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PERFORMANCE ON THE COLOURED PROGRESSIVE MATRICES
AND A NON-LANGUAGE PROBLEM SOLVING BOX OF
VERY BRIGHT, AVERAGE, AND HIGH-GRADE

MENTALLY DEFECTIVE EIGHT-YEAR-QCLDS

CHAPTER I

INTRODUCTION

For many years there has been widespread interest
in the area of problem solving, particularly as it relates
to other areas of intellective functioning. Problem sol-
ving has been investigated many ways and there is some gen-
eral agreement as to the nature of the problem solving pro-
cess and the steps involved in it.

Following the work of Aristotle much emphasis was
placed on the deductive process and until about fifty years
ago every student in the university was required to take
several courses in syllogistic reasoning. The deductive
process is characterized by having the major premise as an
accepted generalization, moving from the general to the
particular.

Inductive reasoning involves moving from a set of
particulars or individual pieces of information by putting

them together and arriving at a generalization which then



can serve as the basis for deductive functioning. All
people have undoubtedly always functioned both deductively
and inductively.

Many investigations have been done regarding the
problem solving performance of children. Tests which em-
ploy reading and enriched vocabulary are likely to be pre-
judiced in favor of subjects having higher intelligence;
therefore, the Problem Box was designed by Teska (1942) to
hold the language and cultural factors to a minimum in the

investigation of problem solving. The Coloured Progres-

sive Matrices developed by Raven (1947) in England and used

extensively in that country is also a test of reasoning
which is relatively non-verbal and culture-free. It would

appear that the Coloured Progressive Matrices involves

problem solving.

Steps in Problem Solving

It was Francis Bacon (1620) who first set forth
the rules of the inductive process in relatively formal
fashion. Bacon asserted that man could only know things
by observation and experimentation. This gathering of
empirical data he called the "presentation of instances.’
The information which was gathered was categorized into
three tables showing presence, absence, and degrees. The
first table included positive instances of the phenomenon;

the second, negative instances; and the third, instances
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one to refute all false suggestions put forward in reply
to the question, "What is the form?", thus reaching the
true answer by elimination. The next stage after the
gathering of data Bacon termed the '"first vintage.'" This
“"first vintage'" was the solution of the problem which was
presented by the data. The third stage Bacon termed '"pre-
rogative instances'". This stage dealt with a statement of
new philosophy. Bacon's method of induction was limited
because he expected the orderly collection of data to lead
to the hypothesis rather than implementing a preliminary
hypothesis.

Many people in using, thinking about, or studying
the inductive method, rely on the writings of John Dewey,
who formalized the steps of the inductive process as most
people know it. According to Dewey (1910) the following
steps are involved in problem solving: "(i) a felt diffi-
culty; (ii) its location and definition; (iii) suggestion
of a possible solution; (iv) development by reasoning of
the bearings of the suggestion; (v) further observation
and experiment leading to its acceptance or rejection;
that is, the conclusion of belief or disbelief" [p. 72] .
Dewey later (1933) restated the process, observing that
the sequence of the steps is not fixed--in actual practice

one of the steps may be omitted, one may be expanded to
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inciude various subphases, or two steps may be telescoped
together.

Symonds (1936) suggested this analysis: first,
the isolation and definition of the values that operate;
second, the proposition of various solutions; third, esti-
mation of the consequences of the various proposed alter-
natives; and fourth, decision making based on the proposed
solutions whose outcomes have most bearing on or relation-
ship to the values at stake and on the probability that
certain outcomes would result.

Vinacke (1952) distinguished only three stages of
problem solving which he considered légical: first, con-
frontation by a problem; second, seeking a solution; and
third, solution. Vinacke's analysis of stage two included
steps two, three, and four as defined by Dewey.

Johnson (1955) suggested: first, survey of the
problem and analysis of the goal; second, production of
probable solution attempts; and third, evaluation and
judgement of the attempts. He determined that if the only
solution produced is obviously correct, a separate act of
evaluation is not necessary.

Merrifield, et al. (1962) suggested these five
phases of problem solving: first, preparation; second,
analysis; third, production; fourth, verification; and

fifth, reapplication. The writers stated that steps can



he repeated wherever necessary. Step five is only neces-
sary when a tentative solution has been rejected. When the
solution is successful, the problem no longer exists.

Gagne (1966) has summarized the stages in problem
solving as follows: " (1) statement of the problem; (2) de-
fining the problem by distinguishing essential features;
(3) searching for and formulating hypotheses; (4) verify-
ing the solution" {?. 13§i. He considers stage one to
deal with external events that have occurred previously.
The remaining stages he considers as inferences about the
internal process of problem solving. According to Gagrie,
"...successful completion of any stage depends upon the
existence of a capability in the preceding stage...."

[p. 147] )

Guilford (1967) proposed a model resembling a flow-
chart which was based on the Merrifield, et al. study in
which he was a co-author. The five principal operations
are: first, filtering (attention aroused and directed);
second, cognition (problem sensed and structured); third,
production (answers generated); fourth, cognition (new in-
formation obtained); and fifth, production (new answers
generated). Guilford suggested that there is an exit
after each of the five operations which indicates a ces-
sation of the process. The first exit may be a rejéction

of the problem, the second exit may indicate a postpone-



ment or a problem impossible to solve, and the other exits
may mean that a satisfactory solution to the problem has
occurred. Looping phenomena provides feedback information
and permits some flexibility in the order of events.

In a survey of the literature D'Zurilla, et al.
(1971) found considerable agreement among various theorists
and investigators regarding the general kinds of opera-

em soiving. The consensus view-
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point is closely represented in the following five general
stages: first, general orientation (set and attitudinal
factors); second, problem definition and formulation;
third, generation of alternatives; fourth, decision making
(evaluation and selection); and fifth, verification. The
writers suggest that problem solving seldom proceeds in
these orderly steps. More typically the stages overlap
and interact with each other.

From the various descriptions of the problem sol-
ving process cited previously it is apparent that the first
step is one of recognition. A problem has first to be
recognized as such and a need or desire for a solution
must be felt on the part of the individual. The word
"problem" implies a choice. 1If there are no alternatives
or choices available and understood by the individual as
such, then a problem does not exist for him.

Dewey (1910) indicated that at some point problem



solving has to be a conscious
reflect upon the factors involved. "There is perhaps in
problem solving a synthesis of the conscious and the un-
conscious. The unconscious lends spontaneity and freshness
to the process, while consciousness gives a measure of
conviction and control to the process. If a solution is
perceived along with the recognition of the problem, either
the problem did not exist or the other steps in the pro-
cess were omitted.

The second step in problem solving is one of induc-
tion. It involves the location, isolation, definition,
and organization of the various elements or clues in
search of generalizations, 1Isolation means to identify
and separate the various clues. Definition is recognizing
the clues as being relevantlor irrelevant. The relevant
clues are organized into meaningful wholes or generali-
zations. Organizing the data into meaningful wholes leads
to a better understanding of the data, thereby causing the
process of hypothesizing to be less difficult and the
suggested hypotheses more likely to be relevant to the
solutions of the problem. Dewey (1910) says, "The mean-
ing suggested supplies a mental platform, an intellectual
point of view, from which to note and define the data more
carefully, to seek for additional observations, and to

institute, experimentally, changed conditions" [?. 79].



The third step is the formulation of hynotheses,
About this Symonds (1936) says, '"The matter of proposing
hypotheses is in one sense the very heart of problem sol-
ving, particularly of the more‘cOnstructive or creative
sort" [p. 126] . Unless the data is logical in nature and
organized so that meaningful constellations are generated,
the proposed hypotheses may not be appropriate to the
soiution of the problem.

The fourth step is sylloéistic in form, thus de-
ductive in nature. This is the reasoning process involved
in testing the validity of the generated hypotheses or
generalizations against the organized data in search of a
possible solution. This not only involves a preliminary
check of the proposed hypothesis, but also leads to a
better understanding of the data. If the testing proves
the proposed hypothesis to be wrong, other previously pro-
posed hypotheses are tested or the data is reorganized in
order to generate new and better hypotheses.

The fifth step is one of further observation. This
leads to the ultimate acceptance or rejection of the
solution.

This classical description of problem solving lends
itself to the formulation of a test which will require all
the steps as discretely as possible in order to evaluate

the total process. However, problem solving may take



place without proceeding i
formal process. Some steps may be teiescoped or omitted.
The order of steps may be inverted or transposed. In some
instances, such as in trial and error, inductive reasoning
is not used since analyzing and organizing the clues is

not involved. If the nature of the data is such that it
does not lend itself to an adequate test of all relevant
hypotheses, then deductive reasoning cannot be used. In~-
ductive and deductive reasoning are fundamental to any pro-
blem solving process.

