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A pilot study and two formal studies were conducted

with educable mentally handicapped (EMR) children to develop
materials and procedures suitable for straying schema learning in
EMRs and to demonstrate schema learning in EMRs in the absence of
external guidance. The pilot and formal study I were conducted to
develop suitable populations of stimuli conducive to minimal

performance,

allowing improvement room without arousing frustration.

The Ss reproduced checkerboard patterns having 16, 20, 25, 30, and 36
cells, respectively. It was found that Ss perfcrmed above chance on
matrices with 36 cells, cell number retained by Ss was not
significantly affected by total nunmber of cells within patterns, and
visual channel capacity might be related to verbal components of
intelligence. Formal study II was conducted to determine if EMRs were
capable of schema concept learning using stimuli patterns from both
pilot and first formal study. One group reproduced schema patterned
chezkerboards, vhile another group reproduced nonschematic patterns.
Results indicated that EMRs were capable of schema concept learning
without either prototype exposure or external feedback. {CB)
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INTRODUCTION

The conception of information &s a meesurnble phenomenon has opened
many avenues of research into men's mental functioning. Wiener's
Cybernetics (1948) and subsequent articles by Shannon (1951), Miller
(1953), and others all have in common the idea that we can learn much
gbout humsn thinking and problem solving by viewing man zs s producer,
transmitter, and user of information.

Humans can be conceived as playing a variety of roles in a com-
mmication systen. We learn something different about humsns with each
different role we analyee. Obviously, the anaiysis of some roles is
more revealing than others. It is of especial importance to understand
how a human functions as an information channel.

Consider a subject who views & visual pattern projected onto a
sereen and then reproduces it from memory on a piece of paper. In this
case the subject serves as a channel through which information contained
in the pattern passes from the screen to the paper (Evans, 1967b). 1In
this sense, the subject is not only a channel, but also an encoder and
decoder,

Channel capacity is perhaps the weakest link in the information
processing shain. In contrast to other features of the information sys-
ter:, channel capacity probably cannct be directly incressed. Hunan
channel capacity is limited physiologically. Furthermore, the channel
is usually overloaded due to the fact that humans receive far more in-
formation than they can possibly process. To add to the diffieulties,
humans tend to process a great deel of useless informaticn, It can be
seen, therefore, that a retardate, handicapped by a limited channel
capscity, can profit from remedial training only to the extent that he
can be taught tc utilize his aveilable channel capecity more ¢conomical -
ly. In turn, this can be accomplished only by improving his encoding
and/or decoding habits,

Is there an encoding principle that will enable retardates to
utilize their channel capacity more economically? An encoding principle
that shows great promise was suggested by Woodworth (1938) and has been
further deveioped by Oldfield (1954), Attneave (1957), and others. This
principle has been called "schema plus correction” encoding. Basically,
this principle holds that subjects can abstract the common, redundant
features (the schema) of a class of stimwli. Once this has been done,
specific stimali can be encoded by identifying the class-schema and by
then attending to those features that distinguisnh the specific stimulus
from the elass in general.

Ain often used example of how thiis encoding principle oper:tes is
as follows: If an Americsn were to travel to the Orient, he would, at
first, have great difficulty in distinguishing between individusl
Orientals. It would be especially difficult for him to recall what a
specific Oriental looked like. One reason for this diffieculty is that
the American does not yet realize that cues that are useful in identifying
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Lmericang (hzir color, eye color, heichts, etc, ) sre usecless in identify-
ing Orientals. Thus, he may erroneously attenpt to remember a particular
Oricntal by nobing that the Oriental hns blaci haiv, brown eyes, and is
short. Soon, however, he discovers that nearly a2ll Orientals have these
characteristics. He then zes

211 Crientals and svenituzlly discovers some. He can then efficiently
encode s an Orientel's features by noting (1) that he is Criental, and

(2) that unlike most Crientnls, he hss = long noge, a scar on his right
cheek, etc. He is then aktle to utillize efficiently his lipited channel
capacity by reteining the label of the class to which the person belongs
(Oriental) and tne few distinetive characteristics. If, at a later date,
he were required to reproduce a likeness of the person, he could repro-
duce a great desl of the person's features merely by recalling that the
porson wes an Oriental., He wovld, for nxsmule, ba 2ble to reproduce a
short man with bleck hair, brown eyes, etc. In addition, the few dis-
tinctive features could then be added, allowing the person to be identi-
fied,

In order to use the "schema plus correction® principle, it is first
necescary for the schems to bs abstracted. The process of schera ab-
straction, in turn, leads to "Schematic Concept Formation®* (SCF). SCF
can best be understood by compering it with traditional concept forma-
tion.

