ small and large scale dis-
virtual entities they wish to work with [17]. plays. The r_esults provide gmdellnes on how we should
Most pen-based devices use an absolute devic&esign pen interfaces for displays of varying sizes.
cursor mapping where the cursor is placed directly un-
der the pen tip (Figure 1a,b). Although this may be the
most obvious mapping for direct pen-based interaction,
there are drawbacks. For example, the user’s hand oc-
cludes part of the display and accurate selection is hin-
dered by parallax error [6]. But perhaps the most limit-
ing aspect of an absolute mapping is related to large
display sizes. Until recently, most devices using direct
input have been small enough that all areas of the dis- W
play are within easy reach, and an absolute mapping
works well in this case. However, as displays increase
in size, an absolute mapping may become less desirable absolute elative
since users have to stretch their arm, twist their body, Figure 1. Absolute and relative direct pen interaot (a)
or, in the case of wall-sized displays, physically walk absolute hovering: the cursor tracks the pen tiy);gbsolute
over to select a distant object. In some very large disdragging: cursor directly under pen tip; (c) relaé hovering:
plays (e.g., very tall displays), it may even be impossi-cursor does not track (a “clutching” operation); Ydelative
ble to directly touch all parts of the display. dragging: pen controls movement of cursor fromstatice.
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2 Related Work For relative input, one needs to support not only
Graham and MacKenzie [7] compared selection periracking, dragging, and selection, but also clutching.
formance using direcphysical and indirectvirtual ~ The obvious method of moving the pen out of the hover
touching. In the physical condition, users selected tar@nge to clutch is undesirable since it requires the user
gets with their hand directly on a physical surface, bu¥9 awkwardly lift their hand a certami distance from the
in the virtual condition, the user's hand was hidden andlisplay. Further, the distance at which the tablet stops
rendered as a “virtual finger” on a display. There wassensing the pen differs petween tablets, making it diffi-
no performance difference between techniques for theult f.or_users.to learn th|s. threshold. Instead, when the
initial movement phase, but virtual touching was sloween islightly in contact with the tablet, we make the
in the second movement phase as the hand deceleraféfSor track (State 1 input) in accordance to movements
to select small 3 to 12 mm targets. This suggests th& the pen. Lifting the pen even slightly away from the
direct input can outperform indirect input. tablet sqrface s[gnaled a clutchlng action and resulted in
Regarding the performance of absolute vs. relativetate 0 input (Figure 1c). Touching the pen on the tablet
mappings, researchers have arrived at different conclifUrface again returns to State 1 input, except that the
sions. Sears and Shneiderman [16] compared relati@/'SOr now moves relative to where it was before the
indirect mouse input to absolute direct touchscreen inclutching action took place (i.e., the cursor is not neces-
put. Their experiment used a 27.6 by 19.5 cm disma)ﬁgnly_dwectly unde_r the pen tip as in the absqlute input
with a mouse CD gain close to 1. They found that fo,sltuatlon). Pressinfirmly .Wlth the pen resulted in State
targets 16 pixels in width and greater, absolute direc€ Selection and dragging (Figure 1d). The pressure
selection using the touchscreen was faster than relatiR€nsing capabilities of most tablets make this pressure
indirect selection with a mouse. Further, for targets 3listinction trivially easy to implement.
pixels in width, absolute touchscreen selection resulted lft release
in about 66% fewer errors. Yet, even with the apparent (state 0 el WE@%
superior performance for absolute direct touch input, “/Lpfess “ght'y/v\O/LPfESSf"m'y T
participants still preferred mouse input. Meyer et al. clutching tracking dragging/selection
[13] compared two absolute devices (touchscreen, indi-Figure 2. Buxton's 3-state interaction model [3§ applied
rect absolute pen) and three relative devices (mouse, o our relative pen input technique.
trackball, mousepen — a relative indirect pen) on a deskihen tracking and dragging, we vary the CD gain be-
top display. They found that when used in an indirectween pen and cursor movement as a function of pen
manner (with separated control and display space), thgslocity — typically referred to asgointer acceleration
relative mousepen performed better than the absolut@nction One advantage proposed by Jellinek and Card
direct pen. In fact, they found all absolute input deviceg8] is that this decreases the “footprint” of the input
to be slower than the relative devices and concludedevice suggesting that a large display area can be con-
that “relative mapping is superior to absolute mapping.'trolled from a small input area. We based our accelera-
These results are in contrast to that of Accot angion function on the one used in Windows XP [14], but
Zhai [1] who found that for streering tasks users wereiltered the shape of its input/output velocity curve to
about twice as fast with an 8"x6” indirect tablet in abso-provide more control at lower speeds and high gain
lute mode than with a smaller indirect touchpad in relafactors at high speeds. We further tuned the scale of the