It would appear then that problem solving, whether
it be inductive or deductive, is an extremely important
part of our lives and one knows that by definition at least
that the mentally defective do not function as well in-
tellectively as do the normal or bright. The question
then arises as to where in the reasoning process the men-
tally defective break down. 1Is it their failure to per-
ceive the problem, to gather pertinent data, to formulate
the hypothesis, inability to test the hypothesis, or in-
ability to deduce correctly from generalizations? Or is
the intellectual process in the dull similar or_ the same
as that of the normal and bright, differing only in degree

without any breakdown from step to step?

Review of the Literature

Most of the early studies with problem solving
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cluded studies by Burtt (1916), Coburn and Yerkes (1915),
Hamilton (1911), Yerkes (1914,1917), Yerkes and Coburn
(1915), and Yerkes and Rossy (1917).

Lashley (1938) reported an extensive study invol-
ving visual discrimination wifh rats. He used an apparatus
which required the animal to jump against stimulus cards
from a distance of 20 cm,. If the animal made the correct
choice, he was rewarded with food. If the choice was in-
correct, he was punished by a fall into a net. Training
involved having the animal achieve 20 consecutive correct
trials. Rats learned to disciminate a variety of clues
such as color, shape, position, visual distance, figure
vs. total situation, figure-ground relations, continuity
of figures, and others. Lashley pointed out that, "The
study of visual discrimination in animals thus offers not
only an approach to problems of sensory acuity but also a
method for study of the nature and limits of capacity for
generalization" [?. 123] .

Lashley found that once training had taken place
the animal could identify the familiar.attribute among a
group of unfamiliar stimuli. Being presented with a con-
stellation of forces in two situations and being able to
identify the identical element found in both the situa-

tions is a simple or first order generalization. Generzli-
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zations which involve a reaction to a combination of clues,
two clues simultaneously, or when one variable determines
the reaction to another, that is if a, then b, he termed
second order generalizations. Lashley's study with rats
indicated an upper limit of generalization beyond which
rats could not go, but which was relatively easy for the
lower monkeys.

Yerkes (1921) modified his eariier apparatus and
used it to investigate the ideational behavior of normal,
defective, and deranged individuals. The device consisted
of twelve wooden keys which could be raised or lowered in
any combination. The subject indicated his choice by
pressing one of the lowered keys. If the correct key was
pressed a bell would ring.

Yerkes modified this device by arranging the keys
so that any combination of twelve could be pushed out to-
ward the subject leaving the rest of the keys inaccessible.
When the subject made a correct choice a buzzer sounded.
Yerkes presented a series of four problems whose solutions
were; the first key on the left, the first key on the left
and right alternately, third key from the left, and the
middle key.

Yerkes recognized two types of solutions. First,
the subject depressed the correct key in ten successive

trials without generalization; secondly, the subject



the principle involved.

In a comparison of superior, average, defective,
and pathological subjects Yerkes (1921) noted that some
subjects were quite capable of selecting the correct key
each time but were unable to verbalize the principle in-
volved. These solutions were considered to be in "motor
terms'". This type of solution was common to the average,
mentally defective, and pathological subjects. The supe-
rior group required fewer trials to solve the problems.
The average group was next although there was some over-
lapping between the average and defective groups in the
number of trials required.

Regardless of the statisfical significance of the
data collected, Yerkes found the subjects' responses to
the multiple~choice problems illuminating and indicative
of the subjects' '"ideational characterisfics". Some sub-
jects were very systematic and confident in their attempts
to solvg the problem. Others appeared to employ a random
approach and exhibited little confidence in their ability
to solve the problem.

Heidbreeder (1928) used a multiple~-choice tech-
nique with subjects ranging from age three to adult. His
findings were that the number of trials decreased with age,

that all subjects above age six gave verbal generaliza-
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tions, and that the adult verbalizations were clearer and
more objective.

Roberts (1932) used a multiple-choice apparatus
with subjects between the ages of two and five. All the
subjects solved the problem, but none below age three were
able to verbalize their solution.

Aarons (1933) found a low positive correlation be-
tween multiple-choice problem solving and serial learning.
He measured serial learning by testing subjects' ability
to learn the order of cards.

Long and Welch (1941), using 135 children between
30 and 83 months old, found a steady rate of improvement
by age in the ability to discriminate and match numbers.
They reported a low positive correlation with intelligence.

House and Zeaman (1958) used a multiple-choice
technique to compare two groups of institutionalized men-
tally defective children with two groups of public school
normal children having professional parents. They con-
cluded that intelligence is related to learning ability
when the mental age is controlled.

Harter (1965), using the House and Zeaman appara-
tus with some modifications, found: (1) chronological age
contributed little to learning set performance; (2) mental
age and intelligence both influenced the learning set as

evidenced by comparing the number of problems required to
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form the learning set; (3) some subjects reached the cri-
terion, but were unable to verbalize their solution; (4)
all subjects reached the criterion in seven days or less;
and (5) there were significant differences between the per-
formances of boys and girls. Harter indicated that at
each mentallage level the learning set acquisition was
accelerated as the intelligence level increased. It seemed
that a combination of intelligence and mental age would be
the best predictor of learning. Mental age level taken as
a developmental measure of cognitive level would be ex-
pected to predict speed of learning.

Harter (1967) used the multiple-choice apparatus
of House and Zeaman (1958) to investigate the role of I.Q.
and M.A.. They found: (1) there were no significant sex
differences; (2) the learning set acquisition at higher
1.Q. and M.A. levels was significantly faster; (3) there
was no significant correlation between C.A. and learning
set acquisition; (4) learning set acquisition was faster
in the noninstitutionalized than the institutionalized re-
tardates; (5) learning set acquisition was faster for the
lower 1.Q. levels without social interaction; and (6)
learning set acquisition was considerably faster for the
higher 1.Q. levels with social interaction, particularly
at M.A. 5.6.

Moffitt (1969) used the multiple-choice apparatus
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ving performance of two groups of severely retarded chil-
dren. The findings indicated the higher I.Q. groups per-
formed significantly better than the lower I.Q. groups
under all three percentages of reinforcement. There were
no significant differences between the low M.A. groups and
the high M.A. groups.

Gozali (1969) investigated the cognitive styles of
retarded primary students using a circular version of
Kagan's Matching Familiar Figures. Measures of latency
of the first response and the total number of errors was
recorded. From these measures, median response latency
was calculated. Those subjects above the median were
classified as "reflective" and those below as '"impulsive'.
The impulsive subjects had more errors.

Lehti8 (1970) investigated the order of the impor-
tance of clues in formulating hypotheses. The time and
number of errors for each subject were recorded. The or-
der of analysis of the clues presented was color, size,
and shape.

There have been a variety of types of mazes em-
ployed in investigations of maze-learning performance.
Early studies using children were the ball rolling maze
by Mattson (1933), the finger maze by Wieg (1932), the

stylus-maze by McGinnis (1929) and the body-maze by Wenger
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Various other studies involving mazes have been
done. A study was done by Hicks and Carr (1912) in which
adults did slightly better than children, and children did
slightly better than rats. Gould and Perrin (1916) used a
stylus-maze which indicated only a slight difference in the
performance of eleven-year-old children and twenty-one-
year-old adults. Husband (1929) found university students
slightly better than rats. Using an electrical type maze
Lumley (1931) found a low correlation between intelligence
test scores and the maze performance of psychology stu-
dents. Mattson, (1933) using maze-learning found the
learning curve for boys and girls almost identical. McGin-
nis (1929) found boys initially ahead of girls, whose
skill soon equaled that of the boys; therefore, the girls
made greater absélute gains during the testing than did the
boys.

DeSantis (1931) used subjects ranging down to the
moron level in a study investigating visual apprehension.
He found the feeble~-minded slower, but even down to the
idiot level he found that spatial data was learned. He
attributed the slowness to poor attentive capacity.

Gellerman (1931) used a room-size temporal alley
maze in a study involving children ages 3-13 and 25 col-

lege students. The children required more than two and a
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half times the trials of the adults. Beyond the age of
four there was a gradual decrease in the number of trials
required. For the adults there was a correlation of .58
between the number of trials to learn and intelligence
and a similar correlation between accuracy and intelli-~
gence.

Maier (1936) found that the average child below
age six was not able to combine experiences well enough to
perform his test involving mazes. He found that perfor~
mance improved with both C.A. and M.A. but such improve-~
ment was not significant until a C.A. or M.A. of six.