Treditional concept formation occurs when the subjects are trained
to detect ard respond to features that are invarisnt {unchanging) in
cach stimulus in a set of stimuli. The features the subject is to learn
are nesrly always arbitrarily selected by the trainer, and are usually
festures that the subject would not abstract in the absence of exter-
nal peinforcement or feedback, As noted by Evans (1967z2), traditional
concept formation recuires that the subject be guided by some form of
external feedback provided by a trainer who already hes knowledge of
the concept.

In contrast, SCF involves the abstraction of probabilistic features
of stimuli. No single stimulus necessarily follows the schena in all
respects and no single feature of the scherma will necessarily be repre-
sented in all stimuli (Evans, 19672). Unlike traditional concept forma-
tion, SCF occurs merely on the basis of abstracting information con-
teined in the stimuli themselves, without exposure to the schema proto-
type (Sdmonds and Mueller, 1967a); Edronds, Mueller, & Evans, 1966),
and without knowledge of results or other external feedback (Edmonds &
Evans, 1966z, 1946b; Edmonds & Mueller, 196%7a, 1967b; Edmonds, Mueller,
& Evans, 1966). In order for SCF to occur, the schema must not be pure-
ly arbitrary. The schema must be such a defining feature o the set of
stimuli that the subject detects and responds to it in a more or less
"spontaneous" fashion.

Unfortunately, even normsl subjects do not always attend lo the
schema and nearly all subjects show considerable room for improvemnent
in YCF. The question is, can subjects be taught to attend to schemata
snd having learned to abstreet schemata, can they apply this encoding
principle to new problens without further prompting from their teechers?
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One possiblic approach is vased on Herlow's learning set method
(Herlow, 1949), by which subjects "learn how to learn.® This methoad
involves giving subjects a number of tasks, all of which inveolve the
same general problem-sclving principle. Using this approach, it has
been fou.l that subjects tend %o abstract the general problen-solving
principle and apply it when given new problems. "Iearning how to learn"”
has been demonstreted with mental retardates (e.g., de Hann & Wischner,
1963, ete.), and even animals (e¢.g., Harlow, 1949, etc.)s Unfortunately,
none of these studies has used schematic taskse.

More recently, Edmonds , Evans; & Mueller, (1966) have developed
evidence which indicates that at lezst college students can Ylearn how
to learn" schemata. After the cubjects had abstracted one schena, they
were given a second schema to abstract, and so on until they had ab-
etracted a total of four different schemata. It was found that they
showed a striking improvement in the speed and accuracy of abstracting
schemzta as they learned the successive schemata. According to Edmonds,
et al, the subjects were learning a general principle: that patterns
can be best memorized by abstracting and using the schenma that the pat-
terns contain.

If mental retardates are also capable of "learning how to learn"
schemata, thcn a powerful habilitation method will be feasible. Of all
the meneral probiem-solving principles that mental retardates could
lesrn, ti * general schematic encoding principle would have far greater
vsefulness because it would gllow the retardate to process a great deal
of important informotion despite a very limited channel capacity. Fur-
thermore, little or no linguistic ability is recuired for SCF to occur,
as evidenced by the fact that most subjects are unable to verbalize what
they have learned even when they have successfully abstracted a schema
(Edmonds & Evans, 1966b). Of even more importance, once the retardate
has become proficient in SCF, and has developed a havit of using schemata,
there is the additionzl benefit that he can then engsge in SCF in his
everyday interaction with his environment, even in the absence of a
teacher. The applicability of this method to normal children is obvious.

