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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 abso-
lute mapping – where there is a one-to-one correspon-
dence 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 dis-
tances. Our findings can inform the design of pen inter-
faces, in particular for large scale displays.  
Key words:  pen-based input, pen, relative input, abso-
lute input, wall display, tablet computing, direct input 

1 Introduction 
The growing popularity of pen-based devices makes 
direct input – pointing and manipulating a cursor by 
touching the surface of a display directly – a viable 
alternative to indirect input such as using a mouse 
where there’s a spatial separation between the input 
device and output display. When combined with direct 
manipulation graphical interfaces, direct input provides 
a strong affordance since users can simply touch the 
virtual entities they wish to work with [17].  
 Most pen-based devices use an absolute device-
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-
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 
since users have to stretch their arm, twist their body, 
or, in the case of wall-sized displays, physically walk 
over to select a distant object. In some very large dis-
plays (e.g., very tall displays), it may even be impossi-
ble to directly touch all parts of the display.  

 Direct pen input does not have to use an absolute 
mapping between pen tip and cursor. Instead, a relative 
mapping can be employed, where the cursor and pen 
are no longer co-incident (Figure 1c,d). Thus, parallax 
error is no longer a concern, theoretically making the 
selection of small targets more accurate, and the hand 
may be positioned to avoid occluding important con-
tent. Also, with a control-display (CD) gain greater than 
one, relative input can move the cursor a great distance 
with only a short pen movement. Combined with a 
clutching mechanism, distant objects may be reached 
without the user adjusting their body position.  
 Intuitively, we hypothesize that an absolute map-
ping will perform well when the distances to be trav-
ersed are small, whereas a relative mapping might be 
best when distances get larger. However, the affordance 
of an absolute “under-the-pen” mapping may be so 
strong that users could find using a relative mapping 
difficult or unnatural, impacting performance even at 
large distances. Further, using a relative mapping for 
targets that are far away might result in the target being 
harder to see and thus select than in an absolute map-
ping where the user is always visually close to the tar-
get. To explore these issues, we conducted two experi-
ments that compare performance between absolute and 
relative mappings for direct pen input in a canonical 
target selection task, on both small and large scale dis-
plays. The results provide guidelines on how we should 
design pen interfaces for displays of varying sizes. 

 
Figure 1. Absolute and relative direct pen interaction. (a) 

absolute hovering: the cursor tracks the pen tip; (b) absolute 
dragging: cursor directly under pen tip; (c) relative hovering: 
cursor does not track (a “clutching” operation); (d) relative 
dragging: pen controls movement of cursor from a distance. 



 

2 Related Work 
Graham and MacKenzie [7] compared selection per-
formance using direct physical and indirect virtual 
touching. In the physical condition, users selected tar-
gets with their hand directly on a physical surface, but 
in the virtual condition, the user’s hand was hidden and 
rendered as a “virtual finger” on a display. There was 
no performance difference between techniques for the 
initial movement phase, but virtual touching was slower 
in the second movement phase as the hand decelerated 
to select small 3 to 12 mm targets. This suggests that 
direct input can outperform indirect input. 
 Regarding the performance of absolute vs. relative 
mappings, researchers have arrived at different conclu-
sions. Sears and Shneiderman [16] compared relative 
indirect mouse input to absolute direct touchscreen in-
put. Their experiment used a 27.6 by 19.5 cm display 
with a mouse CD gain close to 1. They found that for 
targets 16 pixels in width and greater, absolute direct 
selection using the touchscreen was faster than relative 
indirect selection with a mouse. Further, for targets 32 
pixels in width, absolute touchscreen selection resulted 
in about 66% fewer errors. Yet, even with the apparent 
superior performance for absolute direct touch input, 
participants still preferred mouse input. Meyer et al. 
[13] compared two absolute devices (touchscreen, indi-
rect absolute pen) and three relative devices (mouse, 
trackball, mousepen – a relative indirect pen) on a desk-
top display. They found that when used in an indirect 
manner (with separated control and display space), the 
relative mousepen performed better than the absolute 
direct pen. In fact, they found all absolute input devices 
to be slower than the relative devices and concluded 
that “relative mapping is superior to absolute mapping.”  
 These results are in contrast to that of Accot and 
Zhai [1] who found that for streering tasks users were 
about twice as fast with an 8”x6” indirect tablet in abso-
lute mode than with a smaller indirect touchpad in rela-
tive mode. 

