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ABSTRACT

GENERALIZATION OF THE PAIRED-ASSOCIATE
MODEL TO DEFINITION LEARNING

by Salah Abdul~Moniem Hotar

The Problem

Verbal learning psychologists are primarily concerned with study-
ing the basic mechanisms of learning by using nonsense syllables in
highly eontrolled experimental procedures with adult subjects. The
variable which has received the greatest attention has been the mean-
ingfulness (m) of the verbal material. There is a reasonable consis=
tency between the empirical findings and paired-associate theories,
namely that m of the response member of a paired-associate has a greater
effect upon learning than m of the stimlus member. Most paired-asso-
cilate theories predict the following order of the four basic types of
lists H-H, L-H, H-L, and L-L arranged according to their ease of learn-
ing (H indicates high meaningfulness, and L low meaningfulness), How=
ever, paired-associate studies have yielded contradictory results con-
corning the effect of familiarization on the response members prior to
the actual learning task. The satiation theory, the most promising one,
predicts the following order H-L, L-L, H-H, and L-H if the subjects are
familiarized with the responses.

Educators, on the other hand, are concerned as to whether the
material, the method, and even the findings have any objective applica-

tions to the classroom. Accordingly, the present study stands between
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these two extremes and attempts to test the appropriateness of extend-
ing the paired-associate model to definition learning. Thus, the major
purpose of this study is to test the hypothesis that paired-associlate
learning can be used as a model for learning arithmetical definitions.
The acceptance of this hypothesis requires two conditions. First, there
mst be a one-to-one correspondence between the elements of a paired
associate and a definition. Second, certain relations must be preserved,
namely that the order of the types of definitions must be the same as
the order of the types of paired-associates under different familliariza-

tion treatments.

The Methodology

Four arithmetic textbook series were used to gather arithemtical
definitions which appear in grades five, six, seven and eight. Defini-
tions with stimuli composed of more than one word or with symbols in
the response were excluded. Ninety-seven arithmetical definitions were
finally used. Forty-eight of these definitions were numerical, and the
other forty-nine were geometrical. The two kinds of definitions,
numerical and geometrical, were randomly arranged. The stimuli and the
responses were separated from each other. The m of the definitions,
their stimli, and their responses were determined separately by the use
of three rating scales each of which was judged by approximately thirty
sixth grade pupils whose median age was 145 months. Meaningfulness was
defined operationally in terms of the students' judged familiarity and
- ease of learning., The reliability coefficients were significantly dif-
ferent from gero (P-<:.01). The results of this step has been used

first to study the interrelationships between m of definitions, m of
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the stimili, m of the responses, number of letters in the stimulus and
number of words in the response; second, to select the four types of
definitions H-H, L-H, H-L, and L-L.

Four sets of definitions were chosen. Each set contained four
definitions, two numerical and two geometrical. One definition of each
kind was longer in length of the response than the other. However,
each 1list had approximately the same total number of words. The verbal
familiarization material was composed of three sentences for each
selected definition. In case of picture familiarization, the numerical
definitions were explained by presenting three number operations, while
the geometrical definitions were explained by drawing three consecutive
pictures. The subjects who did not receive familiarization were desig-
nated as a control group. Thus the four types of definitions and the
three kinds of familiarization yielded twelve treatments.

The subjects were 434 volunteer students enrolled in the seventh
grade, Their median age was 151 months. The learning task was admin-
istered by the use of a group procedure in which definitions as well as
the familiarization material were presented by an overhead projector.
Rate of presentation of the definition stimlus and response was 5 and
15 seconds respectively in paired-associate like procedure. The course
of experimental session was as follows: Pre-test, presentation of
familiarization material for a1l groups except the control group, a
learning trial followed by a test trial; two learning trials followed
by the second test trial; two learning trials followed by the third
test trial; two learning trials followed by the fourth test trial; two

learning trials followed by the fifth test trial; post-test. During
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the pre- and post-tests the subjects were instructed to express the
meaning of the stimlus using their own words, during the test trials,
they were asked to write the exact words of the response as shown to
them in the learning trials. The subjects answers in the test trials
were classified into eight different categories with the assumption
that these categories represented a continuum which began with a '"no
answer® and ended with "recalling the exact response" and covered the
different levels of the answers. On the other hand, the pre- and post-
test answers were classified into three categories; wrong, partially
correct, and correct answers.

Concerning the test trials answers, the mean percentage of cor-
rect (exactly similar or slightly idfferent from the actual response)
responses per test trial (in case of the combined definitions, short,
long, numerical and geometrical definitions) was used as a dependent
variable. The types of definitions were arranged according to the
dependent variable. Kendall rank order correlation coefficient was
used to determine the correlation between the actual arrangement of
the types of definitions and the theoretical arrangement which is
predicted by palred-associate theory. Whenever the correlation was
perfect, a second test was applied using z score to determine whether
or not there was significant differences between any two proportions
of correct responses among the types of definitions. The same analysis
was repeated using the mean percentage of the exact responses per test
trial as a dependent variable. As for the pre-test answers, the x?
test was used to compare the pre-test score distributions of the levels

of stimilus m, response m, subject matter types, and length variables.
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Also, the same approach was repeated using post-test answers. In addi-
tion, the Xz technique was used to test whether or not a significant

difference existed between the pre-test scores and the post-test scores.

The Results

First: The distribution of definiendum m was bimodal, while the
definition or definien m distributions were found approximately normal.
The mean m of the definitions was found to be significantly higher than
m of the response at the .01 level. However, the mean m of the defi-
niendum was not significantly different from the mean m of the definien
at the .05 level. Furthermore, m of numerical definitions was greater
than m of the geometrical definitions at the .01 level. The results
show a significant correlation between the m of geometrical terms and
number of letters. There was significant correlation between the
response m and the number of words. The high positive correlations
showed that the shorter the response or the geomstrical term the higher
was its m. While the intercorrelation coefficients between stimilus m
or response m, and their corresponding lengths were not significantly
different from zero at the .01 level, it was found that each one of
these variables correlates significantly with definition m. The signi-
ficant correlations between m of the definitions indicated that when
definition m was high response m was high, stimilus m was high and
response number of words was few. The results showed that partialling
any group of variables out of the correlation of definition m with
other variables did not change the zero order correlation. However,
once the definition m or other variables beside definition m were par-

tialled out, all the new correlations differed significantly from their
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goro order correlation. These results emphasized the penetrating
offect of definition m and its relation with response m or stimlus
m. When definition m was partialled out the following results were
obtained: (1) When response m was high the response was not neces-
sarily high or low; (2) when response m was high the stimilus m was
also high. Thus the effect of the variation in the number of letters
in the stimli, the variation in number of words in the responses,
and the proved influence of definition m on stimlus as well as
response m indicates the presence of variables in definitions which
are not usually studied in paired-associate learning.

Second: The analysis of answers of the subjects in the test
trials using the correct responses as a dependent variable were used
to test both the theory which emphasizes the stimlus m, as well as
the theory which emphasizes the response position. Each theory was
tested fifteen times (with the combined definitions, long, short,
numerical and geometrical definitions--per control, verbal and pice
ture familiarigzation). The theory which emphasizes the role of stim-
ulus m was accepted twice in case of control and verbal familiariza-
tion of numerical definitions. The theory which stresses the response
m was accepted twice--for the control treatments with the combined and
the long definitions. In each of the confirming cases there was some
overlap among the types of definitions when both theories predict no
overlap. Possibly the nature of the dependent varieble was responsible
for the failure to confirm either one of the theories with a high degree
of consistency because verbal learning psychologists assume the exact
reproduction of the response as their criterion measure of learning.

Thus the general hypothesis proved to be untenable.
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Third: When the exact response was used as a dependent variable,
the results did not confirm the theory which favors the stimlus posi-
tion. The theory which emphasizes the m of the response was confirmed
in three cases (combined, short and long definitions) with control treat-
ment, and once (rumerical definitions) with verbal familiarization. So
the choice of the exact responses as a dependent variable improved the
chances of confirming the general hypothesis.

Fourth: The data concerning the familiarization conditions led
to the rejection of the satiation hypothesis. Such deviation might
have occurred as a result of using a familiarization procedure not com-
pletely analogous to the familiarization procedures used by verbal
learning psychologists. The proactive inhibition theory explained the
results better than the satiation theory.

Fifth: Analysis of pre-test scores showed that stimulus m was
more critical than response m. Thus definitions with higher m stimili
were better known in advance than definitions with lower m stimuli. The
pre- and post-scores supported the hypothesis predicting an increase in
definition attainment as an increasing function of stimulus m, Finally
the analysis of post-test scores showed the presence of controversial
findings between m of the stimulus and m of the response. While the
arrangement of the types of definitions indicated that m of the stimlus
was more criticel in the post learning than response m, the statistical
results were insignificant.

These facts emphasized the difficulty in generalizing from the

paired-associate model to definition learning.
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CHAPTER I

INTRODUCTION

Verbal learning psychologists are concerned with identifying
the varigbles which affect learning. The general procedure involves
the establishment of a miniature learning situation in which the
learner is presented a number of verbal units for memorization. A
wide range of variables has been studied within such learning situa-
tions. The variables have involved manipulations of the meaningful-
ness of the material, method of presentation, rate of presentation
and a host of other such variasbles. The many possible manipulable
variables have created a wide range of verbal learning experiments.
Each one of them is fairly well controlled and designed to test
specific hypothesis concerning effects of the variables in question.

However, this experimental approach has raised many objections.
Learning psychologists (Deese, 1961; Rothkopf, 1963) claim that it
tends to ignore or neglect verbal characteristics and skills in addi-
tion to being restricted to examining elementary associations. Edu-
cational psychologists have also objected to such learning situations
as being too restricted and not applicable to meaningful materials.

On the other hand, the advocates of this type of learning experi-
ment believe that it stands squarely in the center of all human learn-
ing. They claim that research in verbal learning creates phenomena
and theories related to the study of the processes involved in the

learning situation (Underwood, 1964). Such basic principles of



learning make it possible to understand retention, forgetting, dis-
crimination, generalization, transfer and problem solving behavior.
Hilgard (1964) summarized the relationship between the latter
points of view of learning theory and educational practices as that
between any pure science and its technological applications. By
pure science research, he meant that research which 1s guided by the
problems which the researcher sets himself without regard for the
immediate applicability of the results to practical situations. In
applied research, on the other hand, the researcher is concerned with

a practical problem directly relevant to classroom learning. The

road from pure science research to established educational practice

has been classified into six steps. The first three of these steps
relate to pure science research in learning and the others relate to
the apﬁlied or technological research. The steps may be described
as follows:

Step 1. Research on learning with no regard for its educational rele-
vance, e.g. animal studies, physiological, . . .

Step 2. Research on learning which is not concerned with educational
practices but which is more relevant than that of Step 1
because it deals with human subjects and with content that
is nearer to that taught in school, e.g. nonsense syllable
memorization and retention. . .

Step 3. Research on learning that is relevant because the subjects
are school-age children and the material learned is school
sub ject matter or skill, though no attention is paid to the

problem of adapting the learning to school practices, e.g.



foreign language vocabulary learned by paired-associate
method with various lengths of list and with various spac-
ing of trials.
Step 4. Research conducted in special laboratory classrooms, with
selected teachers, . . .
Step 5. A tryout of the results of prior research in a "normal"
classroom with a typical teacher. . .
Step 6. Developmental steps related to advocacy and adoption.
Hilgard added that too much of the research in the past several
decades has rested at Steps 1 and 2. Educational psychologists have
tended to work at this end of the spectrum and then to jump, by
inference, to Step 6, without being sufficiently patient about Steps
3, 4, and 5. He then emphasized the significance of the tasks to be
done all along the six steps.
Accordingly, the experiment reported in this study aims at being
a kind of bridge between the two endpoints: Pure learning psychology
and applied educational practices. The subjects are seventh grade
school children, and the material consists of arithmetical defini-
tions. The methodological approach is very similar to the laboratory
methods of Hilgard's Step 2. However this study can be located in
Hilgard's Step 3 where it is basically concerned with testing the
validity of extending the existing theoretical notions in what is
called paired-associate learning to the learning of the definitions.
Verbal learning psychologists usually use nonsense syllables,
two consonants separated by a vowel, in thelr experiments. These

nonsense syllables are scaled according to their familiarity and ease



of learning. This dimension of scaling is called "meaningfulness"
(m). Pairs of verbal units are presented to the subject (S). The
left hand member of the pair is designated as the stimlus term; the
right hand member, the response term. The S's task is to learn to
be able to recall the response term when the stimulus term is pre-
sented alone. An example of a paired-associate unit is "LAJ-NOV"
where "LAJ" is the stimlus term and "NOV" is the response term.
Similarly, a definition is also composed of two parts, the
definiendum and the definien, which are equivalent to the stimlus
and response of a paired-associate. For example: "Face: A region
of a plane enclosed by a polygon" is a definition whose stimlus,
i.e. definiendum, is the word "Face," and whose response, i.e.
definien, is the phrase, "A region of a plane enclosed by a polygon."
However, this similarity is not perfect and the differences
between a paired-associate and a definition are numerous. (1) The
components of a paired-associate might be nonsense syllables, unre-
lated words, or letters. In the definition, the elements are mean-
ingful words related contextually to each other. (2) The definition
components are assocliated with a common meaning, while the components
of a paired-associate unit are not necessarily related. (3) Almost
all the studies in paired-associate learning use only one nonsense
syllable with a constant number of letters as a response while in the
definition study the response is a phrase. Such definition responses
usually vary in length. For example, the two phrases: "“The rumbers
zero and one," and "The process of finding how many times a number is

contained in another number," are responses for the stimuli "Bigits"



and "Division" respectively. While the first response is composed of
five words, the second is composed of fourteen words. (4) Stimuli'
mumber of letters in paired-associate learning is a constant, that is
each stimlus is composed of either two or three letters, but the nmum-
ber of letters of the definition's stimlus is a variable. For
example, "Pi" and "Multiplication" are stimuli of two arithmetical
definitions. However each has a different rmumber of letters. Because
of these similarities and dissimilarities, it is difficult to make any
generalization from paired-associate learning to definitions other
than to suggest conservatively that there may be sohe correspondence
between them.

Again, the first objective of this study is to test the hypoth-
esis that paired-associate learning can be used as a model for learn-
ing definitions. The acceptance of this hypothesis requires two con-
ditions (Brodbeck, 1963). First, there must be a one-to-one corres-
pondence between the elements of a palred-associate and a definition.
Second, certain relations must be preserved. That is to say we must
know whether definition learning is influenced by the same variables
as paired-associate learning. The correspondence between a paired
associate item and a definition is fairly obvious. The second condi-
tion, i.e. that paired-associate and definitions are influenced by
the same variables requires research. The variable selected for
study and research in the present investigation involves the meaning-
fulness (m) of the definiendum and definien. Then, the keystone is
the coincidence of the findings of paired-associate experiments and

the findings of the definition experiment with regard to the effects



of m on learning. If manipulations in meaningfulness have similar

ef fects on definition learning, then the correspondence between this

typ e of learning and paired-associate learning has been demonstrated
wi t h respect to the m variable.

The second objective of the present research is to test the
apprxopristeness of the paired-associate model in relation to the

f£3 radings on familiarization training. Verbal learning psychologists

ha~re studied the effect of pre-training or pre-differentiation on the
dl f ferential effect of the stimulus and response members of a paired

associate 1list. In the familiarization study, the material is pre-

Sented frequently and in advance of the learning trials for subjects.
Teachers and textbook authors also try to familiarize their readers

With either the definition stimulus, definition response or both.

HOWever, the educators' approach in familiarization is different from
that of verbal learning psychologists. While the former tend to use

®Xamples from experience, pictures, and models; the latter use fre-

Quent repetitions. For this reason, this study will introduce two

AA fferent methods of familiarization, verbal and picture explanation,
Which are similar to the educators' approach. The differential effect

OF verbal familiarization will be compared with that of picture
Tamiliarization.

A third objective is to obtain the meaningfulness values for a

mumber of arithmetical definitions. These values should have two

advantages. First, they help to equate the experimental conditions

of definition learning with the experimental conditions of paired

assoclate learning. For example, to conduct an experiment in



paired-associate learning, it is the usual procedure to choose a mum-
bex of nonsense syllables whose m values are predetermined and to
rel ate the findings of the experiment to the level of the m values.
But in the case of definition learning the m values of either the

st 3 rmli, responses or definitions are not available. Therefore to

malce a comparison between the experimental findings of paired-asso-
ci & te learning and definition learning is questionable without con-
trxrolling the m of definitions' stimili and responses. Second, there

are® many elaborations on m of nonsense syllables. Verbal learning

PSychologists have done extensive work to understand, for example,
the relationship between m of nonsense syllables and letter sequence.
In definition learning while there is a lack of such studies, there
18 a need to understand, the relationships between length of word

(stimulua). length of a sentence (response) and their corresponding

M Wvalues. Also there is a need to understand the relationship between

the n of a sentence and the mean m of the vocabulary which forms the
S®ntence. The knowledge of such relationships, and others to be
T®ported, are of significance to the educational enterprise in gen-

®Tal and to understanding the results of this study in particular.

RELATED LITERATURE

The review of the literature will include:
(a) The methods of scaling meaningfulness of the nonsense
material.

(b) The studies of the differential effect of the meaningful-

ness of paired-associate components.



(¢) The studies of familiarization and its differential effect
on meaningfulness of paired-associate components.

Esch part of the literature will include the theoretical consid-
exrrations and the empirical studies.

The Scaling of Meaningfulness

The studies of verbal learning have shown that a verbal unit
suach as "MEX" will be learned much more rapidly than "XYJ." The dif-

fexences between the rate of learning of the verbal units have been

attributed to a factor called meaningfulness (m). The words which

a&re easy to learn are supposed to have higher meaningfulness (m)
Value than the words which are difficult to learn. Definitions of m
have involved different approaches and sometimes different names.
The earliest operational definition of m was based upon the
Mamber of associates reported for an item in a certain fixed time.
Ss were asked to state in a word or phrase what the item meant for
them, If the syllable meant something but the subject could not
®Xpress its meaning within the time 1imit, he was to say "yes." The
Lotal number of items presented ranged from 4534 to 320 per study,
With the items presented by a tachistoscope or a memory drum for an
SXposure time which varied from two seconds to seven seconds. Prin-
Slpsl contributors to this method were Glaze (1928), Hull (1933),
Krueger (1934), Witmer (1935), Archer (1960), and Hilgard (1951).
This m value has been designated as the association value.

The second method of rating the m of the items is called the

Production method, devised by Noble (1952), and used by Mandler (1955).

Meaningfulness was defined as the mean mumber of responses written



However, the time in the production method

duriling a certain time.
The

is typically longer than the time for the association method.

ma>imm reported time using the production method is one hundred

twenty seconds. The items were either dissyllables or nonsense syl-
lat>les, presented on paper. The subject responded by writing all

the different words elicited by the item, within a certain time.
The third method of rating m has employed a rating scale.

The subjects were asked to rate the item in terms of either ease of

learning, familiarity, or pronunciation. This approach has been

used by Hasgen (1949), Noble, Stockwell and Pryer (1957), Underwood
and Schulz (1960) and others. This m value has been referred to as

the familiarity value.
Goss and Nodine in 1965, called the association method and the

Production method the single-association technique and the mltiple-

&S sociation technique, respectively. Using the first method the

™Mamber of association by a single sub ject to each stimulus may be
limited to at most one association. With the second method the sub-

Ject may respond with as many associations as he can within inter-

Vals, They called the scaling method as the experimenter-supplied

Stimli for responses because each stimilus may be accompanied by

One or more experimenter-supplied contimous stimuli in the form of

€raphic rating scales. Moreover, they assumed a direct relationship

between frequency and m and that frequency can be considered as a

basis for inferring m of stimuli. In this context frequency refers

to the frequency of occurrence of stimuli as counted in samples of

words in written texts.
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The association, production and rating methods all appear to
have some variance in common. The study reported by Mandler (1955)
shovwed a correlation coefficient of .65 between the results of the
pxoduction method and the number of associations method, using 100
sy 1 lables. Noble Stockwell and Pryer (1957) showed a correlation
coefficient of .81 and .86 between the m values obtained by rating
sc ale method and the values previously reported by Glaze and Krueger

us A ng the number of associations method for 100 syllables. Underwood

and Schulg (1960) used Noble's items in three independent experi-

ments. They found correlation coefficients between m values reported

by Noble (who used the production method) on one side, and m values

received by scaling the item's ease of learning, familiarity and

Prormunciation to be .90, .92, and .78. All the reported inter-corre-

Lation coefficients between the results of different techniques are
Significantly different from zero.

Rate of learning has been shown to be functionally related to

M.  Studies have shown that high m learning material is more readily

learned than low m material. This relation is confirmed by the

SXperiments conducted by Lyon (1914), Reed (1929), Davis (1930),
MeGeoch (1930), Sisson (1938), Noble (1952), Underwood and Richardson
C1956), Dowling and Brown (1957), Sarason (1957), and Braun and
Heyman (1958). The first two studies dealt with educational materials
Unscaled for m.