Although there has been considerable research dealing with tra-
ditional concept formation in retardates (e.g., House & Zeaman, 1960;
Tecoe & Semler, 1964; de Harn & Wischner, 1963, ete.), there has been
no study which demonstrates SCF in retardates. There is, however, in-
direct evidence that provides at lesst a hint at what might be expected.

In a study using chimpanzees, Kelleher (1958), found the subjects
carable of detecting redundant features in a series of checkerboard
patt -rns. Since chimpanzees are probably more limited in channel ‘
capacity then most mildly retarded subjects, this suggests that mildly ;
retarded humans should be able to detect schemata in checkerboard pat-
terns. However, this must be determined through experimentation with
schema learning procedures, since Kelleher's chimpanzees received ex-
ternal reinforcement for correct responding.

Working with human retardates, Spitz (1964) found that his subjects
could reproduce dot patterns in a 3 x 4 checkerboard form. Although the
patterns differed in symmetry, no schema was used in constructing these
patterns, Munsinger (1967) had children (and adults) reproduce 8 x 8
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~heckerboard patterns which were either random or redundant (schemzatic).
{e found that second and sixth-grade children were able to reproduce

these patterns. Furtherrore, these subjects were more proficient in re-
producing the redundant patterns than the random patterns. Thils indicates
that the subjects were learning and using the schema.

Since the intellectusl capacity of mildly retarded subjects is
roughly equivalent to that of normal sccond-grade children such as those
in lMunsinger's study (Robinson & Robinson, 1965}, Munsinger's study sug-
gests that mildly retarded subjects should also be ecapable of SCF if
similar pattsrns were to be employed. However, it should be noted that
tintellectusl capacity" as commonly measured, may have littie to do with
visual channel capacity.

T+ is not gifficult Lo envisicn an cxiensive rosearch program con-
cerning SCF in reterdates. The present project, however, involved a
cautious first step, beginning with mildly retarded subjects, and was
jesigned merely to determine whether these subjects are capable of SCF
with stimuli recuiring very little channal capacity. If SCF is possible
with these subjects, then future effort can be made to determine whether
they can also develop the hebit of using the schematic encoding principle
when faced with new encoding problems.

Accomplishing the objectives of the proposal involved two steps.
First, a sultable population of stimuli was developed, making certain
that the subjects were capable of at least minimal performance. The
informrtion contained in the stimuli was tested until a level of dif-
ficuliy was found vhich was not frustrating to the subjects, yet was
difficult enough to leave room for improvement in their performence.
The simple, straight-forward experimental stimulus thet was used was
a symnetrical checkerboard pattern, similar to those employed by Spitz
(1964), and Mumnsinger (1967), described earlier,

The second step in the project was to determine whether mildly
retarded subjects were capeble of SCF when these patterns are employed.
This step involwved having one group of subjects reproduce checkerboard
patterns that contain a schema, while another group reproduced nonsche-
matic patterns. If the performance of the subjects thalt reproduce the
schematic patterns is-signifiecantly superior to the performance of the
other subjects, it would indicate that mildly retarded subjects are
czpable of SCF.
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Fa,PHOD AND RESULTS

Pilot Study

Purpose. Before an investigation or SCF in mildly retarded sub-
jects could be undertaken, a set of patierns must first be selected
which mildly retarded subjects will be capable of reproducing from
memory, Thereforc, in the pilot study, retarded aubjeects attemptsd
to reproduce checkerboard patterns that differed in the amount of in-
formztion they contained, Patterns were selected which contained the
greatest amount of inforumztion that the subjects were capable of re-—
producing from memory. Because only a limited number of retarded sub-
jeets were availsbls for the formal study, the pilot study used sub-
jects with IQ's below and above the mlld retardate range.

Subjects. Fifteen experimentally naive patients at Hillerest
School, Hawley, Pennsylvan’a, served as subjects in the pilot study.
Hillerest School is a priv:te residential facility for the intesrim
care of mentally retarded male children. The school generally cares
for approximately 100 ehildren. Most of the children are classified
by the Pennsylvania Department of Public Welfare as dependent and neg-
lected children. The cnildren's ages range from about 8 to 17 years.
They are all ambulatory, {»ilet trained, and have no major physical
handicaps. The racial compnsition of the scliool is roughly one half
caucasion and one half negro. Habilitztion programs are conducted at
the school for the trainable and educable ehildren. Nearly all of the
children are at the second-grade achisvement level.