Mussen (1960) indicated that most studies dealing
with concept formation involve themselves with the con-
cepts subjects have already acquired rather than testing
to determine the original learning from concept teaching.
Mussen uses the terms "concept learning'" and "concept
discovery" and suggests that few clear-cut studies of
“concept learning" have been done.

Peterson (1918) in an investigation of rational
learning associated a number with a letter. The score
correlated highly with estimates of intelligence and with
subjects class standings in psychology.

Hull (1%20) investigating concept learning in
adults found improvement with age. He proposed that the

selection of a common identical element may not neces-



from symbols where the common element is a broad term.

Vickers and Hoskings (1929) used tests presumed to
measure intelligence in practical situations. These showed
a steady increase in solutions with increase in age.

Hazlitt (1929) suggested that, regardless of chro-
nological age, mental age, or relative brightness, if the
experience factor is eliminated and all the data is within
the understanding of the child, the reasoning process is
essentially the same. The subjects were from three to
seven years of age.

Smoke (1932) had twenty psychology students asso-
ciate nonsense syllables with symbols. He reported a
positive correlation between learning concepts rapidly and
high intelligence.

Ray (1936) in a study involving bright, normal,
and dull found that the bright solved more problems using
fewer hypotheses, but the number of hypotheses tested
correlated negatively with intelligence. Ray indicated
that the perception of a large number of clues to generate
hypotheses was not necessarily a sign of intelligence and
that the generation of fewer hypotheses relevant to the
data may be a sign of intelligence as evidenced by the
negative correlation. The use of more irrelevant cues

and perseverance of hypotheses were common to the normal



and dull as opnosed to the bright. The bright verbhalized
the correct solution more often than did the dull,

Blake and Williams (1963) used a paired-associate
problem to compare groups of students. Groups equated by
M.A. showed no significant difference in level of concept
attainment. In the groups equated on the basis of C.A.,
the superior group performed significantly better than the
normal and the normal better than the retarded.

Stephens (1964, 1966, 1968) compared normal and
subnormal boys. His conclusions were: (1) the normal
group made significantly more correct responses than the
subnormal group; (2) the number of correct category ver-
balizations by the normal group was significantly greater
than for the subnormals; (3) results indicated that the
subnormals were equally likely to exhibit both types of
errors, generalization and non-generalization; whereas,
the normals were more likely to attempt to generalize and
thus to make more errors.

Many types of mechanical puzzles have been used to
investigate problem solving performances of bright and
dull children. Some mechanical implement, such as sticks
to be fitted together, must be manipulated by the child
in order to achieve the gcal.

Ruger (1910) found that when the subject failed

to perceive the logical solution, trial and error behavior



to be separated.

Eagleson (1940) found a higher correlation between
time required to solve the puzzle and the number of overt
manipulations, than between time required and intelligence.
He found no clear-cut differences between the performance
of brights and dulls,

Alpert (1928) used an instrumentation problem with
children similar to the one Kohler (1925) ﬁsed with chim-
panzees. Alpert reported: solution with immediate in-
sight, solution with partial insight, and solution with
sudden insight.

Matheson (1931) did a problem dealing with instru-
mentation with young subjects. He reported a low positive
correlation between chonological age and solutions of pro-
blems, and between intelligence and solutions of problems.

Studies using syllogistic reasoning, involving
only the deductive process, were done by Winch (1921, 1922),
Wilkins (1928), Mocre (19229), Ewert and Lambert (1832),
Pyle (1935), and Sells (1936). These studies indicated:
steady improvement with age, low positive to .71 positive
correlation of I.Q. scores and school success, and a high
positive correlation between generalizing and intelligence.

Broady (1940) investigated verbal and nonverbal

reasoning of concrete classification and abstract classi-



21

fication. He found that all four types developed as a
function of increasing chronolgical age. There was no
further development of the nonverbal abstract after 174
months. He found the sequence of development to be: ver-
bal concrete, nonverbal concrete, nonverbal abstract, and
verbal abstract.

Other types of problem solving techniques have been
investigated in comparing performance with intelligence.
Harter (1930) reported a low positive correlation, Bedell
(1934) found subjects in the lower quartile of intelli-
gence scored little better than chance on an inference
test, and Billings (1934) reported only moderate correla-
tion with various academic fields. Roslow (1936) found
correlation ranging from .32 to .81, Graham (1938), in a
test tracing geometric figures without lifting the pencil,
found success eight times as great for those in the upper
decile as compared to those in the lower decile.

Sargent (1940) used anagrams in an attempt to in-
vestigate the thinking process both quantitatively and
qualitatively. As the level of difficulty increased the
correlation befween 1.Q. levels decreased.

Stevenson (1968) used anagrams in a study invol-
ving 258 boys and 271 girls. He found: at all grades the
girls performed significantly better than the boys; con-

sistent increases were recorded at each higher grade level
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and at each nigher intellectual lievel within the grade,
and that anagrams are a productive and efficient means of
testing the developmental change in the verbal process of
children.

Lipton and Overton (1971), using anagrams in an
investigation of the performance of grammar school chil-
dren., found a significant improvement by grade level and
by reading ability level within each grade. Word length
was found to be significant in regard to both the number
of solutions and solution time. The most improvement
occurred between the second and fourth grade groups.

After considering the methods and devices used,
Teska (1942) concluded, "None of these tests provided an
opportunity for the exercise of all the elements of the
problem-solving process. The mazes and puzzles are weak
as tests of problem solving because the data do not yield
to inductive reasoning. The tests of syllogistic reason-
ing emphasize the deductive element to the exclusion of
the inductive element. The tests of concept formation,
while well balanced as problem solving tests within the
confines of a given age level, are limited because it is
difficult to develop a list of concepts common to both
younger and older subjects not too difficult or complex
for the younger or too simple for older subjects. The

multiple-choice technique is adapted to testing over a wide



23

age range. The generali
arise logically from the data--that is, inductively--and
can be checked systematically against the data--that is,
deductively--and at the same time can be stated with clar-
ity in the language of the very young subject. The data
is such that the older or brighter subjects can extract
more meaning from it. The type of clues provided by the
Yerkes' multiple choice is limited to clues of position
and relationship. This limitation is a definite weakness
of the test. A test providing a wider variety of clues,
thus giving greater range to inductive processes but still
retaining the systematic means of checking hypotheses,
should be a more adequate test of the problem-solving pro-
cess" pp.[26-27] .

Teska (1942) designed and built the original Pro-
blem Box to investigate either independently or as a group
the five stages of the problem solving process. 1In a
study of the performance of 34 bright and dull subjects of
varying chronological ages Teska concluded, "The test pro-
vided several means of determining to what elements in the
problem-solving process success or failure could be
traced" [p. 45} . He also stated that, ''The test was suc-
cessful in revealing the differences in the performance of

dull and bright children. It was possible to trace success

or failure to particular steps in the problem-solving
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reading ability and rich vocabulary played a small role in
success or failure. The test is adapted to use over a wide
age range" [p. 52] .

Hensley (1957), in a comparison of the problem sol-
ving ability of bright and dull children using the origi-
'nal Problem Box, found that at each age level the bright
were superior to the dull in the number of problems solved
and the number of trials. The bright were also superior
to the dull in frequency of verbal generalizations.

Pepper (1966) used the original Problem Box in an
investigation of verbalization of problem solving behavior
involving 66 volunteer underg;aduate students at the Uni-
versity of Oklahoma. He concluded that learning was more
efficient when the problem was stated and the reinforce-
ment was clearly identified. ‘

Heath (1970) modified the original Problem Box and
used it in a study of black and white children of average
intelligence from higher and lower socio-economic neighbor-
hoods. He found no significant difference in the problem
solving ability between black and white children from
similar socio-economic backgrounds. He found no signifi-
cant differences between socio-economic levels as measured
by the Problem Box. ‘He found that problem solving ability

increased as C.A. and M.A. increased. The only significant



differences between mean number of trials used for sclu-
tion and.achieving verbal generalization were found in
three préblems solved by high socio-economic white. These
problems were solved with fewer trials when correct verbal
generalizations were given.

Danneffel (1972) further modified the Problem Box
and used it in a comparative study of the problem solving
ability of very bright, average, and mentally defective
white eight-year-old children. He concluded intelligence
to be a good predictor of non-language problem solving
ability. His study indicated that both the total number of
trials and the total number of problems solved using the
Problem Box were equally good measures of problem solving
ability.

Stark (1972) used the Problem Box to test the pro-
blem solving ability of hard of hearing children. He con-
cluded that their language deficiency had little effect
upon the cognitive processes of problem solving as measured
by the Problem Box.

