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ABSTRACT

The purpose of this experiment was to determine if simple auditery and visual
sensory stimuli were effective reinforcers with mentally retarded children and, if
so whether one stimulus was superior to the other. In order to make this determina-
tion, a group of eighteen female patients between the ages of seventeen and twenty~
seven, having |Q's ranging between 37 and 98, and classified as functioning in
adaptive behavior level-1ll, were assigned by random sampling techniques to three
equal groups to participate in a multiple-=choice learning situation. The groups of
subjects were exposed either to one of the two sensory stimuli (light flash or buzzer)
after each correct response or, in the case of the confrol group, the subjects re-
ceived only knowledge of resulis as a possible reinforcer.

The following null hypothesis was formulated prior to the experiment. There
will be no significant difference between the number of errors committed during the
learning task by the groups receiving response~contingent sensory stimuli and the
number of errors committed by the control group.

The Friedman Two Way Analysis of Variance and the Mann~Whitney U Test
were used to determine if there was a significant difference in amount of learning
between any of the three groups as measured by number of errors committed per
group over all trials. The group receiving response=-contingent auditory stimuli was
found to be significantly superior in amount of learning only to the group receiving
response~contingent visual stimuli; although o trend was seen toward a difference
favoring the auditory group over the control group and the contral group over the
visual group. lt was therefore concluded that the present study was unable to dem-
onstrate that response-contingent sensory stimuli provided more reinforcement effect
than did mere knowledge of results provided in the contro! condition; therefore, the

data did not justify rejecting the null hypothesis at the .05 level of confidence. It



vii
was suggested that the findings of this study be considered indeterminate rather than
negative because a number of possibly confounding variables may have obseured

any real differences between the groups.



CHAPTER |
THE PROBLEM, LIMITATIONS, AND DEFINITIONS OF TERMS

During the continuing search for additional reinforcing agents to be used in
both experimental and pedagogical learning situations, researchers have demon-

strated, in several species, a phenomenon they describe as sensory reinforcement

(Kish, 1966). Although research in the area of sensory reinforcement has been
conducted for several years, most of this has been accomplished with lower organ-
isms, and very little has been carried out on either normal or retarded humaen pop-

ulations

[. THE PROBLEM

Statement of the problem. The purpose of the present experiment is to deter-
mine if simple auditory and visual sensory stimuli are effective reinforcers with

mentally retarded children and, ifso, whether one stimuli is superior to the other.

Importance of the study. There has been a great increase in the use of operant
techniques with retarded children in recent years both in behavior modification situ-
ations (Ellis, 1966) and in more traditional classroom seftings. One consequence of
this trend is an increased awareness among researchers of the need for a greater
variety of stimuli having powerful and [ong-lasting reinforcement effects. Although
there are many agents that are widely used as reinforcers with the retarded, each of
them has certain disadvantages that places a limit on its usefulness in given situa-
tions, e.g., one may produce too rapid satiation, or another may take too much
time or be foo complicated to administer effectively in any but the most optimal con-
ditions.

Several rese&rchers in the field have wriften regarding this problem; Watson,

Lawson, and Reed (1966), for example, have stated’ that:



Effective reinforcement seems to be a particularly pressing problem, and

one of great interest in its own right as well as for its practical potential.

MRs do seem to differ from normals in the kinds of reinforcements that

are most effective~—whether this is due more to institutionalization or to

retardation itself is not entirely clear yet., What is clear is thatresearch-

ers have only begun to discover truly effective, long~lesting reinforcers,

Until these are better developed, certain important long-term learning

research is going to be seriously hampered.,

A similar view is expressed by Ferster and Demeyer (1962) in o review of ex-

periments using operant reinforcement techniques with normal, retarded and
psychetic children:

The reinforcers used have included irinkets with nursery school children

. .; pennies with grade school children . . .; ond candy with feeble-

minded and psychotic children. In many of these experiments, the
authors report large satiation effects, inability to sustain the perform-
ance of every subject, necessity of using brief experimental sessions and
frequently weak performances, all presumably arising from a reinforcer
that is not sufficiently durchle.

An area in which sensory reinforcement might be very useful if proven effec-
tive is with aufo~instructional devices or "“teaching machines." A number of re~
searchers, e.g., Hull (1943}, Perin (1943), and Wolfe (1951), have determined
that a reward is most effeciive when delivered immediately, i.e., the strength of
the reinforcement is inversely related to the time beiween the response and the
presentation of the reinforcing stimulus. Consiructors of teaching machines rely
upon this principle for a good deal of their effectiveness, and depend upon imme=~
diate confirmation, or knowlege of results, to reward correct responses. Know-
ledge that an answer is correct is usually adequate reward for older and more
intel ligent children and adults, but is of dubious value with the retarded and very
young normals. [t would seem advantageous, therefore, to construct a new teaching
machine, or a reward mechanism that could be used with currently available
teaching machines, that is capable of dispensing primary reinforcers. However, the

use of conventional primary reinforcers such as candy with a teaching machine pre-

sents @ number of problems: typica! food dispensers may be too cumbersome for use by
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a large number of students in a regular classroom; too much time may elapse be-
tween response and ingestion of the candy reward, and the pupil's pausing to eat
the candy ingerferes with the progression of the programmed material.

Conversely, however, most of these problems might be avoided by using re-
sponse contingent sensory stimuli as reinforcers. Unlike a separate and perhaps
bulky food dispenser, the light or auditory sensary reinforcer (bell, buzzer, etc.)
would require very little space and could be built directly into the machine front
panel. In addition, because elecironically produced sensory reinforcement may be
presented contiguously with the response and directly to the senses, any time delay
between response and reinforcement can be avoided, and the reinfercer may be pre-
sented without interfering with the programmed material.

Thus far, the discussion has concerned potential areas of application if
response=~contingent sensory stimuli are found to be effective reinforcers with the
retarded. This question has yet to be answered, however, because so few studies
using sensory stimuli have been accomplished utilizing humans and, especially,
human retardates. In fact, in a recent review of types of reinforcement used with
the retarded, Watson (1967} failed to mention a single study in which sensory stimuli
were used as reinforcers. The present investigator was able to find two studies
(Baumeister and Ward, 1967; Stevenson and Knights, 1941) using retarded children,
but one of these does not fully qualify as a sersory reinforcement as it has been
traditionally defined (see page 5).