3 Relative Mapping with a Direct Input Pen 
Using a relative mapping with direct pen input is not a 
common interaction technique, so we now describe how 
pen movements are mapped to cursor movements to 
create relative direct interaction using the terminology 
of Buxton’s 3-state model [3] (Figure 2). For an abso-
lute pen, like that used with a Tablet PC, State 0 input 
occurs when the pen is beyond the 1cm sensing range 
of the tablet resulting in no movement of the cursor; 
State 1 input occurs when the pen is hovering within 
1cm of the tablet’s surface and the cursor tracks the 
location of the pen tip (Figure 1a); and State 2 input 
occurs when the pen is in contact with the tablet, allow-
ing selection and dragging (Figure 1b).  

 For relative input, one needs to support not only 
tracking, dragging, and selection, but also clutching. 
The obvious method of moving the pen out of the hover 
range to clutch is undesirable since it requires the user 
to awkwardly lift their hand a certain distance from the 
display. Further, the distance at which the tablet stops 
sensing the pen differs between tablets, making it diffi-
cult for users to learn this threshold. Instead, when the 
pen is lightly in contact with the tablet, we make the 
cursor track (State 1 input) in accordance to movements 
of the pen. Lifting the pen even slightly away from the 
tablet surface signaled a clutching action and resulted in 
State 0 input (Figure 1c). Touching the pen on the tablet 
surface again returns to State 1 input, except that the 
cursor now moves relative to where it was before the 
clutching action took place (i.e., the cursor is not neces-
sarily directly under the pen tip as in the absolute input 
situation). Pressing firmly with the pen resulted in State 
2 selection and dragging (Figure 1d). The pressure 
sensing capabilities of most tablets make this pressure 
distinction trivially easy to implement. 

State 0 State 1 State 2

lift

press lightly

release

press firmly

clutching tracking dragging/selection 
Figure 2. Buxton’s 3-state interaction model [3], as applied 

to our relative pen input technique. 

When tracking and dragging, we vary the CD gain be-
tween pen and cursor movement as a function of pen 
velocity – typically referred to as a pointer acceleration 
function. One advantage proposed by Jellinek and Card 
[8] is that this decreases the “footprint” of the input 
device suggesting that a large display area can be con-
trolled from a small input area. We based our accelera-
tion function on the one used in Windows XP [14], but 
altered the shape of its input/output velocity curve to 
provide more control at lower speeds and high gain 
factors at high speeds. We further tuned the scale of the 
function for each display size by applying scale factors 
independently to the velocity threshold and gain axes.  
 MacKenzie et al. [12] showed that using a pen in 
State 1 (tracking) results in better performance than in 
State 2 (dragging). Since our relative pen input method 
manipulates the cursor while usually in State 2 (drag-
ging), all things being equal we should expect it to be 
slower than absolute input. However, relative input has 
a possible performance advantage. Balakrishnan and 
MacKenzie [2] show that pointing with the forearm is 
slower than the wrist which in turn is slower than the 
fingers. Even on a tablet sized display, we expect the 
reaching action of absolute pen input to require coordi-
nation between slower limbs, but with a properly tuned 
pointer acceleration function relative pen input can take 
advantage of the higher performance fingers and wrist.  



 

4 Experiment One: Small Size Display 
Our goal in this experiment is to compare absolute and 
relative direct pen input on the small display of a Tablet 
PC. Although all areas of the screen are easily within 
reach, users have to contend with issues like occlusion 
and fatigue when using an absolute mapping. As a base-
line, we included mouse input as a relative indirect in-
put device. Although Card et al. [4] found that mouse 
input was as fast and accurate as indirect pen input 
(with display and tablet occupying separate spaces), we 
wanted to see how it compares to direct pen input. 