The others had scaled items in the form of a serial

learning task where the units were presented to the S in a constant

order on each learning trial and he was required to learn them in the

order presented.
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Kimble and Dufort (1955), Mandler and Huttenlocher (1956), Noble
and McNeeley (1957), and Noble, Stockwell and Pryer (1957) proved that
the same relationship namely, that high m material is easier to learn
than low m material, held in the case of paired-associate learning

t & =k where both components were of the same m value. An explanation

wa s offered by Underwood (1949) that m of material facilitates learn-

31 g because of greater familiarity of such material.

The previous studies have been concerned with scaling either

nonsense syllables, nonsense figures, numbers, adjectives or nouns.

There are no studies applying the concept of m for educational material,
OX even sentences.

__The Differential Effect of Meaningfulness of Paired-Associate Compo-

Dents on Learning

It has been shown that nonsense syllables can be scaled accord-

ing to their m and that the higher the m, the easier the learning.
Thiag part of the literature survey will show the development of the

t"'WO-step theory and the empirical findings relevant to the role of

the stimlus and response m on paired-associate learning.

The two-step theory has been mentioned implicitly within the
framework of information theory. Miller (1951) defined the amount

Of information conveyed by an item as dependent on the number of
a@lternatives from which that item is chosen. For example, it is
known that the twenty-six English letters occur with different rela-

tive frequency, and it is possible to predict a letter in a word if

the one or ones preceding it are known. However, the precision of

prediction is dependent on the rumber of alternatives from which
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the predicted letter is chosen. Given the letter "Q" in a word, then
the only predicted letter to follow it is "U." The amount of infor-
mation of "U" is dependent on one because it is the only alternative
f xomnm which the choice is made. Again, given the letter "E" in a word,
t hen to predict the letter following it is to make a choice from the
o t her twenty-five alphabetic letters. Suppose that the letter which
i s chosen to follow the letter "E" is "N." The amount of information
o £ "N" is then dependent on twenty-five, and is assumed to be greater
Arn value than the amount of information of "U" which has been shown
to depend on one alternative.

Information theory implies also that as the contextual con-
Straints increase, the information of the components of the verbal
un3i t decrease. For example, in order to read the verbal unit "AEHV"
ONne may tend to pronounce each letter individually because there is
NOo previous learned context to integrate these letters, and the
information per letter is high. On the other hand, the verbal unit
"HAVE" is easier to pronounce. Here the constraint imposed by the

Arrangement of the letters is high and the letters are not consid-
®TXred independent entities. Rather, they are all components of one
Context, namely the familiar word "HAVE."

Miller and Selfridge (1950) cited evidence that learning time
increases with the amount of information commnicated. By deduction,
as contextual constraints increase the learning time is expected to
decrease. Thus, in definition learning, the verbal unit "Repeated
of: Process multiplication the addition," is more difficult than

"Multiplication: The process of repeated addition,"
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Information theory so far has shown that the increase rate of
]l earning for a verbal unit or a series of such units, is dependent
omn the degree of contextual constraints. However, the theory has
no t placed a particular emphasis on paired-associate learning nor
orx the role of meaningfulness of its components.
Hovland and Kurtz (1952) showed more explicitly than informa-
t 3. on theory that learning successive pairs of nonsense syllables
3 rxvolves two steps; one must not only learn the associations
between the units, but also the units to be associated. This notion
can also be applied in definition learning. In order to learn a
definition such as "Point: A mathematical idea associated with a
location in space," the subject must learn the vocabulary of the
definition, i.e. the words "Point, A, mathematical, . . ., Space,"
and then how to connect the stimilus "Point" with the response.
However, the theory does not explain the steps involved in learning
®ach unit of the paired-associate and associating them with each
Other.
Mandler (1954) presents three concepts in his proposal: (a)
Al fferentiating responses, (b) response integration, and (c¢) sym-
bolie responses. The first concept suggests that a stimilus is dif-
ferentiated from other stimili when it evokes a response different
from one evoked by the other stimulus. This concept refers to the
behavior of identifying and exploring the elements of the stimulus.
The second concept is concerned with the elimination of subresponses
which prevent or delay reinforcement. The third concept implies that

any overt response which is perceived by a human organism evokes a
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symbolic response analogous to the overt response. Mandler concluded
that learning a response involves three steps: Differentiation, inte-
gxration and association through symbolic analogy.

Underwood and Schulz (1960) have analyzed the acquisition of
p & lired-associate or serial lists into two stages. The first stage is
re ferred to as the response learning or response recall stage. In
t Ih3is stage the response units are learned and connected to form a
1 axge unit. This step is similar to Mandler's (1954) integration
step. In the second stage, the associative or hook -up stage, the sub-
Ject comects the response to a particular stimilus. Underwood and
Schulz suggested that stimilus m exerts its effect on the associative
Stage while the response m exerts its effect on response learning
Stage. Hence, they concluded that the effect of stimulus m on paired
&8 sociate learning is less than the corresponding effect of response
Meaningfulness.
Two conditions must be fulfilled if paired-assocliate learning is

Yo be considered a valid model for definition learning. One of these
1S that both the paired-associate and the definition must work on the
Same principle. Such principle was not clarified. Furthermore, the
Pajired-associate theories suggest the conclusion, that; m of the

Tesponse member is more effective with respect to acquisition rate

then m of the stimlus member. If the present experiment confirms

this expectation, then paired-associate principles can be used for
definition learning.

The following portion of literature survey will show the find-

ings of the empirical studies relevant to the effect of m on paired
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assoclate learning.

The earliest experiments used lists of paired-associates whose
components could be classified roughly and as possibly having a high
m (H) or a lowm (L). The material consisted of an English word
paired with a familiar word. The possible combinations were (1) H-H,
high m stimulus and high m response; (2) L-H, low m stimulus and high
m response; (3) H-L, high m stimlus and low m response; and (4) L-L,
low m stimlus and low m response. These four combinations will be
referred to in this study as paired-associate types. The lists might
contain one type of paired-associate with many items, or four types
of paired-associate (H-H, L-H, H-L, L-L) with very few items per
type. Learning has been measured by the rnumber of correct responses
recalled directly after the end of the acquisition period.

Stoddard (1929) asked a group of school children to learn from
French words to English words, and the other group to learn from
English words to French words. If it is considered that English
words have higher m than French words, then this study provides a
test of the relative influence of m of the stimulus versus m of the
response. The mean test score for subjects who learned L-H (French-
English) was 15.1 of 25, and for those who learned H-L (English-
French) was 8.0 out of 25. Thus, it can be concluded that L-H pro-
duced better learning than H-L and that high meaningfulness in the

response position is more critical than m of the stimulus position.

Cason (1933) constructed 18 lists of 16 pairs each. The ver-

bal ynits were familiar words (F) and unfamiliar nonsense syllables

(UD>  (p-F, U-F, F-U, and U-U). He had two groups of Ss, both of
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which were given heterogenous lists of the types of familiar and
unfamiliar verbal units. One group of Ss was given the list to
study for a period of four to eight mimutes. The second group
heard the palrs. An immediate recall test was administered in
which the stimulus was pronounced and spelled by the experimenter
and the Ss were to recall the response. Cason found that the two
methods of study, auditory and visual, produced approximately the
same results. Moreover, the recall of F-F (equivalent to H-H) was
significantly greater than for U-U (L-L), but the U-F (L-H) and
F-U (H-L) magnitude of recall was intermediate between F-F (H-H)
and U-U (L-L).

Sheffield (1946) used Cason's material in which various com-
binations were preserved within the list, but the presentation was
via the memory drum in order to control the time factor per unit.
He demonstrated that H-H produced the most rapid rate of learning
while L-L produced the slowest rate. The L-H and H-L rate of learn-
ing was significantly different, contrary to Cason's findings. The
L-H learning was slightly inferior to H-H, while H-L was slightly
faster than L-L learning. Sheffield concluded that differences in
m of the stimilus produces relatively minor changes in the rate of
learning as compared with corresponding differences in the m of the
response.

Kimble and Dufort (1955) prepared lists of ten paired-asso-

ciates in which the stimuli were ten items from Noble's dissyllables.
The +ten dissyllables represented a complete range of m in Noble's

Scal o, Response terms consisted of common three-letter words. Thus,
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it could be concluded that each list had these paired-associate types:
H-H, H-L, and L-H. A group of Ss learned the list with Noble's dis-
syllables in the stimulus position, and a second group were given the
same dissyllables in the response position. Kimble and Dufort found
that Ss took more learning trials to anticipate correctly the list in
which Noble's dissyllables were stimuli than when the dissyllables
were responses.

Cieutat, Stockwell and Noble (1958) formed the four combina-
tions using Noble's dissyllables. Each list had only one combination.
The H-L list and L-H lists were composed of identical items, but the
positions were reversed. The lists were presented for twelve trials
and each trial was followed by a test trial. Learning was measured
in terms of the percentage of correct responses to each trial for each
list. Their results showed the difficulty of learning increases in
the order of H-H, L-H, H-L, and L-L. Moreover, they found that varia-
tion in stimlus m produced a much greater effect on learning when
response m was low than when it was high; and that variation in
response m produced a much greater effect on learning when stimilus m
was low than when it was high.

The later results were confirmed by Lambert and Paivo (1956),
Weiss (1958), L'Abate (1959), Hunt (1959), Underwood and Schulz (1960),
Epstein (1963), Kothurkar (1963), Nodine (1963), Harleston (1963),

Fartin, Cox and Boersma (1965), and Goss (1965). The generalization
0f the increase of learning trials in the order H-H, L-H, H-L, and L-L
W&S found to hold under different experimental conditions whether the

1‘1531;3 were administered to subjects singly or by a group technique, in
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constant or varied order, under anticipation or recall formats and
whether the subjects were college students or hospitalized mental
patients. Thus, it is concluded that m of the response members is
from slightly to several times more potent than m of the stimlus
member. Goss (1965) recently made an extensive review of the lit-
erature on paired-associate learning and suggests that the available
data are still too scanty either to account for exceptions to this
generalization on rational grounds or to lead to more precise, reli-
able generalizations about other patterns of factors.

The previous emperical findings are consistent with the theo-
retical notion which has been considered as the principle upon
paired-associate learning works, namely, that m of the response mem-
ber is more responsible for the acquisition rate of a paired-associ-
ate learning than m of the stimulus member. But it has not been
shown whether such confirmed paired-associate theory is valid in
case of definition learning. Then if it is proved that definien
meaningfulness is more critical than definiendum meaningfulness the

paired-associate model can be extended to include definition learn-

ing.

The Differential Effect of Familiarization of Palred-Associate Com-

e e —————

Ronents on Learning
The preceding literature has demonstrated that high m materials
are Jlearned faster than low m materials. One explanation of this
Phenomenon is that the high m material tends to be more familiar to
the Subjects. Another explanation suggests that frequent experience

th the verbal material makes it more meaningful; thus its m
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increases and is easier to learn. To test the relation between m,
frequency of experience and rate of learning, psychologists have
designed experiments in which verbal stimull or responses are pre-
sented to Ss prior to the learning task. The purpose of such an
experiment is to test the effect of such familiarization process

on rate of learning. The usual method of familiarization is to
require the Ss to repeat the stimulus to themselves (Gannon and
Noble, 1961; Goss, Nodine, Gregory, Taub, and Kennedy, 1962), to
repeat the stimulus aloud continuously for a certain time at a rela-
tively high rate of repetitions per second (Lambert and Jackobvits,
1960; Kamungo, Lambert and Mauer, 1962), or to look at the stimuli
for a period of time (Cieutat, 1960). These approaches to familiari-
zation have been called either pre-training, pre-learning, or satia-
tion.

The role of familiarization has been explained by psychologists
in relation to their theoretical framework. According to Miller's
(1951) theory of information, familiarization reduces the number of
alternate items from the range of all possible nonsense syllables.
For example, the naive subject with the English language, given the
letter "Q" to anticipate the second letter, responds with any letter,
while the subject who is acquainted with this language will--with high
Probgbility-~-restrict his choice to the letter "U." The subject who
is familiar with language structure is expected to restrict his

responses to previously learned language habits. In addition, famil-
1axrjization will tend to reduce the amount of information conveyed by

®ach syllable at the time of learning. For example, before the
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familiarization trials each word of the phrase, "The process of taking
a mumber out of another rmumber," is considered as unique and indepen-
dent source of information by itself. The familiarization process
helps the S to "chunk" the words together to form a smaller number of
information units. So after familiarization one S may perceive the
phrase as composed of "The process of," "taking out of another," and
"mimber." Another S might perceive the same phrase again as composed
of smaller and smaller units.

Gibson (1940) has mentioned that the familiarization procedure
produces discrimination between the units to be associated and those
learned in earlier lists. She predicted two types of errors to be
reduced: Interlist and "invention" errors. This prediction is con-
sistent with Miller's theory of reducing the mumber of alternatives
to the limited number which have been offered in the familiarization
trials. For example: If a S is presented frequently with a list of
geometrical definitions to become familiar with, and the same list is
given to the same S for learning, then the erroneous responses that
are expected to be reduced are those involving recalling a numerical
response or inventing a haphazard answer for the geometrical stimlus.
Gibson also predicted a reduction of intralist errors if the S is
familiarized with the learning material. Thus, it can be assumed
that subjects who are given a list of geometrical definitions for
familiarization and then for learning are less likely to attach a geo-

metrical response to a different geometrical stimulus. Hovland and
Kuxtz (1952) were able to show that familiarization enables the sub-

Ject to recognize the interlist and invention errors but does not
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reduce the intralist errors.

Mandler's (1954) view is that with successive repetition of a
response aggregate, the separate responses eventually become stimuli
for each other in a way that any part of the response aggregate will
tend to evoke the whole response. This is designated as an integra-
tion process and its growth is dependent upon elimination of responses
which prevent or delay reinforcement. Still Mandler's explanation is
directed towards the response and, in a sense, he views the famil-
iarization process as responsible for limiting the number of alter-
natives and making such correct responses more integrated. Underwood
and Schulz (1960) added that familiarization is a procedure for making
responses more avallable during subsequent association learning.

Then, it could be concluded from these theoretical notions that
familiarization mskes two contributions: First, it reduces the number
of alternatives to the learned ones; second, it reduces the separate
information elicited by the components of the familiarized item, and
thus makes it integrated and more available during learning.

While the preceding psychologists emphasize that familiarization
facilitates learning of low meaningfulness items, there are others who
state that it has a prohibitive effect, especially if the material is
of high meaningfulness. The advocates of the latter theory are
Lambert and Jakobvits (1960), Kamungo, Lambert and Mauer, (1962), and

Kanungo and Lambert (1963). Their explanation is in terms of either
meaning decrement or the development of a word-word habit. The first
6XPJl agnation suggests that too much repetition for the H material

€AW ses its m value to decrease, and the material becomes judged as L.
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Since high m material facilitates learning and low m material retards
learning, the items which were originally H become L. Therefore,
familiarization of high m material may actually produce a decrement
in learning. However, the same theory states that the familiariza-
tion of low meaningfulness material makes it high m and so its avail-
ability and ease of learning will increase.

In the second explanation, researchers claim that familiariza-
tion increases the number of "hooks" or associations of the item, and
so the chance of associating the verbal unit with other verbal units
increases. As for the L verbal unit, its number of associates will
increase and thus will be more readily associated with other new items.
On the other hand, the familiarization of H also increases its number
of associates, but these associates will be used to tie this H item
with itself rather than with another item. Hence the number of asso-
ciates are assumed to be extinguished in developing word-word habits.
For example, the familiarization of the dissyllable "GOJEY" makes it
better integrated, develops its mumber of hooks and thus increases its
availability for association with any other item. On the other hand,
the familiarization of a well integrated verbal item as "KITCHEN"
which already has many hooks will create several items as "Kitchen,
kitchen, . . ." and each one of them is similar to "KITCHEN" in terms
of the mumber of hooks. But the hooks of each item will be associated
to the hooks of other items, and all of them will be consumed in devel-

O°Ping a word-word unit such as "Kitchenkitchen" in that no other hooks

&re )eft to be associated to another new verbal unit. Therefore there
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is less chance for familiarized H verbal item to be recalled as if it
were an L.

The theory predicts, once more, that the paired-associate types
H-H, L-H, H-L, and L-L, on familisrization with the stimli, responses,
or both, will have an acquisition rate similar to L-H, H-H, L-L, and
H-L, or H-L, L-L, H-H, and L-H, or L-L, H-L, L-H, and H-H respectively.
This prediction is built on the basis that the paired-associate member
which is either H or L and is given familiarization will turn conse-
quently to be L or H.

Another aspect of familiarization can be inferred from Postman
and Phillips (1964) empirical findings. They observed that the rela-
tionship between amount of recall and degree of contextual constraints
to be curvilinear and concluded that when material context is highly
constrained, recall is difficult, as in the case of unstructured
material. In addition recall is relatively easier when contextual
constraint is neither high nor low. Although they reported this
relationship using Miller's (1950) terminology, the role of informa-
tion theory was not clarified in explanation of their findings. How-
ever, using this observation, it is possible to explain the relation-
ship between familiarization and contextual constraint, and between
contextual constraint and recall behavior. It can be argued that as
familiarigation increases, contextual constraints increase, and ease

Of recall is then determined by the degree of the imposed constraints.
Téﬂ(ing into consideration the curvilinear relationship, the familiari-
Zation of an L material adds a moderate contextual constraint, and

fCcordingly its recall will be easier than before familiarization
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trials. But the familiarization of an H material increases the pre-
vious imposed contextual constraint and then makes it difficult to
recall.

The following section will review the findings of the studies
relevant to the effect of familiarization on m in serial and paired
associate learning. Solomon and Postman (1952) controlled experimen-
tally the frequency of usage of Turkish words by asking subjects to
read and pronounce them with frequencies ranging from 1 to 25. They
found that recognition thresholds varied inversely with frequency of
prior usage. Noble (1954) offered 18 L items to 288 college students
in a serial form with different frequencies. He obtained a close
relation between the judged familiarity and frequency of occurrence.
Arnault (1956) using nonsense shapes came to a similar conclusion to
that of Noble (1954), namely that m and familiarity are closely
related, doubtless as a consequence of the number of previous famil-
iarization trials. The curves representing these relationships are
negatively accelerated between zero and 40 acquisition trials, and
diminish rapidly around the twentieth trial. On the other hard,
Lambert and Jackobvits (1960) found that semantic satiation reliably
moves the rating of the term towards the meaningless point of the
scale. Kamungo, Lambert and Mauer (1962) found that satiation treat-
ment caused a decrease in the connotative meaning of words receiving
many familiarization trials.

Another criterion used to measure the effect of familiarization,
other than the judged familiarity, is the number of learning trials

required to learn the material. Hovland and Kurtz (1952), Noble (1955),
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Riley and Phillip (1959) and Underwood and Schulz (1960), found a
significant reduction in the number of trials required for mastery

of serial tasks as a result of the level of familiarization.

Familiarization of L material has been found to affect the
rate of learning in ways similar to that of m in paired-associate
learning. It is expected, according to the theories, that greater
facilitation would result when the pre-learned unit appeared as the
response in the paired-associate than as the stimulus member. This
means that the L response member may become an H response. For
example, in a list of L-L items, in which the L response member has
been prelearned, then the list would be similar to L-H list. Again,
if the stimilus member of the list L-L receives familiarization, the
list becomes similar to H-L list. Hence, the arrangement of the
lists according to their theoretical ease of learning is as follows:
Unfamiliarized L-familiarized L, familiarized L-unfamiliarized L, and
unfamiliarized L-unfamiliarized L. The theories which suggest this
order are, first; the two step theory which emphasizes the role of m
of response member over the m of the stimlus member in paired-asso-
clate learning and, second; the familiarization theory which predicts
that L material will become equivalent to H material through the pre-
learning trials.

Goss (1965) reported that Scheffield (1946) compared the acqui-
sition of an H-H list without response familiarization and an H-L
list with response familiarization. He found that familiarization
of response members of H-L 1ist was facilitative. Weiss (1958) com-

pared the acquisition of H-H, H-L, and L-L with familiarized responses,
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and unfamiliarized responses. He found that mean trials to criterion
ad justed for practice performance were lower with familiarized response
members than with unfamiliarized response members.

However there are studies which have found no significant facili-
tation when response members are familiarized. Cieutat (1960) used
two mixed lists of four pairs of L dissyllables with one pair repre-
senting each of the four combinations of familiarization and unfamil-
iarization. The same subjects were used in all the treatments.
Familiarization was by looking at the familiarized items for sixty
seconds, He found that familiarization with the response member inhi-
bits learning with an unfamiliarized stimulus member, and is facilita-
tive with a familiarized stimlus member. The arrangement of the
combinations according to ease of learning was familiarized-famillar-
ized, unfamiliarized-unfamiliarized, familiarized-unfamiliarized and
unfamiliarized-familiarized. Neither familiarization of stimilus mem-
bers nor familiarization of response members had a significant effect.
Such unexpected arrangement of the results might be due to the use of
a mixed 1list, and a few number of items to represent each combination.
Moreover, using the same subjects for learning all combinations might
have made them more experienced and more selective over the entire
task.

