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GOOD P A R T  O F  EVERYDAY BEHAVIOR 

A 	of most people depends on the ability to do 
visual tracking. Moreover, the understanding 
of this behavior is today a central problem of 

human engineering, inasmuch as the study of visual- 
motor tracking typifies the requirements of analysis 
of the relations between human response and the de- 
sign of machinery and equipment. 

This study is an attempt to develop systematic ex-
perimental methods for  the comprehensive investiga- 
tion of the role of different factors in determining ac- 
curacy in tracking. Observations are described con-
cerning the effects of the following factors on tracking 
precision : ( a )  the instrumental relations of the track- 
ing motion, ( b )  the ratios of motion between hand 
controls and visual cursor, ( c )  learning in relation to 
different component movements in the tracking rc-
sponse, and (d)  target characteristics. 

Fig. 1 illustrates diagrammatically the main ele-
ments of an apparatus designed to control in a syste- 
matic way the factors of significance in determining 
precision in visual-motor tracking. The operator in 
this task adjusts a hand wheel or some equivalent 
device in order to move a cursor with reference to a 
target. The latter travels radially through a predeter- 
mined course approximately in the same plane as  the 
point of the cursor. 

The device shown in Fig. 1 consists of (1)a target- 
cursor display, (2)  a hand-control systen~, ( 3 )  a uni- 
versal tracking control system, (4) a target-course 
generator system, and ( 5 )  an error recording and sum- 
mating device. The general nature and purposes of 
these components are described below. 

1. Target-cuvsor display. The display is located 
about 1.3 m from the hand wheel. The target, mounted 
on a rotating disk, consists of a visual pattern that 
may be varied in size, color, and form. The outer edge 
of the disk is hidden by a stationary shield. The cursor 
is a narrow arm, the center of rotation of which is the 
same as the target disk. A cursor of a visual angle of 4 
minutes in width is typically used. Parallax effects be- 
tween target and cursor are eliminated, inasmuch as 
their planes of movement are almost the same. The 
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design of the target-cursor display perinits wide vari- 
ations in the visual characteristics of both these ele- 
ments of the presentation. 

2. Hand-control system. The inanual control pic-
tured in Fig. 1is a hand wheel 18.4 cnl in diameter. 
This systein permits control of the cursor with either 
hand or with both hands si~liultnneously. I n  addition, 
the system provides f o r  changing the physical char- 
acteristics of the hand control, a s  well as  its inertia 
and damping. The manual control system is arranged 
to permit study of all the various bodily oomponents 
and space dimensions of tracking motions. 

3. T h e  universal tracking control. The component 
labeled "Universal Tracking Control7' is a device for  
changing the type of tracking to be performed by 
the operator. Three types of tracking are possible 
through the use of this instrument : direct, velocity, and 
aided tracking. Fig. 2 illustrates the principles under- 
lying these three types. I n  direct tracking, two com- 
ponent motions are used to ~ o s i t i o n  the cursor and 
change its rate of movement k t h  respect to the tar- 
get. I n  velocity tracking, the operator controls the 
cursor entirely through adjustinent of the direction of 
rotation and the speed of a motor shaft. I n  aided 
tracking, direct positioning of the cursor is possible, 
and in addition the rate of movement of the cursor is 
controlled through a motor system. There are three 
basic differences between the different types. Differ- 
ent components of motion are  used, and distinct trans- 
lations and transformations of these motion compo-
nents occur in each type. Finally, in  aided tracking, 
complex mechanical differentiation and integration of 
a single basic positioning movement occur. 

The universal tracking control picture in  Fig. 1 
mechanizes all three types of tracking control dia-
grammed in Fig. 2. Thus, by means of this device, it  is 
possible to study under comparable conditions some of 
the different types of tracking used in modern ma-
chinery. 

4. Target ge93erator system. The target generator 
system consists of a ball-and-disk drive actuated by a 
constant-speed motor and controlled by means of a 
motor-driven cam that determines the target course. 
Variable target courses may be obtained by substitu- 
ting one cam for  another. I n  the studies reported here, 
a tareet course involv in~  ., nine reversals of direction of -
movement with continuously changing velocity and 
magnitude of movement in each phase has been used. 

