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The problem of this study was a comparison of two tech-

niques of teaching general education mathematics: a trans-

personal psychology technique and a lecture-oriented 

technique. The purposes of the study were to determine the 

relative effectiveness of a transpersonal psychology technique 

and a lecture-oriented technique in promoting an understand-

ing of the structure of the real number system, in the 

development of students' attitudes toward mathematics, and in 

the retention of knowledge of the real number system. 

The subjects of this study were those students who en-

rolled for the general education mathematics course at a state 

college in Arkansas in the spring semester of 1976. The stu-

dents were divided into two groups by regular registration 

procedures. One group was taught by a transpersonal psychol-

ogy technique which employed relaxation procedures and guided 

fantasy journeys in addition to standard lecture procedures. 

The other group was taught by a lecture-oriented technique 

which employed lectures, examples, drill exercises, question-

answer sessions, and discussion sessions. Sixty-one students, 



thirty-one in one group and thirty in the other group, fin-

ished the course and completed all measuring instruments. 

The Cooperative Mathematics Tests: Structure of the 

Number System, forms A and B, were used to test for achieve-

ment in understanding the real number system. A semantic 

differential instrument developed by McCallon and Brown was 

used as the attitude measuring instrument. Form A of the 

achievement tests and the semantic differential were adminis-

tered as pretests at the beginning of the semester, form B 

of the achievement tests and the semantic differential were 

administered as posttests at the end of an eight-week study 

of the real number system, and form A of the achievement tests 

was administered as a retention test at the end of the 

semester. 

Analysis of covariance was used to test for significant 

variation of means. The .05 level of significance was used. 

The sets of scores on the pretest administration of the in-

struments served as covariates and the sets of scores on the 

posttest and retention administration of the instruments 

served as dependent variables. The mean score of the group 

taught by the transpersonal psychology technique was signifi-

cantly greater than the mean score of the group taught by the 

lecture-oriented technique on the retention test; the mean 

score of the lower half of the group taught by the transper-

sonal psychology technique was significantly greater than the 

mean score of the lower half of the group taught by the 



lecture-oriented technique on the retention test. The lower 

halves of the groups were determined by scores on the pretest 

administration of form A. There were no other significant 

variations of means found. 

The results of this study were generally inconclusive. 

It seems necessary that more research be done in the appli-

cation of relaxation procedures and guided fantasy journeys 

to the teaching of mathematics before definite conclusions 

are drawn concerning the effectiveness of the techniques. 

The paper describing the experimental study consists of 

five chapters, five appendixes, and a general bibliography. 

The first chapter is introductory and presents the problem, 

purposes, hypotheses, and other introductory materials. The 

second chapter consists of a synthesis of research done in 

the area of man's two-hemisphere brain and a synthesis of 

material on the informal applications of the transpersonal 

teaching technique. Chapters four and five describe the col-

lection of data and the analysis of the data. The fifth 

chapter presents findings, conclusions, and recommendations. 



TABLE OF CONTENTS 

Page 
LIST OF TABLES iv 

Chapter 

I. INTRODUCTION 1 

Statement of the Problem 
Purposes of the Study 
Hypotheses 
Limitations and Basic Assumptions 
Definition of Terms 
Background and Significance 

II. REVIEW OF THE LITERATURE 11 

Introduction 
Research Related to the Two Hemispheres 
of the Brain 

Informal Applications of Relaxation and 
Fantasy Journey Techniques 

III. PROCEDURES FOR COLLECTION AND TREATMENT OF 
DATA 21 

Instruments 
Selection of Subjects and Research Design 
Physical Environment and Materials 
Administration and Scoring of the 

Instruments 
Procedures for Group E 
Procedures for Group C 
Statistical Procedures 

IV. ANALYSIS OF THE DATA 41 

Analysis of Covariance Tables 
Presentation of Additional Data 

V. SUMMARY, FINDINGS, CONCLUSIONS, AND 

RECOMMENDATIONS 60 

APPENDIX 67 

BIBLIOGRAPHY 93 

ill 



LIST OF TABLES 

Table Page 

I. 

II, 

III. 