Another study which showed that familiarization of response menm-
ber did not improve learning was that of Kamungo, Lambert and Mauer
(1962). They formed a paired-associate list identical with H-H, using
high frequency words. Two groups learned this task, and one of them

obtained semantic satiation for the response member. Those with
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response satiation were inferior in the learning. Kanungo and Lambert
(1963) showed that, with an H-H list, semantic satiation of either the
stimilus or the response words retards subsequent learning. They
explained their results in terms of the m of the members of the paired
associate and the locus of familiarization.

Concerning the familiarization of the stirulus member, the
results are not conclusive. The findings of Gannon and Noble (1961),
Martin (1963), and Schulz and Martin (1964) support the idea of famil-
iarization having a facilitative effect when the stimulus member was
familiarized. Other studies reported that such familiarization would
produce an inhibitive effect. For example, Weiss (1958) compared
acquisition of familiarized and unfamiliarized stimilus members of the
following paired-associate types: H-H, L-H, and L-L. He found that
mean trials to criterion, adjusted for practice performance, were
lower with familiarized stimulus members than with unfamiliarized
stimlus for H-H and L-H, but not for L-L combination. The results of
Weiss, could be reported differently if the m of the stimulus had been
considered. One may conclude that H stimuli became L, and vice versa
on stimulus familiarization of the H-H and L-L. The conclusion of
prohibitive effect of the familiarized stimuli, explained as a result
of having H items, was mentioned in Kanungo, Lambert and Mauer (1962)
and Kanungo and Lambert (1963).

Finally, a study by Bailey and Jeffrey (1958) reported no sig-
nificant effect for pre-learning in either member of the paired-asso-
ciate. They asked Ss to learn three successive lists of paired non-

sense syllables in which the stimilus term was different in each list
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but the response term remained the same. In the test list the response
terms were paired with syllables. The familiarized syllables were in
either the stimulus position or in the response position. The test
list learning of these pairs under either condition did not differ from
learning under control conditions. Using a number of pre-learning
trisls that were insufficient to produce significant differences

between the treatments might be responsible for this result.

The previous results are not consistent. These studies have
employed different levels of m, different familiarization procedures,
and different learning procedures. Such differences may well intro-
duce unspecified variables that make agreement among all the results
an impossibility. However, to make a better prediction or explana-
tion, it is necessary to know the meaningfulness of each member of the
paired-associate before familiarization, the locus of familiarization

relevant to the familiarized and the control treatments.

SIGNIFICANCE OF THE STUDY AND THE EXPERIMENTAL HYPOTHESES

A gap has existed between verbal learning psychologists and edu-
cators. Verbal learning psychologists are concerned with studying the
basic mechanisms of learning by using nonsense syllables in rigid
experimental procedures with adult subjects. However, the educators
have been concerned whether the material, the method, and even the
findings have any objective applications to the classroom. Accord-
ingly, the present study stands between these two extremes and attempts

to test the appropriateness of extending the paired-associate model to



29

definition learning. Thus, the major purpose of this study is to
test the hypothesis that paired-associate learning can be used as a
model for learning arithmetical definitions.

The variable which has received the greatest attention among
verbal learning psychologists has been the meaningfulness of the
material. Many studies have been concerned with different methods
of scaling the m of these materisls. Such material has involved
either nonsense syllables, nonsense figures, dissyllables, or num-
bers. However the review of the literature failed to find any edu-
cational material which has been scaled for m. Therefore one
aspect of this study is concerned with determining the m of a nmum-
ber of arithmetical definitions as well as the m of the individual
definiendum and definien.

These m values make it possible to inquire about some relation-
ships which have not been studied in paired-associates. For example,
in this definition study it is possible to determine the interrela-
tionships between m of definitions, m of definiendum, m of definien,
number of letters in the stimuli, and rnumber of words in the response.
By the use of partial correlation coefficient techniques it is pos-
sible to determine which variables effect the m of a definition.

Also it 1s possible to determine the relationship between m of the
entire definition and the summed m values of its components. How-
ever, while these relationships are important in understanding the
factors which affect the m value of definitions, they are of minor

concern in this study.
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The verbal learning theoreticians are in agreement that m is
dependent on familiarity and frequency of experience. They explain
the ease of learning H material as due to its familiarity and avail-
ability for recall. In learning a paired-associate item, the learner
tends to integrate the smaller units of the response to produce one
which is more available and ready to be associated with the stimmlus
member. On the other hand, in recalling the response member of a
palred-associate, the learner tries to limit his answers to the
learned items and tends to recall the well integrated responses
better than the unfamiliar or unavailable responses.

Because of the reasonable consistency between empirical find-
ings and paired-associate theory it is concluded that m of the
response member of a palred-associate has a greater effect upon learn-
ing than m of the stimulus. Hence, if it can be demonstrated that
definition learning is influenced by the same variables as paired
assoclate learning, then the paired-associate model can be genera-
lized to definition learning.

Paired-associate research has yielded contradictory results con-
cerning the effect of familiarization on either the stimli or
responses prior to the actual learning task. Psychologists have dif-
ferent explanations, but they have emphasized the role of the meaning-
fulness of the familiarized material more than its position. The data
suggest that familiarization of low meaningfulness members makes them
more integrated and changes them to readily available, highly meaning-
fulness members. On the other hand, familiarization of high meaning-

fulness items tends to produce a kind of satiation of meaning.
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In order to test the hypothesis that the mechanism underlying
the learning of arithmetical definitions is similar to the mechanism
involved in paired-associate learning, it is necessary that the
experimental situations remain as similar as possible. The m values
which have been obtained for the arithmetical definition stimuli and
responses, permit manipulation of the four basic types of definitions:
H-H, L-H, H-L, and L-L. Each type of definition is represented by
four arithmetical definitions. For example in case of L-H, two of
them have relatively short definiens (responses), and the other two
have long definiens (responses). One of the short definitions is
numerical and the other short definition is a geometrical term. Simi-
larly, in case of definitions with long responses, one of them is
numerical and the other is geometrical.

This study will test the hypothesis that definitlon types,
arranged according to their ease, are similar to the paired-associate
types when arranged in accordance with the response theory. However,
the empirical rank order of definition types will be correlated with
the suggested order of the theory which stresses the importance of
the stimulus position and the theory which favors the importance of
the response position. Very little theoretical attention has been
given to the role of stimulus m in paired-associate learning. Theo-
retical attention has been focused almost exclusively on the role of
response m., However, this study will attempt to assess the role of
Stimilus m as well as response m. It will be possible to assess the
eff'ects of m on the stimuli and responses in a rumber of different

instances. The effect of m will be assessed among long and short
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definitions, numerical and geometrical definitions, and the combined
definitions within a list.

Concerning familiarization, this study will investigate the
effects of verbal and picture familiarization. This method of famil-
iarization is contrasted with the type of familiarization procedures
used in standard paired-associate learning tasks. The standard
familiarization procedure typically involves frequent repetitions of
the material prior to the actual learning tasks. However the famil-
iarization procedures employed in this investigation are more similar
to actual classroom practice. In addition, familiarization is
devoted almost entirely to the response member of the definition.

On the basis of paired-associate familiarization data it is
assumed that familiarization of a high m verbal unit reduces the m
value of that unit and familiarization of a low m unit increases the
m value. If it is assumed that stimlus m is more influential in
learning than is the response m, then before familiarization the
following rank order would be H-H, H-L, L-H, and L-L. But if famil-
iarization has the effect of extinguishing high m values, then the
order as a result of familiarization would be H-L, H-H, L-L, L-H.
However, if response m is more influential in learning than stimulus
m, then prior to familiarization the order of difficulty would be
H-H, L-H, H-L, and L-L. But this order would be expected to change
to H-L, L-L, H-H, and L-H as a result of response familiarization.
The correlations between these predicted rank orders and the actual
rank orders will be used as a basis for determining the generality

of the paired-associate model to definition learning.
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Another aspect of this study is concerned with the extent the S
has actually learned to state the definition in his own words. This
measure is referred to as definition attainment. The emphasis here is
not upon verbatim repetition of the exact words and phrases. However
the S is encouraged to put the meaning of definition's stimuli in his
own words before and after the learning trials. It is believed that m
of the stimlus position is more concerned with definition attainment
because the connotation of definition meaning is represented in the
stimulus member. The exact response is an arbitrary arrangement of
words defining the stimulus. In other words, the meaning of the
definition is represented by its stimlus and can be expressed in dif-
ferent ways or in different verbal arrangements. When the subject is
asked about the meaning of a familiar stimulus, he can respond cor-
rectly in different ways, e.g. by explaining the stimulus, giving an
example, or making an analogy.

This study will also compare definition attainment before and
after the learning task, and attempt to state whether the m of the
stimilus or the response member is more important in increasing defi-

nition attainment.

Experimental Hypotheses
A. Analysis of test trials.

The control treatments:

1. The increase of m of response member of the definition
will be accompanied by an increase of mean percentage
of correct responses per test trial. The arrangement

of the types of definitions from superior to inferior,
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with respect to the mean percentage of correct responses
per test trial is as follows: H-H, L-H, H-L, and L-L.
The H-H, L-H, H-L, L-L arrangement will also exist if
the dependent variable is the mean percentage of exact
responses per test trial.

The stated arrangement of 1 and 2 will hold in case of
using the entire task, short, long, arithmetical and
geometrical definitions.

verbal and picture familiarization treatment:

Verbal familiarization of the response member will be
accompanied by either an increase or decrease of the
mean percentage of either the correct or the exact
responses per test trial. The increase will occur if
the familiarized response is high in meaningfulness,

and the decrease will occur if the familliarized response
is low in meaningfulness. The arrangement of types of
definition, according to the response theory, from
superior to inferior with respect to the percentage of
correct or exact responses, is expected to be in this
order: H-L, L-L, H-H, and L-H.

Picture familiarization will produce the same order of
arrangement as verbal familiarization.

The stated order of 1 and 2 in case of familiarization,
will hold using the entire task, short, long, arithmeti-

cal and geometrical definitions.
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B. Analysis of pre- and post-definition attainment scores.

1. The increase of stimilus m will be accompanied by an
increase of both pre- and post-test scores. But the
increase of response m will not be accompanied by any
increase in either the pre- or post-test scores.

2., There will be a significant difference between the
distributions of pre- and post-test scores.

3. The relationship stated in 1 and 2 will hold in case
of control, verbal or picture familiarization conditions.

4, Under each familiarization treatment the significant
differences between the distribution of pre- and post-
test scores will decrease in the following order: H-H,

H-L, L-H, and L-L.



CHAPTER II

METHOD

DETERMINATION OF DEFINITIONAL MEANINGFULNESS

Arithmetical Definition
Four arithmetical textbook series were used to gather arithmeti-

cal definitions which appear in grades five, six, seven and eight.
The names of the textbooks are given in Appendix A. Definitions with
stimli composed of more than one word (e.g. "square root," "right
angle") or with symbols in the response (e.g. "an angle which measures
more than 90°," "any number that can be named by a fraction of the
form a/b, where a and b are integers, with the restriction that b is
not 0") were excluded. Ninety-seven definitions were finally used in
this part of the study. Forty-eight of these definitions can be
represented in numbers and are called nmumerical definitions. The
other forty-nine can be represented by graphs and are referred to as
geometrical definitions,

The two kinds of definitions, numerical and geometrical, were
randomly arranged. The stimuli and the responses were separated from
each other and the m value of each was determined separately by the
use of two rating scales. Meaningfulness was defined operationally
in terms of the students' judged familiarity and éase of learning.

The first page of each scale contained the instructions and
examples. The other pages of the rating scale included the rated

items and m continuum based on five points: Very easy, easy,

36



37

indifferent, difficult, and very difficult. These pages of the rating
scale were presented in different random orders. A copy of the

instruction page is shown in Appendix B.

Sub jects, Procedure, and Religbilities

TABLE 1: Methodological Information Concerning the Reliability of the

Meaningfulness Scales

Information ‘ Stimlus Response
Reliability of AD .9813 .9033
Reliability of ND .9847 <9044
Reliability of GD .9778 .8620
Reliability Method Test Retest Test Retest
No. of Students 30 30
kdn. Age in Months 145 145
Grade 6 6
School B B
Dates of Administrating 5/7/65 5/7/65
the Scale 5/11/65 5/11/65
AD = Arithmetical definitions

ND

Numerical definitions

GD = Geometrical definitions

Table 1 contains the mumber of students who volunteered in rating
the m of each scale, their median age, their grade and their school.

It also includes the dates of administering the different rating scales.
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The experimenter used a standard procedure in administering the
rating scales. First, the Ss were asked to read the printed instruc-
tions. Second, the experimenter explained the instructions verbally
(see Appendix C) and, using the blackboard, showed how to indicate
the ratings for the examples given. All questions asked by the Ss
were answered, but the experimenter did not give a definite rating
to the examples. Third, the Ss were asked to read all the items
before rating them. Fourth, the Ss were asked to reread each item
carefully and to check the appropriate point on the scale.

In order to determine the meaningfulness and standard deviation
for each scaled item, the points very easy, easy, indifferent, diffi-
cult and very difficult were assigned the weights one, two, three,
four and five respectively (following Thurstone and Chave, 1929).

Stimili and responses' m values were checked for reliability by
administering the rating scale twice. Therefore, for each stimulus
or response two m values and two standard deviations were obtained.

A third m value was computed by pooling the students' two ratings.
This m value and its corresponding standard deviation are referred to
as the pooled values. The pooled m value and the pooled standard
deviation are considered the standard values for each item.

The reliability coefficients and the method used in estimating
them are shown in Table 1. All of the reported coefficients are
above .90 with the exception of the reliability of geometrical
responses which is .862 and all are significantly different from zero
(P<.01).
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Appendix D contains the m values of the rated material. It
should be remembered that the lower the value of m, the higher the
meaningfulness of the item. This has resulted from assigning ascend-
ing weights to descending ease and familiarity of the rating scale

points.

EXPERIMENTAL MATERIALS

Selection of Definitions

The stimulus m of each item was paired with its corresponding
response m. Thus each definition had two m values, one for its stim-
ulus and one for its response.

Four lists of definitions were chosen. Each set contained four
definitions, two numerical and two geometrical. One definition of
each kind was long and the other was short. However, each list had
approximately the same total number of words.

The H-H list of definitions contained high m values for both
its stimuli and its responses. Its m value for the stimuli ranged
between 1.153 and 1.678. The m value for the responses ranged between
1.864 and 2.271. In the L-H list the stimuli's m values ranged
between 3.983 and 4.390 while the responses ranged between 1.915 and
2,542, The H-L list consisted of stimlus m values between 1.034 and
1.898 and response m values between 2,593 and 3.898. The L-L list of
definitions contained stimilus values between 3.475 and 4.559 and
response values between 2.695 and 3.898. Appendix G presents the

selected items.
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Familiarization Materials

The materials used in the familiarization process were of two
types, verbal and picture familiarization. Verbal familiarization
materials were prepared as follows. The experimenter prepared three
different written explanations for each selected definition. Each
explanation was composed of three sentences. The three explanations
were attached to the response part of the definition. Those responses
and their corresponding explanations were given to three graduate
students who were told that one out of every three explanations would
be presented to sixth grade students. They were asked to rate each
explanation according to its appropriateness for sixth grade students,
by rank ordering the three explanations from "highly appropriate" to
"less appropriate." The ranks were summed for each explanation. For
each response, the explanation with the lowest sum of ranks was
chosen as the verbal familiarization material for the corresponding
definition.,

In case of picture familiarization, the selected definitions
were classified according to whether they were numerical or geomet-
rical definitions. The numerical definitions were explained by pre-
senting three mumber operations, while the geometrical definitions
were explained by drawing three consecutive pictures. The same
graduate students were requested to rank order the three number opera-
tions or consecutive pictures per definition response, with the same
instructions as previously. The selected picture familiarization
materials were those explanations which had the lowest sum of ranks.

All the familiarization materials are shown in Appendix H.
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Subjects

Four hundred and thirty-four volunteer students enrolled in the
seventh grade were used as Ss. Their median age was 151 months at the
time of the experiment. Appendix I shows the number of students

assigned to each task.

Procedure

The learning task was administered by the use of a group proce-
dure. Each group of Ss was assigned at random to one of the treat-
ments. The students were given a test booklet containing eight pages.
The first page provided space in order to obtain information about the
S's sex, birthdate, and name. The other seven pages contained only
the stimuli with blank spaces where the Ss wrote their recalled response
beside each stimulus. The stimuli were arranged randomly on each page.

The definitions as well as the familiarization material were
placed on thermofax transparencies and were presented manually by an
overhead projector. The thermofax transparencies of the definitions
were covered by two separate pieces of paper, one of which covered the
stimulus and the other the response. The two covers were used to pro-
ject separately either the stimulus or the response of the definition.

During the learning trials, the Ss were shown each stimlus for
approximately five seconds, followed by the stimilus and the response
for approximately fifteen seconds. The total time needed for each
learning trial per definition was about twenty seconds. Since there
were four definitions per task, each learning trial required eighty
seconds. The time required for one test trial was three minutes and

thirty seconds. In case of familiarization, the experimenter took
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four mimutes to present the familiarization material. Presentation
rates were determined by the use of a stop watch.

The experimenter followed the steps shown below while he was
conducting the experiment. First, the Ss were instructed to turn to
the second page of the booklet and to give the meaning of each word
(stimlus). This pre-test was for the purpose of determining the
extent to which the definition had been attained prior to the learn-
ing task. Second, if the treatment included familiarization, the
experimenter showed the Ss the corresponding familiarizations and
the experimenter helped them by reading the material aloud. Third,
the experimenter showed the Ss one of the stimuli, asked them to read
it, and anticipate its meaning before reading the projected sentence
(response) within the time 1limit which has been mentioned before.

The third step involved the presentation of all four definitions. One
complete presentation of all definitions is referred to as a learning
trial. Fourth, in the test trials the Ss were asked to write down the
exact sentence (;esponse) which had been shown to them with its cor-
responding word (stimlus). There were nine learning trials (1) and
five test trials (t) arranged in this order: 1-t;, 11-t,, 11-tq, 11-ty,
ll-t5. Fifth, the Ss were asked to express the meaning of each stimu-
lus using their own words. The post-test was to determine definition

attainment after the learning task.

Treatments
It has been stated previously that there were four different types
of definitions: H-H, L-H, H-L, and L-L. There were also three kinds of

familiarization. The Ss received either no familiarization, verbal



b3

familiarization or picture familiarization. Those Ss who did not
receive familiarization were designated as a control group.

The combination of the four types of definitions with the three
kinds of familiarization produced twelve treatment conditions. Each
treatment was identified b& the type of definition and the kind of
familiarization. The treatments are designated by combining the sym-
bols of the type of definition with the symbols referring to the type
of familiarization. For example, H-H refers to definitions with high
m stimuli and high m responses when presented without familiarization,
while L-H P designates definition with low m stimuli and high m

responses presented with picture familiarization.

Dependent Variables
The Ss' answers in the test trials were classified into eight dif-

ferent categories. It was assumed that these categories represented

a contimum which started with a "no answer," and ended with "recalling
the exact response," and covered the different levels of the answers.
Each category was labeled to explain its common property and was
assigned a score depending on its location within the continuum.

A sample of the Ss' answers to the stimulus "abscissa" will be
presented to explain the scoring system. As mentioned in Appendix E,
this stimulus is one of L-H definition and its response is '"the dis-
tance measured horizontally to a point." Other stimuli which are
found in the L-H type of definitions are "predecessor," "uniqueness"
and "hypotenuse'" and their responses are shown in the same appendix.
The latter responses are of concern to the response of the stimulus

"abscissa" since some Ss confused and/or mixed these responses with
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the "abscissa" response in their test trials. The scoring system and
a sample of the answers to the stimilus "abscissa" are shown below.

1. No answer: Assigned for the answers which were left blank
or 1f the S wrote "I do not know" or "A distance" i.e. when the
reported number of words was less than one quarter of the exact
response.

2. Qutside or inventional answer: Answers which were com-
pletely unrelated to any response in the whole task as "A line drawn
to the center of a circle."”

3. Confused answer: Response of one stimulus given to another

stimilus as "There is only one sum correct the sum of the number."

b, Mixed answers: S mixed two different responses and
responded with this mixture to a given stimulus as "A number measured
horizontally."

5. DBetween one quarter and one half of the exact response: e.g.

"The distance measured."
6. One half of the exact response but less than three quarter:
e.g. "The distance measured horizontally."

7. Ihree quarters of the exact response, or the exact response

written in a different form: e.g. "The distance horizontally to a
point."