5 .  T h e  error recording system. Error  recording in 
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CONTROLLED TRACKING DEVICE 

FIG.1. The co~npunents  of n preplanned perfor~nanc -e situation for analysis o f  visual motor tracking. 
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FIG. 2. Types of visual, pursuit tracking. 
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this instrument is acco~iiplished by means of an espe- 
cially designed differential that continuously com-
pares target and cursor position. The output of the 
target generator system drives the field of a precision 
selsyn that is attached to the center of the target 
disk, and the controlled cursor moves with the shaft of 
that same selsyn. The generated signal from this selsyn 
drives a receiver selsyn. The output of the receiver is 
employed to obtain a graphic error record, as well as 
an accuracy time score, that represents an integration 
of both frequency and magnitude of error. 

I n  general, the apparatus described here has been 
developed to provide quantitative variation and ex-
perimental control of all the discrete factors of motor 
response and visual presentation concerned in track- 
ing motions. I n  particular, this device makes possible 
the analytic study of separate body co~nponents of 
motion, of different space patterns of motion as 
utilized on various types of inanual control, of sepa- 
rate component movements in tracking, and of dif-
ferent types of translations, transformations, and 
physical integrations of hurnan motion used in mod- 
ern remote-control machinery. 

1. Precision iw d i f e ren t  t ypes  of tracking.  Fig. 3 
illustrates the nature of learning in direct, velocity, 
and aided tracking. These results show that profi-
ciency in direct tracking is superior a t  all stages of 
practice to either velocity or aided tracking. The de- 
gree of change that is due to learning is greatest for  
the velocity tracking. I n  obtaining the data shown, 
optimal displacement ratios between the hand wheel 
and cursor were used for  all three types of tracking. 
These ratios were determined in separate observations. 
I n  addition, the aided tracking ra$io was set a t  0.5 



ACCURACY 	 motion is instrumentally modified in the different 
types of tracking. I n  direct tracking manual motion "I is translated proportionately into cursor motion. This 
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FIG.3. Accuracy in different types of visual tracking as  a 
function of practice. The accuracy level represents a time 
score integrating magnitude and frequency of error. These 
curves are based upon study of three groups of subjects, 18 
subjects to the group. Subjects were randomly assigned to 
the groups. 

seconds, a value that has been generally determined 
to be the optimal ratio fo r  different types of equip- 
ment. This value is the one typically built into all 
modern aided tracking devices. Over all, the results 
presented here mean that, in the tracking of complex 
courses, the common types of aiding devices constitute 
no real general aid to the operator. This statement 
may not cover special situations in tracking, such as 
aerial gunnery, etc., in  which target course is ex-
tremely uniform in direction, and in which rate con- 
trol, especially that provided by aided tracking, may 
siniplify a component aspect of the tracking problem. 
But  such possibilities require more specific study. 

I t  may be of significance to note that the degree of 
accuracy is related to the extent to  which the manual 

\ D-aDIICCT TRACKINC 
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type is most accurate. I n  aided tracking, one of the 
translations of direct tracking is retained, but there 
occurs a transforniation of the prime positioning 
motion with respect to the cursor. Aided tracking is  
next in accuracy. Finally, velocity tracking involves a 
complete transformation of all components of the per- 
forriled motion and is the least accurate of the three 
types. The effects of practice do not overcome the 
basic differences in precision occurring in these dif- 
ferent types. 

2.  Optimal ratios betweelz halzd wheel and cursof 
motion for di ferent  types of trackilzg. Fig. 4 describes 
the level of tracking accuracy as  a function of the 
ratios of motion between target and cursor. F o r  direct 
and aided tracking the ratios indicated represent the 
unit displacement of hand wheel relative to unit dis- 
placement of the cursor. F o r  the velocity tracking, 
the ratios represent the increment in velocity of cur-
sor movement per degree of hand wheel rotation. The 
data for  aided tracking apply to both component ele- 
ments of the system, but the figures are  given in terms 
of the ratio fo r  the positioning component. 