Analysis of Covariance for Data of Group E 
and Group C from Achievement Pretest 
and Posttest 

Analysis of Covariance for Data of Group E^ 
and Group from Achievement Pretest 
and Posttest 

Analysis of Covariance for Data of Group E2 
and Group C2 from Achievement Pretest 
and Posttest 

42 

43 

44 

IV. Analysis of Covariance for Data of Group E 
and Group C from the Semantic Dif-
ferential Instrument Factor I Pretest 
and Posttest 46 

V. Analysis of Covariance for Data of Group E^ 
and Group C-. from the Semantic Dif-
ferential Instrument Factor I Pretest 
and Posttest 47 

VI. Analysis of Covariance for Data of Group E2 
and Group C2 from the Semantic Dif 
ferential Instrument Factor I Pretest 
and Posttest 48 

VII. Analysis of Covariance for Data of Group E 
and Group C from the Semantic Dif-
ferential Instrument Factor II Pretest 
and Posttest 49 

VIII. Analysis of Covariance for Data of Group E^ 
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CHAPTER I 

INTRODUCTION 

A general education mathematics course is frequently the 

last formal contact that students have with mathematics. In 

most cases, a student's attitude toward mathematics is rather 

definitely formed prior to his last formal course in mathe-

matics; however, the last formal course offers one more 

opportunity to promote a more positive attitude. The attitude 

a student has toward mathematics when he finishes his final 

formal mathematics course critically determines the attitude 

he will have toward the subject for the remainder of his life. 

If his attitude is negative, then he will tend to avoid 

situations in which more knowledge of mathematics could be 

obtained. He will, as a result, fail to gain a valuable tool 

for improving his life. 

An understanding of the real number structure is basic 

to understanding most of the concepts usually considered in a 

general education mathematics course. Thus, any technique 

which serves to promote an understanding of this structure 

and simultaneously serves to instill a positive attitude 

toward mathematics is extremely valuable. Research which 

attempts to isolate those techniques which are most effective 

in these areas is important. 



Although considerable research has been done in comparing 

various teaching techniques, and much has been written about 

conclusions drawn from such research, lecture-oriented tech-

niques remain the most used teaching procedure in general 

education mathematics. If a relatively new technique appears 

as a possible member for the set of most effective techniques, 

it is appropriate to compare this new technique with lecture-

oriented techniques. 

Transpersonal educational psychology offers new possi-

bilities. Very little has been done as yet in the formal 

study of transpersonal techniques applied to mathematics. 

Informal studies indicate that some of these transpersonal 

techniques are extremely effective. 

Statement of the Problem 

The problem of this study was a comparison of two tech-

niques of teaching general education mathematics: A trans-

personal psychology technique and a lecture-oriented technique. 

Purposes of the Study 

The purposes of this study were (1) to determine the 

relative effectiveness of a transpersonal psychology tech-

nique and a lecture-oriented technique in developing an 

understanding of the structure of the real number system, 

(2) to determine the relative effectiveness of the two tech-

niques in the development of students' attitudes toward 

mathematics, and (3) to determine the relative effectiveness 



of the two techniques in retention of knowledge of the real 

number system. 

Hypotheses 

The hypotheses presented below were formulated to carry 

out the purposes of this study. E represents the group that 

was taught by the transpersonal psychology technique, C 

represents the group that was taught by the lecture-oriented 

technique, Ex and E2 represent the upper half and lower half 

respectively of E, and Cj and C2 represent the upper half and 

lower half respectively of C. 

1. At the completion of eight weeks of study of the real 

number system the adjusted mean scores on the Cooperative 

Mathematics Tests: Structure of the Number System, form B, 

will be related as follows: 

a. The adjusted mean score of group E will be significantly 

greater than the adjusted mean score of group C. 

b. The adjusted mean score of group will be sig-

nificantly greater than the adjusted mean score of group C^. 

c. The adjusted mean score of group E2 will be sig-

nificantly greater than the adjusted mean score of group C2• 

2. At the completion of eight weeks of study of the real 

number system the adjusted mean scores on each factor of the 

McCalIon-Brown Semantic Differential Instrument for Measuring 

Attitude Toward Mathematics will be related as follows: 

a. The adjusted mean score of group E will be sig-

nificantly greater than the adjusted mean score of group C. 



b. The adjusted mean score of group will be sig-

nificantly greater than the adjusted mean score of group C-̂ . 

c. The adjusted mean score of group E2 will be sig-

nificantly greater than the adjusted mean score of group C2-

3. Eight weeks after the completion of the study of the 

real number system the adjusted mean scores on the Cooperative 

Mathematics Tests; Structure of the Number System, form A, 

will be related as follows: 

a. The adjusted mean score of group E will be signific-

antly greater than the adjusted mean score of group C. 

b. The adjusted mean score of group E^ will be sig-

nificantly greater than the adjusted mean score of group C^. 

c. The adjusted mean score of group E2 will be sig-

nificantly greater than the adjusted mean score of group C2. 