4.1 Participants, Apparatus, and Task 
12 participants, 3 women and 9 men, 19 to 38 years old, 
were recruited from local universities and non-technical 
administration personnel in our lab. All were regular 
computer users, but did not have significant experience 
using pen input. Participants were paid $20 each, re-
gardless of how they performed in the experiment. 
 The experiment was conducted on a 1.7 GHz To-
shiba Portege M200 Tablet PC running Windows XP 
Tablet PC Edition, with a screen measuring 30.7 cm 
diagonally with a resolution of 1400x1050 pixels (56.7 
pixels/cm). The display was configured in the tablet 
configuration (with its screen folded to cover the key-
board and track pad) and positioned horizontally on a 
desk in front of the user. Participants sat during the ex-
periment and operated the tablet with a handheld pen in 
their dominant hand. During the mouse conditions, par-
ticipants used a Razer Viper optical mouse with a 1000 
counts/inch resolution. Our pointer acceleration func-
tion was tuned for this small display so that the cursor 
moves approximately 3:2 at low pen speeds and with 
some practice, higher speed movements can place the 
cursor at any location on the display without clutching. 
 A standard Fitts’ [5][11] style 2D target acquisition 
task was used, which required participants to point and 
click on a series of targets positioned around the screen. 
The targets were drawn as green squares on a black 
background. When participants successfully clicked on 
a target, it would flash red and then another target 
would appear elsewhere on the screen. When a partici-
pant missed a target, an error sound was played. 

4.2 Design 
A repeated-measures within-subject factorial design 
was used. The independent variables were input tech-
nique: (absolute pen, relative pen, and mouse), target 
distance (306, 612, and 1225 pixels), and target width 
(4, 8, 16, and 32 pixels). The smallest width of 4 pixels 
was chosen because this is the smallest size target that 
Windows XP Tablet Edition requires users to be able to 
select. We originally planned to experiment with targets 
as small as 1 pixel; however, an informal evaluation 
showed that error rates were so high for these tiny tar-

gets that the selection time data was essentially useless. 
These tiny targets were also often confused with pieces 
of dust on the screen.  
 The order of presentation of the 3 input techniques 
was counterbalanced among the twelve participants. 
For each input technique, participants performed 6 
blocks of trials after a set of 20 warm-up trials. Within 
each block, participants performed 13 selections for 
each of the 4 target widths. The first of these 13 selec-
tions was discarded, because of the uneven starting 
point of the pen at the start of each set. The remaining 
12 selections included 4 repetitions of each of the 3 
target distances presented in random order.  
 Participants could take breaks between trial sets for 
each target width, and were encouraged to take breaks 
between input techniques. Each participant performed 
trials for all input techniques in one session, which took 
about one hour. In summary, the design was as follows: 

12 participants x 
3 techniques (absolute pen, relative pen, mouse) x 
6 blocks per technique x 
4 target widths (4, 8, 16, and 32 pixels) x 
3 target distances (306, 612, and 1225 pixels) x 
4 repetitions 
= 10368 selections in total. 

Participants had to successfully click and release within 
the target before the next target would appear, even if 
this required multiple clicks. This effectively removes 
the possibility that participants may try to “race” 
through the experiment by clicking anywhere.  

4.3 Results  
Selection Time. Selection time was the time taken be-
tween the appearance of a target on screen and the first 
successful click on the target. Selection time data re-
ported below do not include trials marked as errors (i.e., 
those where the first click occurred outside the target). 
407 trials with hardware errors or selection times 
greater than three standard deviations from the partici-
pant’s mean technique selection time were counted as 
outliers and removed (3.9% of our data). The large 
number of outliers was in part due to the smooth sur-
face of the Tablet PC, which extended beyond the 
bounds of the display and the sensing hardware’s range. 
Participants sometimes slid the pen into this “dead” 
area 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-
vertently press while moving to the target. Through 
examining the log files, we were able to remove trials 
during which this type of error occurred. 
 Since we recorded data for all 6 blocks, we expected 
to see a learning effect. A repeated-measures ANOVA 
showed that block had a significant effect on selection 



 

time (F1,11 = 14.77, p = .003) with participants’ per-
formance improving with practice. There was a signifi-
cant interaction between block and selection technique 
(F1,11 = 7.20, p = .02), with participants improving 
faster with the relative pen input than either absolute 
pen or mouse input. Even with this interaction, the rank 
order of the three techniques did not change. Interest-
ingly, block had no effect on selection error rate. 
 Repeated measures ANOVA showed that there was 
a significant main effect for input technique on selec-
tion time (F1,11 = 77.13, p < .001), with a mean of 1.39s 
for absolute pen, 2.20s for relative pen, and 1.44s for 
mouse. A post-hoc pair-wise means comparison 
showed a significant difference between the relative 
pen and absolute pen (p < 0.001), between relative pen 
and the mouse (p < 0.001), but not between absolute 
pen and the mouse (p = 0.25). 
 As one would expect from Fitts’ law, there was a 
significant main effect for both target width (F1,11 = 
488.25, p < .001) and target distance (F1,11 = 227.40, p 
< .001) on selection time. There was a significant inter-
action between input technique and target width (F1,11 = 
12.85, p = .004) (Figure 3), and between input tech-
nique and target distance (F1,11 = 17.44, p = .002) 
(Figure 4). There was also a significant target width and 
target distance interaction (F1,11 = 17.70, p = .001).  
 No other significant interactions were observed rela-
tive to selection time. 
 