Another reason for conducting this experiment is the disagreement in the fifer~
ature concerning reinforcement value of auditory stimuli. Whereas visual stimuli
have been shown to have reinforcing effects in many areas of application, studies
on auditory stimuli are contradictory. Symmes and Leaton (1962), for example,

were unable to demonstraie any reinforcing effect in auditory stimuli used with rats.
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Barnes and Kish (1961}, however, demonstrated that auditory stimuli can be
reinforcing with reinforcement value being related to intensity and frequency.
Consequently, the reasons for undertaking this study are to determine if
sensory stimuli of the type found to have reinforcing capabilities with other species
are also effective with the human retardate and, if so, to ascertain if stimuli pre-
senfed auditorily exert greater reinforcing effect than stimuli presented visually.
Hypothesis. The following null hypothesis was stated prior to the study:
There will be no significant difference between the number of errors committed
during the learning task by the groups receiving response—confingent sensory stim=

uli and the number of errors committed by the control group.

{I. DEFINITIONS OF TERMS

Adaptive behavior; Adaptive behavior level-1ll. The term adaptive behavior

is used to describe the effectiveness with which the individual copes with natural

and social environmental demands. Children placed in adaptive behavior level-11i

are described as . . . capable of limited social and economic functioning in a

noncompetitive or sheltered environment, but will be dependent upon some general
confrol and support." (Leland, 1964).

Control group. The control group is a group of subjects used in an experi~
ment that is made as rearly like the experimental group as possible except that it
is not administered the treatment of infterest.

Experimental group. The experimental group is the group in which the

treatment of interest is administered. In this sfudy there were two experimental
growps: Experimental group number § had the introduction of response-contingent
auditory stimuli as the freatment of interest; Experimental group number II had the

introduction of response~contingent visual stimuli as the treatment of interest.

Reinforcer. The concept of reinforcement forms an integral port of most
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contemporary theories of learning, e.g., Hull (1952), Skinner (1958), and although
there is considerable disagreement concerning the exact nature of reinforcement
(for example, whether or not drive reduction is involved), few would argue with
the following definition of a reinforcer: "A reinforcer is a stimulus event which,
if it occurs in the proper tempaoral relation with a response, tends o maintain or in-
crease the strength of a response or of a stimulus-response connection.™ (Deese and
Hulse, 1967}.

Kish (1966) has stated that, traditionally, events capable of exerting rein-~
forcing effects could be placed into four broad cafegories: (1) those substances
such as food or water which reinforce because of their relation to some organic
need condition (primary positive reinforcement); (2) the removal of aversive stimuli
such as shock (primary negative reinforcement); (3) something which has reinforcing
effect because of its prior association with a primary pesitive reinforcer (secondary
positive reinforcement); and, (4) o stimulus which, upen its removal, has rein-
forcing effect because of its prior association with a primary negafive reinforcer
(secondary negative reinforcement).

Sensory reinforcement. Kish (1966) defines sensory reinforcement in the

following manner:
Sensory reinforcement will be used to refer to a primary reinforcement pro-

cess resulting from the response-contingent presentation or removal of
stimuli of moderate intensity which cannot be subsumed under classes 1,

2, 3, and 4.
It should be made ciear that, although not explicitly stated in the definition,

the term sensory reinforcement applies only to those stimuli of a quite simple

nature such as a single light flash or a clear tone of unvarying frequency and amp-
litude, and not to stimuli such as music, voices, illuminated pictures, or other
more complex stimuli that may have secondary reinforcement value.

White noise, White noise is a "sound effect of a number of random sound




waves presented simultaneously.” {Chaplin, 1968).
. LIMITATIONS OF THE STUDY

An important {imitation of this study derives from the fact that the subjects
comprising the experimental sample were all patients from an individual cottage in
a single state institution for the mentally retarded. Because each institution has
its own unique ambience, including, usually, specialized training programs which
impart to the patients experiences that other groups might not have, one must be
very cautfious attempting to generalize the results of this study to the entire re-
tarded population.

The fact that the subjects were all female is another limitation of the study
that must be considered when attempting to generalize the results.

It is also important that the findings of this study be applied only to visual
and auditory sensory stimuli of a similar nature to that used here, i. e., it should
not be assumed that all lights or sounds are similar in effect, even when applied to

a similar population.



CHAPTER i
REVIEW OF THE LITERATURE

Perhaps the first to investigate the reinforcing effects of visual sensory stimuli,
usually called light~onset reinforcement, was Girdner (1953) who, in order to test
the hypothesis that animals engage in exploratory behavior to expose themselves to
novel stimuli, devised an experiment in which a rat in a Skinner-box could turn
on a light by pressing a lever and thereby expose itself to the visual stimulation.
His prediction was borne out when rate of emission of the lever-pressing behavior
increased upon reinforcement with the light. Other studies of a similar nature
have also demonsirated the reinforcing effect of response contingent visual stimu-
fation with rats (Kish, 1955; Marx, Henderson, and Roberfs, 1955).

Other studies, such as those by Sterritt (1966) and Meyer (1947) hayve demon-
strated that light-onset stimuli have reinforcing capabilities across species.

Sterritt discovered that chicks raised in dim light would peck at a higher rate for a
reward of exposure to ten seconds of bright light. Meyer used two light intensities
and three ratio schedules with chicks and found that although light proved rein-
forcing at all intensities and schedules, it was most effective at the strongest in-
tensity and lowest ratio.

As mentioned in Chapter [, there has been some disagreement concerning
auditory reinforcement. Whereas light-onset has been shown to have reinforcing
effects in nearly all areas of application, studies in the area of auditory reinforce-
ment have generated a great deal of conflict concerning the reinforcing effect of
auditory stimuli across species,

Symmes and Leaton (1962), for example, studied the effect of auditory stimuli
on a group of thirty~three rats. They were unable fo demonstrate any reinforcing

properties in a pure fone, white noise, or a warbling tone presented at fifty and



seventy decibels.