tive mode. function for each display size by applying scale factors
) ) . i independently to the velocity threshold and gain axes.
3 Relative Mapping with a Direct Input Pen MacKenzie et al. [12] showed that using a pen in

Using a relative mapping with direct pen input is not aState 1 (tracking) results in better performance than in
common interaction technique, so we now describe hotate 2 (dragging). Since our relative pen input method
pen movements are mapped to cursor movements toanipulates the cursor while usually in State 2 (drag-
create relative direct interaction using the terminologyging), all things being equal we should expect it to be
of Buxton's 3-state model [3] (Figure 2). For an abso-slower than absolute input. However, relative input has
lute pen, like that used with a Tablet Pfiate Oinput a possible performance advantage. Balakrishnan and
occurs when the pen is beyond the 1cm sensing randéacKenzie [2] show that pointing with the forearm is
of the tablet resulting in no movement of the cursor;slower than the wrist which in turn is slower than the
State linput occurs when the pen is hovering withinfingers. Even on a tablet sized display, we expect the
1lcm of the tablet's surface and the cursor tracks theeaching action of absolute pen input to require coordi-
location of the pen tip (Figure 1a); and State 2 inpunation between slower limbs, but with a properly tuned
occurs when the pen is in contact with the tablet, allowpointer acceleration function relative pen input can take
ing selection and dragging (Figure 1b). advantage of the higher performance fingers and wrist.



4 Experiment One: Small Size Display gets that the selection time data was essentially useless.
Our goal in this experiment is to compare absolute andhese tiny targets were also often confused with pieces
relative direct pen input on the small display of a Tableff dust on the screen. _ _
PC. Although all areas of the screen are easily within The order of presentation of theirgut techniques
reach, users have to contend with issues like occlusioff@S counterbalanced among the twelve participants.
and fatigue when using an absolute mapping. As a basEO" €achinput technique participants performed 6
line, we included mouse input as a relative indirect inblocks of trials after a set of 20 warm-up trials. Within
put device. Although Card et al. [4] found that mouseeach block, participants performed 13 selections for
input was as fast and accurate as indirect pen inp@ach of the 4arget widths The first of these 13 selec-
(with display and tablet occupying separate spaces), wéons was discarded, because of the uneven starting
wanted to see how it compares to direct pen input. point of the pen at the start of each set. The remaining
12 selections included 4 repetitions of each of the 3

4.1 Participants, Apparatus, and Task target distancepresented in random order.

12 participants 3’ women an(,JI 9 men, 19 to 38 years ol Participants could take breaks between trial sets for
oo ) o ! : htarget width and e encouraged to take break

were recruited from local universities and non-techmca%ac rget width were encourag reaxs

dministrati | lab. Al I etweeninput techniquesEach participant performed
administration personnél in our fab. Were regular s for allinput technique@ one session, which took

computer users, but d.id. not have significant experiencgbout one hour. In summary, the design was as follows:
using pen input. Participants were paid $20 each, re- '

gardless of how they performed in the experiment. 12 participants x .
The experiment was conducted on a 1.7 Gldz gﬁchglquest(atr)]sqlute pen, relative pen, mouse) x
: , - ocks per technique x
shtt))la PogeggM_ZOO Tgkt])let PC running W'ndovgg XP 4 target widths (4, 8, 16, and 32 pixels) x
Tablet PC Edition, with a screen measuring 30.7 CM 3 516t distances (306, 612, and 1225 pixels) x
diagonally with a resolution of 1400x1050 pixels (56.7 4 repetitions

pixels/cm). The display was configured in the tablet = 10368 selections in total.