Limitations 

This study was limited to those students enrolled in 

general education mathematics at a small (enrollment approxi-

mately 2,000) southwest Arkansas college in the 1976 spring 

semester. 

Basic Assumptions 

It is assumed that the students responded honestly to 

the measuring instruments. It is also assumed that the use 

of the same instructor for both groups negated the effects of 

physical appearance and personality traits of instructors on 

attitude and test performance. 



Definition of Terms 

Several sources (1, 4, 5, 6, 7, 10) were used in formula-

ting the following definitions for this study. 

Fantasy journey—any experience created by the mind while 

in an altered state of consciousness such that the experience 

does not actually occur in the sense of awake conscious reality 

and such that the intensity of the experience varies between 

awake consciousness and sleeping dream state. The individual 

is in control of his experience at all times and can terminate 

the journey at any time. 

Guided fantasy journey—a fantasy journey in which some 

person describes and leads the subject through a predetermined 

experience. 

Lower half of class—that set of class members ranking 

in the bottom 50 percent of the class in terms of scores on 

the Cooperative Mathematics Tests: Structure of the Number 

System, form A, administered prior to experimental treatment. 

Transpersonal psychology—that branch of pyschology deal-

ing with altered states of consciousness, parapsychology and 

psychic phenomena, other cultures and their psychologies, new 

forms of energy, subjective experience and inner states, recent 

physiological discoveries such as biofeedback, man's impulse 

toward self-transcendence and spiritual growth, syntheses of 

widely separated fields of psychology, and evolving conscious-

ness. The transpersonal dimension refers to those experiences 

of the human being in which one progressively realizes his 



essential unity with all being. This dimension essentially 

transcends the personal dimension, which refers to the har-

monization of energies and expansion of awareness within the 

individual as an entity separate from the rest of the universe. 

The personal mode of experience includes the physical: the 

five senses; the emotional: love, anger, sadness, joy, etc.; 

and the mental: intellect and discursive thinking. The trans-

personal mode of experience includes the intuitional: imagery, 

visualization, guided fantasy, dreams, and self-hypnosis; 

psychic: parapsychological phenomena, biofeedback, psychedelics, 

and meditation; and the mystical: asceticism, prayer, and yoga. 

Upper half Ojf class—that set of class members ranking 

in the top 50 percent of the class in terms of scores on the 

Cooperative Mathematics Tests: Structure of the Number Sys-

tem, form A, administered prior to experimental treatment. 

Background and Significance of the Study 

According to Robert Kantor, 

Since psychology is basic to education in the 
same way that biology is basic to medicine, a revo-
lution in psychology usually foreshadows a revolution 
in education and to my mind, there is a revolution in 
psychology underway (8, p. 191). 

The revolution in psychology goes under the name of trans-

personal psychology. Roberts and Clark (9) indicate that one 

of the basic tenets of transpersonal psychology is that phys-

ical, emotional, intellectual, and spiritual growth are inter-

related, and the most effective educational environment must 



stimulate and nurture the intuitive as well as the rational, 

the imaginative as well as the practical, and the creative 

as well as the receptive functions of the individual. 

Recent research by Ornstein and others (2, 3, 9) has pro-

duced much evidence that the brain consists of two hemispheres, 

each with its own mode of thought, but such that the two parts 

are functionally related so that the whole is more than just 

the sum of its parts. This research suggests that the left 

part of the brain is verbal, analytic, calculating, reasoning, 

and active, while the right part is pictorial, synthetic, 

intuitive, receptive, and holistic. Thus, the left half is 

inclined to thinking in terms of words and clearly defined 

symbols, and the right half is oriented to thinking in pic-

tures and patterns as a whole. 

Ornstein (2) believes that since most of our current 

teaching practices concentrate on words, formulas, sequences, 

and cognitive information, we are concentrating our teaching 

on the left brain functions and neglecting the right half. 