In 1936 Penrose and Raven announced the develop-
ment of a new series of perceptual tests. The tests were
based on Spearman's theory of noegenesis. According to
Spearman (1927), mental processes can be divided into two
categories, those which are mainly reproductive (repetitive)

and those which are mainly eductive (concerned with intelli-
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tests of Penrose and Raven were those of Stevenson (1931)
and Alexander (1935).

Stevenson (1931) designed a study dealing with non-
verbal, spatial, and perceptual tests of education. These
nonverbal tests of eduction he gave to 1037 girls., He then
gave verbal eductive tests to the same population. He con-
cluded that the verbal perceptual tests measured a single
factor--apparently the innate factor--underlying general
intelligence. He then analyzed the verbal eductive tests
in a similar fashion and the results indicated the presence
of a group factor.

Alexander (1935) conducted a study seeking to
differentiate between concrete and abstract factors of in-
telligence. He demonstrated the presence of group factors
in performance and verbal tests of intelligence.

Penrose and Raven (1936) concluded, "A series of
tests free from group factors must apparently be strictly
eductive in character and adequately presented in a purely
perceptual form. Maximum usefulness depends upon the
width of the range of mental ability which can be examined.
The tests must be capable of fine gradation from those
which are very easy to the very difficult without alter-
ation of technical performance...Analogieé have been shown

to be among the most suitable tests for eductive ability"



27

ro. 20
|p- 7-8] .

In 1938 Raven's Progressive Matrices Sets A,B,C,D

and E was published. The scale consisted of 60 problems
divided into sets of 12. The first problem in each set is
as nearly as possible self-evident. Each successive pro-
blem becomes progressively more difficult. The scale is
intended to measure the entire range of intellectual de-
velopment from the time a child is able to grasp the idea
of finding a missing part to complete a pattern until he
reaches his'maximum capacity to form comparisons and reason
by analogy.

In 1947 a correction was made in item B8, and two
derivatives of the standard scale were prepared. One was

the Coloured Progressive Matrices Sets A, Ab, and B for use

with young children and clinical work; the other was the

Advanced Progressive Matrices Sets I and II for use with

adults of average or above average intellectual capacity.
In 1956 the problems of the 1938 standard series were re-
arranged to provide a more uniform probit distribution.

The alternatives among which choices could be made were
also rearranged in order to provide a more uniform distri-
bution of common and uncommon errors of judgement. 1In 1956
the two 1947 derivatives of the standard scale were revised
and rearranged.

The Coloured Progressive Matrices Sets A, Ab, and B
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added a transitional set of 12 problems between Sets A and
B of the 1938 standard scale. Set Ap was designed to be
intermediate in difficulty between problem 5 and 12 of Set
A, and between 1 and 7 of Set B. The problems are arranged
so that, for the three sets combined, children between 5
and 11 solve about three additional problems each year.
Raven (1952) said, '"One way to assess a person's
capacity to form comparisons and reason by analogy, inde-
pendently of his acquired knowledge, is to show him a
series of simple geometric figures, and to ask him to com-
plete the patterns of relations théy convey. This can be
done in various ways, as for example in the 'Matrix' type
of test in which a series of patterns with parts removed,
is shown. The parts removed can be extremely simple in
shape and can be placed amongst other pieces of similar
shape with figures on them which do not complete the
patterns. To cover as far as possible the whole range of
intellectual development, the figures in the patterns to be
completed can be simple, but so constructed that as the
test proceeds the problems become more difficult, because
the relations between the figures become increasingly com-
plex. By using a standard series of problems of this kind,
arranged in order from the simpler to the more difficult,
and by allowing a person to work through the series at his

own speed, it is possible to assess a person's present
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output of intellectual activity...It provides a sample of
a person's intellectual activity at the time of the test,
whatever his age or education may be, whatever language

he speaks, and whatever his physical defects. The results
do not show the knowledge a person has acquired as a re-
sult of mental activity in the past, nor do they show what
his output of intellectual activity will be in the future.
On the other hand they show very clearly a person's pre-
sent CAPACITY for intellectual activity in the sense of
his greatest clarity of thinking, given unlimited time"
[pp. 168-9] .

According to Raven (1960), "The Coloured Progres-

sive Matrices, Sets A, Ab, B provides a valuable test for
young children and old people, for anthropological studies
and for clinical work. It can be used satisfactorily with
people who, for any reason, cannot understand or speak the
English language, suffer from physical disabilities, are
intellectually sub-normal or have deterioratéd. Success

in Set Ab depends upon the apprehension of discrete figures
as spatially related "wholes" and with Sets A and B ade-
quately cover all the cognitive process of which children

under 11 years of age are usually capable" [?. 2] .

Statement of the Problem

The primary problem of this study is to compare

the performance of bright, average, and high-grade mentally
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defective eight-year-oids on the Coloured Progressive

Matrices and the Problem Box, respectively. The subsid~
iary problems are: to investigate the number of verbali-
zations of solutions for problems 5-9 of the Problem Box
by the three groups; to investigate the performance of the
three groups on solving stoppage point problems A8, AbS,

and B8 on the Coloured Progressive Matrices; and to in-

vestigate the performance of the three groups on stoppage
point problem 5 of the Problem Box.

For the purpose of this study, the following defi-
nitions will be used:

Instruments: the Coloured Progressive Matrices

Ab, B (Revised Order, 1956) prepared by Raven,
and the Problem Box, designed by Teska (1942),
remodeled by Heath (1970), and improved by
Danneffel (1972).

Problem Solving Ability on the Problem Box:

measured by recording for each subject the num-
ber of problems solved, and the number of pro-
blems solved with a correct verbalization of
the solution.

Solution of the Problem on the Problem Box: 10

consecutive correct responses indicated by 10
consecutive red lights, or a correct verbali-

zation of the generalization regardless of the



31

number of correct trials.

Stoppage points: those plateaus appearing in

the ladder of success on the Coloured Progres-

sive Matrices and the Problem Box.

Generalization: the reasoning process which is

used to find a general principle or develop a
concept or generalization in order to solve a

problem.

First Order Generalization: only one variable to

deal with.

Second Order Generalization: deals with two

variables.
Group I: the bright group., means the white
eight-year-old children who scored 130 or above

on the short form of the Stanford-Binet Intel-

ligence Scale (1960).
Group II: the average group, means the white

eight-year-old children who scored between 90
and 110 on the short form of the Stanford-

Binet Intelligence Scale (1960).

Group III: the high-grade mentally defective
group, means the white eight-year-old children
who scored between 55 and 70 on the short form

of the Stanford-Binet Intelligence Scale (1960).
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Hvpotheses

The following hypotheses will be tested:
1) There is no statistically significant dif-
ference between Group I and Group II in performance as
measured in terms of the number of errors recorded on the

Coloured Progressive Matrices in solving or not solving the

problems.

2) There is no statisticaily significant dif-
ference between Group I and Group III in performance as
measured in terms of the number of errors recorded on the

Coloured Progressive Matrices in solving or not solving

the problems.

3) There is no statistically significant dif-
ference between Group II and Group III in performance as
measured in terms of the number of errors recorded on the

Coloured Progressive Matrices in solving or not solving

t he problems.

4) There is no statistically significant dif-
ference in the problem solving ability between Group I and
Group II as measured in terms of the number of solutions
on problems 5-9 of the Problem Box.

5) There is no statistically significant dif-
ference in the problem solving ability between Group I and
Group I1I as measured in terms of the number of solutions

on problems 5-9 of the Problem Box.
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) There is no statistically s
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in the problem solving ability between Group II

and Group III as measured in terms of the number of solu-

tions on problems 5-9 of the Problem Box.
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7) There is no statistically significant dif-
between Group I and Group II in the number of
verbalizations of solutions on problems 5-9 of the
Box.

8) There is no statistically significant dif-
between Group I and Group III in the number of
verbalizations of solutions on problems 5-9 of the
Box.

9) There is no statistically significant dif-
between Group II and Group III in the number of
verbalizations of solutions on problems 5-9 of the
Box.

10) There is no statistically significant dif-

between Group I and Group II in solving stoppage

point problems A8, Ab8, and B8 on the Coloured Progressive

Matrices.
11) There is no statistically significant dif-
ference between Group I and Group III in solving stoppage

point problems A8, Ab8, and B8 on the Coloured Progressive

Matrices.

12) There is no statistically significant dif-
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ference between Group II and Group III in solving stoppage

point problems A8, Ab8, and B8 on the Coloured Progressive

Matrices.