configuration (with its screen folded to cover the key-

board and track pad) and positioned horizontally on %]articipants had to successfully click and release within
desk in front of the user. Participants sat during the e 1€ target before the next target would appear, even if

periment and operated the tablet with a handheld pen fhis required multiple clicks. This effectively removes
their dominant hand. During the mouse conditions, par'Ehe possibility th_at participants may try to ‘race
ticipants used &azer Viperoptical mouse with a 1000 through the experiment by clicking anywhere.
counts/inch resolution. Our pointer acceleration func-
tion was tuned for this small display so that the cursof-3 Results
moves approximately 3:2 at low pen speeds and witpelection Time.Selection time was the time taken be-
some practice, higher speed movements can place th&een the appearance of a target on screen and the first
cursor at any location on the display without clutching. successful click on the target. Selection time data re-
A standard Fitts’ [5][11] style 2D target acquisition ported below do not include trials marked as errors (i.e.,
task was used, which required participants to point anthose where the first click occurred outside the target).
click on a series of targets positioned around the screef07 trials with hardware errors or selection times
The targets were drawn as green squares on a blagkeater than three standard deviations from the partici-
background. When participants successfully clicked opant's mean technique selection time were counted as
a target, it would flash red and then another targe@utliers and removed (3.9% of our data). The large
would appear elsewhere on the screen. When a partigiumber of outliers was in part due to the smooth sur-

pant missed a target, an error sound was played. face of the Tablet PC, which extended beyond the
bounds of the display and the sensing hardware’s range.
4.2 Design Participants sometimes slid the pen into this “dead”

frea around the display during relative input trials,
which caused the pointer to stop moving and led to
longer selection times. Also, the pen used included a
barrel button that participants would sometimes inad-

(4, 8, 16, and 32 pixelsThe smallest width of 4 pixels verter)tly press whi.le moving to the target. Throu_gh
was chosen because this is the smallest size target t);ﬁia.m'mnr? tr?fh!og flles,fwe were abledto remove trials
Windows XP Tablet Edition requires users to be able t uring which this type of error occurred.

select. We originally planned to experiment with target Since lwe rgcordgd ?at:\ for alltﬁé)locks, we eszegbeg
as small as 1 pixel; however, an informal evaluation® S€€ @ '€arning efiect. A repeated-measures

showed that error rates were so high for these tiny tats_howed that block had a significant effect on selection

A repeated-measures within-subject factorial desig
was used. The independent variables wepait tech-
nigue (absolute pen, relative pen, and mousa)get
distance(306, 612, and 1225 pixels), atatget width



time (R, = 14.77, p = .003) with participants’ per- 3500
formance improving with practice. There was a signifi-

2000 . O Absolute

cant interaction between block and selection techniqu £ __ B Relative
(Fuiy = 7.20, p = .02), with participants improving OMouse
faster with the relative pen input than either absolute § *°°
pen or mouse input. Even with this interaction, the ranl 1500
order of the three techniques did not change. Interes 1000
ingly, block had no effect on selection error rate. 500
Repeated measures ANOVA showed that there wa . . .
4 8 16 32

Mean Selection Time (ms)

a significant main effect foinput techniqueon selec-

tion time (R 11 = 77.13, p <.001), with a mean of 1.39s
for absolute pen, 2.20s for relative pen, and 1.44s fo
mouse. A post-hoc pair-wise means comparison
showed a significant difference between the relative 3500

pen and absolute pen (p < 0.001), between relative pe 3000 | DAvsolute BRelative OMouse
and the mouse (p < 0.001), but not between absolul 2500 |
pen and the mouse (p = 0.25). :