The IG's of the subjects in the pilot study ranged from 42 to 51
and from 68 to 79 as measured by an individual intelligence test ad-
ministered no more than one year prior to the study. Children were ex-
cluded from the study if they had a physical o sensory handicap which
would significantly interfere with their performance in the study. These
children who qualified to serve as subjects were then assigned individual
munbers and & table of rendom nuubers was used in selecting the children
who served as subjects in the study. '

7 Materials. Sywmetrical checkerboard patterns of varying complexity
(containing 4, 6, 9, 12, and 16 cells) were printed on cards. Five dif-
forent cards of each level of complexity were prepared, making a total
of 25 cards. Each square was 5/8" x 5/8". Approximately half of the
cells in each matrix contained black circles and the other half were
empty. Whether a specific cell was filled or empty was randomly deter-
mined, with a fixed probability of 1/2 of being filled and 1/2 of being
empty. In information terms, each cell contained one bit of information,
and the total information contained in a matrix was ecual to the number
of cells within the matrix. Thus the information on the cards ranged
frem 4 bits to 16 bits., :

Task and "-ocedure. The subjects were trained individually. Each
subject received the 25 cards in the same order of presentation, begin-
ning with the simplest (2x2) matrices and contiuuing to the most complex
(4x4). The following instructions were read to each subject:
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"Ity going to show you some checkerboards, one at a time.

"I want you %o look at the checkerboard and try to remember
where each of the black cireles is placed. When I take the checxer-—
board away, I want you to take your pen and put circles in the checker-
board on your paper wherever there are circles in the checkerboard
that I show you. I'1ll give you plenty of time to make your checker-
board like mine, if you aren't sure, go ahead and guess., Do you

. have any questions?¥

Each subject was Then shown ah example, consisting of a2x?2
metrix with the top two cells containing eircles, If the subjcet cor-
reatly reproduced this example pettern he was then given the 25 patterns.
If he made an error on the example pattern, or seemed unable to respond,

he was told of his error and the instructions were read again. If he
repeated his ervor, he was removed from the study.

The subject was shown each cerd for 1Y seconds before it was Te-
moved and then he was allowed 30 seconds in whirch to reproduce the
patterns by drawing circles in the appropriate squarsss on a separate
sheet of paper on which the matrix was printed, Although encouragement
was given, no knowledge of pesulits was provided during the task.

Results. Four of the 15 subjects were unable to follow instructions.
These subjects filled in every square of the example pattern. Even when
told of their error, and when given an sdditional practice ¢rial, these
subjects were still mable O perform. All four of these subjects had
IR's below 46.

The 11 subjects that were able to follow instructions performed
well above chance on all of the patterns. In fact, even on the most
complex (4 x 4) patterns, they performed a% 49.2% above chance.

It was concluded that 4 x 4 patterns are not sufficiently difficult
for the purposes of the project. It was also concluded that subjects
within the IQ range (52 to 67) that had been selected for the formal
study should be capable of following instructions and completing the
task. ' .

Formal Study I

Purpose. The purpose of Formal Study I was the same as in the
pilot study.

Subjects. Thirty experimentally naive patients at Hillcrest School
served as subjects. Although these were not the same subjects as in the
pilot study, they were gelected in the same manners. Each subject was
classified as mildly retarded (IQ between 52 and 67) on the basis of an
individual intelligence tesit administered no more than one year prior to
the study. The subjects' mean IG was 58.7, with a standard deviation of
5.0. ‘

Materials. Checkerboard patterns were constructed in the same man-
ner as those used in the pilot study except that the complexities were
Lxhybx5,5%35, 5 x 6, and 6 x 6 (containing 16, 20, 25, 30, and
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36 cells, respectively).

. Task _and Procedure. The subjects were trained in the same manner
as in the pilot study, except that the 25 cards were randomly ordered
for each subject such that no two subjects received, the cards in the
same order.