Barnes and Kish (1961), in a study involving one hundred mice, tested the
reinforcing properties of auditory stimuli presented in ten frequencies ranging from
seven hundred fo sixteen thousand cycles per second, five intensities rcm.ging from
forty~five io ninety~-five decibels, and two levels of pure tone. They determined
that, whereas the lower frequencies and intensities of response-contingent pure
tones did maintain higher response rates than non~contingent controls, the higher
frequencies and intensities tended to have a depressive effect upon rate of re-
sponding. They also found, however, that even the lower frequencies and inten-
sities of auditory stimuli were very weak reinforcers in comparison with response=
contingent illumination. A possible explanation of this low reinforcing effect was
that the tones used were too simple. This led Baron and Kish (1962) to devise an
experiment with mice wherein they were able fo compare the reinforcing properties
of a confinuous pure tone, an intermitiant pure tone, and a complex sound con-
sisting of three pure fones presented in rapid succession. Contrary to expectations,
they found that, although all tones led to a decrease in response rate, the complex
tones were responsible for a greater decrease than the simpler, pure tones.

The preceding studies appear fo indicate that, not only is light a for better
reinforcer than sound, but also that sound is sometimes an aversive stimulus and a
hinderance to learning.

Other studies on different populations suggest that auditory stimuli may be
effective reinforcing agents. For example, Butler (1957), in his research on ex-
ploratory drive in monkeys, demonstrated that rhesus monkeys would learn a posi=
tion discrimination response in order to receive a reward of hearing fifteen seconds
of sounds picked up by microphone from the monkey colony area.

In another study, Butler (1958) reported on the efficacy of both visual and

auditory stimuli as reinforcers with monkeys by rewarding them with lighted pictures
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{monkey, dog, empfy cage), and tape recorded sound (feeding sounds, single mon-
key sounds, white noise, rage sounds, and dog sounds). He noted that although the
majority of the sounds and pictures were effective reinforcers, the dog picture, dog
sounds and rage sounds had no reinforcing properties.

Although Kish (1966) referred to the studies by Butler as illustrative of the
primary reinforcing effects of auditory stimuli with primates, Kish stated that many
of the stimuli used by Butler probably had secondary reinforcing properties.

The scant number of studies reported on sensory reinforcement with humans do
little to resolve the question of whether response contingent visual and auditory
(sensory) stimuli have reinforcing properties when applied to the human population.
In addition, the present researcher has found no studies reported on humans where
a comparison has been made between the reinforeing effects of visual and auditory
stimuli with the same population.

One of the first studies reporting the use of sensory stimuli with humans was
that by Terrell and Kennedy (1957) who used five groups of children to study the
relative effectiveness of five different reinforcement conditions. One group re-
ceived a light flash as reinforcement; another group received a piece of candy for
each correct response; a third group received a token which could later be traded
for a piece of candy; and the other two groups received either verbal praise for o
correct response or verbal reproof for an incorrect response. Candy proved to have
the greafest reinforcement value, but there was little difference between any of
the other reinforcement conditions. One connot discern from this study whether
the light flash {or, in fact, any of the stimuli other than the candy) had any rein-
forcing properties for the authors failed to provide a control group.

This criticism of lack of control group applies also to another study by Terrell
{1958) in which he investigated the relative effectiveness of four different reinforce-

ment conditions, again using normal children as subjects. In one condition, each
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correct response was followed by a flash of light only, and in the other three con-
ditions a light flash after each correct response was accompanied by (1} a piece of
candy, (2) a verbal statement fo the child that he would receive a piece of candy
fater, and (3) a token which could be turned in for candy after the experiment.

The resulis of this study were very interesting in that light paired with verbal
promise of a later candy reward was a much weaker reinforcer than the other three
conditions which were approximately equal in effect. It appears that the light plus
verbal statement may have actually interfered with the learning process somehow in
that the children received more stimulation in this condition than in the light only
condition, yet they learned at a slower rate.

Social class, a variable which is sometimes considered in learning experiments,
was examined in a study by Terrell, Durkin, and Wiesley (1959). They utilized
children drawn from middle and lower class families in order to test the hypothesis
that a tangible reinforcer (candy) plus a light flash presented simultaneously after
each correct response would have greater reinforcing effect with lower class child-
ren than would a light flash alone. The results of this study confirmed this hypo-
thesis: the candy and light condition was more effective with lower class children,
but with middle class children there was no difference in reinforcement effect be-
tween the candy-light condition and the condifion where a light flash was presented
alone. This was interpreted by the authors as a reflection of both the economic dif-
ferences between the two classes which made candy a more highly valued item for
pooter children, and the differing value systems where "being-right” was an im~
portant middle-class goal and, subsequently, information to that effect a powerful
reinforcer. Still, as no control group was used, it is impossible to tell whether the
light was in itself reinforcing or whether it served merely as a signal indicating

correciness of response.
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As mentioned in Chapter |, the present investigator was able to find only two
studies using retarded children (Baumeister and Ward, 1967; Stevenson and Knights,
1961), and the stimuli used in the second of these does not fully qualify as sensory
reinforcement as it has been defined for this study.

A study by Baumeister and Ward (1967) does, however, appear to verify the
reinforcement properties of an auditory stimulus. Baumeister and Ward studied the
effects of sensory and traditional rewards on the reaction times of retardates. One
group was rewarded with praise, another group with the sound of a bell, and a
third group, used as a control, recieved no reinforcement. The praise, bell, and
money~bell groups all experienced significant increase in reaction speed, but the
contral group decreased their speed of reaction (increased reaction time). There

were no significant differences in reaction times between the praise and money-

bell groups or between the bell and praise groups. The money-bell group, however,

did produce significantly faster reactions than did the be!l only condition.

In the second study using retarded children, Stevenson and Knights (1961)
compared normal and retarded children on a simple motor task in order to fest the
hypothesis that visual stimuli would maintain its reinforcing effects for a longer
period of fime with the retarded than with normals. This prediction was borne out
by the results of the study. The visual reinforcement used here was not pure sen-
sory reinforcement, however; instead, the Investigators used pictures of animals
which they illuminated from behind. These reinforcers, then, probably carry some
additional associations for each child which he would not experience when pre-
sented a simple light stimulus.