8. The exact response: As "The distance measured horizontally
to a point."

Studies in paired-associate learning have been concerned with
measuring the exact responses. But the strategy of this study requires

a more flexible scoring system. Thus limiting the analysis to the
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exact responses (category 8) would exclude other answers which were
almost correct (category 7). Categories seven and eight have been
combined and classified as correct responses. The mean percentage
of these correct responses is a dependent variable.
This study also compared the S's mastery of the definitions
before and after the learning trials. For this reason the answers
of the pre- and post-tests have been classified into three categor-
ies. The assigned scores and the types of answers are shown below.
0. No answer, outside answer, confused answer or mixed answers.
1. Answers which were partially correct.
2. Correct answers.
The use of these categories permitted an assessment of defini-
tion attainment as a result of the learning trials. The dependent
variable in this part of the analysis was the given score per defini-

tion in the pre- and post-tests.

DESIGN AND STATISTICAL PROCEDURE

The available variables are definition m, stimulus m, response
m, number of letters in the stimulus and number of words in the
response. These five variables are presented in Appendices D and H.
The first description of these variables is in terms of their means
and standard deviations. Second, analysis of variance has been
utilized to test the effects of subject matter levels and definition
components on meaningfulness. In making this test, the fixed-effect
model for two-factor completely randomized design was applied. Third,

the intercorrelation coefficients among these five variables have been
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calculated in order to determine the interrelationships among them.
loreover the contribution of each definition variable to its m is
shown by partialling out one or more of these variasbles. The partial
correlations are compared to the zero order correlation coefficients,
and the results of these analyses are presented in some detail in
Appendix F.

The twelve treatments are produced by having four types of defi-
nitions (H-H, L-H, H-L, and L-L) and three kinds of familiarizations
(control, verbal and picture). Each S received five test trials in
which to recall the responses of the four stimuli. Bartlet's test has
been applied to test the homogeneity of test trial variances. The
test revealed a X° value of 402,7485 which is significant at the .01
level. The hypothesis concerning the homogeneity of test trials vari-
ances for the twelve treatments was rejected and the presence of heter-
ogenous variances suggested the use of non-parametric methods in data
analyses.

The mean percentage of correct responses per test trial is used
as a dependent variable. Appendices J, K, and L show the mean percen-
tage of correct responses per test trial as well as the mean percentage
of such correct responses in case of the combined definitions, and of
short, long, mumerical and geometrical definitions, under the three
different familiarization procedures. The types of definitions (H-H,
L-H, H-L, L-L) of any of the fifteen treatment conditions can be
arranged according to the mean percentage of correct responses.

The rank order of the types of definitions suggested by the

theory emphasizing the m of the response member is H-H, L-H, H-L, L-L
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without familiarization, and H-L, L-L, H-H, L-H with response familiari-
zation. On the other hand, the suggested arrangements of the types of
definitions by the theory which emphasizes the m of the stimlus posi-
tion is H-H, H-L, L-H, L-L without familiarization, and H-L, H-H, L-L,
L-H with response familiarization. The logic behind these arrangements
has been explained in the first chapter of this study.

Kendall rank order correlation coefficients were used to deter-
mine the correlation between the actual arrangement of the types of
definitions as reported in Appendices J, K, and L, and the arrangement
which is suggested by either the theory emphasizing the role of m in
the response, or the theory which emphasizes the role of stimlus
meaningfulness. Separate Kendall rank order correlations were computed
in order to test the two theories relating to m of the stimli and
responses in relation to the various tasks (combined, short, long,
numerical and geometrical definitions), and different types of famil-
iliarizstion (control, verbal, and picture familiarization).

Whenever the actual arrangement of the types of definition,
under any one of the familiarization conditions, correlated perfectly
with any of the suggested theoretical orders, a second test was applied
to determine whether or not there were significant differences between
any two proportions of correct responses among the types of definitions.
The z score, and the normal distribution table were used to test whether
the mean percentage of correct responses for each type of definitlon was
greater than the other mean percentages of correct responses in the

order designated by each theory.
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The use of the mean percentage of correct responses as a depen-
dent variable represents a departure from the usual performance cri-
teria employed in verbal learning studies. Since in actual practice
children are seldom required to memorize definitions verbatim, this
dependent variable approximates the type of response required in the
classroom. However, a second dependent variable approximating the
type employed in verbal learning studies was also developed. This
variable is referred to as the mean percentage of exact responses
(Appendices M, N, and 0) and measures the ability of the S to respond
in a verbatim manner.

As has been mentioned, Ss were asked to write down, using their
own language, the meaning of the stimuli before and after the learn-
ing task. The Ss answers were classified as incorrect, partially
correct, or correct and were given the scores 0, 1, or 2 respectively.

Therefore, two additional dependent variables were available for
each stimilus. One measuring the extent the definition was known
prior to the learning task and the other measuring the correctness of
the definition after the learning task.

The independent definition variables are the types of defini-
tions, stimilus meaningfulness, response meaningfulness, kind of sub-
Jject matter, and length of the definition. However, each one of these
definition variables has its own levels. The levels of types of defi-
nitions are H-H, L-H, H-L and L-L. Stimlus meaningfulness or
response meaningfulness variable has two levels, namely H or L. Again
it is to be remembered that the arithmetical definitions are classified

as mumerical and geometrical definitions. Each list also has definitions
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of two different lengths (levels) i.e., definitions with short and
long responses. The levels of these definition variables are repre-
sented in the control, verbal and picture familiarization conditions.

Inspection of the data presented in Appendices P, Q, and R,
revealed that definition attainment scores in some pre-tests were
not normally distributed. For example, in case of L-H pre-test
(Appendix Tl) scores, all the answers were incorrect and received a
score of zero. Thus the lack of normality on the side of pre-test
definition attainment suggested the use of non-parametric methods.

First, the XZ test was used to compare the pre-test score dis-
tributions of the levels of each independent variable. For example,
there are four levels of types of definitions H-H, L-H, H-L and L-L.
Each type of definition has its own pre-test score distribution, and
is summarized in terms of mean pre-test score and its standard devia-
tion as shown in Appendices Pys» Q) and Ry. The result of the X% test
is used to determine whether or not these four pre-test score distri-
butions are similar in their dispersion. The available means and
standard deviations are used to rank order the types of definitions.
This analysis is also repeated on stimilus m, response m, subject
matter types, and length variables.

Second, the X% test was also used in order to compare the levels
of the definition variables with respect to their post-test score
distributions. For example, after the learning trials, the Ss were
asked to give the meaning of the stimli. These learned definitions
had either short or long responses. The distribution of the post-

test score of short definitions was then compared with the distribution
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of the post-test score of long definitions using the X2

technique.
Means and standard deviations of each distribution presented in
Appendices Pz, Q2 and R2 are used to determine the superiority of
one of the length levels in post-test definition attainment. Such
analysis can be used to study the differential effect of the levels
of each definitional variable on definition attainment.

The third aspect of this part of the study is concerned with
the effect of the learning task on definition attainment by compar-
ing the distributions of pre- and post-test scores. The XZ tech-
nique was also used to test whether or not there was a significant
difference between the pre-test scores and post-test scores. Such
comparison is made using the answers of the Ss who received verbal,
picture, or no familiarization. Hence, for each type of familiariza-
tion there is a Xz value which shows the degree of change in defini-
tion attainment due to the familiarization procedure and the learning
trials.

In the previous analyses the pre-test or post-test scores were
pooled over all the types of definitions. It was not possible, then,
to study the effect of the independent definition variables on each
of H-H, L-H, H-L, and L-L lists., Therefore more specific analyses
were performed in order to study the distributions of the pre-test
or post-test relevant to the types of definitions under each famil-
iarization treatment.

The independent variables are (1) types of definitions (H-H,
L-H, H-L, L-L), (2) stimulus meaningfulness (H, L), (3) response

meaningfulness (H, L), (4) subject matter (rumerical, geometrical
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definition), and (5) length (short, long). But in the analysis of pre=-
or post-test scores of each type of definition, the variables (1) types
of definition, (2) stimulus meaningfulness, and (3) response meaning-
fulness are excluded; and the analysis is limited in order to study the
effect of the levels of either subject matter or length variables on
pre- or post-test scores of each type of definition under the famil-
iarization treatments (Appendices S, T, U and V). In addition, X2
tests of both pre- and post-test scores for each type of definition
under the familiarization treatments were computed in order to give

an indication of degree of change in attaining these definitions due

to familiarization and learning.

It will be observed that the results of the first part of the
design concerning the generation of definition meaningfulness are pre-
sented in appendix F. The results of the second and third part of this
study related to the Ss answers in the test trials and the Ss defini-

tional attainment will be presented in the following chapter.



CHAPTER III

RESULTS

The presentation of the results will follow the design and
statistical procedure as shown on page 45. The first portion of the
results is reported in Appendix F, but a brief summary will be given
below. The second and third parts are concerned with the results of
Ss' responses in the actual learning task and in the pre- and post-

definition attainment conditions.

DEFINITIONAL MEANINGFULNESS

The following discussion is centered around the scaling of
definition meaningfulness (m). The distribution of stimlus mean-
ingfulness was bimodal, while the definition or response meaningful-
ness distributions were found to be approximately normal. The vari-
ance of stimulus meaningfulness is significantly greater than the
variance of either the response m or definition m. Mean m of the
definitions is found to be significantly higher than the mean m of
the response (definien) at the .01 level, and the mean m of the
stimlus (definiendum) at the .05 level. However, the mean m of
the definiendum is not significantly different from the mean m of
definlen at the .05 level. In addition m of numerical definitions
is greater than m of the geometrical definitions at the .01 level.

Concerning the number of letters and meaningfulness, the

results indicated that meaningfulness of neither arithmetical nor

52
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mumerical stimuli (definiendum) correlates with their number of letters.
On the other hand, there is a significant correlation between stimulus
(definiendum) m of geometrical terms or the scaled vocabulary m and
mumber of letters. There is, moreover, significant correlation between
the response (definien) number of words and response m in case of
arithmetical, numerical and geometrical items. The high positive cor-
relations showed that the shorter the response the higher was its mean-
ingfulness.

While the intercorrelation coefficients between stimilus m, or
response m, and their corresponding lengths are not significantly dif-
ferent from gero at the .01 level, it is found that each one of these
variables correlates significantly with definition m. For example,
definition m correlates significantly and positively with stimlus m.
The significant correlation between m of the definitions indicated
that when definition m was high response m was high, response stan-
dard deviation was small, and response number of words was few.

Investigation of the results shows that partialling any group
of variables out of the correlation of definition m with other vari-
ables does not change the zero order correlation coefficient. How-
ever, the correlation of response m, and response number of words
changes significantly, when definition m or definition m plus other
variables are partialled out, and dropped to a value of which is not
far from zero at the .05 level. Again, response m and stimulus m have
been found to have an insignificant correlation. Once the definition
m or other variables beside definition m were partialled out, all the

new correlations differed significantly from their zero order
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correlation. These results emphasize the role of definition m and its
relation with response m or stimulus m. For example, the new higher
correlations resulted from partiallizing definition m may mean (1)

when response m was high the length of tﬁe response was not necessarily
high or low (2) when response m was high, the stimlus m was also high.

The composite definition m showed resemblance to the actual
definition m except that the former correlated with stimlus m higher
than its correlation with response m at the .01 level of significance.
But in case of definition m, the entire preceding statement is reversed
except that the difference is not significant at the .05 level.

The meaningfulness value of the composite response is obtained
by adding the m of the individual words (vocabulary) which compose the
response. It has been noticed that the composite response m correlates
significantly at the .01 level, only with the standard deviation of
either stimulus m or response m. However, the correlation between

response m and composite response m is almost zero at the .05 level.

DIFFERENTIAL EFFECT OF MEANINGFULNESS OF DEFINITION COMPONENTS ON
SUBJECTS' LEARNING

This part will present separately the results of control, verbal
and picture familiarization on the S's test-trial scores. In present-
ing each of them, Kendall rank order correlation coefficients between
the actual arrangement of the types of definitions according to the
mean percentage of correct responses and the expected theoretical
orders will be computed. In instances for which the correlation proved

to be perfect, z score will be used to determine whether for each type
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of definition the proportion of correct responses is significantly
greater than the other proportions as designated in the theoretical

order.

A. Rank Order of the Types of Definitions According to the Percen-

tage of Correct Responses for the Control Treatment

Correct responses have been defined (page 45) as the answers
which were exactly similar to the learned responses, or the reproduc-
tions which were almost similar to the exact responses, but stated in
slightly different forms. It contains the percentages of correct
responses for the short, long, numerical, geometrical and the com-
bined definitions. The next to the last column in Appendix J contains
the sum of the percentages of correct responses per test trial. This
sum 18 appropriate because the number of responses per test trial is
the same for all test trials. The last column represents the mean
percentage of correct responses of the test trials, and these values
will be used to determine the rank of the definition types.

"Table 2 presents the rank order of the definitions order accord-
ing to the percentage of correct responses. The rank order of the type
of definitions has been correlated with both the rank order suggested
by the theory that emphasizes the role of response (H-H, L-H, H-L, L-L),
and the suggested order of the theory emphasizing the role of stimlus
(H-H, H-L, L-H, L-L). The Spearman rank order correlation coefficient
could have been used to test the degree of association between either
of the suggested findings and the present findings but its available
probability table covers only the case of perfect correlation (Siegel,

1956: P. 285). Instead, Kendall rank order correlation coefficient
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is used and designated by 'y in Table 2., The probability of obtaining
the °Y value, for one tailed test is shown in columns seven and nine
of the preceding table (Table 2). The .05 level has been chosen as
the level of significance of Y .

Investigation of Table 2 reveals that the theory emphasizing the
m of the response is supported in two cases: First, when all the defi-
nitions ‘of the task are considered; and second, when the long defini-
tions are considered. The same theory has been rejected in three other
cases, namely with short, numerical and geometrical definitions. On
the other hand, the theory which emphasized the m of the stimlus
position is accepted only in the case of numerical definitions and is
rejected in the remaining cases.

Again, while each theory suggests a different arrangement for the
types of definitions, both of them assume that there must be a signifi-
cant difference between any two types of definitions. For example, the
theory which emphasizes the role of response m, and which suggests that
the following order H-H, L-H, H-L, L-L, requires a significant differ-
ence between H-H and L-H, H-L, or L-L as well as between any of L-H,
H-L and L-L conditions. In other words, the proportion of correct
responses per test trial of H-H definitions must be significantly greater
than the proportion of correct responses per test trial of either L-H,
H-L, or L-L definitions. The presence of significant differences insures
that the discrepancies between the proportions of correct responses are
not due to chance but are caused by differences in the location of m.

The combined and long definitions have been shown (Table 2) to

follow the sequence which is stated by the response m theory, while
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numerical definitions follow the sequence which is stated by the stim-
lus m theory. The normal distribution table and its standard score z
are used to test whether each proportion of correct responses is sig-
nificantly greater than the other proportion in the order designated

by each theory. The results are shown in Table 3.

TABLE 3: 2z Values for the Differences Between Proportions of Correct

Responses in the Control Treatment

S——————
———

Types of Definition L-L H-L L-H Kind of Task

H-H 13.0%* 12,.8** 8.3%x Combined Definitions
17.8%* 12.5** 8.0** Long Definition
10.6%* 1.85%* 3.,3** Numerical Definition

L-H 5.4 4 ,0%* Combined Definitions
8.3%%x L4, 2%x Long Definition
6. 7** 1.64* Numerical Definition
H-L 1.46 Combined Definitions
L, 2%x Long Definition
8, 5*= Numerical Definition

* Significant difference at the .05 level (one tail test)
**Significant difference at the .01 level (one tail test)

Table 3 reveals that there are significant differences between
the types of definition, using the combined definitions, except in

the case where H-L 1s not significantly greater than L-L at the .05
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level. However, in the case of long definitions all the differences
are significant at the .01 level.

It has been mentioned that the results of numerical definitions
followed the theory which emphasizes the stimulus position. The dif-
ferences between the proportions of correct responses in this case
are significant at the .01 level except the difference between H-L
and L-H which is significant at the .05 level.

Figure 1 shows the corresponding curves of the proportion of
correct responses per test trial. In general these curves confirm
the previous statistical results which have been obtained (Table 2)
from the mean proportion of correct responses over all the test
trials. However, some curves are overlapping, and it is difficult
to derive from them any statistical conclusion similar to those pre-
sented in Table 3, other than a general knowledge of the arrangement

of the types of definitions for each kind of task.

B. _Rank Order of the Types of Definitions According to the Percen-
tage of Correct Responses for the Verbal Familiarization

Appendix K shows the mean percentage of correct responses of
the test trials for the Ss who received verbal familiarization. The
order of the types of definitions (H-H, H-L, L-H, L-L) according to
the percentage of correct responses, and under different tasks, short,
long, numerical, geometrical, and the combined definitions are shown
in Table 4.

The theory which emphasizes the role of response position in
learning suggests the following descending order: H-H, L-H, H-L, L-L.

When the response member is familiarized, the H response will become
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L and vice versa. However, it is desired that after familiarization
the theoretical descending order be preserved. Hence, the original
definition order must be H-L, L-L, H-H, L-H which becomes H-H, L-H,
H-L and L-L after the process of familiarization.

Column 6 of Table 4 shows the Kendall rank order correlation
coefficient between the hypothetical order explained above and the
experimental results. All the reported correlations are zero except
in case of short definitions which is .333 and numerical definitions
which i1s .667 and are not significantly greater than zero at the .05
level.

The theory which emphasigzes the stimulus position msy be con-
firmed in the case of verbal familiarigation of the response. The
expected order of the types of definitions is H-L, H-H, L-L and L-H
which hypothetically would become H-H, H-L, L-H, and L-L after
receiving verbal response familiarization. The Kendall correlations
between this expected order and the actual orders are shown in column
8 of Table 4. All of the reported correlations have the value of .333
(short, long, geometrical definitions) and .667 (combined definitions)
but they are not significantly greater than zero. The only exception
is the case of numerical definition which correlates perfectly and is
significantly greater than zero.

Table 5 shows the two values for the differences between propor-
tions of correct responses of the types of numerical definitions when
verbal familiarization was received by the Ss. Investigatlon of Table
5 shows that the proportion of correct responses of L-L types of defi-

nitions are not significantly greater than the proportion of correct
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responses of L-H type of definitions at the .05 level. The differ-
ence between the percentage of correct responses of L-L is signifi-
cantly greater than the percentage of correct responses of H-H type
of definitions at the .05 level. The other two values reported in
Table 5 show that the differences in percentages of correct responses

for the other types of definitions are significant at the .01 level.

TABLE 5: 2z Values for the Differences Between Proportions of Correct

Responses for Numerical Definitions with Verbal Familiariza-

tion
. —— ___—_ - — . _— - J
Definition Type L-L H-L L-H
H-H 2.123* 6.019** L L26w»
L-H 1.48 10, 48%*
H-L 9.102%*

* Significantly greater at the .05 level

**Significantly greater at the .01 level

Figure 2 shows the corresponding curves for the verbal familiar-
ization procedure. Investigation of the learning curves for the com-
bined definitions, shows some irregularity in the percentage of cor=-
rect responses of the L-H type of definition. The order of the types
of definitions in the first test trial according to their percentages
of correct responses is as follows: H-HV, H-LV, L-LV, L-HV. In the
second test trial the arrangement of the percentages of correct
responses is the same as the first test trial, except that the percen-

tage of correct responses of L-HV showed superiority to the other three



21 T %
H-HV e’»{
SO U
///"" TTH-LV
/s *
(o] S / ALl 60{
| Ko o o )
R od
4Q yd i P A\;\v 40_1
/,/ / Tw
20 47 *LHV | 20
f/ Verbal J
O T T T I o B O
! 2 3 4 5
| 100
OC% “H+1V 00
1 A~ H-LV 1
80 ) /,//, L-LV| ®0)
1 7 e
60| j;/ ’ _alHV| 60,
4 /// / - T
a0 / I 40
2/j \4' ’ 20
+ 4 Sha‘f 4
Odbn —_— —— T v - - - ——- —
SO% i 2 3 4 5 100 | ] 3 4 5
: ’////‘~—~‘H+4V
SCL :
HLV
69, — ALV
- L-HV
l .
40)] /,'
20)
Geometrical
o T v v
0] 3 4 5
"ext. Trial test Urial
L<e ': [-a Percentare of Correct tesporses Per Test Trial For

Yertal “amiliarization

Dy



65

types of definition. Thus the arrangement of the types of definitions
according to their percentage of correct responses in the second test
trial is as follows: L-HV, H-HV, H-LV, L-LV. Again in the third,
fourth and fifth test trials the percentage of correct responses of
L-HV became lower than that of the other three types of definitions.
Thus the new arrahgement of the types of definitions in the last three
test trials is as follows: H-HV, H-LV, L-LV, and L-HV. However,
while the percentage of correct responses of H-HV, H-LV, and L-LV
increases in every successive test trial, it is noticed that the per-
centage of correct responses of L-HV decreases in the successive test
trials after the second one. Looking back over the S's test booklets
it appears that the Ss reported increasingly confused answers with
L-HV as there were more learning trials. So instead of having an
increase in the percentage of correct responses in every successive
test trial, there was a decrease as a result of the increasing con-

fusion.