Results. The dependent varizble was the percentage of cells cor-
rectly reproduced, employing the following formula that includes & cor-
rection for guessing:

Cells Correct - Cells Incorrect

100x Total Cells ,

As indicated in Figure 1, performance was quite good (50.09%)
on the 4 x 4 matrices, but became progressively poorer on the more com-
pilex matrices., Nevertheless, the subjects as a group performed 22.1%
above chance even on the 6 x 6 matrices (binomisl approximation of the
normal distribution, z = 2,65, p < .005). A repeated measures analysis
of variance was performed. The effect of mailrix complexity was highly
significant (F = 31.75, df = 4/116, p < .005).

An analysis was also performed using as the dependent variable the
number of cells correctly reproduced, correcting for guessing (sub-
tracting the number of incorrectly reproduced cells from the number of
correatly ropreduced cells). Using this dependent varisbtle, the effnct
of pattern complexity was not significant (F ¢ 1.C0), The results of
this analysis indicated that the subjects retained a fairly constant
number of cells from each pattern, Thus, although there was a decreast
in the percentage of cells correctly reproduced as the matrix complexisy
inereased, the number of cells correctly reproduced remained at about 8
squares per pattern regardless of the matrix complexity (See Figure 2).

It appears that the subjects were attempting to retain a given num-
ber of cells, regardless of the total number of cells in each matrix.

It was of interest to determine the degree of relationship between
IQ and performance on the task. In order to increase the range of IQ's
and to make use of data from both studies, only performance on the 4 x 4
matrices was used. These were the only patterns that were reproduced in
both studies. The correlation between IG and total number of cells cor=-
rectly reproduced in the 4 x 4 patterns was significant (r = .53, df =
399 P < -GQS).

Twenty-four of the subjects had been administered the Wechsler In-
telligence Scale for Children (WISC) which provides a Verbal score and
Performsnce score as well as the Full Scale lu. The correlation between
Verbal score and total number of cells from the 4 x / matrices that were
correctly reproduced was significant (r = 43, df = 22, p < .025), How=-
ever, the correlation. between Performance score and total number of cells
correctly reproduced was not significant (r = .17, df = 22, p > .05).
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Formal Study I

Purnose. Formal Study II employed the patterns selected in Formal
Study I in an attempl to determine if mildly retarded subjects are cap-
able of abstracting and utilizing a schems contained in the patterns.

If the subjects are capable of doing this without exposure to the schema
prototype, and without external feedback, it will verify that they are
capable of SCF. In turnm, if they are capable of SCF, they should also
be capable of "learning how to learn® schematae.

Subjects. 40 experimentally naive patients served as subjects.
Although these were not the same subjects as those who served “n the
otker studies, they were selected in the same manner. The subjects
were randorly assigned to two groups of 20 subjecis.

Meterials. The materials were the same as in Formal Study I, ex-
cept that all matrices were 6 x 6, and each subject received 20 pat-
terns. The cards presented to the Experimental group were constructed
as follows: one prototype checkerboard pattern was arbitrarily es-
tablished with half of the cells filled with circles and half empty.
A1l of the other patterns consisted of variants of the prototype. These
variants were produced by establishing a probability of .97 that each
cell in the matrix would have the same value (filled or enpty) as the
corresponding square in the prototype. The probubility wes .03 that it
would have the opposite value. The redundancy level for this set of
patterns wes approximately 8C%h. The Control group received patterns
in which the probability of each cellts being filled was .50 and being
empty .5C. The redundancy level for this set of patierns was C%. The
pabterns given to the Centrol group were matched with the experimental
patterns in terms of the number of filled and unfilled cells.

