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ABSTRACT

• Starting out with a task involving simple discrimination of forms or

concepts , a human subject winds up discriminating on an entirely different
Iand more complex basis , the transfer of control being accomplished almost

without error , and as a result of a built—in feature of the sequence of be-

haviors or stimuli programmed.

~Two papers are presented. In the first , discrimination of differing tri-

angles , perceptual stimuli , is established errorlessly in preschool children ,

where , without the sequence , such discrimination is extremely difficult. In

the second paper , the sequence is used to establish conceptua l control over

behav ior .

The papers exemplify the “fading” method , adapted from programmed in-

struction and derived from animal research. This involves programming the

establishment of discrimination without error. The papers also indicate the

behavioral similarity between discrimination , perception , and conceptualiza-

tion . Uses of the procedure for research and training in these areas are

suggested . ~
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Ertorless establishment of visual discrimination using fading procedures

Robert Moore and Israel Goldianiond2

Arizona State University3

A visual discrimination task involved presenting a triangle

briefly as a sample; when it was withdrawn , this triangle and two

others differing slightly in degree of rotation were presented in

different positions , with S required to locate the sample that had

been presented. Discrimination proved difficult for preschool

children. When only the correct triangle was illuminated , discrimi—

nation was readily established. The brightness difference between

correct and incorrect matches was gradually fad ed out by increasing

the intensity of the incorrect matches, until they were equal in

brightness to the correct match. The discrimination established by

brightness difference was maintained in its absence, thereby trans-

ferring stimulus control from brightness to form , in an almost

errorless sequence. H
In laboratory discrimination experiments , the establishment of discrimina-

tion often requires numerous extinction trials. In programmed instruction

(Holland , 1960), on the other hsnd , the experimental aim is to program the pre-

sentations so as to preclude such trials, which are considered to be “errors.”

In the present investigation, such “error less” procedures were applied to a

laboratory situation to minimize S~ responding , using preschool children as

S., in a task involving form discrimination.

The proced ur e is adapted from an experiment by Terrace (1963), who mini—

.ized the considerable S~ responding previously associated wi th the establishment
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of responding to vertical rather than horizontal strioes by pigeons. The

easier discrimination between red and green was f i rs t  established . Each stripe

was then embedded in a color , and the colors were then gradually faded out .

The discrimination was transferred to the stripes alone almost without error. V

Method and procedures

Six children attending private day nursery schools4 served as Ss , with

ages (to the nearest y e a r ) ,  and sexes as follows : S—l , 3F; S— 2 , 5M; S— 3 , 4F;

S—4, 5F; S-5, 41~i; S— 6 , 414. They were children of working mothers , engaged

mainly in clerical tasks (with  one nurse and one teacher) ;  the fathers included •

clerical , maintenance , and skilled industrial workers. The experiment was

conducted in a special room at the nursery schools set aside for that purpose.

The S faced a masonite panel , about 24 in. square , containing four small

windows , each of milk plastic , 2 in. wide by 3 in. high.  The sample window I
was centered toward the top of the panel, with the other three windows

symmetrically arranged in an arc below it , so tha t the cen ter of each was 4 
V

in. from the center of the sample window . Arranged in an arc beneath each of

the matching windows were three small buttons , the manipulanda , with a pilot

light above each. This light went on when the correct button was pressed .

Two types of series were run , full presentations and fading series, for

the same or different Ss. In the full presentations , the sample window at

the top went on , pro jecting a triangle at full 110 v. intensity. The sample

window then went off, and simul taneously , the current was switched to the

three matching windows below , each of which contained a triangle presented at

full 110 v. intensity. One of these was matched in degree of rotation with

the sample triangle, and the other two differed. The S was required to select
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I
the one that matched the withdrawn sample , a delayed matching to sample

task (Ferster and Appel , 1961). In the fading series, the sample window was

presented and withdrawn , as in the full series , but of the three windows,

only the correct match was presented at full 110 v. intensity, the two incor—

rect matches being presented at a lower intensity, ranging from 0 and up.

This distinction between correct and incorrec t was enhanced by a marked phi—

phenomenon effect as the current was switched from the sample to the correct

matching window . This series began with three presentations of the incorrect

windows at 0, then one presentation each at settings .35 , .40, .50, .60, .  65,

.70, .75, .80, .83 (or .82) , .86, .88, .90, .92, .94, .96, .  98 of full voltage.

There were then at least seven presentations at 1.00 (110 v.) in this series.

It will be noted tha t at this final level , the settings are identical to those

of the full series, and that the gradual increase in voltage whereby this

identify is produced represents a gradual fading of the brightness difference

between incorrect and correct , since the latter is always presented at full

intensity. A Correc t response advanced the presentation to the next in this

series ; an incorrect response resulted in a repetition of the step (with a 
V

new slide). Two errors in a row resulted in a regression to a previous step.5

Three triang les differing in angle of rotation were used as stimuli

(Reynolds , 1961). They were inverted isosceles skeleton triangles , altitude

1.75 in., base 1.25 in. centered in each window. The apex was either straight

down (0) ,  rotated 25° to the left (L), or to the right (R). All three appeared

in the matchin~ windows , in varied positions; the sample was also varied. The

order of sample presentations (with match presentations in parentheses) was:

I. (WR), D (RLD ), R (LRD), L (R1Th), D (DRL), R (DRL), R (RDL), L(DLR), D(LDR),

recycle . Nine sheets of acetate formed the slides , which incorporated these

.
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presentations, and which were inserted into position before each presentation ,

with all lights off.