C. Rank Order of the Types of Definitions According to the Percen-
tage of Correct Responses for the Picture Familiarization

The expected order of the types of definitions, in this case,
is similar to that of the previous case of verbal familiarigation.
Again the theory which emphasizes the role of response position
anticipates the order of the types of definitions as follows: H-L,
L-L, H-H, L-H, while the theory which emphasiges the role of stimu-
lus position predicts this order: H-L, H-H, L-L, L-H. Both theories
predict a decrease in the H response (H to L) and an increase in the

L response (L to H) as a result of picture familiarization.
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Table 6 shows the Kendall rank order correlation coefficients
between the actual results of picture familiarization and the theo-
retical order. The results shown in Table 6 revealed that the Kendall
rank order correlation coefficients of the expected and the actual
orders are not significantly greater than zero. Furthermore, some
show a correlation of zero or a negative correlation.

Figure 3 shows the percentage of correct responses per test
trial for the different types of definitions. The curves for the
combined definitions, short definitions, and geometrical definitions
follow the pattern H-HP, L-LP, L-HP, and H-LP. Yet this pattern is
not consistent with either the stimulus or response theories as has

been confirmed by the findings in Table 6.

D, Summary of the Results When the Correct Responses are Taken as a

Dependent Variable

The answers of the Ss in the test trlials have been classified
into several categories. The answer which is an exact reproduction
of the response, or similar to the response but stated in a slightly
different manner, is defined as a correct response. The preceding
three sections of the results show to what extent the two theories
emphasizing either the stimlus position or response position were
confirmed by using the correct responses as a dependent variable.

For example, the theory which emphasizes the role of stimlus
was tested five times (with the combined definitions, long, short,
numerical and geometrical definitions) per familiarization condition
(control, verbal, or picture). Thus it was given fifteen chances of

possible confirmation. Yet it has been accepted only twice--in case
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of control and verbal familiarization of mumerical definitions. This
is aglso true in the case of the theory which stresses the role of
response meaningfulness. It has been tested fifteen times and is
accepted twice--for the control treatments with the combined and the
long definitions. However, in each of the confirming cases there is
some overlap among the types of definitions when in fact the theory
predicts no overlap.

Possibly it is the nature of the dependent variable which 1s
responsible for the failure to confirm either one of the theories
with a high degree of consistency. For this reason the following
analysis will be limited to the exact responses, as a dependent vari-
able. This 1s because the two theories have been built by verbal
learning psychologists who consider the dependent variable to be the
exact response. For example, verbal learning psychologists assume
the S' answer which is an exact reproduction of the response as their
criterion measure of learning, and any answer which differs from the
exact response is assumed to be wrong. In this study accepting the
answers which are similar to the response but stated in a slightly
different manner as dependent variable violates the condition of
analogy between paired-associate and definition learning experiments.
To test again whether the suggested arrangement of types of defini-
tion correlates significantly with the actual arrangement, the mean

percentage of the exact responses is considered as the dependent vari-

able,
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E. ank Order of the Types of Definitions According to the Percentage
of the Exggt Responses for the Control Treatment

Appendix M shows the percentage of exact responses per test. The
mean percentage of exact responses is shown in the last column of the
appendix, while the rank order of the types of definitions under the
five different task classifications (combined definitions, short, long,
mumerical and geometrical definitions) is shown in Table 7.

Inspection of Table 7 reveals no significant correlation between
the arrangement eicopted according to the theory which emphasiges the
m of stimulus, and the actual arrangement of the types of definitions
when based on the mean percentage of exact responses. Thus it can be
said that the theory which emphasizes the m of the stimulus position
has not been confirmed when exact responses were considered. On the
other hand, Table 7 shows that the response theory is confirmed in
three cases at the .05 level, namely, with the combined definitions,
short definitions and long definitions.

Table 8 shows the 2z values for the differences between propor-
tions of exact responses for the control treatment. Long definitions
showed, according to Table 8, significant differences between the
types of definitions at the .01 level. For short definitions, at .05
level, the diffo:enco is significant between L-H and H-H and insigni-
ficant between L-H and H-L types of definitions. However, other dif-
ferences are significant at the .01 level. In the case of the combined
definitions, the differences are significant at the .01 level with the

exception of that between L-H and H-L which is significant at the .05
level.
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TABLE 8: 2z Values for the Differences Between Proportions of Exact

Responses for the Control Treatment

e —— ———
Types of
Definitions L-L H-L L-H Kind of Task
H-H 11.465%* 6.535%* 5.332%* Combined Definitions

8.010%* 2.660%* 1.980* Short Definition

8.588%%* 7.183%% L, 341*= Long Definition

L-H 7.265%% 2.241% Combined Definitions
6.150%* .660 Short Definition
4 ,372%% 2.900%* Long Definition

H-L 5.025%%* Combined Definitions
5.480%* Short Definition
2.718%x* Long Definition

* Significant difference at the .05 level (one tail test)

**Significant difference at the .01 level (one tail test)

F. Rank Order of the Types of Definition According to the Percentage
of the Exact Responses for the Verbal and Picture Familiarization

Treatments

Table 9 shows the actual rank order of the types of definitions
according to the percentage of exact responses in case of verbal famil-
iarization (Appendix N). Inspection of Table 9 reveals that rumerical
definitions are consistent with the theory which emphasizes the response
position with verbal familiarization. However, it has been previously

shown that the same numerical definitions were also consistent with the
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theory of the stimulus position in control and verbal familiarization
treatments when the correct response was used as a dependent variable.
Other Kendall rank correlations reported in Table 9 are not signifi-
cantly greater than zero.

Table 10 shows the z values for the differences between propor-
tions of exact responses for rmumerical definitions with verbal famil-
iarization. Investigation of this table reveals that the proportion
of exact responses of L-L are not significantly greater than those of
H<H, in case of numerical definitions under verbal familiarization.

The other reported differences are significant at the .01 level.

TABLE 10: =z Values for the Differences Between Proportions of Exact

Responses for Numerical Definitions with Verbal Famillari-

zation
Types of Definitions L-L H-L L-H
H-H 232 7.617%* L .842%*
L-H 5.791%* 23.313%*
H-L 8.056%*

**Significant difference at the .01 level

Table 11 shows the Kendall rank order correlation coefficients
of the actual order of types of definitions with the expected order
of each theory. The actual arrangement of types of definition is
based on the mean percentage of exact responses reported in Appendix
O. The results of Table 11 showed that all the correlations are not

significantly different from zero. This result is consistent with
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picture familiarization when the dependent variable is the correct

response,

G. Summary of the Results When the Exact Responses are Taken as a

Dependent Variable

In conclusion, when the exact response is used as a dependent
variable, the results do not at all confirm the theory which favors
the stimilus position. The second theory, namely, the theory which
emphasizes the role of m on the response member is confirmed in three
cases (the combined definitions, short and long definitions) with
control treatment, arnd once (numerical definitions) with verbal famil-
iarization. The picture familiarization confirmed neither of the two
theories.

Thus, when each theory was given fifteen chances of possible
confirmation as the exact response of the definitions was recalled,
the theory which favors the m of the response position was confirmed
four times, while the theory which emphasizes the m of the stimulus

position was unsupported at all.

SUBJECTS' PRE- AND POST-DEFINITION ATTAINMENT

The presentation of the results follows the sequence which 1s
suggested in the design and statistical procedure (page 45). The
results of each familiarization treatment will be presented separately.
Under each familiarization treatment (control, verbal, picture) there
will be a discussion of (a) the relationships between pre-test scores

of the levels of each definition variable, (b) the relationships
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between post-test scores of the levels of each definition variable,
and (c) the relationship between pre- and post-test scores of the
familiarization treatment. This will be followed by presenting (a)
the relationship between pre-test scores of the levels of subject
matter variable or length variable for each of the H-H, L-H, H-L,
and L-L definitions; (b) the relationship between post-test scores
of the levels of subject matter or length variables for H-H, L-H,
H-L, and L-L definitions; (c) the relationship between pre- and
post-test scores for H-H, L-H, H-L, and L-L types of definition.
The above sequence will be followed in presenting the results of

the control, verbal, or picture familiarization treatments.

A. The Relationship Between Pre- and Post-Tests' Scores With Defi-

nition Varigbles in Case of the Control Treatment

Table 12 shows the X2 values of definition variables with
either the pre-test score or the post-test score for the control
treatment. It also shows the X2 value of pre- and post-test scores
for the same treatment.

Investigation of Table 12 shows that the Ss!' pre-test scores
were significant at the .01 level with respect to types of defini-
tion, stimulus meaningfulness and length variables. As for the types
of definitions variable, Appendix P1 shows that the mean pre-test
score is .48, .34, .00, and .01 for H-H, H-L, L-H, and L-L respectively.
The arrangement of definitions suggests that meaningfulness of the
stimlus position in the pre-test is more concerned with the previous
attainment of the definition. This observation is confirmed by the

fact that the correlation coefficient between levels of stimulus
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meaningfulness and pre-score values is .454 for N = 528 which is sig-
nificant at the .01 level. With respect to stimulus meaningfulness
variable, Appendix P1 shows that the mean pre-test scores for H and

L stimli are .40 and .01. This indicates that definitions with
higher meaningfulness stimuli were better known in advance than the
definitions with lower meaningfulness stimuli. As for the length
variable, the mean pre-test score for short and long definitions are
.11, and .29 respectively. The longer definitions seemed to be better

known than the short ones.

TABLE 12: X2 Values of Pre- and Post-Tests'! Scores With Definition

Variasbles, in Case of Control Treatment

Variables X with X2 with
Pre~Test Score Post-Test Score

Types of Definitions 127.02%* 41,93*
Stimlus Meaningfulness 115.81** 12,95+
Response Meaningfulness 1.90 14,99+

Sub ject Matter 1.39 3.75
Length 25,18%* 5.28
Post-Test Score 24 ,87**

* Significant at the .05 level

**Significant at the .01 level

After the learning trials (Table 12) the Ss' post-test scores
showed significant variation as a function of definition types, stim-

ulus m, and response m variables, while the length variables failed
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to produce significant statistical variation. Types of definitions
and stimulus meaningfulness have exactly the same effect as in the
pre-test results, except that there is a tendency for the values of
X% to be attemuated. The mean post-test scores for H-H, L-H, H-L,
and L-L, as shown in Appendix P2 are 1.53, 1.00, 1.11, 1.07 and for
H, L stimli 1.29 and 1.03 respectively. These two results indicate
that definitions with higher meaningfulness stimuli were attained
better than the definitions with lower meaningfulness stimuli. The
response meaningfulness variable showed that when meaningfulness was
high, the post-test score was also high (mean post-test scores for H
and L are 1.24, 1.09 respectively) and the X% value became higher
than in the case of pre-test results.

Table 12 shows also that X2 test indicated significant varia-
tion between the two distributions of pre- and post-test scores at
the .01 level. This result suggests that there was a significant
change in attaining the definitions in the control treatment after
receiving the learning trials.

Table 13 shows the X2 values of pre- and post-tests' scores
with subject matter and length variables for each of H-H, L-H, H-L
and L-L definitions under the control treatment. Appendices 81 and
32 show the corresponding proportional distribution of pre- and
post-test scores for H-H definitions. Investigation of Table 13
and Appendices Sy and S2 reveals that the H-H type of definition had
varlied significantly in case of either pre- or post-test scores with
length variable. The mean scores of short and long definitions in

the pre-test are .19 and .78, while in the post-test results they are
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1.36 and 1.69 results. Then for the H-H type of definitions, the
definitions with longer responses were better attained before and

after the learning task than definitions with shorter response.

TABLE 13: Xz Values of Pre- and Post-Tests Scores for Types of

Definitions Under Control Treatment

Types of Definitions Subject Matter Length Pre and
Pre Post Pre Post Fost
H-H 1.74 3.12 30.46%% Q.9Ux* | 15,10%*
L-H .00 .16 .00 8. 4o* .00
H-L 2,09 6.67* 12,09** 742+ 6. 54
L-L 2.03 31 .00 19.43** | 1.10

* Significant at the .05 level

**Significant at the .01 level

As for the L-H type of definition, there is a significant dif-
ference between short and long definitions with post-test score.
Appendices T1 and T2 show that mean post score for short and long
definitions of L-H are 1.07 and .93 respectively. Thus the L-H defi-
nitions with shorter responses were better attained than the L-H
definitions with longer responses.

In case of the H-L type of definitions, Table 13 shows signifi-
cant Xz values among subject matter levels with post-test score and
the length variable in both the pre- and post-test scores. Appendices
Uy and U, show that H-L mumerical definitions were better attained

than the H-L geometrical definition, where their mean post-test
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scores are 1,27 and .94 respectively. It alsoShows that the mean pre-
test score for short and long definition are .24 and .44, while they
are 1.17 and 1.04 for post-test scores. These latter means indicate
that definitions of long responses were better known before the learn-
ing task, and then the relation is reversed to indicate that defini-
tions with short responses were better attained after the learning
task.

The L-L definitions which have shorter responses were attained
better than L-L definitions with longer responses. The mean post-test
scores for L-L short and long definitions are 1.37 and .67 as shown in
Appendix V5.

A difference is observed between the distributions of pre- and
post-test scores which is significant in the use of H-H, but not sig-
nificant for H-L. However, the X2 value for H-L pre- and post-test
scores approximates significance at the .05 level. In case of L-H and
L-L, the distributions of pre- and post-test scores are almost identi-
cal. The arrangement of the pre-~ and post-X2 values shows a signifi-
cant development in the Ss attainment of the definition after the learn-
ing trials in case of H-H, reasonable development with H-L and quite
negligible development in case of L-L and L-H. This may indicate that
progress in attainment of the definition is more dependent on the mean-
ingfulness of the stimulus position than on the meaningfulness of the
response position. However, this finding was confirmed by the results
reported in Table 12 that pre- or post-attainment scores were signifi-

cantly high when the stimilus meaningfulness was high rather than low.
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B. The Relationship Between Pre- and Post-Tests' Scores With Defini-

tion Variables, in Case of Verbal Familiarization

TABLE 14: X2 Values of Pre- and Post-Tests! Scores With Definition

Variables, in Case of Verbal Familiarization

Variables X2 With X2 With
Pre-Test Score Post-Test Score

Types of Definitions 149, 58%* 3.84
Stimilus Meaningfulness 68, 32%* 1.01
Response Meaningfulness 9.55 1.30
Subject Matter 1.13 3.92
Length 6.39* 18,90**
Post-Test Score 36.22%*

* Significant X2 at the .05 level

**Significant X2 at the .01 level

Table 14 shows the Xz values of definition variables with either
the pre-test score or the post-test score for the verbsl familiariza-
tion treatments. Appendices Q1 and Q2 also show the pre- and post-test
scores for the same treatment. Investigation of Table 14 shows that
the Ss' pre-test scores had varied significantly at the .01 level with
types of definitions, stimulus meaningfulness variables and at the .05
level with length variable. As for the types of definition variable,
Appendix Q1 shows that mean pre-test scores are .42, .00, .52, and .06
for H-H, L-H, H=L and L-L respectively. In case of stimulus m levels,

the higher pre-test scores were associated with the higher meaningfulness.



’
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The mean pre-test scores of H and L stimli are .35, and .04. The
response m shows peculiar relationship with pre-test scores. The mean
pre-test score of H and L responses are .17 and .25 respectively. Thus
it could be stated that definitions with low meaningfulness values were
known better before receiving learning trials than those of the high
meaningfulness values., The definitions with shorter responses were
relatively less known before the experiment than the definitions with
longer responses. Appendix Q1 indicates that the mean pre-test score
for short and long definitions are .17 and .26 respectively.

The post-test scores were significantly different with the levels
of the length variable as shown in Table 14. Appendix Q, shows that
the mean post-scores of short and long definitions are 1.29 and 1.06
respectively. Thus the definitions with short responses produced sig-
nificantly higher scores in the post-test than definitions with long
responses.

The X2 value as shown at the end of Table 14, of the pre- and
post-test scores indicates a significant development in the Ss' attain-
ment of the definitions after receiving verbal familiarization and a
number of learning trials.

Table 15 shows the X2 values of pre- and post-tests scores with
subject matter and length variables for each of H-H, L-H, H-L, and L-L
definitions under verbal familiarization. Appendices S1+ Sy, Tl' Ty,
U1. UZ' Vq,» and V2 show also the corresponding proportional distribu-

tion of pre- and post-test scores for H-H, L-H, H-L, and L-L types of

definitions respectively.
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TASLE 15: X2 Values of Pre- #nd Post-Tests' Scores for Types of Defi-

nitions Under Verbal Treatment

Types of Definitions Sub ject Matter Length Pre and
Pre Post Pre Post Fost
H-H 3.05 7.39% | 10.02%* 5.40 2l Elxx
L-H .00 .62 .00 5.22 .00
H-L 2.21 15.,92%*| 9,02* 11.42%% | 22,60%*
L-L 6.21% 2.20 6.21* 28 . 4lxx 1 3,19

* Significant at the .05 level

**Significant at the .01 level

Study of Table 15 and Appendix 81 shows that H-H definitions
exhibited significant variation in the case of pre-test score with
the length and subject matter variables. The mean scores of short
and long definitions in the pre-test are .21 and .62 respectively.
Then for H-l definitions, the definitions with longer responses were
known better before the learning task than definitions with short
responses. In addition, the H-H geometrical definitions were
attained after receiving verbal familiarization and learning trials
better than numerical definitions since their mean scores are 1.33
and 1.05 respectively.

As for H-L definitions, Table 15 and Appendix T1 show that they
had significant variation in pre-test score with the length variable.
The mean sccres of short and long definitions in the pre-test are .42
and .61 respectively. It seems that definitions with long responses

are better known in advance than definitions with short responses.
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However this relation did not change after the familiarization and

the learning trials, confirming that H-L definitions with long responses
are better attained than short definitions. Appendix 02 shows that

the mean post-test scores of short and long definitions are 1.13 and
1.19 respectively. Moreover, the H-L definitions showed significant

X2 value with post-test score and the subject matter levels. The mean
post-test score for H-L mumerical and geometrical definitions are 1.42
and .90. So, the H-L numerical definitions seemed to be better attained
after receiving verbal familiarization and a rumber of learning trials
than the H-L geometrical definitions.

Table 15 and Appendices V, and V_, show that L-L definitions pre-

1 2

or post-scores exhibited significant variation when covaried with the
length varigble. In either pre- or post-test scores, the short defi-
nitions of L-L produced higher scores than the longer ones. The mean
pre-test scores for short and long L-L definitions are .11, .00 and
their post-test scores are 1.57, .90. Table 15 indicates also that
L-L definitions' pre-test scores are significantly different in case
of subject matter. However, this significant difference is in favor
of geometrical definitions over numerical definitions.

The comparison of pre- and post-test scores of the types of defi-
nitions showed significant differences in case of H-H and H-L and insig-
nificant differences with L-L and L-H. Thus, with verbal familiariza-
tion, the m of stimulus position in the combined definitions is respon-

sible for the progress of definition attainment after the learning
trials.
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C. The Relationship Between Pre- and Post-Tests' Scores with Defini-

tion Variables, in Case of the Picture Treatment

TABLE 16: Xz Values of Pre- and Post-Tests' Scores with Definition

Variables, in Case of Picture Familiarization

Variable X2 with X° with
Pre-Test Score Post-Test Score

Types of Definitions 165.71%* 19.49%»

Stimlus Meaningfulness 142, 17* 3.43

Response Meaningfulness 5.87 8.47%*

Sub ject Matter .81 3.72

Length 16.16%* 2.03

Post-Test Score L41,10%=

* Significant”xz at the .05 level

**Significant X2 at the .01 level

Table 16 contains the X2 values of pre- and post-tests' scores
with definition variables in the case of picture familiarization.

Appendix R, shows the proportional distribution of pre- and post-tests

1
scores with definition variables in the case of picture familiariza-
tion. Both Table 16 and Appendix R1 will be used to clarify the rela-
tionships between definition variables and either pre-test or post-test
Scores.

According to Table 16 the pre-test scores for the picture famil-

larization follow exactly the same pattern as those of the control treat-

ment. There are significant differences between the pre-test scores of
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the levels of the types of definitions, stimulus meaningfulness, and
length variagbles. As for the types of definition variable, Appendix
R1 shows that the mean pre-test score is .63, .00, .35, .09 for H-H,
L-H, H-L, and L-L respectively. The arrangement of definitions (H-H,
H-L, L-L, L-H) suggests that the meaningfulness of stimlus position
in the pre-test is more concerned with the previous knowledge of the
definition. With respect to stimlus meaningfulness variable Appen-
dix R also shows that the mean pre-test score for H and L stimli are
.51, and .04, This indicates again that definitions with higher mean-
ingfulness stimli were better known in advance than definitions with
lower meaningfulness stimli. As for the length variable, the mean
pre-test scores for short and long definitions are .19 and .33 respec-
tively. The longer definitions seemed to be better known than short
ones.