Selection Error Rate. There was a significant main 
effect for input technique on selection error rate (F1,11 = 
8.7, p = .002), with a mean error rate of 15.6% for abso-
lute pen, 9.9% for relative pen, and 15.5% for mouse. A 
post-hoc pair-wise means comparison showed a signifi-
cant difference between relative and absolute (p=0.01) 
and between relative and mouse (p=0.001) but no sig-
nificant difference between absolute and mouse 
(p=0.58). Unlike with selection time, there was no sig-
nificant effect for block on selection error rate. 
 Not surprisingly, there was a significant effect for 
target width on selection error rate (F1,11 = 36.20, p < 
.001) as well as a significant effect for target distance 
on selection error rate (F1,11 = 4.98, p = .047). There 
was no significant interaction between input technique 
and target distance on error rate; however, there was a 
significant interaction between input technique and 
target width (F1,11 = 10.78, p = .007) (Figure 5). Very 
small targets benefited greatly from relative input, with 
this benefit diminishing as target widths increased. No 
other significant interactions were observed relative to 
selection error rate. 

 
Figure 3. Mean selection times for each target width. 

 
Figure 4. Mean selection times for each target distance. 

 
Figure 5. Mean error rates for each target width. Smaller 

targets were significantly easier to select with relative input. 

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

)1(log, 2 +=+=
W
D

IDwherebIDaMT   

where a and b are specific to a certain technique and are 
found using linear regression. The reciprocal of b is the 
index of performance (IP) which provides a measure of 
the technique’s throughput. A higher IP indicates a 
more efficient technique. Table 1 summarizes the Fitts’ 
law parameters for each of the three selection tech-
niques. The high r2 values indicate a close fit with the 
linear model for each technique.  



 

Technique Model   IP r 2 

Absolute MT = -301 + 290 * ID 3.44 0.87 

Relative MT = -99 + 399 * ID 2.51 0.93 

Mouse MT = -42 + 255 * ID 3.91 0.88 

Table 1. Fitts’ law models for the three input techniques. All 
times are in milliseconds. 

Subjective Feedback and Observations. At the end of 
each session, we asked participants to fill out a simple 
questionnaire and gave them a chance to tell us about 
their opinions of the three techniques. Participants 
strongly voiced their dislike of relative pen input in this 
setting. All participants correctly identified that relative 
input was the slowest of the three techniques. Three 
participants correctly identified that they were able to 
more accurately select small targets when using relative 
input than with absolute input, mentioning that they 
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-
niques, 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 than 
when using the mouse. Because the display was posi-
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. 

5 Experiment Two: Large Size Display 
In recent years, researchers have become increasingly 
interested in very large, wall-sized displays for use in 
collaborative settings (e.g., [9][15][18]). Many ques-
tions remain unanswered about the best input and inter-
action methods for working with these displays, and 
about how familiar desktop interaction techniques 
might best be changed (or scrapped) as they move to 
this new form factor. In our second experiment, we 
explore the relative merits of absolute and relative pen 
based selection on very large, wall-sized displays. At 
first glance, it might seem obvious that relative input 
would outperform absolute input for distant target se-
lection; however, a deeper understanding of the com-
plexities introduced by relative input when standing at a 
wall-sized display makes this outcome less obvious. 
When standing within arms’ reach of a wall-sized dis-
play, distant targets become very hard to see. Further, 
relative input requires constant contact between the pen 
and display, which could lead to fatigue that negatively 
effects performance. We did not include the mouse in 

this experiment as it is not really a feasible input device 
for up-close interaction with wall size displays while 
standing.  