The S faced the panel , with E visible at the side , with controls behind

the panel. The sample was illuminated for approximately 4 sec . a~ S was

told : “Look at the picture in the top window . See which way it’s pointing .”

it was then turned off , illuminating the matching windows , and E said : “Find

another pointing the same way ; touch it and push the button underneath it.”

I f  a correc t response was made , the pilot light above the button illuminated
‘S

immediately, and S was handed a small consumable or trinket , which he had

previously been instructed to put into a small plastic bag . If an incorrec t

response was made , nothing was said by E. Recording was manual.

Results

Res u l t s  are presented in Fig. 1. The ordinate is cumulative correc t

responses , and the abscissa is number of presentations. Establishment of

discrimination by the fading schedule is most clearly demonstrated by the

Fi g. 1 about  here

curve for S-i , who was begun on the full series , with incorrec t windows at

voltage setting 1.00. Accuracy was no better than chance. At A , fading was

introduced , with the incorrect windows set at 0. Thes~’ were then increased

in voltage to .60, at B. All responses in this series were accurate. The

brightness differences between correct and incorrec t were then eliminated ,

with the full series replacing the fading series , from B to C , during which

the settings of the incorrec t windows were 1.00. Accuracy immediately deterior—

ated to chance values . At C , fading procedures were reintroduc ed , with the

Ii. 
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voltage setting at .60, where it had been before the total elimination of

differences between the windows . Accuracy immediately returned , with only two

errors occurring during the ascending voltage (but decreasing brightness

difference) series. At D, the voltages of all three matching windows were

the same , and it will be noted that accuracy was maintained under conditions

where previously (the full series) it had been no better than chance. Stimulus

control had been transferred from brightness to rotation .

Contrastin~, effects upon the establishment of discrimination using full

and fading series are also demonstrated by S-2, who was begun on the full

series , with accuracy no better than chance . At E, fading was introduced,

with the incorrect windows set at 0. Discrimination immediatel y became error-

less. A t F , there were two errors in a row , and the voltage was lowered one

step. Accuracy returned , and the progression was reinstated , culminating in V

1.00 at G , when the incorrect and correc t windows were equal in brightness ,

the condition prior to E. In contrast to the latter period , which was under

the full series , discrimination was now maintained without error .

The fading procedure in i t ia ted  the sessions of S-3 and S-4 , who according-

ly began with errorless discrimination t r ia ls.  For S-3 , at H , the sett ing was

.75, and the next settings were at 1.00, the full series , instead of .80 of

the fading series. There was an immediate deterioration in accuracy. At J,

the .75 setting was reintroduced , with no appreciable effect upon accuracy.

The settings were then progressively reduced to .70, .65, and .60, at which

point accuracy was reinstated (K), and the progression was then reestablished,

with accuracy continuing thereafter through L, at the final setting of 1.00.

For S-4, setting .82 was followed by full voltage at M , with breakdown to

chance performance, Reinstatement of the fading procedure at N , when the
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set t ing was returned to .~~2 , was followed by recovery of accuracy ,  which con-

tinued wi th  one error in to  P , at  the f ina l  se t t ing  of 1.00.

For S-5 , the series was begun at  f u l l  set t ing , wi th  the chance performance

character is t ic  of this procedure evident .  At Q, the incorrec t windows were

low ered to .60 rather  than 0 , wi th  no appreciable effect  upon accuracy. At

R , according ly ,  fading was introduc ed by set t ing the incorrect windows at 0 ,

wi th  the complete insta tement  of accuracy which character ized this procedure.

For this S , however , the fading series comprised three presentations at 0,

four at .60, and six at 1.00. Errorless behavior was maintained during transi-

tions whose abruptness disrupted discrimination in the other 55. t~Jhether such

behavior was a function of the individua l 5, or of the long standard discrimi-

nation training period prior to Q, which characterized this record , and during

which some discrimination may have been established , cannot be answered from

these data. The record certainly contrasts , however , with the of S—6 , who

was begun using the fading procedure , and was continued on it wi thout interrup-

tion . By T, the progression had reached 1.00 and was maintained without error .

Discrimination was established with only two errors , and in the minimal time.

