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turn now to a few  examples of model-build-
ing.  The models I will describe will be neither 
fl esh-and-blood nor Tinkertoy; they will be 

models built in com put ers.  The computers used are 
not supercomputers; they are the PC sort owned by 
mil lions of people now a days.  You can do this sort of 
thing yourself.  It takes some study, of course.  But if 
you can read well, if you are willing to learn some not-
very-advanced math e mat ics, and if you can be patient 
with com put ing manuals, you can do the sort of thing 
you will read about here.  I say again that these are tan-
gible, op er at ing models, not verbal arguments about 
how things might work.  Fur ther more, these models 
are built to work in un pre dict able environments, just 
as do liv ing creatures.  I be gin with a study showing 
the de pend abil i ty of this kind of research.

 ACCURACY AND  RELIABILITY

 Bourbon,  Copeland,  Dyer,  Harman, and  Mosley 
(1990) undertook to demonstrate the accuracy and 
reliability of predictions of tracking made with PCT.  
I recount here some parts of their project.

Bourbon and eight of his students performed a 
task of track ing a target on a computer screen.  Ev ery 
per son performed the task more than once; all told, 
the nine persons replicated the task 104 times.  And 
here I must pause to make sure you do not pass light ly 
over that state ment—that the task was rep li cat ed 
104 times.  In psychological lit er a ture, rep li ca tions 
are hard to fi nd.  Most ex per i ments in the lit er a ture 
are never rep li cat ed; there are dozens of rea sons, and 
I will not go into them here.  Some ex per i ments have 
been rep li cat ed once or a few times, almost nev er 
with results that could be shown quan ti ta tive ly to 
be close to pre vi ous trials.  (And in the methods 
of tra di tion al psy cho log i cal re search, ex per i ments 

called “rep li ca tions” typically dif fer so much from the 
original that they might better be called “some what 
similar” ex per i ments.)  A few  ex per i ments, chiefl y 
psy cho phys i cal ex per i ments, have been  rep li cat ed (so 
to speak) some dozens of times.  I had never heard of 
an ex per i ment, until I came upon PCT, that had been 
replicated 100 times.  So please reach for your yellow 
highlighting pen and high light “104 times.”

Procedure

Figure 8–1 (from Bourbon and others, 1990) shows 
the experimental arrangement.  The larger oval on the 
right side represents the computer.  The oval at the top 
represents the computer screen; you see there three 
short lines labeled T, C, and T.  The two lines labeled 
T were, together, the target; they were moved up and 
down in unison by the program in the com put er.  The 
task of the participant was to move a Handle (sym-
 bol ized by the letter H un der neath the ovals) forward 
and backward so as to keep the short line labeled C 
(the Cursor) as accurately between the Tar get lines as 
possible.  Each rep li ca tion (or “run”) of the task con-
 tained two parts.  In the fi rst part, the Handle was the 
sole cause of the position of the Cur sor between the 
Target lines; when the Handle was moved, the Cursor 
moved a proportionate dis tance.  In the second part, 
a ran dom disturbance was added by the computer 
pro gram to the effect of the Han dle.  The effect of 
that, when the Handle was moved, was to cause the 
Cursor to move at an un pre dict able speed, and even 
sometimes in an un ex pect ed direction.

The duration of each part was one minute.  The 
fi rst part was used to determine the idiosyncratic 
per for mance characteristics (but not the par tic u lar 
acts) of the participant.  I will explain what I mean 
by an individual’s performance characteristics be low 
un der “The Model,” and I will clarify some fea tures 
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of pro ce dure there, too.  The sec ond part was the test 
of the theory; in it, the num bers char ac ter iz ing the 
par tic i pant were inserted into the com put er’s mod el, 
the per for mance of which would be com pared to the 
hu man par tic i pant’s per for mance.  

The random dis tur bance of the effect of the 
Han dle is a fea ture of all tests of PCT with a com-
 put er sim u la tion; the random dis tur bance sim u lates 
the un pre dict able occurrences that in ter fere with the 
ef fects of our acts in non-lab o ra to ry en vi ron ments.  
An ex am ple is the effect of un ex pect ed gusts of wind 
when we point an au to mo bile down the high way.  
An oth er is the dis trac tion of an in ter rup tion from a 
third person when we are car ry ing on a con ver sa tion.

There were two forms of task (each run in each 
form containing the two parts so far de scribed).  Four 
students and Bour bon (fi ve per sons in all) car ried 
out the fi rst form.  In this form, the Target moved 
up and down at an un chang ing rate.  Each person 
ran through both parts of each run ten times, with 
a few minutes between the fi rst and sec ond parts 
while the id io syn crat ic con stants were inserted into 
the com put er mod el.  The dis tur bance to the ef fect 

of the Handle add ed to the sec ond part was dif fer ent 
for ev ery replication and every par tic i pant.  When I 
say that the dis tur banc es fol lowed dif fer ent pat terns, 
I am not there by say ing that the rep li ca tions were 
different in a sub stan tive way.  The unpredictability 
of the precise ef fects of the Han dle is nec es sary to test 
the the o ry.  If you want to know wheth er a person 
(or a me chan i cal sub sti tute) is ca pa ble of driv ing an 
au to mo bile from here to there, you will want to see 
the journey suc ceed more than once de spite chang ing 
winds that af fect the course of the au to mo bile.  Us ing 
this same task, Bour bon, act ing only as a par tic i pant, 
ran four more rep li ca tions of the fi rst part, but then 
wait ed a year be fore run ning the sec ond part.