As one would expect from Fitts’ law, there was a . .
significant main effect for botharget width (Fy1; = il
488.25, p < .001) anthrget distanceF; 1; = 227.40, p 1000
<.001) on selection time. There was a significant inter 500 |
action betweemput technigueandtarget width(Fy 1, = o

306 612

12.85, p = .004) (Figure 3), and betwedaput tech- Tt
nigue and target distance(F,;; = 17.44, p = .002)
(Figure 4). There was also a significtanrget widthand
target distancenteraction (k,,=17.70, p = .001).

Target Width (pixels)
Figure 3. Mean selection times for each target tuidt

Mean Selection Time (ms)

Target Distance (pixels)

Figure 4. Mean selection times for each targetatise.

No other significant interactions were observed rela 0.5
tive to selection time. 0.45 B Absolute
0.4 - | Relative
0.35 1 OMouse

Selection Error Rate. There was a significant main
effect forinput techniqueon selection error rate {lp =
8.7, p = .002), with a mean error rate of 15.6% for absa

lute pen, 9.9% for relative pen, and 15.5% for mouse. / 0.15 -

post-hoc pair-wise means comparison showed a signif 0°O‘; 1 ’—Fi-ﬁ

cant difference between relative and absolute (p=0.01 T ‘ . r[-iiL
4 8 16 32

0 4
and between relative and mouse (p=0.001) but no sic

0.3 4
0.25
0.2+

Error Rate

nificant difference between absolute and mouse Target Width (pixels)
(p=0.58). Unlike with selection time, there was no sig- Figure 5. Mean error rates for each target widtimaler
nificant effect for block on selection error rate. targets were significantly easier to select withatize input.

Not surprisingly, there was a significant effect for
target widthon selection error rate {[; = 36.20, p <
.001) as well as a significant effect fiarget distance
on selection error rate {I; = 4.98, p = .047). There
was no significant interaction betweaput technique
andtarget distanceon error rate; however, there was a
significant interaction betweelinput techniqueand MT =a+blID, wherelD = |ogz(2 +1)
target width(F,1; = 10.78, p = .007) (Figure 5). Very B W
small targets benefited greatly from relative input, withwherea a'ndb'are specific to a certain tephmqug and are
this benefit diminishing as target widths increased. Ndound using linear regression. The reciprocath &f the

other significant interactions were observed relative tdndex of performancelR) which provides a measure of
selection error rate. the technique’s throughput. A highéP indicates a

more efficient technique. Tablesimmarizes the Fitts’
law parameters for each of the three selection tech-
niques. The high?rvalues indicate a close fit with the
linear model for each technique.

Fitts’ Law Analysis. The performance of a pointing
technique can be modeled with Fitts’ law [5][10]. The
index of difficulty (D) of a pointing task is a function
of target distancelY) and width W), and movement
time (MT) can be predicted using:



Techniqgue  Model P r2 this experiment as it is not really a feasible input device
for up-close interaction with wall size displays while

Absolute MT = -301 + 290* ID 3.44 0.87 standing.
Relative MT = -99 + 399* ID 2.51 0.93

5.1 Participants, Apparatus, and Task
Mouse MT = -42 + 255* ID 3.91 0.88

We recruited 12 participants for this second study, 8

Table 1. Fitts’ law models for the three input teicfues. All

times are in milliseconds. male and 4 female ranging in age from 17 to 37 years.

