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ABSTRACT 

Six cursor control devices were compared on a target acquisition task which 
required subjects to move a cursor into square targets of varying sizes and at 
various screen distances. The target acquisition performance data were fitted 
to movement time models proposed by Fitts, Jagacinski, and Kvalseth. 
Regression analysis results indicated good predictions of target acquisition 
performance for the six cursor devices. The best fit was obtained with the 
trackball across the three models. 

INTRODUCTION 

Fitts' Law (Fitts and Peterson, 1964) 
and several related models (Jagacinski, et 
a l . ,  1980; Kvalseth, 1981) have received 
attention as predictors of the performance 
of cursor control devices in computer 
tasks. These models predict the movement 
time to a target as a function of target 
distance and target width. The objective of 
the current study was to compare six 
commonly used cursor control devices on a 
target task and evaluate the predictive 
power of the three models. 

EXPERIMENTAL METHOD 

Sub.iects 

Six males and six females, drawn from 
the VPI & SU community, served as subjects. 
To reduce possible experimental bias, all 
subjects were required to be naive users of 
the six cursor control devices evaluated in 
the study. Subjects were paid $10.00 for 
one 2-hr session. 

Equipment 

Equ i pment cons i sted of s i x cursor 
control devices, a Texas Instruments 
Professional Computer (TIPC) with a 33-cm 
diagonal CRT (720 x 300 pixel resolution), 
and a portable TIPC. The six cursor control 
devices were: 

(1) Elographics finger sensitive, 
absolute-mode touchpad (25 x 19 cm), with a 
linear 1.0 display/control (D:C) gain. 

(2) Mouse Systems Model M-2 optical 
mouse (22 x 19 cm optical pad), with a 
linear 1.3 D:C gain. 

(3) Keytronics finger sensitive, 
relative-mode touchpad (8 x 8 cm), with a 
nonlinear D:C gain which varied from 1.0 to 
3 . 0 ,  depending on finger speed. 

(4) Measurement Systems Model 621 4-cm 
trackball, with a nonlinear D:C gain which 
varied from 5 cm/rev to 50 cm/rev, depending 
on trackball rotation speed. 

(5) Measurement. Systems Model 521 
rate-controlled, displacement joystick, with 
a velocity scaling which varied cursor speed 
from 0.2 to 13 cm/s depending on joystick 
displacement. 

(6) Measurement Systems Model 462 
rate-controllled, force joystick, with a 
velocity scaling which varied cursor speed 
from 0.2 to 30 cm/s depending on the force 
applied to the joystick. 

Each device was optimized for control 
dynamics and D:C gain in independent studies 
prior to this experiment. The target 
selection input button was operated with the 
subject's opposite hand, except for the 
mouse, which had its own input button. 

The TIPC and portable TIPC were used to 
present the target acquisition task to 
subjects, collect Performance data, control 
the touchpad modes, and control dynamics for 
the trackball, relative touchpad, and 
joysticks. 

Experimental DesiQn 

The experiment was designed to compare 
the six cursor devices on a target 
acquisition task by varying target sizes, 
target distances, and direction of cursor 
movement. A four-way, within-subjects 
factorial design was used for data 
collection. Independent variables were 
cursor control device, target size, target 
distance, and trial block. Cursor control 
devices were the absolute touchpad, optical 
mouse, trackball, relative touchpad, 
displacement joystick, and force joystick. 
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Target size had five levels of square target 
widths: 0.13, 0.27, 0.54, 1.07, and 2.14 cm 
(4, 8 16, 32, and 64 pixels measured 
horizon ally). Target distance had four 
levels: 2, 4, 8, and 16 cm. Trial block had 
five 1 vels, consisting of 40 target trials 
per block. The dependent measure was time 
to target (TT), measured in seconds. 

Each subject performed 200 target trials 
with each of the six devices. Each 40-trial 
block consisted of two presentations of each 
target size/target distance combination (2 x 
5 x 4 = 40). To control possible learning 
effects associated with the sequential use 
of six cursor devices, a Latin-square design 
was employed for device ordering. 

