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Abstract. The combined steering-targeting tasks are frequently encountered 
within the window-type environment. For example, within a menu driven inter-
face, the user is required to steer down a menu and then to click on a target. In 
this paper, human performance for these tasks was measured and a mathemati-
cal model was proposed to describe the human performance. The cursor move-
ment in the combined steering-targeting tasks had a positive acceleration form 
at the starting period until about 10mm and a uniform velocity was maintained 
during the intermediate period and a negative acceleration was observed at the 
ending period. The proposed model consisted of two terms in which the first be-
ing the classical Fitts’ term and the second being the steering law suggested by 
Drury. This model provided a good fit to the data obtained from the experi-
ments (r2 = 0.936) as well as the data obtained by Kvalseth (r2 = 0.982). 

1   Introduction 

The human-computer interaction (HCI) community is continuously searching for use-
ful models to either describe or predict an interaction of human behavior with com-
puter systems. Designers use these models not only for improvement of input devices 
but also for evaluation of the usability of software. This paper reviews the models 
which describe the human behavior for the mouse control tasks and explores a new 
model to describe human behavior for the combined steering-targeting tasks. 

The computer work using a mouse can be categorized into three types. The first is 
a targeting task including a point-click operation and a drag-drop operation. This task 
consists of (1) moving a cursor toward a target from a certain position and (2) placing 
a cursor on the target. Fitts' law [1] has been widely applied to this type of task. The 
second is a steering task, moving a cursor through a particular space with certain con-
straint. All of the examples include steering down both menu and its submenus, trac-
ing a shape in a drawing program, and moving a scroll bar down a word processor or 
web page. A human performance model for the steering tasks is defined as a steering 
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law [2, 3]. The third is a combined steering-targeting task. This task is also frequently 
encountered within the windows-type environment. For example, within a menu 
driven interface, the user is required to steer down a menu and then click on its target.  

There may be more in the combined steering-targeting tasks compared to those in 
pure targeting tasks or pure steering tasks. Even though the two models were pro-
posed in the previous studies for the tasks [4, 5], they were not concretely validated. 

In this paper, both assumptions and limitations of the models which are associated 
with targeting tasks were reviewed first and then the review of steering tasks was 
conducted. A new model for steering-targeting tasks was proposed on the basis of the 
characteristics of these models. The proposed model was evaluated by reanalyzing the 
previous data and analyzing the data which obtained from new experiments. In order 
to find out the differences between the combined steering-Fitts’ movement and Fitts’ 
movement or steering movements, the change of cursor’s moving speed during the 
tasks was also investigated in this study.  

2   Fitts' Law and Steering Law 

Fitt’s law is one of the human psychomotor performance models which has been 
widely used in human computer interaction and it represent the predicted mean time it 
take to point at a target of width W over distance A: 

)
2

(log2 W

A
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where a and b are regression coefficients. The logarithmic term in Equation 1 is re-
ferred to as the Index of Difficulty (ID), showing how difficult the targeting task is. 
The original Fitts' law was proposed in 1954 and many studies have been carried out 
to validate Fitts' model since then. Many alternative ID measures were also proposed 
[6, 7]. Although several alternatives of ID measure were suggested, the common 
points were the fact that the movement time is logarithmically proportional to the 
width (W) of the target and is inversely logarithmically proportional to the amplitude 
(A) of the movement. Another characteristic of Fitts' model was that it does not either 
describe the height of target or the trajectory of the movement. 

Fitts' equation was applicable only to the movements which are visually controlled 
by the step for approaching to the target. Crossman [4] proposed that Fitts' equation is 
found to be only valid for visually controlled movement with IDs greater than the 
above three. If the value is lower than three, then the movements are ballistic and a 
different relationship should be applied to model the movement time [8]. 

Human movement with other type of visual feedback has been described as a steer-
ing law [2, 3]. For a cursor movement within a path with lateral constraints, human 
operators have to receive visual feedback to maintain a cursor within the path. Origi-
nally, such a movement was modeled for the automobile control to maintain an auto-
mobile within a lane [9, 10]. The relationship between (a) the average speed of 
movements along straight and circular lines and (b) the tolerance widths of the lines is 
shown in the following model. 
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kWV =  (2) 

where k is a constant representing the controllability of the operator/vehicle system, V 
is a chosen velocity and W is a width of the lane. 

By applying this model to the human movement, Drury [2] suggested a new model 
which represents a relationship between the width of the lateral constraints and the 
distance of the movement in self-spaced movement. 

)(
W

A
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The curvilinear abscissa was introduced as the integral variable for extending this 
model to more generic formula: If C is a curved path then the index of difficulty for 
steering through this path is defined as the sum along the curve of the elementary in-
dexes of difficulty [3]. 