These participants were students and professionals and
Subjective Feedback and Observationsit the end of  were not paid for their participation.

each session, we asked participants to fill out a simple We used a 5m wide, 1.8m high, back projected solid
guestionnaire and gave them a chance to tell us aboglass screen display (Figure 6), with imagery generated
their opinions of the three techniques. Participantdy 18 LCD projectors (each 1024x768 pixel resolution)
strongly voiced their dislike of relative pen input insthi in a 6x3 tiling. The effective resolution of this display i
setting. All participants correctly identified that relative approximately 4730x1730 pixels (9.46 pixels/cm) be-
input was the slowest of the three techniques. Threeause the projectors are overlapped to eliminate seams.
participants correctly identified that they were able toA cluster of 18 PCs drive the projectors, with Chro-
more accurately select small targets when using relativeium  providing distributed graphics rendering
input than with absolute input, mentioning that they(chromium.sourceforge.net
could always see the target in the relative condition
However, they still preferred absolute input when asked
to pick between the two. Also, all but two participants
listed relative input as the most tiring of the three tech
nigues, likely because of the longer trial times.

While the difference was less pronounced, mouse
input was rated slightly more favorably than absolute
pen input in terms of speed, accuracy, and fatigue.

When using either pen input techniques, participants
were forced to lean forward over the display more tha
when using the mouse. Because the display was poSg
tioned horizontally on the tabletop, this leaning may
have provided a better view of the display, which could
explain the superior performance of relative pen input
over relative mouse input in terms of error rate.

Figure 6. (a) using relative pen input on a largelksized

5 Experiment Two: Large Size Displa
P 9 play ) . display. (b) detail showing experiment stimuli:rfréeft to
In recent years, researchers have become increasingly right: target, cursor, direction arrow, pen inpui.

interested in very large, wall-sized displays for use in ) ) ) )
collaborative settings (e.g., [9][15][18]). Many ques- e used a Viconaww.vicon.com motion tracking
tions remain unanswered about the best input and intefyStém which streams sub-mm 3D coordinates of the
action methods for working with these displays, and?€n tip at up to 120Hz. To reduce jitter in the pen posi-
about how familiar desktop interaction techniquestion data, we use a dynamic recursive low pass filter
might best be changed (or scrapped) as they move which works without introducing Iag c_iurlng ballistic
this new form factor. In our second experiment, wemovements [19]. Our custom pen is instrumented so
explore the relative merits of absolute and relative pef@t pressing the tip hard against a surface activates a
based selection on very large, wall-sized displays. Aficro-switch to trigger click events. We also tracked
first glance, it might seem obvious that relative inputtn€ Position and orientation of the participant's head
would outperform absolute input for distant target setSing a Vicon-enabled hat. Our software was written in
lection; however, a deeper understanding of the comfe*+/OpenGL and is ran at 60 frames per second.
plexities introduced by relative input when standing ata e tuned our pointer acceleration function for the
wall-sized display makes this outcome less obviousi@rge display such that the cursor moved approximately
When standing within arms’ reach of a wall-sized dis-1:1 at low pen speeds and with higher speed ballistic
play, distant targets become very hard to see. Furtheflovements the cursor can be placed at any location on
relative input requires constant contact between the pfi€ display in a controlled manner without clutching.

and display, which could lead to fatigue that negatively A 2D target acquisition task similar to experiment
effects performance. We did not include the mouse iPhe was used. To minimize visual search time, an arrow




was displayed near the location of the previously sefF;; = 384.82, p < 0.001 and | = 632.52, p < 0.001
lected target pointing in the direction of the next target. for target width and target distancerespectively).

5.2 Design Most interestingly, there was a significant interac-

' tion betweeninput techniqgueandtarget distanceF; 11

A repeated-measures within-subject factorial desigr= 108.36, p < 0.001). For short distances, the absolute
was used. Our independent variables wemgut tech-  jnput technique led to shorter selection times while for
nique (absolute and relativejarget width(8, 16, 32, |ong distances, the relative input technique led to
and 64 pixels), antiarget distance(946, 1892, 2838, shorter selection times. Figure 7 shows the mean selec-
and 3784 pixels). We chose to use more target distanc@gn time for eachinput technique/ target distance

in this study to reasonably cover the range of distancegombination. No other significant interactions were