Target Acquisition Task 

Each target trial required the subject 
to use the device to ( 1 )  move the cross-hair 
cursor a specific distance and direction to 
a square target, ( 2 )  position the cursor 
within the target boundaries, and ( 3 )  press 
the target selection button. If the trial 
was successful, the next target appeared on 
the screen. If the trial was unsuccessful 
(i.e., the cursor was outside of the target 
boundaries when the input button was 
pressed), the subject had to reposition the 
cursor within the target boundaries and 
press the input button again. 

The direction of required cursor 
movement to acquire a target was 
randomized. The starting position of the 
cursor was at the center position of the 
preceding target. The cross-hair cursor and 
targets were white on a black screen (8:l 
luminance ratio). The cross-hair was 1.1 cm 
x 1.1 cm and 1-pixel thick. Target 
boundaries were 1-pixel thick and not part 
of the active target area. 

attained. Results indicated the Cursor 
Device x Trial Block interaction (F(20,220) 
= 2.47, p = 0.0007), Cursor Device main 
effect (F(5.55) = 29.38, p < 0.0001), and 
Trial Block main effect (F(4,44) = 46.17, p 
< 0.0001) were all significant. Subsequent 
post-hoc comparisons of the time to target 
(TT) means, using a Bonferroni-T Test, were 
performed on the interaction and main 
effects. 

Results for the Cursor Device x Trial 
Block interaction indicated no significant 
improvements in performance between the 
second and fifth trial block for any one 
cursor device. Post-hoc analysis of the 
Trial Block main effect, averaged across 
cursor devices, also indicated no 
significant improvement in performance after 
the second trial block. Therefore, the 
model fitting was conducted with data from 
trial blocks two through five. 

An analysis of the target acquisition 
data across target sizes and target 
distances is reported in detail elsewhere 
(Epps, Snyder, and Muto, 1986). These 
results indicated that the trackball and 
mouse provided the best target acquisition 
performance of the six devices tested. 

Model Fitting 

For each device, 240 data points (12 
subjects x 5 target sizes x 4 target 
distances = 240) were used for the linear 
regression procedures. The target 
acquisition data were fitted to the Fitts, 
Jagacinski, and Kvalseth models: 

(1) TT = a t b*Log2(2*TD/TS), 

( 2 )  TT = a t bXTD t c*((l/TS) - 11, and 
(3) TT = a(TD)b(TS)C 

DATA ANALYSIS AND RESULTS 

The statistical analysis was divided 
into two portions. First, the target 
acquisition data were analyzed to determine 
when asymptotic performance was attained by 
the subjects. The second analysis fitted 
the target acquisition data to the Fitts' 
Law model and two alternative models 
proposed by Jagacinski and Kvalseth. 

Asymptotic Performance 

An ANOVA was performed on the Cursor 
Device (6) x Trial Block (5) model to 
determine the block at which asymptotic 
target acquisition performance was 

where TT is the time to acquire a target 
(seconds), TD is the target distance (cm), 
and TS is the target width (cm). 

Linear regressions were performed on the 
three models, independently for each of six 
devices, using the SAS statistical computer 
package (SAS, 19821, Three criteria for 
comparing the predictive values of the 
models were used, including the coefficient 
of determination (R2), mean square error 
(MSE), and predicted sums of squares 
(PRESS) . Plots for the Fitts' Law 
regressions are shown in Figure 1 .  A 
comparison of the regression results for the 
six devices, based on R2, MSE, and PRESS, 
are shown in Table 1. 
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Fitts' Law. Based on the R2, MSE, and 
PRESS criteria, the best fits are most 
evident with the trackball, mouse, and to a 
lesser extent, the absolute touchpad. 
A 1 though the regressions for the 
rate-controlled joysticks produce relatively 
good R2 values, the MSE and PRESS statistics 
are high in comparison to the trackball and 
mouse. This is probably due to the high 
regression slopes associated with the 
joysticks. Target acquisition data 
collected for the relative touchpad results 
in the worst fit, based on all three 
criteria. 