And, finally, Edwards and Filby (1963), ina study related to the develop-
ment of automated teaching methods to test and teach form discrimination to

aphasics, used a one second flash of colored light as a reinforcer. The study in-

volved adult aphasics as subjects in a matching~to~sample discrimination task. The
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main goa! of the study was to compare aphasic learning ability with that of normals.
Although there was no significant difference between the two groups on the task de-
scribed, it was reported that the light generally appeared to be an adequate rein-
forcer. The authors did mention that the light flash seemed to lose its effect toward
the end of the program of one hundred and eighteen trials.

It appears, therefore, that a number of deficiencies exist in the collected
data on sensory reinforcement with humans, and especially with the retarded. This
researcher, for example, has found no studies reporting on the reinforcing effects
of simple visual sensory stimuli with the retarded (pictures are considered fo have
secondary reinforcing properties) and, in addition, only one was performed with
control group, and none of the six compared the relative effectiveness of auditory
and visual reinforcers with the same population.

The purpose of the present experiment is to determine if simple auditory and
visual sensory stimuli are effective reinforcers with mentally retarded children and,
if so, whether one stimulus is superior to the other. This study wos accomplished
by a learning situation wherein presentation to the subject of visual stimuli, audi-
tory stimuli, or no stimuli (confrol condition) was contingent upon making the

correct choice in a multiple=choice situation.



CHAPTER Il
METHOD

Subjects. The subjects were eighteen female mentally retarded patients on
the same cottage at Parsons State Hospital and Training Center, a state institution
for the retarded. All had been classified at adaptive behavior level-iil {Leland,
1964). Their ages were between seventeen and twenty~seven years old with their
average age 20.4 years. Their IQs were between 37 and 98 as measured on the
Draw=A-Man test (Goodenough, 1926) that was administered and scored by this
investigator.

Appdfdtué. The response mechanism (Appendix Figure 1, a and b) was an
eight inch by fen inch Pressey-type punchboard (Pressey, 1950) modified so that a
correct answer would close an electrical circuit connected to either a buzzer or
light reinforcer. The punchboard contained five rows of one-fourth inch holes,
four holes to o row. A one-eighth inch rim around each hole was painted either
red, green, yellow, or black te correspond to the color-coded stimulus cards. The
punchboard was constructed of one-fourth inch hardboard with o space between
the front and back that allowed insertion of one of the three answer keys. The
answer keys were constructed of masonite with holes drilled to allow passage of the
stylus through the keys to make contact with the metal plate in front of the back=~
board. The keys could each be inserted into the punchboard in four different ways,
and the holes in the keys were arranged randomly to prevent position responses.
The metal plate in front of the backboard formed part of the electrical circuit which
was completed when touched by the stylus. Answers were recorded on a piece of
six inch by eight inch paper inserted between the face of the punchboard and the
answer-key. A large hole in the paper caused by the stylus passing completely

through indicated a correct response, and a small hole caused by only the tip of
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the stylus puncturing the paper indicated an error.

The stylus was constructed of a three-sixteenth inch pointed steel rod which
had a wooden handle covering four of its six inches of length., The steel was con-
nected by electrical wire toaplug connection in the punchboard.

The main body of the apparatus was constructed in the form of a suitcase
measuring sixteen inches by twenty-four inches by eight inches. The visual rein-
forcer, a red light made from a three inch diameter round red plastic safety reflec-
tor, was mounted flush in the white-painted lid of the case. |{lumination was pro-
vided by a standard six volt automobile tail-light bulb mounted inside the fid
behind the reflector. The case itself contained a U.S. government surplus interval
timing unit which was wired directly to the 110 volt power source. The timer was
connected in turn to a six volt fransformer which powered both buzzer and light.
These components were covered by a panel which held thecon-éffswitch, the time
adjustment knob for the timer, and a switch which directed current to either the
light, the buzzer, or neither. During operation, the lid was removed and put in
a position which placed the light-reinforcer directly in front of the subject and
served to conceal the main body of the apparatus.

The stimulus materials were pictures of girls involved in five different prob-
lem situations of a social nature. Each stimulus picture wos accompanied by four
smaller pictures illustrating different possible responses to the problem in the
larger card. The drawings were in black pencil on white cards measuring nine and
one-half inches by twelve inches for the stimulus cards and five by six inches for
the response cards. These pictures are illustrated in the appendix.

Since many of the subjects could not read, it was necessary to color-code
the answer pictures to mateh correspoandingly colored holes in the punchboard.
However, in order to avoid color-determined responses, color was not placed

directly on the cards; instead, the cards were ploced on eight and one-half inch by
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eleven inch colored squares of cardboard on the table in front of the subject. The
positions of the pictures, and hence their color, were assigned randomly for each
trial .

The experiment was conducted in o room that had been partially soundproofed,
so exiranious noise was minimal. The room measured eleven feet by twelve feet and
contained a twenty—six inch high rectangle table and two plain chairs,

Procedure. The eighteen subjects were assigned to the three reinforcement
conditions in a randomized block design. The subjects were first ranked in de~
scending order according to 1.Q. The upper three subjects were assigned to the
first stratum, the second three subjects to the second stratum, etc. . . ., untfil six
strata were formed. Then, random sampling from each stratum insured that only one
of the subjects from each stratum was assigned to each reinforcement condition.

Before starting the actual study, the subjects were given instruction and
training on use of the apparatus and were familiorized with the fype of material
they would be asked to learn later. The subjects were brought into the room in-
dividually and asked to sit in « chair facing the table vpon which the apparatus had
earlier been arranged. The experimenter then sof in a chair atf the side of the
table and gave the following instruction; “This is a machine which | would like to
use fo find out how quickly you can learn some things. [ will first show you a big
picture which | want you to look at carefully Ghowed subject picture of cup)..I
Now, here are four smaller pictures (laid the pictures on the colored cardboard).

One of them is like the big picture, but three of them are different-~you point to

the one which is just like the big picture.” If the subject failed to point, or

Yop n y .