Four more stu dents and Bourbon par tic i pat ed in 
the second form of the task.  This form was the same 
as the fi rst except that the Target did not move at a 
regular rate; now, the Target moved according to a 
table of random num bers.  This was pre sum ably a 
more dif fi  cult task than the fi rst form.  Again, as in 
the fi rst form, the Target paths in the fi rst and second 
parts were different in ev ery rep li ca tion.  Here again, 
each par tic i pant ran through ten rep li ca tions.

Figure 8–1.  
Relations among variables in the environment and in the model.  
In the environment, T=Target, C=Cursor, H=Handle, and D=Disturbance.  
In the model, the functions are s=sensor, c=comparator, and o=output; the signals 
are p=perceptual, r=reference (internal standard), and e=error.  
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Results

Table 8–1 shows some mean correlations among po-
 si tions of Cursor, Target, Han dle, and dis tur bance 
produced by the fi ve participants in the later form 
of the task in which both the Tar get and the Handle 
were randomly disturbed.
 To keep this nar ra tion simple, I am omit ting 
the data from the sim pler task performed earlier; 
those data (which you can see in the orig i nal ar ti cle) 
tell much the same story as these later data.  Figure 
8–2 shows graphically the per for mance of one of the 
par tic i pants who con trib ut ed data to Table 8–1.  

In the left graph, la beled “Per son,” you can see 
how very closely the par tic i pant was able to cause the 
Cur sor C to track the Target T.  You can see that same 
ac cu ra cy when you look at the fi rst line of Table 8–1 
under “By the par tic i pant.”  The cor re la tion you see 
there between Cur sor and Target is .984, only .016 
away from a per fect score of 1.000.  The par tic i pants 
achieved cor re la tions like that de spite the un pre -
dict able dis tur banc es giv en the Tar get and Han dle.  
Since the mean is only .016 away from the max i mum 
pos si ble, it is ob vi ous that all fi ve par tic i pants gave 
very ac cu rate per for manc es.  Those per for manc es 
should not, how ev er, surprise us.  A lion chasing a 
gazelle must do that well or go hungry.  The sailor 

of a sloop does that well to keep the sail full of wind.  
The driv er of an automobile does that well or runs 
off the road.  If a psy cho log i cal theory is to be tested 
quantitatively, the theory should be able to mim ic 
ac tion that is as ac cu rate as the action we see here.  
Indeed, in Table 8–1 under “In the mod el,” we see the 
number .993, which is the average of the cor re la tions 
between Cur sor and Tar get produced by the model 
in the com put er.  The model’s average cor re la tion 
of .993 is very close to the mean of .984 among the 
live per sons.  Look ing at the up per part of the graph 
labeled “Mod el” in Fig ure 8–2, we see that the records 
for C and T are so close together that it is diffi cult to 
tell that there are two records there.  It is easy to see, 
too, that the records at the right, pro duced by the 
mod el, are sim i lar in deed to the records at the left, 
pro duced by the hu man.

You can easily infer from Figure 8–2 that the cor-
 re la tion is some what pos i tive be tween the Han dle 
and ei ther the Cur sor or the Target, be cause some 
of the larg er ups and downs go some what to geth er.  
But you cannot pick up the record of the Han dle 
and fi t it per fect ly to the record of Cursor or Target.  
The cor re la tions be tween the Han dle and the other 
records were not zero or neg a tive; as you see in Ta ble 
8–1 in the sec ond and third lines, those cor re la tions 

Table 8–1.  
Mean correlations between indicated pairs of variables calculated over fi fty 
rep li ca tions of the task with both tar get and handle ran dom ly disturbed.  
Data from fi ve participants, each giv ing ten rep li ca tions with 1800 data-pairs 
cal cu lat ed within each rep li ca tion.

  By the In the
   participant model
  Between Cursor and Target .984 .993
  Between Handle and Cursor .701 .707
 Between Handle and Target .710 .708
Between Handle and disturbance –.682 –.696
Between Cursor and disturbance .032 –.001
Between Handles of participant and model .996
Between Cursors of participant and model .992

Figures 8-1, 8-2 and Table 8-1 reproduced with permission of authors and publisher 
from: Bourbon, W.T., Copeland, K.E.,  Dyer, V.R., Harman, W.K., and Mosley, B.L. 
On the accuracy and reliability of predictions by control-system theory.  Perceptual and 
Motor Skills, 1990, 71, 1331–1338.  Copyright Perceptual and Motor Skills, 1990.