Analysis of the post-test scores of Table 16 and Appendix R,
showed significant differences between types of definitions. The
mean post-test values for H-H, L-H, H-L and L-L are 1.60, 1.40, 1.23
and 1.39 respectively. It seems that high meaningfulness in the
response had higher attainment values in the post-test than those
with low meaningfulness. This observation is confirmed by finding
a significant difference between the levels of response meaningful-
ness. The mean post-test score for H and L responses, after picture
familiarization and the learning trials, are shown in Appendix R to
have the values 1.49 and 1.32 respectively.

Table 16 indicates also that the X2 test showed significant vari-

ation between the two distributions of pre- and post-test scores at the
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.01 level. This result points to the presence of significant change
in attaining the definitions in the picture familiarization treatment

after receiving the learning trials.

TABLE 17: The X2 Values of Pre- and Post-Tests' Scores for Types of

Definition Under Picture Familiarization

Types of Definitions | Subject Matter Length Pre and
Pre Post Pre Post rost

H-H .12 10.48** 26, 14** .82 16.68*+*
L-H .00 8.36* .00 1.51 .00

H-L 1.82 6.33* 9. 42x* 2.41 16.47%*
L-L .00 .58 4.91 13.66%* L. 84

* Significant Xz at the .05 level

**Significant X° at the .01 level

Table 17 shows the XZ values of pre- and post-tests! scores for
types of definition under picture familiarization. The results reported
in Table 17 indicate that H-H definitions had significant differences
between the post-test scores of numerical and geometrical definitions.

Appendix S, shows that the mean post-score of numerical and geometrical

2
definitions are 1.51 and 1.68 respectively. Thus, after picture famil-
iarization the attainment of geometrical definitions was greater than

that of rnumerical definitions. Appendix S, shows that the mean pre-test

1
scores of short and long H-H definitions are .37 and .89 respectively.
It indicates that H-H definitions with longer responses were better

known than H-ii definitions with shorter responses.
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According to Table 17, post-test scores of L-H definitions showed
significant differences from the levels of the subject matter variable.
The mean post-test scores of L-H numerical and geometrical definitions
after receiving picture familiarization as shown in Appendix T2 are
1.58 and 1.22 respectively. Thus picture familiarization and learning
trials made L-H numerical definition more highly attained than geomet-
rical definitions.

The mean post-test scores of H-L definitions are shown in Appen-
dix 02 to have the values 1.40, 1.06 for mumerical and geometrical
items respectively. Table 17 shows also that there is a significant
difference between these two distributions. The results indicate that
H-L mumerical definitions are attained better than geometrical defini-
tions after picture familiarization and the learning trials. The mean
pre-test scores of H-L short definitions are less than the mean pre-
test of H-L long definitions (.26 and .44 for short and long definitions
respectively). This emphasizes the fact that H-L definitions with
longer responses are known better than the corresponding definitions
with shorter responses.

Table 17 shows also significant differences between post-test
scores of mumerical and geometrical L-L definitions. The mean post-
test scores for L-L numerical and L-L geometrical definitions as
reported in Appendix V2 are 1.63 and 1.15 respectively. Thus it
appears that with picture familiarization and the learning trials the
attainment of L-L rumerical definitions was higher than geometrical

definitions.
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The comparison of the pre- and post-test scores showed signifi-
cant differences in their distributions with H-H and H-L, but insig-
nificant differences in case of L-L and L-H types of definitions. The
arrangement of the definitions according to the magnitude of x2 value
of the pre- and post-test scores are H-H, H-L, L-L and L-H. Thus,
following the previous uses of control and verbal familiarizations,
the stimilus position is more responsible for the attainment of the
definitions than is the response position. Thus, the higher the m of

the stimulus, the more readily the definition is attained.



CHAPTER IV

DISCUSSION AND CONCLUSIONS

One objective of this study is to investigate the relationships
between definition m, definiendum m, definien m, length of definien-
dum and the number of words in the definien. The data concerning the
relationship between length of words and their judged meaningfulness
were not conclusive. Meaningfulness of the scaled vocabulary and m
of the geometrical stimuli correlated significantly with their nmumber
of letters, while the numerical stimuli did not correlate significantly.
On the other hand the correlation between response m and response num-
ber of words was found to be significant. Such significant correla-
tions were in accordance with the conclusion that the decrease of
length was accompanied by an increase of meaningfulness.

The insignificant correlation of numerical stimuli might be due
to limiting the selection of items to a narrow proportion which were
not representative of all possible mumerical items. Thus, this result
could be due to a restriction in range among the rmumerical stimli.
The other significant correlations may be explained in terms of Zipf's
Principle of Least Effort (1949) and the empirical findings of Leply
(1950) and Cofer and Shevitz (1952). Zipf noticed that individuals
have a tendency to use short words more often than long ones and sug-
gested that frequency of occurrence of words is inversely related to
their length. Empirical studies have found significant correlations

between frequency of words and number of associates (meaningfulness).

91
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Then inductively, the length of words may be inversely related to m,

a notion which is in agreement with the findings of the present study.
Although the preceding logic was based on studies concerned with words,
it seemed that it could be extended to include sentences.

Meaningfulness of definitions revealed significant relationships
with m of the stimli, m of the response, and inversely with number of
words in the response. Furthermore there was no significant correla-
tion with the number of letters in the stimuli. This indicates that
definition m correlates with m of both members, the stimilus and the
response, while these members do not correlate with each other signi-
ficantly. Moreover, when m of either one of these members was partialled
out, there was no significant change in the zero order correlations,
but the partiallization of definition m produced a significant change
in the zero order correlation. Thus it is concluded that definition m
has a more critical effect than m of either the stimulus or the response,
and any partialligation for its effect will cause significant changes
in m of the other two components.

Unfortunately the review of research failed to confirm this con-
clusion for the following two reasons; first, most of the paired-asso-
clate studies used nonsense syllables that had no mutual relevance in
meaning between them, in either the stimilus or the response position,
while in the definition the stimlus and response are related through
a common meaning which is presented by either one of them. This lack
of common relationship might have encouraged the researchers to avoid
the study of m of the combined members of paired-associate and its

effect on m of both the stimilus and response. Second, the other
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paired-associate studies which used meaningful words as adjectives or
nouns avoided using synonymous verbal units in both positions of the
paired-associate in order to control for previous learning. For
example, a list composed of paired-associates such as "car-automobile,"
will enable the learner to use his past knowledge to recall the
response "automobile" when car is presented. Then the processes of
integrating the response, and assocliating it with the stimulus will
depend heavily on the established experience of the learner which is
assumed to be eliminated or controlled.

A finding which has no counterpart in the literature of meaning-
fulness was the increase of stimulus meaningfulness with the increase
of response meaningfulness, when definition m is controlled. Thus the
higher the m of the stimulus, the higher the m of the response.

Another result was that definition m, or response m, correlated nega-
tively with response length. The increase of either definipion m or
response m was accompanied by shorter responses. But, when definition
m was held constant, the correlation of response m with response num-
ber of words dropped to zero. Response length seems to be related
more to definition m than to response m. The partiallization of the
former produces a greater effect than the partiallizationof the latter.
This may mean that writers tend to state the unfamiliar and uneasy defi-
nitions, using unfaniliar and difficult responses, in terms of a long
sentence. DBut when familiarity of definition is excluded, low or high
meaningfulness responses may or may not be accompanied by short or

long sentences. Thus it can be concluded that definition m is the most
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critical variable influencing the relationships between stimulus m,
response m and response length,

The correlation of definition m with summed m of the stimuli and
responses was found also to be high. Such summation of stimmlus and
response m was termed the composite definition. But when definition
m, response m or stimulus m was correlated with the sum of the compo-
nent words of the response, the correlation was practically zero. The
latter finding emphasizes an important point, namely that high m words
do not insure high or low m responses. In other words the sum of m is
not a reliable predictor of the ease or difficulty of the stimmlus,
the response or the definition.

The second aspect of this study was concerned with the appropriate-
ness of extending the palred-associate theories to definition learning.
Subjects answers during the test trials were analyzed using two differ-
ent criteria. When the correct responses (the answers which were an
exact reproduction of the response or similar to the response but
stated differently) were used as a dependent variable, the results were
inconclusive. The data led to the rejection of the experimental hypoth-
esis which stated that the increase of m of the response member of the
definition will be accompanied by an increase of mean percentage of cor-
rect responses per test trial. The actual arrangement of the types of
definitions from superior to inferior did not follow the predicted
arrangement: H-H, L-H, H-L, L-L or H-L, L-L, H-H, L-H with control or
familiarization treatments respectively.

The following conclusions were drawn from the analysis of test

trial data using the correct responses as the dependent variable. The
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theory which emphasizes the role of response m was tested fifteen times.
It has been accepted twice--for the control treatment with the combined
and the long definitions. However, in case of combined definitions
there was some overlap between H-L and L-L while the theory predicts

no overlap. Thus there remains only one case--long definitions--out

of fifteen cases which supports the theory.

The results might be in accordance with some empirical studies
which claim that m of the stimulus is of greater importance than m of
the response. Such claim was supported twice--in case of the control
and the verbal familiarization of numerical definitions. But in the
case of rumerical definitlons with verbal familiarization there was
overlapping between the L-H and the L-L lists. The theory which
emphasigzes the role of stimlus m was supported one time out of the
fifteen cases.

Thus it is clear that the instances of support for either the
theory of the stimulus or the theory of the response were scarce and
insufficient to merit acceptance of paired-associate theories as a
model for definition learning when the dependent variable is the per-
centage of correct responses. However, it is obvious that the choice
of the two types of dependent variables employed in this study do not
exhaust all possible methods of scoring correct responses. For example,
some subjects tended to explain the response using either their own
words or the sentences which were presented in the familiarisation
prior to the learning trials. Such answers, although they explained
the response correctly, were excluded as correct responses because they

did not meet the exact response criterion. (On the other hand, the
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second dependent variable was not limited to the exact responses in

the definition. This criterion included answers which were similar

but stated in a slightly different way than the exact responses.) Thus
this dependent variable was not as restrictive as the dependent vari-
ables employed in paired-associate learning studies. For example, the
empirical studies which were cited in the first chapter of this study
assumed that the exact reproduction of the response was the measure of
learning and any answer which deviated from the exact response was con-
sidered incorrect. The definition of the correct response then violated
the condition of the one-to-one correspondence between paired-associate
and definition learning experiments and might have caused the rejection
of the general hypothesis.

When the dependent variable was limited to include only the S's
answers which were exactly the same as the learning task responses, the
results were different than in case using the more lenient criterion.
It was noiiced that the results did not confirm the theory which favors
the stimilus position in the case of either control, verbal, or picture
familiarization. This theory was given fifteen empirical tests using
exact responses as the dependent variable, but no one of these tests
proved to support the theory.

The theory which emphasizes the role of response m was confirmed
three times in case of combined, short, and long definitions with the
control treastment and was not supported in case of numerical and geo-
metrical definitions with the same treatment. But the coefficient of
concordance for the five tests of the control treatment revealed a

significant value (S =81, W = .648, P &£ .01) favoring the theory of
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response position. Thus it is concluded that without prior familiari-
zation, and with the exact responses as the dependent variable, paired
associate theory can be extended to include definition learning. This
general conclusion 1s equivalent to previous conclusions reached by
Stoddard (1929), Cason (1933), Sheffield (1946), Kimble and Dufort
(1955), Cieutat, Stockwell and Noble (1958) and many others who were
reported in the first chapter of this study. The supported order of
types of definitions is as follows: H-H, L-H, H-L and L-L. In the
control treatment it seems that subjects' behavior in definition learn-
ing is similar to their behavior in case of learning paired-associates,
when these subjects are asked to give the verbatim response.

When the subjects were given verbal familiarization prior to the
learning trials, the arrangements of the types of definitlons were
found to be inconsistent with each other. One of these arrangements
namely the numerical definitions, was in agreement with the theory
which emphasizes the response position. The other arrangements also
differed. The coefficient of concordance (S = 57, W = 456, P;>‘.05)
for the five tests (combined, short, long, rnumerical and geometrical
definition) was not significant. The summed rank order of the types
of definitions suggested this order: H-H, H-L, L-L and L-H.

Similarly, when the subjects received picture familiarization
before the learning trials, the arrangements of the types of defini-
tions were not in agreement with each other. Their coefficient of
concordance (S = 69, W = .55, P = .05) was found to be insignificant.
Yet the summed rank order of the types of definitions yielded this

order: H-H, L-H, H-L, and L-L.
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The data concerning the familiarization conditions led to the
rejection of the hypothesis which stated that verbal or picture famil-
iarization of the response member would be accompanied by either an
increase or decrease of the mean percentage of the exact response per
test trial. The increase would occur if the familiarized response
were low m meaningfulness, while the decrease would occur if the
familiarized response were high m meaningfulness, and the expected
arrangement of thg types of definitions according to the response
theory would be H-L, L-L, H-H, and L-H,

The differences in the expected and actual arrangements might
be due to different methodological considerations. In paired-associate
studies, the nonsense syllables of either the stimmlus and the response
are not related in meaning, but it has been shown that definition com-
ponents are highly correlated with definition m¢ Thus while the experi-
mental approach was directed towards the response member, it seems that
definition m influenced and affected the stimulus m by the familiariza-
tion procedure. The familiarization process could not be limited to
the response member only. Apparently it influenced the stimulus member
as well either by presenting the stimulus at the time of the familiari-
zation or by the nature of the relationship between definition m,
definiendum m, and definien m.

But if stimulus m and response m were both affected--according
to this discussion--then a question arises as to why the revealed
arrangements had low concordance. Probably the responses were not
equally familiarized prior to the learning process. Some paired-asso-

ciate studies have reported employing familiarization tests before the
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learning trials to ensure that familiarization was equally effective.
For example, Epstein, Rock and Zuckerman (1960) had their subjects
learn twelve short lists, each of which consisted of a nonsense syl-
lable and four members. The syllables were later paired to form
lists of pairs of familiarized items. Battig, Williams, and Williams
(1962) used nonsyllables for a verbal discrimination task. Both mem-
bers of some pairs became the stimilus or response members of pairs
for paired-associate learning. Members of other pairs were separated
and paired with syllables which subjects had not seen previously.
Another procedure to equalize the familiarization was reported by
Schulz and Martin (1964). Their subjects spelled the stimuli, then
the stimuli were recalled after every trial. A similar step to
equalize the effect of familiarization prior to the learning process
was not considered in this study because it is not an ordinary pro-
cedure in the actual instructional situation.

A second interpretation for the absence of concordance between
the arrangements of types of definitions may be due to the effect of
proactive inhibition. It has been noticed that the subjects' answers
to the test trials were influenced by presenting two kinds of material;
the familiarization material and the learning material. When the sub-
jects were asked to recall the learning material, they in fact at
times answered by reproducing the familiarization material.

This points to the presence of mutual interference between the
two sets of responses to the extent that the responses from the two

sets were competing with one another at recall. The overt intrusions
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of responses from the competing set of responses actually displaced
the exact responses.

Moreover, an investigation of the experimental situation, showed
that in the familiarization situation, learning trials, and test trials,
the stimlus was presented without any change. It is designated as S4.
The explanation of responses which were presented for familiarization
is designated as R1 while the learning material is designated as R,.
Thus the presence of constant stimli (S4) and two different response
sets (R‘l and Rz) can be represented tentatively as follows:

Si—> Ry Si—> R Si—> B

Familiarigation Learning Trials Test Trial

The observation of the presence of interference between R; and
R, is supported by Deese (1958) who reported that a safe generaliga-
tion about paired-associate learning states that when the same stimmlus
items and different response items are used in two tasks, there is
negative transfer. Most important is his conclusions that holding
stimlus similarity between the tasks (familiarization and learning
trials) constant, transfer can be varied from positive to negative by
changing the responses in the two tasks (familiarization and learning
trials) from being identical or very similar to being very different
from each other.

In this study it can be assumed that Ry i.e. the familiarization
of the response was kept relatively easy and familiar. However the R,
responses were either H or L depending on the type of definition
learned. For example, R2 was either H or L as a result of having one
of these types of definitions, H-H, L-H, H-L, or L-L. Then the rmumber
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of intrusions and their positive or negative effect on the recall of
R, would be different, as a result of learning different types of defi-
nitions,

Besides, each response set R1 or R2 was a combination of two
factors--length (short and long) and subject matter (rumerical and
geometrical). The analysis of the test trials using the exact responses
has been done for each level of these two factors plus their combina-
tion. The short definitions or numerical definitions have been analyzed
separately for each type of definition. But it is worth noticing that
the kind of similarity between the short responses is completely differ-
ent from the similarity between numerical responses, because the former
similarity was based on length, while the latter similarity resulted
from being related to the same subject matter. The elements which were
responsible for the similarity of length (number of words in the
response) should have been different than elements which were respon-
sible for the similarity of subject matter (say; responses that deal
with numbers) and thus each kind of element would have exerted differ-
ent effects on the test trials, By the same token, the effect of
similarity between short responses, could be different than the effect
of similarity between long definitions, since the increase of length
might have differential effect on the material and on the learner.
Similarly, the subjects might have adopted a strategy for the similar-
ity of numerical definitions which was different from their strategy
in approaching similar geometrical definitions.

In conclusion, it is suggested that the interaction between types

of definitions and the types of similarities located among the learning



102

task R, (combined, short, long, mumerical and geometrical) is respon-
sible for the insignificant concordance between the arrangement of
types of definitions when subjects received either verbal or picture
familiarization. Apparently the previous interaction was working in
the same manner with verbal or picture familiarization. When the
arrangements of the types of definitions, in both verbal and picture
familiarization, were checked for concordance, it was found to be
significant (S = 266, W = .532) at the .01 level and in favor of this
order: H-H, L-L, H-L, and L-H (L-L although higher was similar to
H-L). Such interaction between types of definitions and familiariza-
tion was absent in the control treatment because of the absence of
the familiarization task R1 and the arrangement of the types of defi-
nition (H-H, L-H, H-L, L-L) was completely different.

The prediction of Lambert and Jakobvits (1960), Karung, Lambert
and Mauer (1962), and Kamungo and Lambert (1963) that familiarization
of high meaningful material would have a prohibitive effect due to
either meaning decrement or the development of a word-word habit,
seemed to be untenasble as applied to this experiment. According to
this theory the H-H type of definition must be ranked in the third
position as a result of the satiation effect; but it was found to be
in the first rank with respect to the other types of definitionms.
Similarly the H-L type of definitions was predicted to be ranked the
first, while it was found to be located in the third position. The
rank order between the predicted arrangement of the types of defini-
tions, and the arrangement that resulted from summing the ranks in
verbal and picture familiarization was not significant. Probably
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because this theory was based on the assumption that the familiariza-
tion procedure would mean frequent repetition of Rp, which was not the
case in this study.

The third objective of this study is to investigate the differ-
ences between pre- and post-test scores due to the familiarization and
learning trials. The pre- and post-test scores were analyzed on the
basis that the subjects' answer would be assumed correct if he explained
the meaning of the definiendum correctly without regard to the exact
terminology used during the learning trials. The pre-test data have
shown that subjects' previous knowledge was significantly different in
case of the types of definitions, stimlus meaningfulness and length.
The subjects' mastery of the definitions seemed to be in this order:
H-H, H-L, L-L and L-H. Definitions with higher meaningfulness stimli
were better known in advance than the definitions with lower meaning-
fulness stimli.

Analysis of post-test scores showed the presence of controversial
finding between m of the stimulus and m of the response. It indicated
that post learning was more effective in this order: H-H, H-L, L-L,
and L-H for control treatment. The arrangement tends to indicate that
m of the stimulus was more critical in the post learning than response
m. Such apparant critical effect of stimulus m was statistically sig-
nificant only in case of the control treatment even though response m
was also a source of statistically significant variance in case of con-
trol and picture familiarization. The verbal familiarization procedure

supported neither stimilus m nor response m.
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It has been mentioned that stimulus m had a greater effect on
the pre-test scores. On the other hand, the statistical analysis of
post-test scores showed that neither the m of the stimmlus nor the m
of the response had a consistant effect over all the familiarization
treatments., Probably the familiarization treatment and the learning
trials had affected response m more than stimulus m. As a result of
the familiarization and learning response m gained a differential
effect over stimilus m and there was no consistant effect in case of
the three familiarization treatments,

The comparison between pre-test and post-test scores revealed
that there was a significant gain in definition attainment. Such
observation was supported by the results of control verbal, and pic=-
ture familiarization treatments. The arrangement of types of defini-
tions according to the magnitude of change between pre- and post-test
scores were H-H, H-L, L-L and L-H. The consistency of this arrange-
ment still suggests that stimilus m is more critical in the gain of
definition attainment. Individual comparisons between pre- and post-
test scores for each type of definition under familiarization treat-
ment confirmed the previous conclusion.

Concerning the length of responses, the results showed consis-
tently in the three familiarization treatments that previous attain-
ment was better with longer definitions than short ones. The post-test
analysis showed post-test scores of shorter definitions to be better
attained than longer ones especially in case of verbal familiarization.
The individual analysis of types of definitions with the length vari-

able showed a trend towards better pre- or post-attainment for longer
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definitions when stimulus m was high and for shorter definitions when
stimilus m was low. However, the subject matter showed inconsistency
and many insignificant results.