Roberts (8, 9) indicates that relaxation, guided fantasy 

journeys, and creative reverie are three transpersonal tech-

niques that are readily adaptable to almost any class and 

that these techniques offer the possibility of engaging the 

right half of the brain in the learning process. 

We know that experience is the best teacher and 
that teaching is easier when students have had relevant 
experiences. Some things, however, are difficult or 
impossible to experience directly. The use of fantasy, 
however, can give students an imaginary experience which 



they can relate to the verbal, logical material which 
is usually presented in class. In this way, material 
geared to left-brain learning can be connected to the 
more diffuse, intuitive knowing of the right side. . . . 
Perhaps when something suddenly "makes sense" or "rings 
true," it is an instance of making a connection between 
the two modes of knowing. Becoming aware in the left 
side of the brain of what the right side had intuitively 
known but had not been able to verbalize may be expe-
rienced as a flash of insight (9, p. 13). 

Alfred North Whitehead (11) proposes that mathematics is 

perhaps the only truly original creation of the human mind. 

If the premises that mathematics is a creation of the human 

mind and the right half of the brain controls the creative 

process of the mind are accepted, then functions of the right 

side of the brain seem to be necessary ingredients in the 

process of leading to an understanding of concepts in mathe-

matics . Thus, it seems imperative to develop and test tech-

niques which engage the right-brain functions in teaching and 

learning mathematical concepts. 

Much informal testing of transpersonal techniques has 

been done in classroom situations and results are extremely 

promising (7, 8, 9). Roberts and Clark state, 

These exploratory applications . . . indicate 
an area where further investigation and experimentation 
may lead to the development of transpersonal teaching 
methods. . . . The field is open . . . for research 
on new teaching styles. . . . 

Research in transpersonal educational psychology 
is currently at the exploratory and descriptive stages. 
However, some rough-hewn applications of transpersonal 
ideas show considerable promise. Whenever new prac-
tices come along, the door is open to common research, 
which compares and evaluates new methods.... Trans-
personal practices are open fields for traditional 
educational research (9, pp. 10-11, 14, 29). 



A search of the literature revealed very little formal 

research in the application of relaxation, guided fantasy, 

and creative reverie to mathematics classroom situations. 

Considerable research seems necessary in this area to deter-

mine whether or not the initial promise of these transpersonal 

techniques will be fulfilled in accepted, effective teaching 

methods. 
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CHAPTER II 

REVIEW OF THE LITERATURE 

Introduction 

In early March of 1976, an order form was sent to the 

Texas Information Service in Austin, Texas, requesting a 

computer search of Education Resources Information Center 

materials, Research in Education files, and Current Index to 

Journals in Education. The question submitted on this request 

form was "What research has been done in the application of 

the transpersonal psychology techniques of relaxation and 

guided fantasy journeys to the teaching of mathematics and 

science?" The searchers in Austin were asked to use all 

descriptors that their experience had shown might be pro-

ductive . 

A letter, dated March 26, 1976, from the Texas Information 

Service (Appendix E) stated that a search for information on 

the submitted topic had yielded no results. The coordinator 

suggested Psychological Abstracts and Dissertation Abstracts 

as possible alternative sources. 

Subsequently, a letter was sent to the Texas Information 

Service requesting a search of Psychological Abstracts and 

Dissertation Abstracts. Soon thereafter, a letter dated 

April 12, 1976, was received from the coordinator of the 

11 
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computer search (Appendix E). The letter stated that nothing 

relevant to the submitted topic had been found in the litera-

ture available to the searchers. 

Previous to the computer search, the files of two uni-

versity libraries and one college library had been examined 

for information relative to research in the application of 

relaxation and fantasy journey techniques to teaching mathe-

matics and science. No such research was found. 

In view of the results noted in the preceding three para-

graphs, a decision was made to divide the remainder of this 

chapter into two principal parts. The first part presents a 

synthesis of available material on research related to the 

theory that the two hemispheres of the brain perform different 

functions and control different modes of consciousness. This 

theory provides a basis for the relaxation and fantasy journey 

techniques. The second principal part of the chapter presents 

a synthesis of available material on informal applications of 

relaxation and fantasy journey techniques to teaching situa-

tions. The results of the informal applications provide 

evidence which suggests that formal research might be pro-

ductive . 