A simple matching~to sample task was used for the first illustration in order
to allow the subjects fo concentrate their attention on learning the apparatus and
procedure. '
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pointed to the wrong one, the experimenter showed her the correct picture and
asked the question again until the subject pointed it out correctly. Upon pointing
to the correct picture, the subject was given these additional instructions: "Good,
you pointed to the right picture, now let's do it again (pictures were rearranged
and the task repeated). Now, instead of peinting to the picture, | want you to
show me the picture you mean in a different way. See, the picture you said was
the right one is on the red card. Now, do you see this punchboard? One of the
holes has a red circle around it. | want you to show me you picked the red card by
taking this thing (stylus) and pushing it into the red hole like this.” At this poini,
it was usually necessary to give individua! instructions, varied somewhat for each
subject. Some subjects had difficulty with the apparatus, and it was necessary to
rephrase the instructions or repeat them several times. Only after the subjects had
a thorough knowledge of the operation of the apparatus, as demonstrated by four
successive correct responses, were they presented with a task similar in nature to
those in the actual study (all tasks up to this time had been matching-to~sample).
This task consisted of a large picture showing a boy going onto a playground where
a second boy was playing basketball. The four small pictures show (1) the boys
fighting, (2) the first boy throwing rocks at the second boy, (3) the first boy run-
ning away with the basketball, and (4) both boys playing basketball in a friendly
manner. The subjects were given the following instructions: “Here is a picture of
a boy going onto a playground where another boy is playing basketball. Do not
try to find a litHe picture that looks just like the big one because there isn't any.
Instead, | want you to find a little picture that shows what the boy should do next.
When you find the right picture, show me which one it is the same way you did
jast time." The subjects were tested on this set of pictures and another of the same

type unti} it was clear they understood the nature of the task and could give the
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correct answers for four consecutive presentations of the pictures. When all of the
subjects had met this criteria, the actual study was begun.

The subjects were seated as in the training period with the punchboard
directly in front of them on the table. The lid of the apparatus containing the red
light was placed two feet, six inches from the front edge of the table directly be-
fore the subject. The main body of the apparatus was behind the lid and could not
be seen by the subject. The colored cards upon which the pictures would be placed
were in the space between the |id and the punchboard, with a space above the
colored cards for the placement of the large stimulus card. The experimenter was
seated at the side of the table where he could change the pictures without dis-
turbing either the subjects of the apparatus.

The subjects were given the following general instructions: "I am going to
show you some more pictures. As before, there is one big picture and four little
pictures. You lock at the big picture first, then find the little picture that shows
what should happen next. You show me which is the right picture by punching the
'thing® in the same colored hole, just like you did before. If the one you choose
is not the right ohe, keep trying until you find the one that is."

The experimenter then began to place the pictures in their positions on the
table and gave the following instructions to the subjects for each set of pictures:

Picture no. 1. "This is a boy and girl going info a restaurant.
Which little picture shows what should happen next?”

Picture no. 2. "This is a ?irl gefting dressed in the morning.
Which little picture shows what she should wear?”

Picture no. 3. "“This is a new girl coming into the cottage.
Which little picture shows what should happen next?"

Picture no. 4, "These girls are teasing this other girl.
Which little picture shows what should happen next?”

Picture no. 5. *This s a girl coming into the cottage.
Which {ittle picture shows what she should do next?"
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If the subject failed to respond or asked for further instructions, she was fold fo
"Look at the big picture, then find the little picture that shows what should happen
next. Then make a punch in the hole that is the same color as the picture you

chose.” If the subject started to make a punch in the wrong row on the punchboard,
the correct row was pointed out to her. The order of presentation of the five pic-
ture sets was determined by consulting a table of random numbers as were the posi-
tions of the correct response cards.

The timer was set to provide visual or auditory reinforcement of one second
duration. This time was kept constant for all subjects in either reinforcement group.
Neither the buzzer nor the light had provision for regulation of intensity. Both
appeared subjectively to be of moderate intensity, clearly audible and visible, but
not irritating in any way. Arrangement of the apparatus was kept constant for all
groups, including the control group.

Two consecutive errorless irials per set were established as criterion of
learning. If an error was committed on one set, the subjects would continue to
answer all sets until criterion was reached. If a subject failed fo reach criterion
in twenty trials, the session was terminated.

One week after the first session, the subjects were retested on the same
materials. There was one trial per picture—set, and the score recorded was the
number of correct responses on that one trial.

Non~parametric statistical tests were used to analyze the data because all of
the assumptions (such as normality of the data) underlying use of parametric tests
were not met in this study. The conditions which must be satisfied before parametric
tests may be used have been described by Siegel (1956), and include the require-
ment that observations be independent, that observations be drawn from normally

distributed populations which have either the same variance or a known ratio of
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variances, and that, in the case of the analysis of variance (F test) the means of
these otherwise satisfaciory populations "must be linear combinations of effects due
to columns and/or rows. That is, the effects must be additive,”

Non-parametric tests do not require such rigid assumptions to be metf, how-
ever, and are therefore more appropriate for the analysis of this experiment.

The Friedman Two-Way Andl'fs is of Variance (Siegel, 1956) requires only that

there be three or more matched samples in at least an ordinal scale, and the Mann-

Whitney U Test is used under the assumption that ordinal measurement has been

achieved on the two independent groups fo be tested. The only assumption under-

fying the use of the Spearman Rank Correlation Coefficient (Siegel, 1956) is that

both variables in the correlation be measured in at least the ordingl scale.

The Friedman Two-Way Analysis of Variance (Siegel, 1956} was used to de~

termine if the three reinforcement groups were at approximately the same level
when the [ecrning task began, and if they differed in respect to the amount of
fearning, os measured by number of errors, and in respect to retention of the
material, as measured by number of correct responses per group in fhe retest, If
the groups were shown to differ in knowledge of the material before the learning

task started, in amount of learning, or in retention, the Mann-Whitney U Test

(Siegel, 1956) was employed to determine which group was responsible for the
overall difference.
In order to extract additional information from the data, several other tests

were performed as a supplement to the main body of the study. The Spearman Rank

Correlation Coefficient (Siegel, 1956} was employed to test the correlation he-

tween amount of learning and 1.Q).s, amount of learning and refention, and 1.Q.s

and retention.