∫+=
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where the integral variable s is the curvilinear abscissa and W(s) is the tunnel width at s. 
From the point of movement speed’s view, Fitts' movement is different from 

the steering movement. The steering movement does not approach to the target 
and the movement speed is not changed by the whole process of the movement. A 
previous study showed that when velocity is unstable, the steering law is not able 
to provide a good prediction [11]. However, Fitts' movement has a positive accel-
eration and a negative acceleration in the starting period and the ending period  
respectively. 

The movement speed in the combined targeting-steering tasks has never been 
examined until now. However it is possible that the combined steering-targeting 
tasks contain properties of both Fitts' movement and steering movement. In the 
starting period, a cursor movement would follow Fitts' movement by increasing the 
movement speed. During the intermediate period, movement speed would not in-
crease above a certain level, because of the adjustment for maintaining a cursor 
within the path constraints. As the cursor approaches to the target, its movement 
would be decreased by the Fitts' movement. If the path was wide enough then the 
whole movement would not be affected by the property of steering. On the con-
trary, the effect of steering movement would be stronger if the path was narrow. 
Figure 1 presents the concept of movement speed in the combined targeting-
steering task. 

The lateral constraint in the Fitts' movement was started to be considered with the 
height of the target. In the usual Fitts' type of experiment, the target is generally much 
longer, in a direction perpendicular to the motion, than in the direction of the motion 
(e.g. the width of the target > the height of the target). If the height of the target is 
limited, there would be little effect of lateral constraint on the path which may be 
taken in moving from one target to the other. 
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Velocity Velocity Velocity

Distance Distance Distance

(a) Fitts’ Movement     (b) Steering Movement   (c) Fitts’ + Steering Movement

Velocity Velocity Velocity

Distance Distance Distance

(a) Fitts’ Movement     (b) Steering Movement   (c) Fitts’ + Steering Movement
 

Fig. 1. Movement speeds in Fitts’ movement, Steering movement and Steering + Targeting 
movement 

The first experimental study of the effects of lateral constraint showed that of 
Crossman [4] in which the height of the target was varied from Wt/l6 to Wt. 
Crossman states (p85) "...the effect of the depth seems likely to operate according to 
the same law as the width." He correlated his data, from two subjects, with an Index 
of Difficulty, and suggested that an appropriate expression would be described as: 
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where the coefficients a and b were empirically determined. 
Kvalseth [5] also suggested a multiple forms of Fitts' law and applied them to the 

three different types of tasks: (a) similar to those of Crossman [4] with restricted tar-
get height (b) movement to a target with a center constraint (c) movement to a target 
via a path with lateral constraint along its entire length (straight, sinusoidal or random 
paths) 
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In this paper, we proposed another model for the combined targeting-steering task. 
This model was developed by integrating Fitts' law with the steering law of Drury [2].  
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In the following, the data from Kvalseth [5] were reanalyzed in terms of three 
models for the steering-targeting tasks. New experiments were conducted by follow-
ing the reanalysis of the previous data which are aimed at investigating the effects of 
both tights and loosed path constraints on the movement times. 
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3   Reanalysis of Previous Data  

3.1   The Effect of Target Height 

An analysis has been made on the data obtained from the Kvalseth's experiment [5] 
that the height of the target ranged from 0.32cm to 2.54cm. The data has been re-
gressed into three forms, first according to the Crossman's equation (5), secondly by 
following the kvalseth's equation (6), and finally by the model (7) suggested in this 
paper. Results were (movement time in 10-2 s) described as follows:  
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There was no significant difference in the variances indicated by the three regres-
sions. However, the last equation (10) showed a slightly better fit. 

3.2   Targets Connected by a Straight Path 

Kvalseth reported the movement times in the 3 types of path (straight, sinusoidal and 
random paths). However, this study only concentrated on the straight path.  The data for 
straight path were reanalyzed in terms of the three models described above. The follow-
ing regressions were obtained for these data (movement time in 10-2 s). The model pro-
posed in this paper provided a slightly better fit for the steering-targeting tasks. 
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4   Experiment 

4.1   Apparatus and Participants  

The experiment was conducted on a notebook running Windows XP with a 17-inch 
LCD monitor. An optical two-button mouse with a scrolling wheel was used in the 
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study. Software was developed in Visual Basic version 6.0. The display which is 
shown in Figure 2 was presented to participants in the experiment. Twelve volunteers 
(10 male, 2 female) participated in the experiment. Their ages ranged from 22 to 26 
years old. All of them were right-handed. They were all experienced computer users, 
using a mouse on a daily basis. 