13) There is no statistically significant dif-
ference between Group 1 and Group II in solving stoppage
point problem 5 of the Problem Box.
nere is no statistically significant dii-
ference between Group I and Group III in solving stoppage
point problem 5 of the Problem Box.

15) There is no statistically significant dif-

ference between Group II and Group III in solving stoppage

point problem 5 of the Problem Box.



CHAPTER I1I

METHOD AND DESIGN

The Subjects

A sample of 45 bright, average, and high-grade men-
tally defective children was obtained from the public
schools in the vicinity of Norman, Oklahoma. These chil-
dren were white eight-year-olds (+ three months). Test
scores which the schools had on file were used as pre-
screening method to locate those children who might score
within the range of the prescribed groups. The researcher,
being eligible for certification by the state of Oklahoma
as a psychometrist, individually administered the short

form of the Stanford-Binet Intelligence Scale (1960) to

the possible subjects. The children who score 130 or
above, between 90 and 110, and between 55 and 70 were
placed in the appropriate groups.

All the children included in this sample were white,
eight~year-olds (+ three months), who scored 130 or above,
between 90 and 110, or between 55 and 70 on the short form

of the Stanford-Binet Intelligence Scale (1960). Table 1

is a description of the subjects and the results of the

testing.

35
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The Instruments

One of the instruments used in this study was the

Coloured Progressive Matrices Sets A, Ab, and B (Revised

Order, 1956) prepared by Raven. The book form of the test
was used in this study.

The other instrument employed in this study was

P UL WL SN | W M o MeemlaT nae Dmer o : 1
the Problem Box. The Problem Dox was designed and veri-

fied by Teska (1942), remodeled by Heath (1970), and fur-

ther modified by Danneffel (1972)., It was this final model

! .
which was used in this study. Figures 1, 2, 3, and 4 in

the Appendix are illustrations of the Problem Box. For a
more detailed description of the Problem Box see Danneffel
(1972).

The problems used in this study were the follow-
ing:

5. Triangle when both figures are red, square
when both figures are green.

6. Always the figure on the right, but in each
trial one figure is red and the other is
green. Color is a false clue.

7. Red-green alternation, regardless of figure.

8. Square when both figures are red, triangle
when both figures are green.

9. Single alternation of the figures, figures
appearing both red or both green. Color
is a false clue.
Problem 5 was selected as a stoppage point problem
because it is the first problem in the series of ten in

which the subject must consider two clues, color and shape,

in order to solve the problem. In problems 1-4 the correct
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solution for each problem involved utilizing a single clue
of either shape, position, or color. In problem 5 the sub-
ject must utilize both color and position clues in order
to solve the problem. Problem 10 was deleted from this

study as only two subjects, of the 45 tested, solved it.

The Procedure

The identified members in each of the three groups
were individually administered the book form of the Col-

oured Progressive Matrices Sets A, Ab, and B according to

the published standardized procedures. The researcher, a
qualified psychometrist, administered all of the indivi=-

dual tests uding the Coloured Progressive Matrices. There

was no time limit. Most subjects completed the test in
fifteen to thirty minutes. The researcher recorded on the
appropriate place on the record form the number of the
piece pointed to in each problem by the subject as his
final choice. The results of the testing for each subject
are tabulated in Table 1.

Alil of the tests using the Problem Box were indi-
vidually administered by the same examiner, a doctoral
candidate, who was thoroughly familiar with the mechanics
of the Problem Box and the testing procedure as established
by Teska (1942). The examiner had had considerable train-
ing and experience in administering, scoring and inter-

preting individual diagnostic instruments.
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On the first problem only the subject was told,
"One of these four buttons (pointing out the four buttons)
will cause this light (pointing to the light) to flash
red". Then the examiner pressed the button beside the
square and the red light came on. "Remember only one of
the four buttons will cause the light to flash'". Again
the examiner pushed the button by the square and the red
iight came on. ™"The idea is (o make the light flash red
every time'. Again the examiner pressed the button by the
square lighting up the red light. Usually the subject be-
gan to push the buttons. If he did not, the examiner said,
"You do it now". On the first problem only, if the sub-
ject did not solve it and verbalize the solution, a demon-
stration was given until he understood the solution.

The examiner recorded all of the responses,
whether correct or incorrect, and the generalizations
verbalized during the testing on a scoring sheet. (See
Figure 5 in the Appendix.) The total number of problems
solved, the total number of problems solved and verbalized,
and the performance on stoppage point problem 5 are tabu-
lated for each subject in Table 1. For a more detailed
description of Problem Box testing procedure see Danneffel

(1972).
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Statistical Analysis of the Data

The Mann-Whitney U Test was selected to test hy-

potheses 1,2,3,4,5,6,7,8, and 9. Siegel (1956) stated

that the Mann-Whitney U Test is one of the most powerful

of the nonparametric tests. It is used to test whether
two independent samples have been drawn from the same pop-
ulatioini. A parametric test was inuppropriate because the
assumptions of normality, homogenity of variance, and con-
tinuous data with equal intervals could not be met. The
subjects in this sample were not randomly selected from
the population. The measurements were ordinal. The scores
from the two groups being compared were ranked together.
In the instances of tied observations the average of the
tied ranks was assigned. No correction for ties was made
as Siegel (1956) stated that the test was more conserva-
tive when a correction for ties is not made. The value of
U was determined by the formula method. Table K in Siegel
(1956) was used to determine the critical value of U as
the size of the sample exceeded 9 and was less than 20.

If the observed value was equal to or less than the cri-
tical value at the .05 level of significance, two-tailed
test, the null hypothesis was rejected.

The Chi-Square Test for Two Independent Samples

in a2 2 X 2 Contingency Table was selected to test hypothe-

ses 10,11,12,13,14, and 15. Siegel (1956) stated, 'perhaps



the most common of all uses of the X2 test is the test of
whether an observed breakdown of frequencies in a 2 X 2
contingency table could have occurred under H," [b. 107] .

The Chi-Square Test was chosen because the two groups being

compared were independent and because the scores under con-
sideration were in discrete categories (pass and not pass).
The formula used included Yates correction for continuity
to
of freedom was one. Table C in Siegel (1956) was used to
determine the critical value of chi-square. When the ob-
served value of chi-square was equal to or greater than
the critical value at the .05 level of significance, two~
tailed test, with one degree of freedom; then the null

hypothesis was rejected.



CHAPTER III

RESULTS

Fourty-five white public school children eight
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age {+ three months) were placed in appropriatie

Jute

groups in order to observe their performances on the Col-

oured Progressive Matrices Sets A, Ab, B and the Problem

Box. Group I was composed of fifteen very bright children
who scored 130 or above on the short form of the Stanford-

Binet Intelligence Scale (1960). Group II was composed of

fifteen average children who scored between 90 and 110 on

the short form of the Stanford-Binet Intelligence Scale

(1960). Group 111 was composed of fifteen educable men-
tally defective children who scored between 55 and 70 on

the Stanford-Binet Intelligence Scale (1960). The researcher,

being a qualified psychometrist, administered all of the

intelligence tests and the Coloured Progressive Matrices.

A doctoral student, qualified in testing, administered all
of the tests with the Problem Box. Figure 5 shows the per-

formances of the three groups on the Coloured Progressive

Matrices and the Problem Box.

The Mann-Whitney U Test (Siegel, 1856) was used to

test at the .05 level of significance (two-tailed), hypoth-
41
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eses one through nine. The Mann-Whitney U Test was chosen

because the groups being compared were independent, the
subjects were not randomly selected from the population,

and the measurements were ordinal. All of the null hypoth-

eses tested with the Mann-Whitney U Test were rejected be-
yond the .05 level»of significance. These results are
presented in Table 2.

Hypotheses 1, 2, and 23 tested the performance of
the three groups as measured in terms of the number of

errors they made on the Coloured Progressive Matrices Sets

A, Ab, B. The results, presented in Table 2, were as
follows:

1) Between Groups I and II, the observed value
of U was 8.5. The critical value for a two-tailed test at
the .05 level is 64, and it is 40 at the .002 level. The
observed value was less than the critical values so the
null hypothesis was rejected at the .002 level. Group I,
the bright group, made significantly fewer errors on the

Coloured Prog;essive Matrices than did Group II, the aver-

age group.

2) Between Group I and III the observed value
of U was 0. The critical value for a two-tailed test at
the .05 level is 64, and it is 40 at the .002 level. The
observed value was less thanm the critical values so the

null hypothesis was rejected at the .002 level. Group I,
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the bright group, made significantly fewer errors on the

Coloured Progressive Matrices than did Group III, the high-

grade mentaily defective group.