possible on the wall-sized display. observed for selection time.
For eachinput technique participants performed 7 5000
blocks of trials. Within each block, 13 selections were - 4500 { ——Absclute
made for each of the target widths The first of these £ 40001 —=—Relatve
13 selections was discarded, because of the unevi £ 2°° ]
starting point of the pen at the start of each set. Th 5§ 54 |
remaining 12 selections included 3 repetitions for eacl ¥ 2000 |
of the 4target distancepresented in random order. <§ 1500 |
Participants could take breaks between trial sets fc é 1000 +
eachtarget width and were encouraged to take breaks .
betweeninput techniquesEach participant performed ° o5 1802 oms 3784
trials for bothinput techniquesn one session, which e ——
took about one hour. In summary, the design was: Figure 7. Mean selection times for each targetatise and
12 participants x input technique combination. The relative perforoem
2 techniques (absolute, relative) x terms of selection time between absolute and k&atiput
7 blocks per technique x switches order between a distance of 1892 and p&&8s.

4 target widths (8, 16, 32, 64 pixels) x .
4 target distances (946, 1892, 2838, 3784 pixels) x Selection Error Rate. A repeated-measures ANOVA

3 repetitions showed a significant main effect fimput techniqueon
= 8064 selections in total. selection error rate (fr; = 9.93, p = 0.009). Participants

in the fi . . had averaged a 2.6% error rate when using absolute input,
As in the first experiment, participants had to success;q 5'5.4% error rate when using relative input.

fully click and release within thel target before the next Not surprisinglytarget widthhad a significant main
target would appear so participants couldn’t “raCegftect on selection error rates(f = 26.55, p < 0.001),

through the experiment. with smaller targets having higher error rates (Figure
8). On the other hanthrget distancénad no significant
5.3 Results effect on selection error rate (Figure 9). No significant
Selection Time.Selection time was the time taken be-interactions were observed relative to error
tween the appearance of a target on screen and the firste.
click on the target. Selection time data reported belov 0.2
do not include trials marked as errors. 67 trials with ikl mAbsoluts
selection times greater than three standard deviatior — °'°] | Relave
from the participant's mean technique selection time
were counted as outliers and removed (1.2% of data).
Since we recorded data for all 7 blocks, we expecte

0144
012 A
0.1 4
0.08 4
to see a learning effect. A repeated-measures ANOV/ 0.06 4
showed that after we removed the first 2 blocks, bloc} 004 1
did not have a significant main effect on selection time %% r—l‘i i
(F111= 3.83, p = 0.08). Thus, we considered the first z ’ B P -
blocks as practice trials, and used only the last 5 block e
in the rest of our analysis. o . Figure 8. Mean error rates for each target width.
Input techniquedid not have a significant main ef-
fect in terms of selection time, with mean selection
times of 3.09s and 3.03s for absolute and relative input
respectively.
As one would expect, bottarget widthandtarget
distancehad a significant main effect on selection time

Error Rate




e predictor of search time, with distant targets taking

| O Absolute . . . . .
o B Relatve longer to find; however, with relative input, target dis-
o | tance was less useful in predicting search time (Figure

— 11). This finding is probably explained by the stragegi

04 employed by participants. With absolute input, partici-

0.08 pants had to walk to and stand in front of targetseto s
0.06 lect them, sdarget distancevas a good measurement
0.04 1 of the true distance between a participant’s eyes and the
”-"i' target. With relative input, participants tended to stand

1892 2638 784 at t.he cent_er_o!c the Qi_splgy, minimizing body movement
while maximizing visibility of the wall. In this case,
target distance did not necessarily provide a true meas-
ure for the distance between participant and target. No

Fitts" Law Analysis. Table 2 shows the Fitts’ law other interactions were observed relative to search time.
model for each selection technique. It is interesting tha 1400

the absolute technique has a poorer fit to the linea 1200 |
model. This is likely due to the different combination of
wrist, hand, arm and leg movements that a participar
had to use for absolute pointing as opposed to mainl
wrist/arm movements for relative pointing. Given that
the wrist, hand, arm and legs have different perform:
ance characteristics, it is not surprising that their com
bined use does not fit a single linear model with a higt
correlation. Unfortunately, we did not track the various g
limbs separately to perform a multi-model analysis.