Task and Procedurg. The subjects were trained individually, in the
same monner as Formal Study I. The two groups were treated in an identi-
¢al manner, except that subjects in the BExperimental group reproduced
patterns that were 80% redundant (schematic), whereas the patterns that
the subjects in the Control group reproduced were 0% redundant (non-
schematic). :

Results. As indicated by Figure 3, the Experimental group's per-
formance was slightly inferior to the Control group's performance on
the first trial. However, the Experimental group's performance improved
almost immediately, and on the final 10 trials the group correctly re-
produced 80,54 of the cells (61.08% above chance)., In contrast, the
. Control group's performance actuslly worsened, with the group correctly
reproducing only 61.64% of the cells (23.28% above chance) on the last
10 trials. The difference between the groups on the last 1C trials was
ctatistically significant (t = 7.492, af = 38, p < .005).
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CONCLUSIONS

The pilot st - and Formal Study I indicate that subjects with
IQ's ahove about 4. were capable of performing above chance on the
pattern reproduction task. Further relfinements of techniques may be
necessary if subjects with IG's below 46 are to perform the task. How-
ever, since the project was directed toward mildly retarded children,
all of whom hed IG's of 52 or higher, it appeared that the task was
appropriate end could be used in subseguent project activities.

Contrary to initial expectations, the subjects were capable of
processing informstion from matrices of considerable complexity. On
the besis of the results, it appeared that of the matrices tested, the
6 x 6 matrices were most suilable for further use. The subjects per-
formed above chance on the 6 x 6 matrices, but their level of perfor-
mance was sufficiently pocr as to allow for considerable improvement.

An unexpected finding was that the number of cells retained by the
subjects was not significantly affected by the total number of cells
within the patterns, This indicates that when the subjects! information
channels became overloaded there ras not a decrease in the actual amount
of information the subjects processed, only in the percent of informa-
tion processed,.

The pilot study and Formal Study I algo indieate that visual channel

. capacity may be related to intelligerce level, and particularly to the
vertal couponents of intelligence. Howevel, these correlations must be
interpreted with ceution since some subjects! IQ's were measured by the
Stenford-Binet and others with the WISC, ard these tests are not comple-
tely interchangeable. Moreover, since the range of Ii's was relatively
restricted, correlations would tend to giffer if subjects with more
heterogeneous IQ's were sampled. Ir addition, it must be noted that all
of the subjects were maie. Nevertheless, the data suggest that the pat-
tern reproduction task taps skills that are significantly related to
those skills measured by IQ tests, Therefore, the task holds some pro-
mise as a diagnostic tool.

An important by product of the pilot study and Formal Study I was
that materials were developed which can be used in subsequent SCF studies
with retarded children.

Formal Study II demonstrated that mildly retarded subjects are
capable of abstiracting schemata without exposure to the prototype and
without external feedback. Having the cepacity to abstract schemata,
using only the information contained in the patterns, it is almost cer-
tain that mildly retarded subjects are also capable of SCF and of "learn-
ing how to learn" schemata., ,

It is concluded that the project was successful in accomplishing its
stated objectlives: (1) to develop materials and procedures suitable for
studying schema learning in mildly retarded children, and (2) demonstrating
schema learning in mildly retarded children in the absence of external
guidance. Generalizations from the studies are, of course, limited by the

 characteristies of the sample, the possible peculiarities of the patterns
0. " employed, and the relatively high redundancy levels of the patterns.




RECOHMENDATIONS

It is recommended that studies be undertaken to establish if mildly
retarded subjects are capable of SCF, and if they are able to "learn how
to leurn" schemata. AS noted earlier, if these subjects have tihese
capacities, then they can benefit from their everyday interaction with the
environment, even without a teacher to provide external guidance. Moreover,
truining these subjects to “learn how to learn” schemata may directly im-
prove their learning of other skills. Therefore, it is also recommended
that studies be conducted to determine which skills correlate with the
ability to abstract and utilize schemata. When these skills are identified,
it should then be determined if special training in schema abstraction re-
sults in an improvement in these other skills.

Additionally, studies should be underizken to determine the extent
to which the present findings can be generalized, employing different types
of patterns, tasks other than reproduction, and lower degrees of redundancy.
Eventually, cross-modal transfer should be studied (e.g. from visual to
auditory). Eeological studies would also be called for in order to deter-
mine if subjects utilize this new encoding principle in unsupervised
gituations.

The present studies indicate that the patterns employed cannot be
readily used with subjects who have IQ's less than about 46, However,
additional studies will be necessary in order to determine at vhat IQ
level (if any) thet retarded children are incapable of schema learning
when other patterns or tasks are involved.
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