3) Between Groups II and III the observed value
of U was 7.5. The critical value of U for a two-tailed
test at the .05 level is 64, and it is 40 at the .002 level.
The observed value was less than the critical values so
e null hypcthesis waé rejected at the .002 level. Group
II, the average group, made significantly fewer errors on

the Coloured Progressive Matrices than did Group III, the

high-grade mentally defective group.

Hypotheses 4, 5, and 6 tested the problem solving
ability of the three groups as measured by the number of
solutions on problems 5-9 of the Problem Box. The results,
presented in Table 2, were as follows:

1) Between Group I and Group II the observed
value of U was 22.5. The critical value of U for a two-
tailed test at the .05 level is 64, and it is 40 at the
.002 level. The observed value was less than the critical
values so the null hypothesis was rejected at the .002
level. Group I, the bright group, solved significantly
more problems than did Group II,.the average group.

2) Between Group I and Group III the observed
value of U was 1. The critical value of U for a two-tailed

test at the .05 level is 64, and it is 40 at the .002 level.
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The observed value was less than the critical values so
the null hypothesis was rejected at the .002 level. Group
I, the bright group, solved significantly more problems
than did Group III, the high-grade mentally defective
group.

3) Between Group II and Group III the observed
value of U was 29.5. The critical value of U for a two-
tailed test at the .05 level is 64, and it is 40 at the
.002 level. The observed value was less than the critical
values so the null hypothesis was rejected at the .002
level. Group II, the average group, solved significéntly
more problems than did Group III, the high-grade mentally
defective group.

Hypotheses 7, 8, and 9 tested the performances of
the three groups as measured by the number of correct ver-
balizations of solutions on problems 5-9 of the Prcblem
Box. The results, presented in Table 2, were as follows:

1) Between Group I and Group II the observed
value of U was 22, The critical value of U for a two-
tailed test at the .05 level is 64, and it is 40 at the
.002 level. The observed value was less than the critical
values so the null hupothesis was rejected at the .002
level. Group I, the bright group. solved and verbalized

the solutions to significantly more problems than did

Group 1II, the average group.
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2) Between Group I and Group III the observed
value of U was 1. The critical value of U for a two-tailed
test at the .05 level is 64, and it is 40 at the .002 level.
The observed value was less than the critical values so

the null hypothesis was rejected at the .002 level. Group
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high-grade mentally defective group.

3) Between Group II and Group III the observed
value of U was 33.5. The critical value of U for a two-
tailed test at the .05 level is 64, and it is 40 at the
.002 level. The observed value was less than the critical
values so the null hupothesis was rejected at the .002
level. Group II, the average group, solved and verbalized
the solutions to significantiy more problems than did Group
I1I, the high-grade mentally defective group.

The Chi-Square Test For Two Independent Samples

was used to test at the .05 level of significance (two-

tailed), hypotheses ten through fifteen. The Chi=-Square

Test was chosen because the groups being compared were in-
dependent, and the scores being considered were in discrete
categories (pass and not pass). Yates correction for con-
tinuity to correct for smaller expected frequencies was
used. The results of this analysis of the data are given

in Table 2.
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Hypotheses 10, 11, and 12 tested whether there were
any significant differences between Groups I, II, and III
in solving stoppage point problems A8, Ab8, and B8 on the

Coloured Progressive Matrices. The results, presented in

Table 2, were as follows:
1) Between Group I and Group II the observed

\8 was ,835; on problem

L o3
»

Ab8, 1.205;: and on Problem B8, 5.709. The critical value

of chi-square with df=1 at the .05 level of significance

(two-tailed) is 3.84. On problems A8 and Ab8, the observed

value of chi-square was not equal to or greater than the

critical value of chi-square; therefore, the null hypothesis

was accepted. On problem B8, .::e observed value of chi-

square was greater than the critical value of chi-square;

so, the null hypothesis was rejected beyond the .05 level.
There were no significant differences between Group I, the
bright group, and Group II, the average group, in solving

problems A8 and Ab8 on the Coloured Progressive Matrices.

There was a significant difference between Group I, the
bright group, and Group II, the average group, in solving

problem B8 on the Coloured Progressive Matrices.

2) Between Group I and Group III the observed
value of chi-square on problem A8 was 10.58; on problem
Ab8, 7.35; and on Problem B8, 7.275. The critical value

of chi-square at the .05 level of significance (two-tailed)
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was 3.84. The observed values of chi-square were greater

than the critical values of chi-square so the null hypoth-

esis was rejected beyond the .05 level. Group I, the
bright group, did significantly better on stoppage point

problems A8, Ab8, and B8 on the Coloured Progressive

Matrices than did Group III, the high-grade mentally de-
fective group.
3) Between Group II and Group III the observed

value of chi-square on problems A8 was 4.935; on problem

Ab8, 1.875; and on problem B8, .004. The critical value

of chi-square at the .05 level of significance (two-tailed)

was 3.84, Between Group II and Group III on problem A8

the observed value of chi-square was greater than the cri-

tical value of chi-square, so the null hupothesis was re-~

jected at the .05 level. On problems Ab8 and B8 the ob-

served values of chi-square were not equal to or greater

than the critical value of chi-square; therefore, the null
hypothesis was accepted. Significantly more from Group II,
the average group, solved stoppage point problem A8 of the

Coloured Progressive Matrices, than did those in Group III,

the high-grade mentally defective group. There were no
significant differences between Group II, the average

group, and Group III, the high-grade mentally defective
group, in solving stoppage point probiems Ab8 and B8 of

the Coloured Progressive Matrices.
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Hypotheses 13, 14, and 15 tested whether there were
any significant differences between Group I, II, and III in
solving stoppage point problem 5 of the Problem Box. The
results, presented in Table 2 were as follows:

1) Between Group I and Group II the observed

value of chi-square was .634. The critical value of chi-

3 £ < Ll mncmmn [ $evem bm 2T 3N 2
the .08 level of SigiiziiCaiicc {two—-tailed) is

3.84. The observed value of chi-square was not equal to

or greater than the critical value of chi-square; therefore

the null hypothesis was accepted. There was no significant
difference between Group I, the bright group, and Group
II, the average group, in solving stoppage point problem
5 of the Problem Box.
2) Between Group I and Group III the observed

value of chi-gguare was 10.848. The critical value of

chi-square at the .05 level of significance (two-tailed)

is 3.84. The observed value of chi-square was greater than

the critical value of chi-square; therefore, the null hy-

pothesis was rejected beyond the .05 level. Significantly
more of those in Group I, the bright group, solved stoppage
point problem 5 of the Problem Box, than did those in
Group III, the high-grade mentally defective group.

3) Between Group II and Group III the observed

value of chi-square was 5.187., The critical value of chi-=

square at the .05 level of significance (two-tailed) was
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3.84. The observed value of chi-square was greater than the

critical value of chi-square; therefore, the null hypothesis

was rejected beyond the .05 level. Significantly more of
those in Group II, the average group, solved stoppage point
problem 5 of the Problem Box, than did those in Group III,

the high-grade mentally defective group.



TABLE 1
SUEJECT DATA AND RESULTS OF TESTING, GROUF I

. Froblem Box Coloured, Frogressive Matrices
Sab- Total Total Prob- Total
ject C.A. I.Q. M.A. Problems Solved lenm Problems A8 AbB B8

No. . Solved and 5 Solved
' 5-9 Verbalized

7=9 138 10-9

0S

1 5 4 + 27 + + -
2 80 130 10-6 4 L + 23 + - -
3 8.2 130 10-9 5 5 + 30 + + +
4y 7-11 141 11-3 3 3 + 2 + + +
5 7-11 151 12-0 3 3 + 33 + + +
6 8.2 145 12-0 L L + 2 + - +
7 7-9 135 10-6 3 3 + 24 + - -
8 ?2-10 133 10-6 L L + 27 + - -
9 8-0 143 11-6 3 3 + 33 + - +
10 7-10 146 11-6 L L + 32 + + +
11 8-3 135 11.3 3 3 - 31 + + +
12 8-0 136 11-0 2 2 - 23 + + -
13 8.2 130 10-9 L L + 33 + + +
14 8-0 139 113 2 2 - 27 + - -
15 8-0 130 10-6 3 3 + 26 + + -
+ solved

- not solved



TABLE 1--Continued

SUBJECT DATA AND RESULTS OF TESTING, GROUF II

. Problem Box Coloured Progressive Matrices
Sub- Total Total Prob- Total
ject  C.A. I.Q. M.A. Problems Solved len Froblems A8 AbS 36
No. Solved and 5 Solved