This single model analysis nonetheless provides some
sense of the relative performance of the two techniques.

Error Rate

Target Distance (pixels)
Figure 9. Mean error rates for each target distance

O Absolute
W Relative

111

1892 2838 3784

-
-} =) =1
[=2=1 =1 (=1
[=T=1 [=1 [=1

Search Time (ms)

[N
=1
[=1

Target Distance (pixels)
Figure 11. Search time for each target distance.

Technique  Model P r2 The difference in te.chn_ique selecyion times_ could
also be partly due to differing strategies for using the

Absolute MT =-847 +599*ID  1.67  0.72 direction arrows. In the relative technique, participants

Relative MT = 383 + 402* ID 249  0.96 looked in the direction of the arrow first, visually lo-

cated the target, and then began manipulating the pen.
In the absolute technique, participants would immedi-
ately start walking in the direction of the arrow and
Visual Search. With a large wall-size display, users visually acquire the target on the way. Figure 12 shows
could potentially take considerably different amounts ofsearch time as a percentage of selection time. That
time to visually locate the target during each trial dessearching was a larger percentage of selection time for
pending on how far away the target is from the user'selative than for absolute input for distant targets, lends
current position. Since most eye-trackers do not workveight to our hypothesis that the visual target acquisi-
effectively at this scale, we approximated gaze bytion strategy used in the relative techniqgue may have
tracking the position and orientation of par'umpantsadded as much as half a second to selection times.

Table 2. Fitts’ law models for the two input teauss. All
times are in milliseconds.

head and use this information to provide a rough esti O Absolute
mate of the time taken to visually locate the target. Spe . 22 mRelative
cifically, we recorded the amount of time between the % . |
start of a trial and the time when the angle between th % 5 |
head orientation vector and the vector connecting th é: 05 A
participant’s head and the target fell below a threshold. £ 04 1

There was little difference between the mean searc £ 94 1
times for the two input techniques (0.91s and 0.86s fo & 221
absolute and relative input respectively). As one woulc “0 ]
expect,target widthhad a significant main effect on T e 1892 2838 3784
search time (F; = 7.44, p = 0.02), with smaller targets Target Distance (pixels)
taking more time to find. Interestingly, there was a sig- Figure 12. Search time as a percentage of seletiioe for
nificant interaction betweeimput techniqueandtarget each target distance.

distancein terms of search time {lp = 26.41, p < Subjective Feedback and ObservationsAs in the
0.001). With absolute inputarget distancevas a good first experiment, we asked participants to fill out a sim-



ple questionnaire evaluating the two techniques iri2]
terms of perceived speed, accuracy, fatigue, and ease-
of-use. In contrast to experiment one, 7 participants felt
that relative was faster and only 3 picked absolute (oth[—3]
ers were undecided). They commented that once com-
fortable with the relative technique; it seemed fastet’)
since it eliminated having to walk. However, the major-
ity said that the absolute technique was the least tiring,
most accurate, and not surprisingly easiest to use.

Arm fatigue was an issue with the relative tech-
nigque. After the first 1 or 2 blocks of trials of the rela-
tive technique, participants minimized clutching as &6]
strategy to decrease selection time. A side effect was
that participants tended to hold their arm out with the7]
pen tip constantly held against the display surface dur-
ing each set of trials. So it is not surprising that amo [8]
all participants said it was very tiring to hold their arm
up in the relative technique. But somewhat surprisingly[°]
more than half of the participants felt this wasre
tiring than having to walk back and forth in frontthé
display in the absolute technique.

6 Conclusion
We have presented the results of two experiments de-

Balakrishnan, R. & MacKenzie, I. S. (1997). Perferm
ance differences in the fingers, wrist, and foreamrm
computer input controlCHI. p. 303-310.