5.1 Participants, Apparatus, and Task 
We recruited 12 participants for this second study, 8 
male and 4 female ranging in age from 17 to 37 years. 
These participants were students and professionals and 
were not paid for their participation. 
 We used a 5m wide, 1.8m high, back projected solid 
glass screen display (Figure 6), with imagery generated 
by 18 LCD projectors (each 1024x768 pixel resolution) 
in a 6x3 tiling. The effective resolution of this display is 
approximately 4730x1730 pixels (9.46 pixels/cm) be-
cause the projectors are overlapped to eliminate seams. 
A cluster of 18 PCs drive the projectors, with Chro-
mium providing distributed graphics rendering 
(chromium.sourceforge.net).  

(a)

(b)
 

Figure 6. (a) using relative pen input on a large wall-sized 
display. (b) detail showing experiment stimuli: from left to 

right: target, cursor, direction arrow, pen input. 

 We used a Vicon (www.vicon.com) motion tracking 
system which streams sub-mm 3D coordinates of the 
pen tip at up to 120Hz. To reduce jitter in the pen posi-
tion data, we use a dynamic recursive low pass filter 
which works without introducing lag during ballistic 
movements [19]. Our custom pen is instrumented so 
that pressing the tip hard against a surface activates a 
micro-switch to trigger click events. We also tracked 
the position and orientation of the participant’s head 
using a Vicon-enabled hat. Our software was written in 
C++/OpenGL and is ran at 60 frames per second. 
 We tuned our pointer acceleration function for the 
large display such that the cursor moved approximately 
1:1 at low pen speeds and with higher speed ballistic 
movements the cursor can be placed at any location on 
the display in a controlled manner without clutching. 
 A 2D target acquisition task similar to experiment 
one was used. To minimize visual search time, an arrow 



 

was displayed near the location of the previously se-
lected target pointing in the direction of the next target. 

5.2 Design 
A repeated-measures within-subject factorial design 
was used. Our independent variables were: input tech-
nique (absolute and relative), target width (8, 16, 32, 
and 64 pixels), and target distance (946, 1892, 2838, 
and 3784 pixels). We chose to use more target distances 
in this study to reasonably cover the range of distances 
possible on the wall-sized display.  
 For each input technique, participants performed 7 
blocks of trials. Within each block, 13 selections were 
made for each of the 4 target widths. The first of these 
13 selections was discarded, because of the uneven 
starting point of the pen at the start of each set. The 
remaining 12 selections included 3 repetitions for each 
of the 4 target distances presented in random order.  
 Participants could take breaks between trial sets for 
each target width, and were encouraged to take breaks 
between input techniques. Each participant performed 
trials for both input techniques in one session, which 
took about one hour. In summary, the design was: 

12 participants x 
2 techniques (absolute, relative) x 
7 blocks per technique x 
4 target widths (8, 16, 32, 64 pixels) x 
4 target distances (946, 1892, 2838, 3784  pixels) x 
3 repetitions 
= 8064  selections in total. 

As in the first experiment, participants had to success-
fully click and release within the target before the next 
target would appear so participants couldn’t “race” 
through the experiment.  

5.3 Results  
Selection Time. Selection time was the time taken be-
tween the appearance of a target on screen and the first 
click on the target. Selection time data reported below 
do not include trials marked as errors. 67 trials with 
selection times greater than three standard deviations 
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 expected 
to see a learning effect. A repeated-measures ANOVA 
showed that after we removed the first 2 blocks, block 
did not have a significant main effect on selection time 
(F1,11 = 3.83, p = 0.08). Thus, we considered the first 2 
blocks as practice trials, and used only the last 5 blocks 
in the rest of our analysis.  
 Input technique did 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, both target width and target 
distance had a significant main effect on selection time 

(F1,11 = 384.82, p < 0.001 and F1,11 = 632.52, p < 0.001 
for target width and target distance respectively).
 Most interestingly, there was a significant interac-
tion between input technique and target distance (F1,11 
= 108.36, p < 0.001). For short distances, the absolute 
input technique led to shorter selection times while for 
long distances, the relative input technique led to 
shorter selection times. Figure 7 shows the mean selec-
tion time for each input technique / target distance 
combination. No other significant interactions were 
observed for selection time. 

 
Figure 7. Mean selection times for each target distance and 
input technique combination. The relative performance in 
terms of selection time between absolute and relative input 
switches order between a distance of 1892 and 2838 pixels. 