The results cited are considered preliminary in de- 
fining the instrumental relations of the different types 
of tracking. Data on the velocity tracking are held to 
be very tentative, mainly because the optimal value 
changes in relation to training, and the value found 
is not particularly decisive in its own right. The data 
show, however, that optimal instrumental relations 
vary for  different types. The experiments also indicate 
an important psychological aspect of human instru- 
mentation research; namely, the necessity fo r  estab- 
lishing optimum conditions fo r  different operational 

I U C R l U l N T  I N  CURSOR V E L O C I T Y  I N  R P M  PER 
D E C R E E  OF H A N D W H E E L  

D I S I L A C E M F Y T  

FIG.4. Optimum ratios of motion between band wheel and cursor for different types of tracliing. The curves for  direct 
and aided tracking are  based on two groups of subjects, eight subjects for direct traclcing and four for  aided traclcing. Tlie 
curve for velocity tracking is based upon two groups of subjects, four to the group. One group tracked the lower ratios, and 
the other group the higher. The value .10 rpm nras common to both groups. The two curves were adjusted in height in order 
to correct for  sampling differences and fo r  differences in practice of the two groups. 
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functions before these functions can be compared. FREaUENCY 
PER TRIAL3. E f e c t  of learning on  compolzent m o ~ e m e m t s . ~  40

The motor pattern in  direct tracking is not a uniform TARGET SPEED 
single response. I n  reactive terms, it is made u p  pri- '9 0-0 SLOW 

marily of two components, a rapidly oscillating posi- *---• MEDIUM 

.\ 
.... -..---. FAST

tioning motion and a travel motion of longer wave- I- MM. 
length that controls rate of cursor movement, Analysis 
of these components is fundamental to all aspects of 
understanding the behavior concerned. 

I n  Fig. 5 are shown results bearing upon the effects 
of learning on different component inove~nents in  
direct tracking. These curves represent the change in 
occurrence of response components of different wave-
lengths as a function of practice. The short wave-
lengths represent, f o r  the most part,  positioning error. 
The long wavelengths represent mainly rate error. 
The intermediate curves probably represent a mixture 
of both components of motion. The curves themselves 
describe how frequently these different component 
~novements involving error appear with successive 
days of practice. 

Reference to Fig. 5 will show that practice affects 
mainly the most rapid positioning movements. These 
error motions are reduced fairly sharply as practice 
continues. The longer wavelength, rate-control move-
ments of direct tracking seem to display no change in 
frequency as a function of practice. 

Fig. 5 also summarizes the change in occurrence of 
the different motion components in relation to three 
different target speeds. The greatest learning change 
in positioning motions occurs for  the fastest and in-
termediate target speeds. 

4. Efl'ect of target  characteristics. It is generally 
thought-and this belief is expressed in terms of cur-
rent designs of cursor and reticle elements i n  tracking 

I I I I 
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DAYS OF PRACTICE 

devices-that accuracy in tracking is related closely FIG.5 .  Frequency of error responses in direct tracking for 

to tile degree of refinement in size and cues different target speeds and for  wavelength categories as  a 
function of practice. Target speed i s  designated as  slow, 

provided by the target and cursor. W e  can investigate medium, and fast. These represent, respectively, motor speeds 
this: problem of perceptual discrimination in tracking of the target generator system of 23, 30, and 37 rpm. ~ e c a u s e  

the target course is variable, it is not possible to describe 
in One Way by varying target size. target speed in terms of actual velocity of the target. For 

Fig. 6 shows the change in over-all accuracy in obtaining counts of wavelengths of error movements, the 
recording tape moved a t  the rate of 5.0 cin/min. Each trial

direct tracking as  a function of target width. Therc ,vas in length. groups of in 
is relatively little change over a width variation of the experiment, 12 subjects to a group. Separate groups 
some thirty times. These results were obtained with tracked at the diEerent target speeds. 

an o v e r l a ~ ~ i n gcursor. I n  some o'servations nlade on w i t h  the llse of both overlapping and vernier-type
this problem it has been found that the most accurate cursors, have also been made on
tracking is obtained with target sizes exceeding the of changing targt,t width over a range of some ten
width of the cursor, although this effect is not clearly the value of the most linllted target width. 
seen in the results shown in Fig. 6. Within these limits, accuracy in tracking does not de-