Buxton, W. (1990). A Three-State Model of Graphical
Input, INTERACT p. 449-456.

Card, S., English, W. and Burr, B. (1978). Evaloatof
mouse, rate-controlled isometric joystick, stepkegnd
text keys for text selection on a CRArgonomics21. p
601-613.

Fitts, P. (1954). The information capacity of thartan
motor system in controlling the amplitude of moveme
J. of Exp. Psychology7. p. 381-391.

Goldberg, D. & Goodisman, A. (1991). Stylus uséelin
faces for manipulating textlIST.p. 127-135.

Graham, E. & MacKenzie, C. (1996). Physical versus
virtual pointing.CHI. p. 292-299.

Jellinek, H. & Card, S. (1990). Powermice and yssr
formance CHI. p. 213-220.

Johanson, B., Hutchins, G., Winograd, T. & Stone, M
(2002). PointRight: experience with flexible inpnadi-
rection in interactive workspac&HST.p. 227-234.

[10] MacKenzie, 1. (1992). Fitts' law as a research @esign

tool in human-computer interactiofduman-Computer
Interaction 7. 91-139.

[11] MacKenzie, |. & Buxton, W. (1992). Extending Fitts'

law to two-dimensional task&HI. p. 219-226.

signed to compare absolute and relative pen input oli2] MacKenzie, 1., Sellen, A. & Buxton, W. (1991). Aroe

two different display sizes. While absolute input was
superior in terms of selection time for all target dis-
tances on a Tablet PC, relative input overtook absolut
input for distant target selection on a wall-sized display.
The crossover point at which relative input per-
formed better than absolute input occurred at a distanée
of around 2200 pixels (about 200cm) indicating that

parison of input devices in element pointing andgdr
ging tasksCHI. p. 161-166.

QS] Meyer, S., Cohen, O. & Nilsen, E. (1994). Deviceneo

parisons for goal-directed drawing taskdl extended
abstracts p. 251-252.

14] Microsoft. (2005). Pointer ballistics for WindowsPX

Accessed on 14 Feb 2005www.microsoft.com
/whdc/device/input/pointer-bal.mspx.

relative input is preferable for displays whiteboard[;g) scott, E., Richard, B., Rich, G., David, G., Frakk,

sized or larger. Clearly, the next experiment in this line
of research should focus on the range between 1892 and
2838 pixels to more closely narrow down the true dis-
tance at which the crossover between the performance
of relative and absolute input occurs.
In terms of selection errors, relative input resulted in
fewer selection errors on a small display, perhaps be-

cause of the lack of occlusion by the hand and pen aggn

the lack of parallax between the system pointer and p

William, J., David, L., Kim, M., Elin, P., Ken, PJohn,
T. & Brent, W. (1992). Liveboard: a large interaeti
display supporting group meetings, presentatiomsl a
remote collaboratiorCHI. p. 599-607.

[16] Sears, A. & Shneiderman, B. (1991). High Precision

Touchscreens: Design Strategies and Comparisohsawit
Mouse. International Journal of Man-Machine Studjes
34(4). p. 593-613.

Shneiderman, B. (1991). Touchscreens now offer com-
pelling useslEEE Software8(2), p. 93-94.

tip. On the wall-sized display, absolute input led to_ 18] Streitz, N., GeiRler, J., Holmer, T., Konomi, S.{illdr-
lower error rates, probably because targets were easier " omfelde. C.. Reischl. W. Rexroth. P.. Seitz. &.

to see once the participants had moved to select them.
These findings can directly aid the designers of tab-

Steinmetz, R. (1999). i-LAND: an interactive landge
for creativity and innovatiorCHI. p. 120-127.

let-sized and wall-sized interfaces and give weight tq19] Vogel, D. & Balakrishnan, R. (2005). Distant freata

the argument that pen based interaction techniques de-
signed and tested on small devices should be scruti-
nized before they are ported to very large displays.
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