Jaqacinski. The model proposed by 
Jagacinski, originally intended for 
prediction of target capture times for both 
stationary and moving targets, also 
indicates the best fits for the trackball 
and mouse. As with the Fitts model, the 
joysticks produce good R2 values, but the 
MSE and PRESS criteria are relatively high. 
The relative touchpad, again, results in the 
worst fit. In general, the Jagacinski model 
provides a better fit for the joysticks arid 
touchpads than the Fitts model. A slightly 
worse Fit is evident for the trackball when 
comparing the two models. 

Kvalseth. Regression results for the 
Kvalseth model are compared to the other 
models in both the LogZ(TT) and TT forms. 
The R2 values are based on the Log2(TT) 
form. The MSE and PRESS statistics are 
based on the TT form, as these two criteria 
cannot be compared to the Fitts and 
Jagacinski models in the Log2(TT) form. 
Results based on the R2 values indicate that 
the Kvalseth model provides the best fit, 
across models, for all six devices. As with 
the Fitts and Jagacinski models, the 
trackball provides the best fit to the 
model. 

Based on the MSE and PRESS statistics 
calculated for the TT form of  the model, 
which provides an unbiased comparison of the 
three models, the quality of fit for the 
Kvalseth model is substantially reduced in 
comparison to the other models. The best 
fits, based on the MSE and PRESS statistics, 
are found with the trackball and mouse. 

DISCUSSION 

Independent of the models tested, the TT 
data collected from the trackball provide 
the best fit. The Fitts and Jagacinski 

models provide good predictions for all six 
devices when considering the R2, MSE, and 
PRESS statistics together. The Kvalseth 
inode1 (LogZ(TT) form) provides the best R2 
values of the three models. When the MSE 
and PRESS stat 
models, the F 
provide better 
(TT form). 

The results 
interesting in 
task is not a 

stics are compared across 
tts and Jagacinski models 
fits than the Kvalseth model 

for the model fitting are 
that the target acquisition 
true Fitts' Law task. That 

is, subjects were required to perform a 
2-axis target acquisition on a wide range of 
square target sizes. In general, it appears 
that movement time models, such as those 
investigated in this study, may provide a 
good prediction o f  cursor positioning 
performance for a wide range of cursor 
control devices. 
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Figure 1. Plo ts  o f  the s i x  cursor control devices for Fitts' Law. 
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TABLE 1 

Comparison of  Six Cursor Control Devices for the Fitts, Jagacinski, 
and Kva 1 Seth Mode 1 s 

Abso 1 ute Displ. Force Re 1 at i ve 
Touchpad Trackball Joystick Joystick Mouse Touchpad 

Fitts TT = a + b*Log2(2*TD/TS) 

R2 0.548 0.868 0.741 0.657 0.696 0.488 
MSE 0.509 0.060 0.968 1.269 0 * 220 1.278 
PRESS 122.967 14.56 234.439 307.707 53.332 310.022 

a 
b 

Janacinski 

R2 
MSE 
PRESS 

a 
b 
C 

Kva 1 Seth 

R2 

MSE 
PRESS 

a 
b 
C 

0.181 0.282 -0.560 -0.587 0.108 -0.194 
0.609 0.434 0.347 0.919 0.861 0.392 

TT = a + b*TD + c*((l/TS) - 1 )  

0.661 0.802 0.776 0.748 0.687 0.549 
0.383 0.090 0.841 0.938 0.228 1.129 
93.701 22.014 205.122 230.742 55.622 278.131 

1.033 0.883 1.197 1.022 0.775 0.914 
0.0698 0.110 0.197 0.176 0.119 0.135 
0.186 0.112 0.355 0.351 0.134 0.244 

Log2(TT) = Logz(a) + b*Logz(TD) + c*Log2(TS) 

0.757 0.877 0 -848 0.854 0.813 0.784 

TT = a*(TD)b(TS)C 

3.644 
298.650 210.536 4351.609 2820.201 240.277 880.782 

0.974 0.731 1.261 1 . 1 1 1  0.653 0.839 
0.187 0.289 0.297 0.300 0.297 0.304 
-0.396 -0.112 -0.54 1 -0.523 -0.367 -0.436 

0.996 1.237 0.877 18.131 11.724 
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