His condensed performance contrasts sharply with that of the other Ss , and

the similarities of his record to those of other Ss during fading series ,

suggests that  i t  was the fading procedures themselves that were involved in

• the rapid establishment of discrimination . 
V

Discussion

These r esults indicate that fading procedures may be extended to the

errorless establishment of discrimination in matching to sample procedures.6

Errors produce extinction trials which may make it more d i f f icul t  to maintain

i
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the behavior bein:: studied and serve to prolong the series , and the economy of

proc edures which minim ize error was depicted in the last S presen ted , whos e

learning was the most “perfect” —— mi th the least practice. Control of error-

less behaviors by the proc edures themselves was eviden t throughout the expert-

ments by the revers ibility and reinstatement obtained when the faeiing proc edures

were systematically dropped or instated . The results also reiterat e that a

ma jor var iable  in the e s t ab l i shmen t  of behavior i -~ t he  sequence or program )

of procedures utilized . On the response side , a t t e n t i o n  to sequence c h a r a c t er i z e s

sha ping, which can he considered a program of r e in f orc em en t  of success ive  re-

sponse ensembles , the  succession being d i c t a t e d  by i n c r e a s i n g  presence of be-

havio r along a c r i t e r i o n  dimension . Thereby , novel  response pa t t e rns are

establi shed , e i ther  fo r the i r  own sake , or for  use in other research. Analog—

ously, in fad~~~~, E reinforces responses to stimulus differences successively

approaching  a c r i t e r i o n  stimulus dimension , and it is suggested tha t such pro-

cedures may be useful in the establishmen t of n ov e l  discriminations and others

required in psychophysical  or other perceptual tcf . c;oluiamond , l9~~~) or

conceptua l research (GoL diamond . in press ’ .
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51n four Ss , the fading series was extended between two and four presen-

tations by unsystematic errors by E , which seemed to have no effect upon the

data. These errors included repeating the voltage of the preceding presenta—

tion , and increasing by steps of .05 where .10 was scheduled .

6
Discriminati on of selected letters of the a l phabet , using para llel fading

V 
procedures , was a l oV established without error with other children from the

same n u r s e r y  schoo ls .
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Captions for i l lustrat ions -

Fig. 1. Accuracy rates as functions of differential reinforcement of

correc t and incorrect  matches of t r iangles when presented at fu l l  in tensi ty  1

during t ra in ing ( F u l l ) , as compared to in i t ia l  presentat ion at d i f fer ing

intensities for correct and incorrect matches , with the difference gradually

faded out (Fadin ,. ) ,  by increasing the in tens i ty  of the incorrect matches unt i l

they were as fu l l  as the correct matches .
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A research and demonstra t ion procedure in st imulus control ,
- 

abstract ion , and environmental  programming 1

Israel  Goldiamond 2

I n s t i t u t e  for Behavioral Research 3

Exp laining the experimental  analys is  of behavior to groups or individuals

is often fac i l i ta ted  by an example. A pigeon and relay rack can be carried

around , but the author has found the following example , which r equir es on ly

chalk and blackboard (or mimeographed handouts)  to be s ingular ly  effect ive.

I t  may be used to exemplif y d i f f e r e n t i a l  re inforcement , controlled a l tera t ion

of st imulus control , er r orless prog r ammi n g of the env ir onmen t , and the relation-

ship between stimulus d iscr iminat ion , abstraction , and conceptualizat ion ,
*

1

- 
- among others.

The speaker says he is going to wr i t e  pairs on the board , the audience is

to read both members , and then when he points left or right , they are to m di-

cate which is correct. They can do so by raising their hands as he points aL-

te rna t ive ly , or in some other way ,  depending on the s i tuat ion . He says: “Very

good ” for the correct choice , or “That was wrong .” The pairs are wr i t t en  be—

low each other in succession on the board (or read out in successi-’-i for a

handout . )  The sequence follows (Ri ght is correct  en 1; the arrow is presented) :

-- --

~
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V
1. A B 1.1 . ROBERT I~IAY

V
2. B D 12. ANNETTE BOB

3. B Q 13. BOY GIRL

4. 0 B 14 .  SONNY BETTY
BOY ANN

5. JB AQ 15. BRUCE BETSY

6. URB VOX 16. EDNA WILL IAI— i

7• * BULL COtVJ 17. LOUISE GEORGE

8. SOW BOAR 18. EDtVIARD RACHE L

9. BUSTER NANCY 19. JOHN ROBERTA

10. DAISY LI ’L
MAE ABNER * The S is instructed to read from here on in.

By Presentation 16, none of the elements of the original pair are present ,

a~d stimulus control has been transferred , almost without  error , from the

— 
letter B to the conceptual abstraction male . At Presentation 19, the original-

ly controlling stimulus is rejected. The progression may be used to elucidate 
V

the relations mentioned previously , and to go on to other points. The pro-

cedure also lends itself to such areas of research in verbal behavior as

properties of a stimulus class , effects of context , sequential positioning

and order effects, and the like. It can be used for long term investigations

with single organisms , wi th  alterations in the behavior being controlled (or

in error) as the major dependent variable.

Substituting 14 BILL-ALICE for the presented 14 , 15 produces considerable

latency and error at the WILLIAI .i—EDNA choice. Restructur ing the sequence so

that WILLIA M—EDNA are presented after  shifting control from B by presenting

it in both members ( SONNY BOY-BEflY ANN , BRUCE-BETSY ) eliminates the error , and

this point may also be used for demonstration .
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