The pre- and post-test scores led to the following decisions
concerning definition attainment hypotheses., First, that the increase
of stimilus m will be accompanied by an increase of pre-test scores is
a tenable hypothesis and that the definition of high m stimli are
better known than definitions of low stimuli. Second, the hypothesis
which stated that an increase of definition attainment will follow also
the m of the stimli is supported. The higher the m of stimuli the
higher the difference between pre- and post-test scores, while lower
m stimuli are associated with lower differences between pre- and post-
test scores. Third, the data did not support the hypothesis that the
increase of stimulus m is accompanied by an increase in the post-test
scores.,

In summary, the general hypothesis that paired-associate learn-
ing theory favors the m of response was unsupported when the dependent
variable was the mean percentage of correct responses. Only when the
mean percentage of exact responses was chosen as a dependent variable
for the control treatment, was the general hypothesis supported. This
supports the paired-associate theory which stresses response m in defi-
nition learning. However, the paired-associate predictions concerning
the presence of satiation as a result of familiarization were not con-
firmed. A possible interpretation of the absence of satiation in mean-
ing may be due to the type of familiarization procedure employed.

Unlike the procedures used in paired-associate studies, the present
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procedure avoided repetitions of the responses. Instead, it explained
the response only once, using familiar expressions that were somewhat
different from those responses learned by the Ss during the learning
tasks.

This fact emphasizes the difficulty in generalizing from the
paired-associate model to definition learning. The molecular nature
of such a model and its corresponding operational definitions for such
concepts as familiarization, stimilus, response, meaningfulness, and
even learning have no exact analog in definition learning. Until ver-
bal learning model become broader in scope, generalization from these
molecular models to more complex learning situations should be made

with caution.
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APPENDIX A
Arithmetic Textbooks Series Used in Gathering the Definitions

1.

2,

3.

Buswell, Guy T., Brownell, William A., and Sauble, Irene, Arith-
metic We Need. Ginn and Company, Boston, 1959.

Deans, Edwina, Kane, Robert B., McMeen, George H., and Oesterle,
Rolgort A., The Modern Mathematics Series. American Book Company,
1963.

Morton, Robert Lee, Gray, Merle, Springstun, Eligabith, Schaff,

Williem L., and Rosskopf, Myron F., Mgking Sure of ?ithm&ic.
Silver Burdett Company, Morristown, New Jersey, 1958.

Osborn, Jesse, Riefling, Adeline, and Spitzer, Herbert F.,

loring Arithmetic. Webster Publishing Company, St. Louis,
1962.
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APPENDIX B

Name Grade
Birth Date Sex

When we read or hear a new word for the first time, we might say
that "this word looks familiar and easy for me to learn and to memo-
rige," or "this word looks unfamiliar and difficult for me to lez.rn
and to memorize." So there are different kinds of words. The word
might be: Very easy, essy, indifferent, difficult, very difficult to
learn and to memorize. Not all the words are the same according to
their easiness.

In the following pages, there are lists of arithmetic words, and
five columns. You are to tell whether the word is familiar and easy
or unfamiliar and difficult for you to learn and to memorige.

Each column is prepared to indicate a certain degree of difficulty
in learning and memoriging. There is a column to check the very easy,
easy, indifferent, difficult, or the very difficult word.

Read all the words first, then read each word carefully and decide
the easiness of each one. Check with the mark (X) the proper column
following the word.

Do not rush, but do not slow down. Be sure to read each word

carefully, giving it just one mark. Example:

Very
Very Indif- Diffi- Diffi-

Easy Egsy ferent cult cult

1. Rectangle

2, Cotangent

3. Mimend
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APPENDIX C

The Instructions for Rating the Meaningfulness

In arithmetic classes and textbooks, we used to hear and read
certain words (sentences). These words (sentences) might look easy
for you to learn and to memorize, or they might be hard for you to
learn or to memorige. Also, these words (sentences) might be famil-
iar to you or unfamiliar. The degree of familiarity or ease to
learn each word (sentence) differs from one student to another.

The booklet given to you contains a mumber of such words (sen-
tences) that are used in arithmetic classes. You are going to read
them carefully, and always ask yourself this question, "Is this word
(sentence) familiar and easy for me to learn?" and "How far is this
word famlliar and easy?" So this first reading is to get acquainted
with the words presented in the booklet and to think about your own
Judgement for each word (sentence).

There will be a second reading. In this reading you will show
your own judgement for the familiarity and ease of the word (sentence)
by marking the appropriate column directly in front of each word
(sentence). On the first page there are some examples, also there
are five columns. The first column is where to mark if the word
(sentence) is very easy, the second is for easy, the third is for
the indifferent words (sentences), the fourth is for the difficult,
and the fifth is for the very difficult words (sentences).

(The experimenter used the board to show the five columns).

Suppose I found that the first word (sentence) is difficult, where
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may I put the mark (X)? CThe students were encouraged to answer as
a groupJ. Suppose I found that the word (sentence) is easy, where
may I put the mark (X)? Cl‘he students were encouraged to answer as
a group). Sometimes the word (sentence) might look for me neither
easy nor difficult. This word is called indifferent. Where may I
check for indifferent? r_l'ha students answered). Any question?

Now, to sum up, you are going to indicate for each word (sen-
tence) how far it looks familiar and easy for you to learn. Second,
you shall read the words carefully but do not mark any of them, just
decide for yourself. Third, you shall read each word and you will
show your own idea about the ease and familiarity of the word (sen-
tence) by writing the mark (X) in the proper column.

We are going to work as a group. When you finish the first
reading just raise your head and wait until all of you are asked to
begin the second reading. Remember do not rush or slow down and
read each word carefully.

Any question?

Begin.
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The Meaningfulness Values of Response Words

——

—

Rank Item Word Meaningfulness
No.

Mean SD__
1 17 One 1.066 0.308
2 7 of 1.091 0.340
3 53 To 1.114 0.427
4y 82 Or 1.117 0.391
5 4 Two 1.132 0.497
6 124 Al 1.136 0.468
7 i5 As 1.149 0.475
8 27 In 1.149 0.525
9 11 Are 1.157 0.481
10 69 On 1.163 0.516
11 93 Plane 1.168 0.455
12 1 Place 1.174 0.439
13 8 Set 1.190 0.565
14 29 Holds 1.198 0.492
15 14 Face 1.198 0.508
16 129 But 1.203 0,546
17 134 Line 1.205 0.481
18 67 Is 1.205 0.586
19 2 Earth 1.207 0.480
20 36 Not 1.207 0.544
21 33 Same 1.208 0.498
22 30 And 1.208 0.515
23 89 Sum 1.210 0.548
24 sl Side 1.211 0.545
25 131 Line 1.212 0.502
26 96 Many 1.218 0.488
27 10 Used 1.225 0.539
28 L2 Used 1.230 0.598
29 128 Have 1.231 0.513
30 38 Zero 1.231 0.613
32 141 Base 1.239 0.557
33 3 Number 1.240 0.515
34 9 Point 1.240 0.515
35 20 South 1.242 0.516




124

Rank Item Word Meaningfulness
No.

Yean SD
36 73 From 1.244 0.483
37 60 Right 1.246 0.618
38 13 Empty 1.248 0,534
39 110 Only 1.252 0.557
L0 127 Called 1.256 0.557
41 32 Times 1.264 0.600
42 37 Closed 1.264 0.613
43 76 That 1.268 0.639
Ly 98 Having 1.271 0.592
4s 115 Pair 1.272 0.663
46 50 Given 1.276 0.499
L7 86 There 1.283 0.608
48 126 Addition 1.291 0.600
49 92 Every 1.294 0.570
50 70 North 1.301 0.583
51 78 Center 1.303 0.585
52 130 Rate 1.304 0.695
53 28 Arithmetic 1.308 0.656
sk 43 Picture 1.314 0.617
55 112 Finding 1.325 0.600
56 Ly Poles 1.328 0,607
57 19 Circle 1.331 0.635
58 136 Upon 1.336 0.586
59 137 Which 1.336 0.730
60 L6 Upon 1.341 0.609
61 74 Hundred 1.344 0.584
62 10 How Many 1.355 0.628
63 12 Another 1.355 0.641
64 49 Between 1.358 0.652
65 5 Sentence 1.364 0.617
66 120 Square 1.372 0.627
67 117 Subtraction 1.400 0.755
68 108 Correct 1.409 0.709
69 84 Whose 1.427 0.683
70 71 Figure 1.430 0.702
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Rank Item Word Meaningfulness
No.

Mean SD__
71 31 Half-Way 1.438 0.726
72 55 Division 1.459 0.679
73 77 Enclosed 1.459 0.691
74 56 Opposite 1.459 0.726
75 132 Thus 1.466 0.724
76 102 Distance 1.470 0.735
77 107 Cube 1.470 0.816
78 9l Symbol 1.483 0.741
79 61 Fraction 1.521 0.772
80 18 Region 1.544 0.796
81 97 Discount 1.551 0.788
82 51 Measured 1.553 0.798
83 6 Method 1.562 0.737
84 140 System 1.590 0.859
85 80 Results 1.592 0.769
86 19 Degree 1.595 0,788
87 26 Opposite 1.597 0.892
88 23 Numerals 1.600 0.768
89 116 Placeholder 1,605 0.885
90 121 Empty Set 1.653 0.867
91 L7 Triangle 1.659 0.909
92 68 Contained 1,664 0.902
93 62 Opposite Sides 1.678 0.815
o4 21 Single Pair 1.702 0.820
95 34 Operation 1.727 0.945
96 52 Equator 1.730 0.887
97 101 Property 1.735 0.955
98 66 Factor 1.754 0.908
99 91 Process 1,754 0.911
100 113 Number Sentence 1.776 0.948
101 88 Imaginary 1.840 1.012
102 22 Digits 1.983 1.052
103 39 Indicates 2,008 1.029
104 57 Numerator 2.025 1.075
105 138 Constructed 2.103 1.086
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Rank Item Word Meaningfulness
No.
Mean SD

106 123 Parallel 2.101 1.103
107 100 Bar-Graph 2,178 1.246
108 111 Pyramid 2.226 1.339
109 125 Inverse 2.231 1.128
110 16 Intersecting 2,281 1.108
111 114 Denominator 2.304 1.428
112 122 Horizontally 2,331 1.215
113 103 Prism 2.359 1.237
114 59 Number Property 2.382 1.137
115 109 Addends 2.395 1.226
116 81 Frequency 2.400 1.150
117 99 Reduction 2.407 1.068
118 139 Enumeration 2.419 1.228
119 105 Percentage 2,444 1.380
120 106 Ellipse 2.586 1.390
121 58 Precedes 2,595 1.161
122 72 Exponent 2.650 1.276
123 64 Distribution 2.780 1.328
124 133 Geometric 2.932 1.287
125 136 Vertex 3.009 1.221
126 83 Concentric 2.119 1.158
127 35 Predecessor 3.174 1.251
128 24 Polygon 3.175 1.321
129 85 Congruent 3.303 1.199
130 65 Histogram 3.426 1.234
131 104 Elongated 3. 504 1.350
132 90 Abscissa 3.521 1.389
133 i1 Cardinality 3.525 1.088
134 48 Modulo 3.557 1.230
135 79 Trapezoid 3.648 1.207
136 25 Computational 3.756 1.277
137 95 Hypotenuse 3.798 1.227
138 4s A gorism 3.811 1.043
139 75 Uniqueness 3.820 1.174
140 119 Equidistant 3.826 1.225
141 63 Quadrilateral 3.837 1.321




APPENDIX E

Methodological Information Concerning the Reliability of the Defini-
tion and Vocabulary Meaningfulness Scales

Information Definition Vocabulary
Reliability of AD «9795
Reliability of ND +9950
Reliability of GD .9670
Reliability of Vocabulary «9865
Reliability Method Split Helf Test Retest
No. of Students 25 61
Mdn. Age in Months 144 150
Grade 6 7
School B C
Dates of Administrating 5/3/65 10/6/65
the Scale

- 10/13/65

AD - Arithmetical definitions
ND - Numerical definitions

GD - Geometrical definitions
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APPENDIX F

The Relationship Between the Variables of Definition Components

It is known that~conclusion about the direction of the correla-
tion must be based on the direction of the scale. For example, all
the m values reported in this study are presented in a descending
rather than ascending order. The high items get smaller numeral
values than the low m items which get higher numeral values. Such
descending order of the m value has its effect on explanation of the
correlation coefficient. Suppose that the correlation between m of
the response and the number of words of the response is +,6. Although
the correlation sign is +4ve, yet because of reversing one of the scales,
its interpretation is; as the meaningfulness (m) of the response

decreased, the sentence length increased.

i: Description of the Frequency Distribution of m Values
The m values of the stimuli, responses, and definitions have

been reported in Appendix D. Table 18 shows the frequency distribu-
tions of the previous m values in case of numerical, geometrical and
arithmetical items,

Figure 4 represents the frequency distributions of Table 18.
Parts (a) and (c), Figure 4, shows that the distribution of defini-
tions and responses of the numerical items are shifted toward the
higher level of m, while the corresponding curves of geometrical items
are shifted towards the lower level of m. The distributions of the
stimuli m, as shown in part (b) of the figure, are bimodal in the case

of numerical and geometrical items.
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TABELE 18: The Frequency Distribution of Meaningfulness of Defini-

tional Components

m Definition Stimlus Response
A_N G A__N G AN G

1.0 - 1.499 12 7 5 23 15 8 6 5 1
1.5 - 1.999 27 18 9 19 7 12 12 9
2,0 - 2.499 20 12 8 11 6 5 27 19 8
2.5 - 2,999 20 6 14 12 6 6 24 9 15
3.0 - 3.499 11 4 7 7 3 4 18 414
3¢5 = 3.999 € 0 6 6 4 2 10 2 8
4.0 - 4,499 1 1 o0 15 5 10 0 0 0
4,5 - 4,999 0o 0 o0 b o2 2 0 0 0

Total 97 48 49 97 48 49 97 48 49

A = Arithmetical items
N = Numerical items

G = Geometrical items

Since arithmetical items are the combination of numerical and
geometrical items, the frequency of arithmetical items appears in
Fig. 4, parts (a), (b) and (c) as the sum of the frequencies of the
other two types of items., Moreover, it is clear from these parts
that the distribution of arithmetical items has the general shape of
both the numerical and geometrical items.

The distribution of m for definitions, stimll and responses
that correspond to arithmetic items are plotted in part (d) of Fig. 4.
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It is observed that stimlus m has a bimodal distribution. Moreover,
the distribution of definition m is shifted towards the higher level
of m, while the distribution of response m is shifted towards the
lower level.

Table 19 shows means and standard deviatipns of the definition
stimlus, and response variables for the numerical, geometrical, and
arithmetical items. From this table it is apparent that the mean
number of letters of rumericael items' stimuli is greater than the mean
number of letters of geometrical items! stimuli. The mean mumber of
words of geometrical items' response is greater than in case of mumer-
ical items' responses. However, the differences between the two means,
using t test in both cases, are insignificant at the .05 level.

Table 19 indicates also that the standard deviation of stimuli
m 1s greater than the standard deviation of either the responses m or
definitions m. This observation is consistent for the three types of
items. The F ratio test shows that there are significant differences
between the variance of the stimli from one hand and the variance of
the responses or the variance of the definitions on the other hand.
The level of significance is the .01 level.

Table 20 contains the analysis of variance results of m. This
table has been reported with reluctance since the analysis of vari-
ance assumptions have not been met satisfactorily. For example, it
has been mentioned that stimuli m had a bimodal distribution with a
significantly high variance, while the definition or response m had
almost a normal distribution with low variances. Thus the stimli m

violated the normality of the population and homogeneity of the
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variances' assumptions. However, some studies (Lindquist, 1956) men-
tioned that heterogeneity in form or variance or both must be quite

extreme to be of any serious consequence. Otherwise the effect upon
the F distribution will probably be negligible. The results on Table
20 are then reported on the basis that stimli m distribution is not

extremely deviant.

TABLE 20: Analysis of Variance of Meaningfulness Values

———— — — E———
oas— ——

Source of Variation S.S. d.f. M.S. F
Definition Types 14,1687 1 14,1687 18,400
Definition Components 7.5693 2 3.7846 4,915
Interaction 1.1792 2 . 5896 765
Between 22,9172 5
Within 219.4455 285 .7700
Total 242,3627 290

In addition, the results reported in Table 20 are limited to
the mumerical and geometrical items. Statistics on the arithmetical
items have been excluded, because of their dependence on the other
two types of items, in order to meet the analysis of variance assump-
tion of independence.

Inspection of Table 20 reveals that types of items as well as
definition components, using F test, are significant sources of vari-
ance at the ,01 level. The interaction of the two factors contributed

no significant variance at the .05 level; moreover, the results showed
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that the mean m of the rumerical items is significantly higher than
the mean m of geometrical items at the .01 level. The same test also
indicated that the mean m of definitions is significantly higher than
the mean m of the responses at the .01 level, and the mean m of the
stirull at the .05 level. However, the mean m of the stimuli is not
significantly different from the mean m of responses at the .05 level.
The results suggest the acceptance of the following hypotheses:
1., The variance of the stimuli m are significantly greater than
the variances of either definitlons or responses m.
2, The m of geometrical items has greater variance than geomet-
ric items,
3. In case of arithmetical as well as numerical items; there is
a significant difference between the mean of definitions m
on one side and the mean of either response m or stimuli m
on the other side.
4, In case of geometrical items, there is a significant differ-

ence between the means of definitions 'm and responses 'm.

2: _The Relationship Between Word Length and Its Meaningfulness
Table 21 presents the correlation coefficients between meaning-

fulness and the length of either the stimuli or the vocabulary. It

might be noticed that the correlation coefficient is not significant
from zero in case of the arithmetical as well as mumerical items for
o( equals .05. However, in case of geometrical items the correlation

coefficient is significantly different from zero when ©¢ equals ,.01.
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TABLE 21: The Correlation Coefficients Between Stimili and Vocabulary.

Number of Letters and Their Meaningfulness.

— — —
— m—— —

Pn— R ———
r

Types of Items N

Arithmetical Items 97 192
Numerical Items 48 -, 046
Geometrical Items L9 N Yo

Vocabulary 141 656%*

**Significant at the .01 level

The table also shows that the correlation of vocabulary length
and m is not zero at the .01 level. The significant correlations
which are found in case of the vocabulary and the geometrical items
suggest that the shorter words were highly meaningful than the longer
ones.

It has been mentioned that each item is reported with two values,
i.e., m and its standard deviation. When the number of letters is cor-
related with the standard deviation of m, in case of arithmetical, numer-
ical, and geometrical items, the coefficients are as follows: =-.138,
-.180 and -.032. While the previous correlations are not far from zero
at the .05 level, it was found that the corresponding value in case of
the vocabulary (+.733) is not zero, for ©¢ equals .01, The latter cor-
relation suggests that the vocabulary which was widely dispersed with
respect to m was longer. However, the inconsistency of this notion in
case of the other kinds of items might be due to differences in the

sampling process.
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The results of this part of the analysis made the following
hypothesis acceptable:
1. There is a significant correlation between stimli m of geo-

metric items and the length of the item.

2, The correlations of the number of letters with either vocabu-

lary m, or vocabulary standard deviation are significant.

: The Relationship Between Response Length Its Me ness

TABELE 22: The Correlation Coefficients Between the Response Number

of Words and Response Meaningfulness

Types of Items N r

Arithmetical Items 97 « 538%*
Numerical Items 48 JL09**
Geometrical Items L9 o 595%%

**Significant at the .01 level

An investigation of Table 22 reveals that the correlation
coefficient between the response mumber of words and response m is
far from being a zero at the .01 level. These high positive corre-
lations showed that the shorter the response the higher was the
response m,

The correlation is smaller in the case of numerical items than
in that of geometrical items. This observation suggested testing the
hypothesis that the rumerical items' correlation is equal to or less

than the geometrical items' correlation witho€ equal to .05. The
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results of g test showed that this hypothesis, although it is accepted
at the .1 level, is not acceptable at the .05 level.

The correlation between the standard deviation of responses and
the number of words of the response was computed for the three types
of items. The coefficients .189, .182, and .085 were found for arith-
metical, mumerical and geometrical items respectively. These coeffi-
cients are not significant at the .05 level.

The results of this section suggest the acceptance of the hypoth-
esis which states that there is a significant correlation between the
mumber of words in the résponse and response m in case of the arithmet-
ical, rumerical and geometrical items. In addition, the hypothesis
which states that there is significant correlation between response

standard deviation and response m is rejected.