CHAPTER IV

RESULTS OF THE STUDY AND DISCUSSION

Results. The first measurement performed on the data was fo count the num-

ber of errors (incorrect choices in @ multiple~choice situation) produced by each
group on the first trial of the learning task; these errors were made prior to initial
reinforcement (Table 1). This data was then used in the calculation of the Friedman
Two~Way Analysis of Variance, This measure was used to test whether there was a
significant difference in number of errors on the first trial between any of the three
groups; i.e., were the three groups closely matching in pre-experimental knowledge
of the material to be learned? If it was found that one group was significantly
superior or inferior to the others in knowledge of the task before introduction of the
response-contingent stimuli, the findings of the study would have been very gues-
tionable, forcing a revision of the experimental method. Calculation of the
Friedman Two-Way Analysis of Variance (Siegel, 1956, p. 32) demonstrated a Xr2
of 4.486 which was not significant at the .05 level of confidence {a sz of 6.33

is needed to be significant at the .05 level). (Table Hi, p. 23.)



TABLE

NUMBER OF ERRORS COMMITTED IN
EACH REINFORCEMENT CONDITION

ON FIRST TRIAL

REINFORCEMENT CONDITION

SUBJECT
NUMBER CONTROL BUZZER LIGHT
NUMBER OF ERRORS
i 7 4 6
2 7 4 6
3 7 3 4
4 2 12 8
5 8 7 10
6 6 3 5




TABLE 1]

FRIEDMAN.> TWO-WAY ANALYSIS OF VARIANCE: DIFFERENCES
BETWEEN GROUPS ON FIRST TRIAL

REINFORCEMENT CONDITION

SUBJECT

NUMBER CONTROL BUZZER LIGHT

RANKS

i 3 1 2
2 3 1 2
3 3 i 2
4 i 3 2
5 2 1 3
6 3 ] 2

SUM OF

RANKS 15 8 13

x % = 4.486

p=>.05
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Having determined that the three groups were at on approximately equal fevel
at the beginning of the learning task, the next step was tabulation of the total num-
ber of errors committed in each reinforcement group over all of the experimental
trials. Experimental group number |, the group receiving auditory reinforcement in
the form of a buzzer sound, made the fewest number of errors (N = 390), while
experimental group number I, the group presented with visual stimuli in the form of
a light flash, committed the greatest number of errors (N = 652). These values are
shown in Table i1i.

The Friedman Two=-Way Analysis of Variance was again employed to deter~
mine if there was a significant difference in amount of learning between any of the
three groups as measured by total number of errors per group over all trials. This

2 of 6.49 which is significant at the .05 level of

calculation demonstrated a Xr
confidence (Table IV, p. 26).

The Friedman Two-Way Anclysis of Variance, although able to reveal
whether there is a significant variance of one or more of the groups from the others,
it cannot pick out which one of the three groups is responsibie for the variance.

To determine the variant group or groups, the Mann-Whitney U Test, which com-
pares the groups fwo at a time, was employed.

The results of the Mann-Whitney U Test are presented in Table V. Upon con-
sulting the table it is. evident that there is no significant difference between the
control group and the buzzer group (a U of 7 is needed to be significant at the .05
level) or between the control group and the group presented with a flash of light.
it is, therefore, concluded that the date do not give evidence which justify re-
jecting the Null hypothesis of no significant differences between the number of
errors committed during the learning fask by the groups receiving response~contin-

genf sensory stimuli and the number of errors committed by the control group.



TABLE 1il

NUMBER OF ERRCRS PER SUBJECT WITHIN
GROUPS ON ORIGINAL LEARNING TASK

REINFORCEMENT CONDITION

SUBJECT
NUMBER CONTROL BUZZER LIGHT
NUMBER OF ERRORS
1 19 11 55
2 93 20 84
3 54 5 50
4 11 54 152
5 40 34 151
6 173 15 160
TOTALS 390 139 652
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TABLE IV

FRIEDMAN TWO-WAY ANALYSIS OF VARIANCE:
DIFFERENCES BETWEEN GROUPS IN NUMBER

OF ERRORS OVER ALL TRIALS

RE[NFORCEMENT CONDITION
SUBJECT
NUMBER CONTROL BUZZER LIGHT
RANKS
1 2 1 3
2 3 1 2
3 3 ] 2
4 ] 2 3
5 2 ] 3
6 3 ] 2
SUM OF
RANKS 14 7 15
X 2= 6.49

T

p =<

.05
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Although it was not possible to demonstrate a significant difference in
amount of fearning between the experimenta! groups and the control group, match-
ing the buzzer group against the light group revealed a difference which is signif~

jcant at the ,002 level.

TABLE V

MANMN-WHITNEY U TEST OF DIFFERENCES
BETWEEN GROUPS ON LEARNING TASK

SOURCE U P
CONTROL X BUZZER 9 .09
CONTROL X LIGHT 16 12
BUZZER X LIGHT ] .002 .
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An alternative method of viewing the data is presented in Table Vi which
shows the number of subjects in each group that reached the criterion score of two
consecutive frials without error. This table reveals essentially the same balance be-
tween groups as does Table |11, i.e., all six subjects in the Buzzer group reached the
criterion score, whereas only three of six subjects in the Control group and one of

six in the Light group can be considered to have learned all the material.