Selection Error Rate. A repeated-measures ANOVA 
showed a significant main effect for input technique on 
selection error rate (F1,11 = 9.93, p = 0.009). Participants 
averaged a 2.6% error rate when using absolute input, 
and a 5.4% error rate when using relative input.  
 Not surprisingly, target width had a significant main 
effect on selection error rate (F1,11 = 26.55, p < 0.001), 
with smaller targets having higher error rates (Figure 
8). On the other hand, target distance had no significant 
effect on selection error rate (Figure 9). No significant 
interactions were observed relative to error 
rate.

 
Figure 8. Mean error rates for each target width. 



 

 
Figure 9. Mean error rates for each target distance.  

Fitts’ Law Analysis. Table 2 shows the Fitts’ law 
model for each selection technique. It is interesting that 
the absolute technique has a poorer fit to the linear 
model. This is likely due to the different combination of 
wrist, hand, arm and leg movements that a participant 
had to use for absolute pointing as opposed to mainly 
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 high 
correlation. Unfortunately, we did not track the various 
limbs separately to perform a multi-model analysis. 
This single model analysis nonetheless provides some 
sense of the relative performance of the two techniques. 
Technique Model   IP r 2 

Absolute MT = -847 + 599 * ID 1.67 0.72 

Relative MT = 383 + 402 * ID 2.49 0.96 

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

Visual Search. With a large wall-size display, users 
could potentially take considerably different amounts of 
time to visually locate the target during each trial de-
pending on how far away the target is from the user’s 
current position. Since most eye-trackers do not work 
effectively at this scale, we approximated gaze by 
tracking the position and orientation of participant’s 
head and use this information to provide a rough esti-
mate of the time taken to visually locate the target. Spe-
cifically, we recorded the amount of time between the 
start of a trial and the time when the angle between the 
head orientation vector and the vector connecting the 
participant’s head and the target fell below a threshold. 
 There was little difference between the mean search 
times for the two input techniques (0.91s and 0.86s for 
absolute and relative input respectively). As one would 
expect, target width had a significant main effect on 
search time (F1,11 = 7.44, p = 0.02), with smaller targets 
taking more time to find. Interestingly, there was a sig-
nificant interaction between input technique and target 
distance in terms of search time (F1,11 = 26.41, p < 
0.001). With absolute input, target distance was a good 

predictor of search time, with distant targets taking 
longer to find; however, with relative input, target dis-
tance was less useful in predicting search time (Figure 
11). This finding is probably explained by the strategies 
employed by participants. With absolute input, partici-
pants had to walk to and stand in front of targets to se-
lect them, so target distance was a good measurement 
of the true distance between a participant’s eyes and the 
target. With relative input, participants tended to stand 
at the center of the display, 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 
other interactions were observed relative to search time. 

 
Figure 11. Search time for each target distance. 

 The difference in technique selection times could 
also be partly due to differing strategies for using the 
direction arrows. In the relative technique, participants 
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 
visually acquire the target on the way. Figure 12 shows 
search time as a percentage of selection time. That 
searching was a larger percentage of selection time for 
relative than for absolute input for distant targets, lends 
weight to our hypothesis that the visual target acquisi-
tion strategy used in the relative technique may have 
added as much as half a second to selection times.  

 
Figure 12. Search time as a percentage of selection time for 

each target distance. 
Subjective Feedback and Observations. As in the 
first experiment, we asked participants to fill out a sim-



 

ple questionnaire evaluating the two techniques in 
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-
ers were undecided). They commented that once com-
fortable with the relative technique; it seemed faster 
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-
nique. After the first 1 or 2 blocks of trials of the rela-
tive technique, participants minimized clutching as a 
strategy to decrease selection time. A side effect was 
that participants tended to hold their arm out with the 
pen tip constantly held against the display surface dur-
ing each set of trials. So it is not surprising that almost 
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 was more 
tiring than having to walk back and forth in front of the 
display in the absolute technique.  

6 Conclusion 
We have presented the results of two experiments de-
signed to compare absolute and relative pen input on 
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 absolute 
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 distance 
of around 2200 pixels (about 200cm) indicating that 
relative input is preferable for displays whiteboard 
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 and 
the lack of parallax between the system pointer and pen 
tip. On the wall-sized display, absolute input led to 
lower error rates, probably because targets were easier 
to see once the participants had moved to select them.  
 These findings can directly aid the designers of tab-
let-sized and wall-sized interfaces and give weight to 
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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