5-~9 Verbalized

16 7-9 98 79 2 2 + 21 + - -
1?7 8-3 104 8.9 3 3 + 27 + - +
18 8.2 9 8.0 2 2 + 22 + + -
19 81 110 9..0 L 4 + 22 - + -
20 8-1 97 8-0 2 2 + 22 + + -
21 8-3 104 8-9 1 1 - 18 + - -
22 -0 98 g8-0 2 2 + 22 - - -
23 7=9 92 7-3 0 0 - 20 + - -
2k 8-0 95 7-9 2 2 - 16 + - -
25 8-1 91 76 1 1 + 21 + - -
26 7-11 109 8-9 2 2 + 21 + + -
27 8-0 92 7-6 1 1 - 21 + - -
28 7-10 104 8.3 1 0 - 22 + - -
29 8-0 101 83 0 0 - 25 + + -
30 7-11 93 7-6 2 2 + 19 + - -

1¢

+ solved
- not solved



TAELE 1-=Continued
SUBJECT DATA AND RESULTS OF TESTING, GROUP III

Problem Box Coloured Progressive Matrices
Sub- Total Total Prob- Total
ject C.A. I.Q. M.A. Problems Solved lem Protlems A8 Ab8 B8
No. Solved and 5 Solved

5-9 Verbalized

21 8«1 68 5-8 2 2 + 15 - - -
22 8-2 68 5=9 1 0 - 14 + - -
33 7-11 68 5-7 1 1 + 19 + - -
34 7=9 60 4-10 0 0 - 15 + - -
15 8-3 70 6-0 ) 0 - 15 + - -
36 80 69 5=9 0 0 - 13 - - -
37 7-11 58 410 0 0 - 14 - - -
38 8-3 65 5.7 0 0 - 15 - - -
39 7-9 66 5l 0 0 - 14 - - -
40 7-9 57 4.8 0 0 - 17 + - -
51 8-3 56 4.10 0 0 - 15 - + -
42 8-0 67 5.7 0 0 - 20 - - -
by 7-11 58 410 0 0 - 13 + - -
b5 8-3 59  5-1 0 0 - 15 M N -

(4]

+ solved
- not solved
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TABLE 2
OBSERVED VALUES OF STATISTICAL TESTS

MANN-WHITNEY U TEST

Groups Number of Number of Number of
problems problems problems
soived solved and soived

Problem Box  verbalized Coloured Pro-

Problem Box gressive Matrices
I vs, II 22,5% 22x Be5*
I vs, II1 1% 1= o=
IT vs. III 29.5*% 33.5* 7e5%

*Significant at .05 level

CHI-SQUARE TEST FOR TWO INDEPENDENT SAMPLES

Groups Problem Box Coloured Progressive Matrices
B8

#5 A8 Ab8
1 vs. II ’ .6% 0535 1 0205 5.709*
I vs, III 10,.848* 10,.158+% 7e35% 7275%
II vs, 111 5. 167‘ )“o 935* 1 08?5 .004

*Significant at .05 level
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CHAPTER IV
DISCUSSICN

A1l hypotheses were tested at the .05 level of sig-

a2 Y A m el w waaw A VT AN

nificance. two-tailed IInlece otherwise indicated

the level being considered in this discussion.

The primary purpose of this study was to compare

periormances on the Coloured Progressive Matrices and the

Problem Box, respectively, of three groups of white eight~-
year-old youngsters who functioned at differing intellective

levels as measured by the Stanford-Binet Intelligent Test.

On both instruments, brights were found to perform signifi-
cantly better than did the average and the high-grade men-
tally defective. On both instruments, the average were
found to perform significantly better than did the high-
grade mentally defective.

There are ten problems set up with the Problem Box.
Problems 1-4 involve only first order generalizations in
which a single clue such as shape, position, or color must
be utilized in order to successfully solve the problem.
Problems 5-10 are problems involving second order generali-
zations in which two variabies must be utilized in order to
successfully solve the problem. For the purposes of this
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study only problems 5-9 of the Problem Box are being investi-
rated. With a Group N of fifteen, using the Problem Box,
there were 75 possible correct answers for each group.

Fifteen brights solved 52 of the 75 possible pro-
blems on the Problem Box. They verbalized generalizations
of their solutions on 51 of the 52 correct solutions.

The fifteen average soived 25 of the 75 problems
possible on the DProblem Box. They gave verbal generaliza-
tions for 24 of the 25 correct solutions.

The group of fifteen high~g:. 1de mentally defective
solved four of the 75 problems possible. They verbalized
generalizations for three of the four problems they solved.

These performances seem to indicate not only the
significant role of intelligence in problem-solving, but
also indicate what would appear to be the significant
function of generalization in the problem solving process.
The relationship, if any, between the ability to do second
order generalizations on the Problem Box and the ability to

get past the stoppage points on the Coloured Progressive

Matrices is one of considerable interest to this study.
With a Group N of fifteen, there were 540 possible

correct answers for each group on the Coloured Progressive

Matrices. Group I, fifteen brights, solved 433 of the 540
possible problems. Group II, fifteen average, solved 319

of the 540 possible. Group III, fifteen high-grade mentally



defective, solved 230 of the 540 possible. As mentioned
earlier the difference in performance among the differing
intellective levels appeared to be a further indication of
the predictive value of intelligence as it pertains to pro-
blem solving.

Probhlem 5 of the Problem Box was selected for in-

ten in which the subject must utilize two clues in order to
solve the problem. It would appear that being able to suc-
cessfully solve problem 5 of the Problem Box involves what
Lashley (1938) terrzd second order generalizations. That
is a generalization involving more than one variable. For
example in problem 5, two variables, color and position,
must be successfully utilized in order to solve the problem.
In regard to the Progressive Matrices, Raven (1960)
says that the series are designed so that the initial pro-
blem in each set is self-evident, and the ones that follow
become progressively more difficult. Raven (1965) notes that
in administering the test, if the subject does not solve
correctly problem Al, the examiner '"continues his explana-
tion until the nature of the problem to be solved is clearly
grasped' [?. 16] .

In Set A of the Coloured Progressive Matrices pro-

blem A8 was selected as a stoppage point problem. In pro-

blems 1-7 of Set A the correct response is presented in all
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of the three other quadrants of the matrix. Problem A8 is
the first problem in Set A which requires that the subject
do anything other than select that which has already been
presented. In order to select the correct piece to complete
the pattern in problem A8, the child has to visualize some-
thing new, the intersection of two vertical and two horizon-
tal lines. 1In the seven previous problems it has only been
necessary for him to select the piece which is like the
rest of the matrix.

According to Raven (1965), the problems in set Ab
are ones "in which discrete figures could be apprehended as
parts of an organized "whole," or individual entity, appro-
priately oriented to the observer and his perceptual field"

[p. é]. In Set Ab, problems 1, 2, and 3 require the sub-
ject to select the piece which is like the other three quad-
rants of the matrix. Problems 4-7 require the subject to
select the piece which will complete the pattern of '"whole'".
Problem Ab8 was selected as a stoppage point problem because
it is at the same position in the Set as are problems A8
and B8 respectively, and Ab8 is the first problem in Set Ab
which requires that the subject utilize clues involving both
design and position in order to successfully complete the
pattern or "whole'".

Set B again starts with two problems in which the

missing part is shown in three other quadrants. In problems
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3 and 4, again clues involving design and position have to
be utilized in order to successfully complete the pattern.
These are also the primary clues to be utilized in solving
problems 5, 6, and 7 of Set B. In these problems the piece
that completes the matrix is presented in the other three
quadrants in the matrix, but the position has to be changed

ISn Ardar +A conm
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lete the
point problem B8 is the first problem in which the subject
must utilize clues from the other quadrants and complete
the matrix with a piece different from the other quadrants.
In this problem clues presented in the other quadrants‘must
be combined in order to create a new or different piece
which completes the pattern or '"whole" correctly.

Twelve of the fifteen children in the bright group
were able to solve stoppage point problem 5 of the Problem
Box. Problem 5 is the first problem on the Problem Box re-
quiring second order generalizations. All fifteen of the
brights were able to solve stoppage point problem A8 on the
Matrices. None of the fifteen solved stoppage point pro-
blem Ab8, and eight of the fifteen solved stoppage point
problem B8 on the Matrices. One bright who did not solve
stoppage point problem 5 on the Problem on solved all of
the stoppage point problems on the Matrices.

Nine of the fifteen children in the average group

were able to solve stoppage point problem 5 on the Problem
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Box. Thirteen of the average group solved stoppage point
problem A8 of the Matrices. Five of the fifteen solved
problem Ab8 and only one of the average solved stoppage
point problem BS.