A

W p

W t

A

W p

W t  

Fig. 2. An experimental apparatus for measurement of the cursor movement times 

4.2   Experimental Design 

The study was carried out to investigate the time to be taken for a subject steering the 
cursor to a target and clicking on its target. A trial was started by clicking on the left 
box. The subjects moved the cursor to the right box as soon as possible, without 
touching the boundaries of the path. The subjects clicked the box when the cursor was 
reached to the right box. After that, the subjects moved the cursor towards the left box 
and clicked it. This reciprocal tapping task was repeated 20 times for each subject. A 
training session of 30 min was given to each subject before starting the main tasks. 

A within-subject design was used in this study. The experimental conditions, 
which are given in Table 1, were applied in this experiment. The difficulty of index 
(Fitts' ID) in the experimental conditions ranged from about 2.5 to 7, because the 
tasks of very small IDs may not follow Fitts' law. The height of the target was auto-
matically determined by the width of the path. The order of each task was randomized 
and each subject performed the total of 48 tasks with 20 repeated trials. 

Table 1. Experimental conditions 

Variables Levels 
Width of target (Wt) 
Width of path (Wp) 
Length of path (A) 

4mm, 8mm, 12mm 
4mm, 8mm, 12mm, ∞ 
30mm, 60mm, 90mm, 120mm 

5   Analysis and Results 

5.1   Mean Movement Times Under the Experimental Conditions 

Mean movement time under each experimental condition was determined by averaging 
20 movement times over 12 participants. An ANOVA was performed on the mean 
movement times. The mean movement times were significantly different according to the 
width of the target (Wt), the width of the path (Wp) and the distance of movement (A). 
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A significant interaction effect was observed between Wp and A. That is, if the dis-
tance of movement was long enough, the movement time would be affected by the 
width of path. However, if the distance of movement was short, then the movement 
time would not be affected by the width of the path. 

If the width of the path was wide enough so that an operator did not require a vis-
ual feedback on the lateral constraints, the movement times could be described only 
by Fitts' law. Figure 3 shows how either Fitts' law or Steering law can describe the 
mean movement time according to the change in both width and length of the path. 
Not surprisingly, the narrower the width of the path was the better fit the steering law 
gave and the worse fit the Fitts' law provided. The longer the length of the path was 
the better fit the steering law gave and the worse fit the Fitts' law gave.  
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(a) Change in the path width  
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(b) Change in the path length  

Fig. 3. Correlation coefficients representing the relationship between Fitts’ law and Steering 
law and the measured data. 
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The times for cursor movements were measured at each 10 mm intervals from the 
starting point to the ending point. Figure 4 is an example of the measurement of cur-
sor movement times at the condition of Wt = 8mm and A = 120mm. Regardless of the 
path width, a positive acceleration and negative acceleration occurred at the 10mm in-
tervals of starting and ending point. Constant velocity occurred during the intermedi-
ate period and the velocity was changed according to Wp.  As shown in both Figure3 
(a) and Figure 4, the effect of path width was not observed at the approximate 16mm.  

On the other hand, although the effect of path width did not exist (Wp = ∞ ), the 
movement speed was changed as shown in Figure1(c). Therefore, a typical Fitts’ 
movement was changed in accordance with either Figure1(a) or Figure1(c).   
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Fig. 4. Cursor movement times in the 10mm intervals at the condition of Wt = 8mm and A = 
120mm 

5.2   Model Fit 

The values of mean movement time obtained from the experiment were fitted into the 
three models which were previously suggested for the steering-targeting tasks. The 
equations (14), (15), and (16) are the results of regression analysis. The model pro-
posed in this study showed better fit compared to the others (r2 =0.936 > r2 = 0.778 > 
r2  = 0.767).  
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6   Conclusions 

This study demonstrated that the simple two-component models can be used to de-
scribe the data for movements in which there is constraint in a direction transverse to 
the direction of movement. The best fit model consists of two terms. The first term is  
the classical Fitts' term and the second is the one suggested by Drury, which is being 
linear in the ratio of amplitude to lateral tolerance. This model provided a good fit to 
the data obtained by the new experiments (r2 = 0.936) as well as the data provided by 
Kvalseth (r2  = 0.982). 

The proposed model also provided a good fit to the tasks with the limited height of 
the target (r2 = 0.954). Crossman model (r2  = 0.782) and Kvalseth model (r2 = 0.821) 
were able to make relatively good predictions, but these models were unable to pro-
vide good fits in the tasks with path constraints (r2  = 0.671, r2  = 0.664). 

The lateral constraints of path became stronger when the width and the length of 
path is narrower and longer relatively. The cursor moving speed in the typical com-
bined steering-targeting tasks are shown in Figure 1 (c). However, if the moving dis-
tance (A) was short then the movement speed might occur as those shown in Figure 
1(a). In the future study, the proposed model can become more generalized for the 
more diverse forms of movement tasks with an application of a generalized steering 
model of Accot [3].  
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