TABLE Vi
SUBJECTS REACHING CRITERION PER GROUP

CONTROL | BUZZER| HIGHT

Number Ss Reaching Criterion 3 6 1

Number Ss Not Reaching Criterion 3 0 5

The number of correct responses for each individual and each reinforcement
group on retest one week later is presented in Table VIl. The resulis of this phase
of the study are quite similar fo those presented in Tables Hl and Vi. Although the
Buzzer group appeared to register the best performance, followed in turn by the
Control group and the Light group, the differences between the groups were not
statistically significant, Unlike the analysis of the original learning task, caicula-
tion of the Friedman Two-Way Analysis of Variance (Table VI, p. 30)demonsirated a

sz of 3.163 which failed to reach significance at the .05 level of confidence (g

xr2 P 8. B0s needed fobesigntiiaantof the .08 level),



TABLE Vil

NUMBER OF CORRECT RESPOMNSES

PER GROUP ON RETEST

REINFORCEMENT CONDITION

SUBJECT
NUMBER CONTROL BUZZER LIGHT
NUMBER CCRRECT ON RETEST
1 3 4 1 4
2 4 5 1
3 0 4 0
TOTAL 7 13 5
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TABLE VIII

FRIEDMAN TWO-WAY ANALYSIS OF VARIANCE:
DIFFERENCES BETWEEN GROUPS ON RETEST

30

REINFCRCEMENT CONDITION
SUBJECT
NUMBER . NONE BUZZER LIGHT
RANKS ON RETEST

i I 259 2.5

2 2 3 i

3 : 1.5 3 1.5
SUM OF
RANKS 4.5 8.5 5.0
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The resulis of retesting the subjecis one week later cannot be considered as
reliable as the results of the original learning task because three subjects were lost
from each group in the time between cessation of the original learning task and the
retest.

Finally, as a complement to the main body of the study and in order to pro-
vide additional descriptive statistics, Spearman Rank Order Correlation Coefficients
(Table 1X) weré&'obtained on learning and 1.Q. (humber of errors x 1.Q.), retention
and 1.Q. (number correct on retest x 1.Q.), and learning and retention (number of
errors x number correct on retest).

There was only a negligible positive correlation (.275) between learning and
1.Q. which was not significant at the .05 level [ of .399 needed for .05 level of
confidence).

The correlation between retention and 1.Q. was also very low (.33), and
also not significant at the .05 level. (v of .400 needed for .05 leve! of confidence).

On the other hand, however, a correlation coefficient of .81 was obtained
between learning and retention. This relationship was found fo be significant at
the .01 level of confidence. (r of .783 needed for .01 level of confidence).

Discussion. The purpose of this experiment was to determine if simple aud-
tory and visual sensory stimuli were effective reinforcers with mentally retarded
children and, ifso, whether one stimulus was superior to the other.

It was nof possible to obtain an unqualified demonstration of the phenomenon
of sensory reinforcement in this sfudy because neither of the groups presented with
response~contingent sensory stimuli performed significantty better on the learning

task than did the control group.




TABLE IX

SPEARMAN RANK ORDER CORRELATION COEFFICIENT

MEASURES

'S
LEARNING X 1.Q. .273
LEARNING X RETENTION .81*
RETENTION X 1.Q. .33

o= .01
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It may be hypothesized that the failure of the study to demonsirate clearly
the reinforcing properties of response-contingent sensory stimuli was possibly re-
lated to failure of the sensory stimuli to reinforce responses to a significantly greater
degree than natural or other reinforcers in the situation possibly operating concur-
rent to the sensory stimuli. For example, the experimenter may have served as an
uncontrolled social reinforcer which made "being-right" a more powerful reinforcer
than correciness of response would have ofdinatily been. This social reinforcement
may have served to increase the learning level of the subjects to the point where
additional sensory reinforcement could add very little to the performance level.

Another possibility that might be considered is that the experimental sur-
roundings, presence of the experimenter in the festing room, the learning apparatus,
etc. . . ., may have served as discriminative stimuli for responding by al! subjects;
i.e., fthe learning environment may have served as a cue or indicator to the sub~
jects that they should perform well on the task.

In the two previous examples, the relatively short fraining session (one to
two hours per subject) may have precluded subject adaptation to the situation and
subsequent "leveling off" in the response variable measured. If the training ses-
sions were considerably longer, the subjects might have become habituated to the
experimental surroundings, thereby negating any transifory increase in responsive-
ness.

It is also possible that knowledge of results and kinesthetic feedback pro-
vided by operation of the punchboard were reinforcing for the subjects. Skinner,
(1954) for example, has remarked that mere manipulation of teaching machines has
been found to be an effective reinforcer. If such is the case in the present study,
it is possible that the reinforcement provided by knowledge of results and manipu-
lation of the apparatus was sufficient to obscure the possible facilitative effects of

sensory reinforcement.
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It might be menticned thaf, although not statistically significant, there does
appear fo be some evidence to demonstrate sensory reinforcement. As shown in
Table tH, all members of the Buzzer group reached the criterion of two consecutive
errorless trials, whereas only three of the control group and one of the Light group
reached criterion. ln addition, although it was not possible to demonstrate a sig-
nificant difference between the Buzzer group and Control group in number of errors
committed over all trials of the learning task, there was a distinct trend in the
direction of significance (p = .09) favoring the Buzzer group.

Thus far, the discussion has been concerned with factors relevant to the in-
ability of this study to demonstrate the superiority of sensory reinforcement, over
natural or "uncontrolled” reinforcers in the control condition. Fortunately, if is
possible to relate somewhat more positive findings when comparing the relative
effectiveness of visual and auditory stimuli.

For example, a significant difference was demonstrated between the Buzzer
group and the Light group with the Buzzer group achieving a significantly higher
amount of learning than the Light group. These findings were in contradiction to
the only other reported study that compared the reinforcement effects of pure audi-
tory and visual stimuli (Barnes and Kish, 1961). The fact that the findings of the
present study are in contradiction fo the findings of Barnes and Kish (1961), who
utilized mice, is not particularly unexpected, for other researchers (Symmes and
Leaton, 1962; Baron and Kish, 1962) have also found sound to be an effective re-
inforcing agent.

There are several possible explanations for the greater achievement of the
Buzzer group as compared to the Light group. For example, the buzzer sound may
have been more of an environmental change than the light-onset and therefore a

"stronger" stimulus in relation to other environmental events. Conversely, if the
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"stronger" stimulus in relation to other environmental events. Conversely, if the
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study had been conducted in a darkened room, the Light group might have achieved
the greater amount. In addition, it was not possible to equate the buzzer and
light in any dimension other than duration. The possibility exists, therefore, that
a light of a different color, size, intensity, or shape might have an entirely dif-
ferent effect. One of the most likely explanations of the poor reinforcement value
of the light-onset is the fact that there was a slight delay between the subject's re-
sponse and her observation of the fight stimulus~~the subject had to raise her eyes
from the punchboard to see the circle of light on the panel before her. This pos-
sibility is given credence by the findings of those researchers (e.g., Perin, 1943;
Wolfle, 1951) who have demenstrated that, up to a point, the strength of a rein-
forcer is inversely related tc the length of time between response and presentation
of the reinforcing stimulus. Consequently, the light might have possibly demon-
strated reinforcing properties had it been placed directly on the punchboard so the
subject would have seen it immediately upon response.