Only two of the fifteen high-grade mentally defective
were able to solve stoppage point problem 5 on the Problem
Box. Six of the high-grade mentally defective were able
to solve stoppage point problem A8 of the Matrices. One
high-grade mentally defective solved stoppage point problem
Ab8. None of the high-gradé mentally defective solved
stoppage point problem B8 on the Matrices.

The only statistically significant difference be-.
tween the bright and the average groups on the stoppage point

problems was on problem B8 of the Coloured Progressive

Matrices. There were statistically significant differences
between the bright and the high-grade mentally defective
groups on all the stoppage point problems. There were statis-
tically significant differences between the average and the
high-grade mentally defective groups on stoppage point pro-
blem 5 of the Problem Box and stoppage point problem A8 of
‘the Matrices. There were no statistically significant
diffefences between the average and the high-grade mentally
defective on problems Ab8 and B8 of the Matrices. Only five
of the average and one of the high-grade mentally defective

solved problem Ab8. Only one average and no high-grade men-
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tally defective solved problem B8 of the Matrices.

1t would appear that if subjects were unable to han-
dle second order generalizations as evidenced by failing
problem 5 of the Problem Box, they were not likely to be

successful on the Coloured Progressive Matrices. It seems

that the Coloured Progressive Matrices presents too many pro-

blems which are essentially the same. and therefore faiis to
discriminate. The scale is not progressive as evidence by
the fact that so many problems are‘alike, and that for none
of the groups is the progression from success to failure a
continuous one. There was no discrimination between the
bright and the average until Set B. Of the stoppage point
problems investigated in this study the only significant
difference between the bright and the average was on stop-
page point problem B8 on the third set of the Matrices.

Both the bright and the average were able to do second order
generalizations as evidenced by their success on problem 5
of the Problem Box. There were of course differences be-
tween the bright and the high-grade mentally defective, but
these do little more than substantiate what one would know
by observation. There was a significant difference between
the average and the high-grade mentally defective on pro-
blem 5 of the Problem Box and on problem A8 of the Matrices.
Since so few of either group soived probiems Ab8 or B8 on

the Matrices it would appear that the Problem Box discrimi-
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nates better between the average and the high-grade méntally

defective than does the Coloured Progressive Matrices.




CHAPTER V

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

This investigation was conducted to compare the per-
formance of very bright, average, and high-grade mentally
defective white eight-year-old children attending the public
schools in the vicinity of Norman, Oklahoma, on the Problem

Box and the Coloured Progressive Matrices, respectively.

A total of fourty-five children, fifteen very bright, fif-
teen average, and fifteen high-grade mentally defective were
individually administered the Problem Box and the Coloured

Progressive Matrices. A comparative analysis was made of

the performance of the three groups on stoppage point pro-

blems A8, Ab8, and B8 on the Coloured Progressive Matrices

and problem 5 of the Problem Box.

The Mann-Whitney U Test was used to test for signi-

ficant differences between the three groups on the Problem
Box and the Coloured Progressive Matrices, respectively.

The findings thch resulted from the evaluation of the data
were: 1) Statistically significant differences beyond the
.05 level occurred between the bright and the average re-
garding the number of problems solved on the Problem Box, the

number of problems solved and verbalized on the Problem Box,
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the number of problems solved and verbalized on the Problem

Box, and the number of pfoblems solved on the Coloured Pro-

gressive Matrices. 2) Statistically significant differ-

ences beyond the .05 level occurred between the bright and
the high-grade mentally defective regarding the number of

problems solved on the Problem Box, the number of problems
Soived and v

problems solved on the Coloured Progressive Matrices. 3)

Statistically significant differences beyond the .05 level
occurred between the average and the high-grade mentally de-
fective regarding the number of problems solved on the Pro-
blem Box, the number of problems solved and verbalized on
the Problem Box, and the number of problems solved on the

Coloured Progressive Matrices.

The Chi-Square Test for Two Independent Samples with

the Yates correction for continuity to correct for smaller
expected frequencies was used to test for significant dif-
ferences between the three groups on stoppage point problems

A8, Ab8, and B8 of the Coloured Progressive Matrices and

problem 5 of the Problem Box. The findings which resulted
from the evaluation of the data were: 1) No statistically
significant differences were apparent between the bright
group and the average group in solving stoppage point pro-
blem 5 of the Problem Box or stoppage pcint problems A8 and

Ab8 of the Coloured Progressive Matrices. A statistically
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significant difference beyond the .05 level occurred between
the bright group and the average group on stoppage point
problem B8 of the Coloured Progressive Matrices. 2) Statis-

tically significant differences beyond the .05 level occurred
between the bright and the high-grade mentally defective on

stoppage point problem 5 of the Problem Box and stoppage

point problems A8, AbS, and B8 of the Coioured Progressive
Matrices. 3) Statistically significant differences 2t the

.05 level occurred between the average and the high=-grade
mentally defective on stoppage point problem 5 of the Pro-

blem Box and stoppage point problem A8 of the Coloured Pro-

gressive Matrices. No statistically significant differ-

ences were apparent between the average group and the high-
grade mentally defective group on stoppage point problems

Ab8 and B8 on the Coloured Progressive Matrices.

Conclusions

The statistically significantly better performance
by the brights over the average and the high-grade mentally
defective, and the statistically significantly better per-
formance of the average over the high-grade mentally de-
fective support other studies in the literature which have
found intelligence to be a good predictor of non-language
problem solving ability. It is interesting to ﬁote that of
the total eighty-one correct solutions by the three groups

only three, one by each group, were not verbalized. Thus
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it would appear that being able to make generalizations is
a significant part of the problem solving process as few
problems, only three of eighty-one, were correctly solved
without verbalizing the correct generalization.

It would appear that subjects utilized a wide variety
of clues in solving problems. The performance of the three
groups on the stoppage point problems indicated that as it
became necessary to utilize additional ciues some subjects
were not successful. It would appear that at some point
the problem solving pfocess breaks down as the number of
clues which must be utilized increased. The high~grade men-
tally defective tended to perseverate in their responses to
problems. That is if the solution to the first problem on
the Problem Box was the square even though the examiner told
them that the next problem was different, their usual re-
sponse was to again push the button by the square. If sub-
jects were unable to do second order generalizations as
evidenced by solving problem 5 of the Problem Box, they were
not likely to get past the second and third sets of the

Coloured Progressive Matrices. It would appear that this

breakdown in the problem solving process may result in a
barrier to learning. 1Intelligence was found to be a good
predictor of success in extending the point of failure in

the probiem solving process.



Recommendations for Further Research

Although Raven's Coloured Progressive Matrices has

been widely used in England, it has not been as extensively
used in this country. Because of the test's ease of adminis~-
tration and its non-language aspect, it has generated con-
siderable interest among those in education in this country.
Teska (1942) invented the Problem Box to measure problem
solving ability. His study and subsequent studies using it
indicate that it is an effective means of measuring problem
solving ability. There are many possibilities for the de-
sign of new studies using these instruments.

At this time norms for the Coloured Progressive

Matrices have been established for an English population.
An extremely valuable contribution on both the Coloured

Progressive Matrices and the Problem Box could be made in

establishing norms for a population in this country.
A study of the relationships between stoppage points

on the Coloured Progressive Matrices and problem solving for

the three I.Q. groups would be another interesting topic.
Although these relationships were not investigated in the
present study, their existence was evident.

There are many comparative studies involving the

Coloured Progressive Matrices and the Problem Box which might

be done. One would be a comparison of the performance of
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three groups of children of different ages having the same

M.A. using the Problem Box and the Coloured Progressive

Matrices.

Studies involving blacks and varying socio-econonmic

levels in this country have been done with thé Problem Box.

An interesting study would be

01 low Socio=-economic white,

high socio-economic children

Problem Bex and the Coloured

a comparison of the performance

iow socio-economic black, and

Progressive Matrices.

Much could be gained

from a well-controlled, care-

fully designed research project on the predictive validity

of the Problem Box and the_Coloured Progressive Matrices.

Studies of this sort would increase greatly the usefulness

of the instruments.

Other'fesearch studies could be founded on statis-

tical analysis of the responses given on the Coloured Pro-

gressive Matrices and the Problem Box.

Of particular inter-~

est would be an analysis of the type of errors made.
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i of the Problem Box

view

Figure 1. Front
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Figure 2, Side view of the Problem Box
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Figure 3. Inside mechanism of the Problem Box
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Figure 4. Electrical Schematic Diagram of the Problem Box