The just cited are not due to the fact that cline significantly for  either type of visual presents-
the error tolerances were changed as a function of tion as target width is such observations 
target size. I n  these studies, the accuracy suggesttlIat in tracking involves discrimi-
ments for  each target size remained constant. The nation based upon pattern organization of target and
subject had to center his cursor on the target no cursor. The specific psychophysical function is one 
matter what its size happened to be. I n  the investi- of scaling or bisecting of the target rather than one
gations on this point, target size was varied by in- of reaction based on sppcific alignment of contours.
serting patterns of different radial extent in  a special One of the most decisive perceptual factors deter-
mount on the target disk. mining precision in tracking is the velocity of the 

This part  of the study was aided by the work of Richard target to be tracked. This fact has already been indi-
Simon and Thurlow Weed De Crow in the analysis of record 
data. cated visually in Fig. 5. No other mode of change in 
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the visual presentation. unless it  be radical in nature, sions of human motion in the task may be quanti- 
alters accuracy in tracking as much as  target velocity. tatively varied and specified for  experimental investi- 
Furthermore, practice effects do not obliterate the gation. 

ACCURACY 

f 

TARGET WlOTH IN MIUUTES OF VISUAL 


ANGLE 


F I G .  6. Accuracy in direct tracking as  a function of target 
width. Seventeen trained subjects were used in the experi- 
ment, and all subjects tracked all different target widths. 

fundamental differences in precision related to the 
speed of the target. As shown in Fig. 5, the frequency 
of error movements, especially the positioning move- 
ments, is directly related to target velocity. So is the 
magnitude of these movements. 

The experinlental study of visual-motor tracking 
exeniplifies the requirements of systematic analysis 
that are necessary for  understanding many different 
types of human response and work. 

We may systematize the specification of nlotor 
behavior fo r  investigation of problems in psychology 
and human engineering by reference to (1)the re-
active conlponents of motion and ( 2 )  the different 
dimensions of motion. Study of the physical and 
physiological factors determining human motion, as  
well as measurement of the effects of growth, learn- 
ing, fatigue, and other dynarllic aspects of response on 
motion, may be carried out in a meaningful way 
when the basic components and dimensions of a pat- 
tern of motion are known and controlled. Dimen-
sional analysis of tracking motions has brought out 
the following main facts: 

1)B y  the use of appropriate devices i t  is possible 
to develop preplanned perfor~nance situations in 
which all the main reactive colnponents and dimen- 

2 )  It has been established that  accuracy of per-
formance is greater and the degree of learning is less 
in direct tracking than in types of tracking in which 
some aid is provided to the operator. These differ- 
ences in direct, velocity, and aided tracking niay be 
accounted for  in terms of the extent to which the per- 
formed traqking motion is modified by the tracking 
device in  producing movements of the observed cursor. 

3) The cornparison of the different types of tracking 
devices and of other types of n~achines in relation to 
their adeauacv for  human use involves more than 

A " 
observation of general performance on such equip- 
ment. Before comparisons can be made in a nieaning- 
fu l  manner, the optinluin conditions of translations, 
transformations, and integrations of perfor~ned mo- 
tion by the different devices must be known. The deter- 
nlination of optimunl ratios between manual motion 
and cursor rnotion f o r  different types of tracking has 
been indicated. 

4) The positioning and rate control colnponents of 
tracking motions are affected quite differently by fac- 
tors determining accuracy in tracking. The learning 
effects on frequency of error in direct tracking occur 
almost entirely in the positioning components of the 
nlotion. There are no general laws of learning of sig- 
nificance in describing various concrete phenomena of 
visual-motor tracking. 

5 )  Study of the visual display in direct tracking 
discloses that the specific psychophysical function of 
pursuit tracking is one of scaling the target by means 
of the controlled cursor rather than a function of 
alignment of target and cursor contours. Target 
velocity is the prime visual variation of significance 
in determining error in this behavior. 

I n  general, the present study suggests that a di-
mensional conception of motion providing for  con-
crete specification and analysis of the coniponents 
and dinlensions of behavior represents a constructive 
quantitative approach to problenis of human engi-
neering and is to be contrasted to efforts to advance 
this field through generalized theories and analogies 
supposedly covering all phenomena of human re-
sponse. 
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