And, finally, simple observation of the data porirayed in Tables 111 and VI,
which reveals a tendency of the Control group to perform better than the Light
group, leads this experimenter to suspect that onset of the light may have resultad
in attenuation of any natural or uncontrolled reinforcement similar to that hypo-
thesized to be contingent upon correct response in the control condition.

There is some additional evidence to support the suggestion that the Control
group tended to perform at a higher level than did the Light group. One of the
subjects in the Control group performed so poorly on the learning task (173 errors)
that she was considered o deviant subject in comparisan with the other subjects in
the group, i.e., the subject was considered to have violated the matching achieved
among the other subjects in the group. Re-calculation of the Mann-Whitney U Test

(the test most likely to have been influenced by this deviant score), affer substi~

futing for the deviant score the mean error score of the other five subjects (43)
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resulted in a U of 4 and a p of .013 when comparing the Control group with the
Light group. Comparing the Control group and the Buzzer group failed fo demon-
strate a significant difference of the .05 level (U= 10; p = .120).

These re~calculations of the Mann=Whitney U Test, using an adjusted error
score to compensate for the deviant performance of a single subject, should be used
as a supplement to, rather than a substitute for, the original calculation. Although
it is strongly suspected that an uncontrolled subject variable (such as an unknown
sensory defect) was responsible for the subject’s grossly defective performance, the
slight though real possibility that the difference may have been a consequence of
reinforcement value compels retention of the original calculation as final arbiter

of any discussion of relative group standing.



CHAPTER V
SUMMARY AND CONCLUSIONS

The purpose of this experiment wes to determine if simple auditory and visual
sensory stimuli were effective reinforcers with mentally retarded children and, if
so, whether one stimulus was superior to the other.

In order fo make this determination, a group of eighteen female patients be-
tween the ages of seventeen and twenty-seven, having 1.Q.s ranging between 37
and 98, and classified as functioning in adaptive behavior level-111 (Leland, 1964),
were assigned by random sampling techniques to three equal groups fo participate
in @ multiple-choice fearning situation. Each group of subjects was exposed to
one of the two sensory stimuli (light flash or buzzer) after each correct response or,
in the case of the contral group, the subjects received only knowledge of results
as a possible reinforcer.

The stimulus materials were large pictures of girls involved in five different
problems of a social nature. The subjects chose one of four smaller pictures as the
correct solution to the problem and indicated this choice by punching with a metal
stylus the appropriate color-coded hole in a Pressey-type punchboard {Pressey,
1950). The punchboard and stylus were wired toanapparatus which produced the
reinforcement conditions——either the light or buzzer; in the contral condition,
passage of the stylus through the paper provided neither the light nor buzzer.

The following nu!ll hypothesis was formulated prior to the experiment: There
will be no significant difference between the number of errors committed during the
learning task by the groups receiving response~contingent sensory stimuli and the
number of errors committed by the control group.

As descriptive statistics, Spearman Rank Order Correlation Coefficients

(Siegel, 1956) were obtained on amount of learning and |.Q. (.273), amount of
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Jearning and retention {.81%), and retention and 1.Q. {.33).

The Friedman Two-Way Analysis of Variance (Siege!, 1956) was used fo de-
termine if the three groups were at approximaiely the same level when the learning
task began and if they differed in respect to amount of learning, as measured by
errors, and in respect to retention of the material as measured by number of correct
responses per group in the refest. If the three groups were shown to vary in any of
these dimensions, the Mann-Whitney U Test (Siegel, 1956) was employed to deter-
mine which group was resporsible for the overall difference.

During the learning tosk, the criterion score of two consecutive errorless
trials was reached by more subjects in the Buzzer group than either the Light group
or Control group, and the Buzzer group committed fewer errors over all frials in
the learning task than did either of the other two groups. However, the Buzzer
group was found to be significantly superior in amount of learning only to the group
receiving light flash as a reinforcer. Although a definite trend was seen toward a
difference between the Buzzer group and the Control group, the data did not justify
rejecting the null hypothesis at the .05 level of confidence. In addition, fhere
was a tendency of the dato to indicate that the Control group accomplished a higher
level of learning than the Light group; however, it was nof possible to demonstrate
a statistically significant difference between the two groups,

There were no significant differences in retention among the three groups
when retested one week after cessation of the initial learning period.

Conclusions. In any experiment which reports partially negative findings
accompanied by a number of possible mitigating factors that may have distorted the
experimental results, there is a valid question of whether the findings should be

considered negative or simply indeterminate.

*Significant at .01 level of confidence
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From this experimenter's point of view, the primary conciusion to be drawn
from this study is that it is still unclear whether response-contingent sensory stimuli
are effective reinforcers with the retarded. Although the data demonstrated no
statistically significant differences between the reinforcement groups and the con-
trol group, the possibility that confounding influences may have obscured any real
differences leads this experimenter to the conclusion that further research in the
area is called for with appropricte steps being taken to control the possible con-
founding factors.

For example, it is deemed advisabie that in future research the subjects be
familiarized with the experimental room and apparatus in order fo diminish any
possible feedbuck from the novel situation.

The experimenter should be out of the room if at all possible to eliminate
any possible social reinforcement.

The sensory stimuli should be standardized by utilizing pure tone and light,
and the light source should be near the response mechanism in order fo avoid delay
between response and reinforcement.

The present study was able fo demonstrate positive results in the second half
of the stated problem, i.e., was response-contingent sensory stimuli more effec-
tive when presented in one sense modiality than when presented in another? The
observed data indicated that more learning occurred from response-contingent audi-

tory stimuli than from response-contingent visual stimuli in the present study.
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