4: The Relationship Between Stimmlus Varigbles gnd Response Varigbles
Investigation of Table 23 reveals that each of the reported cor-

relation coefficients is nearly equal to zero at the .05 level. Thus
the hypothesis which states that there is significant relationship

between stimlus variables and response variables is rejected.
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TABLE 23: The Correlation Coefficients Between Stimulus Variables and

Response Variables

Stimlus Variables

m S. D. No. of Type of Items
Letters
.103 045 -.129 Arithmetical Items
B .090 -,007 -.107 Numerical Items
.023 -,076 -.061 Geometrical Items
. g
o 047 116 -.052 Arithmetical Items
g .
= a .070 .088 -.071 Numerical Items
)] )
g1 180 046 ,070 Geometrical Items
&
&
2142 034 .017 Arithmetical Items
.
°.§ 149 .051 .032 Numerical Items
> ©
22 .090 -.086 .060 Geometrical Items

5: The Relationship Between Definition Variables and Stimulus Variables

Table 24 shows that there are significant correlations between m
of the definition and m of the stimuli at the .01 level. It shows also
that m of the definition correlates significantly with the stimuli's
standard deviation for arithmetical and mumerical items at the .05
level, while it is insignificant with geometrical items. Meaningfulness
of the definitions does not correlate with the stimli's number of

letters at the .05 level.,
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TAELE 24: The Correlation Coefficients Between Definition Variables

and Stimilus Variables

Stimlus Variables

m S. D. No. of Type of Items
Letters
.52Um%  206% .033 Arithmetical Items
0
,3 5 J527%%  ,304¢  .,061 Numerical Items
[}
*5 .509** 009 .189 Geometrical Items
>
(=]
ﬁ .328%* ,097  -,042 Arithmetical Items
g [ .376%*  ,209  -,218 Numerical Items
n
A .281% o, 054 .120 Geometrical Items

* Significant correlation at the .05 level

**Significant correlation at the .01 level

The standard deviations of the definitions have been found to
correlate significantly with m of arithmetical and mumerical items'
stimili at the .01 level, and with geometrical items' stimuli at the
.05 level. However, the standard deviation of the definition is
found to correlate significantly at the .05 level with neither the
stimli standard deviation nor the stimli number of letters.

The reported correlations indicate that when m of the defini-
tions was high, the m of the stimli was also high. They also suggest
that when m of the definition was high the standard deviation of
arithmetical and mumerical items' stimli were low. In addition,
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when standard deviation of definitions increased, the m of the stimuli
were found to decrease.

The following hypotheses have been accepted in accordance with

the preceding results:

1. For the arithmetical, numerical and geometrical items, the
m of the definitions correlates significantly with m of the
stimli.

2, For the arithmetical and mimerical items, the m of the defi=-
nitions correlates significantly with the stimli's standard
deviation.

3. For the arithmetical, nmumerical and geometrical items, the
standard deviation of the responses correlates significantly
with stimli m.

6: The Relationship Between Definition Varisbles and Response Variables
Investigation of Table 25 reveals that definition m has signifi-

cant correlations with response m and mumber of words at the .01 level.
Definition m shows also significant correlation at (a) .01 level with
the standard deviation of arithmetical items and (b) .05 level with the
standard deviation of geometrical items. Furthermore, it shows insig-
nificant correlation at the .05 level with the standard deviation of
mumerical items.

At the .01 level, it is found that definition standard deviatlon
correlates significantly with (a) response m for the three types of
items, (b) standard deviation of arithmetical responses, and (c) response
mumber of words of arithmetical and geometrical items. It also corre-

lates with the standard deviation of the geometrical responses at the
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.05 level. In case of mumerical items, there is no significant cor-
relation between definition standard deviation and either response

standard deviation or response mumber of words.

TABLE 25: The Correlation Coefficients Between Definition Variables

and Response Variables

Response Variables

m S. D. No. of Type of Item
Words

J730%% 306%% 715 Arithmetical Items
E 696¢x 222 663%* Numerical Items
J703%*% L6k o 732%% Geometrical Items

J60*x 271%* « 390%* Arithmetical Items
J00** 246 .270 Numerical Items

Definition Variables
S. D.

0 536%% ,340* L7 Geometrical Items

* Significant correlation at the .05 level

**Significant correlation at the .01 level

The previous correlations might mean that when definition m was
high (a) response m was also high, (b) response standard deviation was
small, and (c) response rumber of words was few. This statement holds
for the three types of items except in case of the correlation between
definition m and response standard deviation of arithmetical items.
Moreover, when definition standard deviation was high (a) the response

m was low, (b) response standard deviation was also high and (c) the
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response number of words was high. While this observation is valid for
the three types of items, it still has an exception, for in'the case of
numerical items the relationships between definition standard deviation
and either response standard deviations or response number of words are
not quite significant.

The accepted hypotheses on the basis of information presented are

as follows:

1. There is a significant correlation, for the three types of
items, between definition m and either response m or response
rumber of words.

2. In case of arithmetical and geometrical items, there is cor-
relation between definition m and response standard deviation
or response rmumber of words.

3. In case of arithmetical and geometrical items, there are no
correlations between definition standard deviation and
response m, response standard deviation and response number
of words.

4. 1In case of mumerical definitions, there is significant cor-

relation between definition standard deviation and response m.

Z: The Relationship Between Definition Variables
The correlation coefficients between definition m and definition

standard deviation for arithmetical, mumerical and geometrical items
are .519, .450, and .568 respectively. All three correlations are
significant at the .01 level. The mull hypothesis which says that

there is no significant correlation between definition m and definition
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standard deviation is not accepted. Rather, it is suggested that the
preceding correlations might mean that when the definition m was high,

the definition standard deviation was low.

8: The Relationship Between Definitions, Stimili, and Responses When
a Part of Their Variables is Partialled Out

Table 26 shows the gzero order correlation coefficient of defini-
tion m with another variable. Following this zero order correlation
are a rmumber of higher order correlation coefficients where some vari-
ables, other than the correlated ones were partialled out. The higher
order correlation coefficients have been compared with their order
correlation coefficient. If the comparison revealed a significant dif-
ference between the two correlations, this might be the result of ruling
out the partialled variables.

Investigation of the previous table shows that partialling any
group of variables out of the correlation of definition m with the other
variables does not contribute significant change of the zero order cor-
relation coefficient at the .05 level. Actually this result suggested
seeking the result of ruling the definition m out of the stimlus and
response variables. Table 27 contains the results of this step, and
some unique observations will be shown below.

It has been mentioned that response m and response number of words
correlate significantly. However, when definition m alone, or other
variables beside definition m were partialled out, all the new correla-
tions dropped to a value which is not far from zero at the .05 lgvel.

In addition, there were significant differences between the new correla-
tions and the zero order correlation coefficient. The levels of signi-

ficance are shown in Table 27.
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TABLE 26: Partial Correlation Coefficients Between Definition and

Stimilus or Response Variables

Zero Order Corr. Coef. Partialled Variables A N G
Definition m and
Response m «730 696 .703
Response no. of
words . 586 .622 .489
Stimilus m .798 766 .803
Stimilus m, and
stimlus num-
ber of letters .802 .798" .766
Response no. of
words and stimie
lus m 716 «739 .678
Stimulus m, response
no. of words,
stimilus no. of
letters .712 «737 673
Definition m and
No. of Response
Words .715 .663 .731
Response m « 560 . 577 « 540
Stimlus m and
response m .659 .658 673
Stirmulus m, response
m, and no. of
letters of
stimilus 657 .657 675




TABLE 26-=Contimied
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Zero Order Corr. Coef., Partialled Variables A N G
Definition and
Stimilus m . 524 « 527 . 509
Response m 661 645 .693
Response m, and
response length 731 .713 770
No. of letters of
stimilus . 528 . 526 484
Response m, response
no. of words, and
no. of letters of
stimili . 724 713 742
Definition and No.
of Letters of
Stimlus .033 -,061 .189
Stimulus m -.081 -.043 -,063
Stimilus m, response
m, and no. of
words in response 015 -,002 -.074
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Again, response m and stimulus m have been found to have an insig-
nificant correlation. Once the definition m or other variables beside
definition m were partialled out, all the new correlations became sig-
nificant at the .01 level. Moreover, the new correlations differ sig-
nificantly from their zero order correlations.

In the case of partialling definition m out of the zero order cor-
relation coefficient of response m and stimulugwgnger of letters, the
new correlations are still insignificant. Nor are there any significant
differences between the zero order correlations and their higher order
ones at the .05 level.

It has been noticed (Table 27) that the correlations after the
process of partiallization might or might not be different from the zero
order coe;ficients. The following are the hypotheses which are accepted
thus far:

1. The correlation of response m, and response mumber of words,

does change significantly when definition m or definition m
plus other variables are partialled out.

2. The correlation of response m and stimilus m does change
significantly when definition m or definition m with other
variables are partialled out.

The preceding results emphasize the role of definition m and its
relation with response m or stimulus m, When definition m correlates
with either stimlus m or response m, the resultant correlation will
not be affected by the process of partiallization of either the response
m or stimilus m respectively. Contrary to this, when definition m is

partialled out, the zero correlations of either stirmulus m or response m
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or both will change considerably. For example, the new higher order
correlations while partiallizing definition m might mean: (1) When
the response m was high the length of the response was not necessarily
high or necessarily low. (2) When responses m were high, the stimli

were aglso high.

9:_ Meaningfulness of the Composite Definition and Its Relation to the
Other Variables

TABELE 28: Means and Standard Deviation of Composite Definition m, and

Definition m of Arithmetical, Numerical and Geometrical

Items
Type of Items Mean m S. D. Type of Item
Arithmetical 5.153 1,432 Composite Definition
2.236 . 748 Definition
Numerical L.711 1.370 Composite Definition
2.010 .650 Definition
Geometrical 5.586 1.370 Composite Definition
2,459 .778 Definition

Investigation of Table 28 shows that the means and standard devi-
ations of composite definitions' m are significantly greater than their
equivalents of definitions m at the .01 level. The increase of m came
from adding two m values together--one for the stimili m, and the other
for the response m. Thus the maximum value of m for the composite defi-
nition is ten rather than five (the maximum scaling point) for defini-
tion m, Also, because of the nature of the composite definition m, its
range, i.e. variation might be nine (which is greater than the range of

definition m that equals four).
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TABLE 29: The Correlation Coefficients of Each of the Composite Defini-

tion m, and Definition m with Stimuli, Responses and Defini-

tions! m
Arith, Num, Geom, Type of Item
m 885*x$$  ,901**3$ ,895**33 Composite Definition
g . 524 « 527 « 509 Definition
E No. of
pe Letters| .101 -.087 .386%*  Composite Definition
@ .033 -.061 .189 Definition
o m e 553%* 0 513%% L66**$$ Composite Definition
9 .730 .696 .703 Definition
)
o No. of
= Words | .370%*$$ .306%**$$ .344*$$ Composite Definition
715 663 .732 Definition
o
é'ﬁ m . 780%* o7 57** « P6Lx* Composite Definition
&

* Significant correlation at the .05 level
**Significant correlation at the .01 level
$$Significant difference between this correlation and the one right
below it

Table 29 indicates significant correlation between m of the com-
posite definition and m of either the stimuli or responses at the .01
level. While the composite definition correlates with geometrical
stimuili number of letters, it also correlates with response number of
words for the three types of items at the .05 level. The stimilus m
correlates higher with composite definitions than in case of definition

m at the .01 level. On the other hand, response m correlates higher
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with definition m than in case of composite definition. The differ-
ence 1s significant only in the case of geometrical response at the
.05 level.

The composite definition m correlates high with geometrical
stimuli rnumber of letters. However, in case of definition m, it cor-
relates higher with response number of words than with the composite
definition m at the .01 level.

These results indicate that the composite definition's relation
with definition components is somewhat similar to that of the actual
definitions., However, there are some differences between them. For
example, the correlation of composite definition m with stimulus m is
greater than its corresponding correlation with response m at the .01
level of significance., But in case of definition m, the entire pre-
ceding statement is reversed except that the difference is not signi-
ficant at the .05 level.

The results of Table 30 will be speculated on the basis of the
previous results. When the composite definition m is correlated with
definition m, the process of partiallization did not show a signifi-
cant' change. However, there is a decrease in the value of the corre-
lation when response m is partialled, and an increase when stimulus m
is also partialled out. If the composite definition is considered as
stimilus m plus response m, then any partiallization of either one of
them will leave the other to correlate alone with the other variable.
Also, if both stimlus m, and response m are partialled out of a zero
order correlation containing a composite definition, the result is

zero. Then the increase of the correlation as a result of partialling
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nition m with Other Variables

Partialled Correlation Coefficients of the Composite Defi-

Zero Order Corr. Coeff. Partialled Variables Arith. Num. Geo.
C. D. and Definition m .780 ,757  .764
Response m 661 649 693
Stimilus m 798 ,766 .803
Response m and
response no.
of words .732 .713 .770
Stimlus m and
stimilus no.
of letters .798 766 _ .802
C. D. and Response m .553 .513 W66
Definition m .,038 .029 ~.154
Definition m and
response no.
of words -.026 .075 -.08%
C. Do and Stimilus m .885 ,901 .895
Definition m 894 904 912
Definition m and
stimulus no.
of letters .895 .905 ,896
C. D. and Response No.
of Words 370 .306 344
Definition m and
response m - 429 . 404 - 474
C. Do and Stimlus
No« Of Letters 0101 -008? 0386
Definition m and
stimilus m -.145 -.110 -.051

C. Do = Means composite definition m
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stimilus m. However the decrease in case of partialling response m,
is due to the previous results which state that definition m correlates
high with response m rather than with stimilus m.

The partiallization of definition m caused the correlation
between the composite definition m and response m to drop significantly
to about zero, and the correlation between the composite definition m
and stimilus m to increase an insignificant amount. The level of sig-
nificance is .05. The same relation is valid in case of partialling
definition m, response m, or definition m and stirmmulus m out of the
zero order correlation of the composite definition and response number
of words, or the correlation of the composite definition and stimmulus
number of letters respectively.

Hence, it could be said that the composite definition m corre-
lated higher with stimulus m than with response m. But the definition
m correlated higher with the response m than with stimulus m. Thus
when definition m was partialled out the considerable change brought
about the correlation of response m with the composite definition m
while less change caused the correlation of stimilus m with the com-

posite definition m.

10: _Meaningfulness of the Composite Response and Its Relaticn to the
Other Variables

The m value of the composite response is obtained by adding up
the m of the individual words which compose the response. The
responses used in this part are thirty sentences. Occasionally a com-

parison will be held between the m of response and composite response.
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The composite response m has a mean of 1.828 and standard devia-
tion of 2.338. The corresponding values for response m are 2.540 for
the mean and .710 for the standard deviation. Comparing the means and
standard deviations of both types of response, one might notice that
there is no significant difference between the means, but the variances
are very significantly different. The level of significance is the .05.

Table 31 shows that the composite response m correlates signifi-
cantly at the .1 level, only with the standard deviation of either
stimili m or response m. The other composite response m correlations

are not far from zero for o equal .1.

TABLE 31: The Correlation Coefficients of Definitional Variables With

Composite Response m and Response m

—
———

Definitional Variables Composite Response
Response

Stimllli - 186 -0018

m Responses .075 1,000
Definitions - 154 o 566x %
Stimili - 322% .022

S. D. Responses $337* o 56l
Definition -.123 L33

Length Stimuli .026 -.2U6
Responses -.095 «313%

* Significant at the .1 level
** Significant at the .05 level

***Significant at the .01 level
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It has been shown in Table 30 that the definition m and the com-
posite definition m correlate significantly at the .01 level. However,
the results are different in the case of response m and composite
response m, Their correlation is almost zero at the .05 level. The
response m seems to correlate highly at the .01 level with definition
m, but the composite response m correlation with definition m is not
significant from zero. Furthermore, there is a significant difference
between the correlations of definition m with composite response m and
the response m at the .01 level.

The two significant correlations can be explained as follows:
(1) When the composite response meaningfulness was high, the standard
deviation of the stimuli m was also high. (2) The composite response

m increased as the standard deviation of response m was decreased.



APPENDIX G

Lists of Definitions Representing Each Type of Definition

H-H List
Percentage:

Division:

Face:

Latitude:

L-H List
Predecessor:

Uniqueness:

Abscissa:

Hypotenuse:

H-L List
Discount:

Placeholder:

Face:

Circle:

L-L List
Cardinality:

A gorism:

Ellipse:

Trapezoid:

A given proportion in every hundred

The process of finding how many times a rnumber
is contained in another mumber

A side of a pyramid

The distance north or south of the equator
measured in degrees

A number that precedes another number

There is only one sum that is correct as a sum
of any two rnumbers

The distance measured horizontally to a point

The side opposite the right angle in a triangle

The rate of reduction

A symbol that holds a place for a numeral in a
number sentence

A region of a plane enclosed by a polygon

A closed plane figure all of whose points are
equidistant from a given point

The number property of the set

A computational method used in finding the result
of an operation upon a number

An elongated circle

A quadrilateral having a single pair of opposite
sides parallel but not congruent
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APPENDIX H

Instructions and the Familiarization Materials

Instructions: I shall show you one sentence which expresses the mean-
ing of each word you have just seen (in the pre-test). You are going
to see the word (stimulus) try to guess its meaning in one sentence.
Then you will see a sentence which tells the meaning of this word.
Read this sentence carefully, because you are going to write it down,
exactly as it is, without any change. Again, read the word, guess

its meaning in one sentence, then read the sentence carefully since
you shall rewrite it again without any change in its words.

(In order to make it easy for you to remember the sentence
exactly, I shall explain it by using three other sentences. These
sentences are just to help you understand the one sentence which will
be shown to you later. Read these sentences carefully and try to
understand their common meaning. But remember, you are not going to
write any of these sentences again. They will just help you to under-
stand the meaning of the sentence.

Remember again, read the three sentences and try only to under-
stand their common meaning., Second, when you see the word, guess its
meaning, then read the one sentence carefully. Third, when you are
asked to write down the meaning of the word, try to write exactly the
same one sentence which will be shown to you, without making any

change in this sentence.)

() - Instructions for the Ss of the familiarization treatments
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Verbal Familiarization Material:

H-H List

Percentage: Jack improved in his job as a salesman. The presi-
dent gives him a proportion of his sales products. He takes ten
dollars for every hundred dollars.

Division: Jim has eighteen marbles. He wanted to know how many
groups of three marbles there are in the eighteen marbles., He divided
the marbles into groups of three and counted the number of groups.

Face: A pyramid has many sides. One side is called a base.
Other sides have other names.

Latitude: Jim learned that the weather is different in differ-
ent cities. The weather of the city almost depends on its distance
from the equator. The distance of the city North or South of the

equator is measured in degrees.

L-H List

Predecessor: We count upward by adding one to each number. We
can also count downward. In this case we get the lower number by sub-
tracting one from each rumber,

Uniqueness: The teacher asked the pupils to get the sum of two
numbers. There is only one sum that is a correct result of this prob-
lem. Any other sum is wrong.

Abscissa: Bill drew two perpendicular lines at the middle of
the page. One line is a horizontal line and the second is a vertical
line. Any point has a distance away from the vertical line.

Hypotenuse: Jack drew a right triangle. Two sides form the right

angle. The third side is opposite in position to the right angle.
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H-L List

Discount: Jack will buy a new suit. The store will make a ten
percent reduction in price. He will buy his new suit at a lower price
because of the ten percent off,

Placeholder: We use numbers in sentences. In some cases one
might not know what the number is. Then it is possible to use a letter
that takes the place of the unknown number.

Face: Suppose you have a piece of paper. You draw a closed
figure using straight lines. Then there will be a part of the paper
surrounded by the lines of the figure.

Circle: Suppose you have a piece of paper. Then you draw a
closed figure using a compass. The distance from the point where the
sharp end of the compass is placed, to any point on the figure will be

equal,

L-L List

Cardinality: Jim has many pencils of different colors. The pen-
cils which have the same color are called a set. To describe this set
is to count the number of pencils in it.

Algorism: Bill is a bright student. The teacher asked him to
show his method in solving the division problem. He explained, step
by step, how he found the result of the operation.

Ellipse: Jim has a circle of wire. He changed the shape of the
circle by stretching it. The new shape is not a circle.

Trapezcid: An area has four sides. Two sides are parallel.

These two sides are not equal in length.
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Percentage of Correct Responses Per Test Trial for the Verbal Familiarization
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APPENDIX N

Percentage of Exact Responses Per Test Trial for the Verbal Familiarization
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APPENDIX O

Percentage of Exact Responses Per Test Trial for the Picture Familiarization
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APPENDIX W

The Letter Sent to the Schools That Participated in This Study

December 23, 1965

Dear :

The purpose of this letter is to express my appreciation for the fine
cooperation that I received from you and your staff while conducting
my doctoral dissertation research at your school. Without such coop-
eration, such a study would not have been possible.

I would like to be in a position to discuss my findings with you and
your staff. However, it is necessary for me to return at this time
to the United Arab Republic. My major professor, Dr. Clessen Martin,
has kindly informed me of his willingness to discuss the study with
any interested persons. If there is any interest in this research,
Dr. Martin may be contacted at Michigan State University.

May I again thank you, your staff, and the students for their coop-
eration.

Sincerely,

Salah A. Hotar

il

Red Cedar Elementary School, East Lansing
Baily Elementary School, East Lansing
Dwight Rich Junior High School, East Lansing
Waverly Junior High Schocl, Lansing

Mason Junior High School, Mason

Holt Junior High School, Holt

Springfield Junior High School, Battle Creek
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