Research Related to the Two Hemispheres of the Brain 

The brain of higher animals, including man, is a double 

organ, consisting of right and left hemispheres connected by 

an isthmus of nerve tissue called the corpus callosum. 
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Research indicates that the two hemispheres have specialized 

functions. 

In the early 1950's Myers and Sperry (10), working with 

cats, discovered that when the corpus callosum connecting the 

two halves of the cerebrum was cut, each hemisphere functioned 

independently as if it were a complete brain. The findings 

introduced new questions in the study of brain mechanisms. 

Was the corpus callosum responsible for integration of the 

operations of the two cerebral hemispheres in the intact 

brain? To what extent were the two half-brains actually inde-

pendent when they were separated? Could they have separate 

thoughts, even separate emotions? 

Sperry and his co-workers (16) pursued these questions 

in a wide-ranging series of animal studies. The results of 

their studies indicated specialized functions of the hemi-

spheres of the brain with the corpus callosum acting as some 

type of coordinating mechanism. 

More recently those questions have been investigated in 

human patients who underwent the brain-splitting operation 

for medical reasons. Sperry and Gazzaniga (11, 17, 18) 

examined four such patients thoroughly over a long period 

with many tests. The results of these studies seemed to 

demonstrate conclusively that in a split-brain situation, 

they were really dealing with two brains, each separately 

capable of mental functions of a high order. The evidence 

indicated that separation of the hemispheres created two 
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independent spheres of consciousness within a single organism. 

The left hemisphere appeared to have more control over the non-

verbal, intuitive functions. 

Milner (9), studying patients who had undergone temporal 

lobectomies, found evidence that patients with left temporal 

lobectomy had certain verbal disabilities in contrast to 

right temporal lobectomy patients who had impairment in the 

comprehension of pictures. Milner and her colleagues (8) 

have continued with a variety of studies contributing to an 

imposing body of evidence for hemispherical specialization. 

The left hemisphere seems to specialize in nonverbal, pictorial, 

intuitive functions. 

Kimura (5) and Shankweiler (15) have found evidence that 

the right hemisphere specializes more in musical aptitude than 

does the left hemisphere. 

Bogen (1) stated that studies by Bogen, Sperry, and 

Vogel, 1969, by Sperry, Gazzaniga, and Bogen, 1969, by Sperry, 

1964, by Gazzaniga, 1970, and by Sperry, Vogel, and Bogen, 

1970, indicated that split-brain surgery had left the patients 

with two separate minds, that is, with two separate spheres 

of consciousness. 

According to Bogen, 

One of the most obvious and fundamental features 
of the cerebrum is that it is double. Various kinds 
of evidence, especially from hemispherectomy, have 
made it clear that one hemisphere is sufficient to 
sustain a personality or mind. We may then conclude 
that the individual with two intact hemispheres had 
the capacity for two distinct minds. This conclusion 
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finds its experimental proof in the split-brain 
animal whose two hemispheres can be trained to per-
ceive, consider, and act independently. In the 
human, where propositional thought is typically 
lateralized to one hemisphere, the other hemisphere 
evidently specializes in a different mode of thought, 
which may be called appositional (11, p. 119). 

The evidence gained from the investigation of animals and 

people who have undergone split-brain surgery is not the only 

evidence for the specialized functions of the hemispheres of 

the brain. Recent research with normal people has confirmed 

much of the neurosurgical explorations. 

Durnford and Kimura (2) in a carefully controlled experi-

ment with normal people found that the right hemisphere was 

superior in spatial orientation to the left. 

Filbey and Gazzaniga (3) used a tachistoscope to intro-

duce information to only the right hemisphere of the brain 

such that either a nonverbal or a verbal response was required. 

They found that the nonverbal response came more quickly than 

the verbal response. They suggested that the verbal response 

required that the information be sent across the corpus 

callosum to the left hemisphere; therefore, a time lapse 

occurred before the verbal response. The evidence indicated 

specialization of nonverbal functions in the right hemisphere 

and verbal functions in the left hemisphere of the brain. 

Another experiment used eye movements of normal people 

to investigate hemisphere specialization. Kinsbourne (6) 

and Kocel, Galin, Ornstein, and Merrin (7) found that which 

way a person gazes is affected by the kind of question asked. 



16 

Questions of a verbal, analytical nature produced eye move-

ments predominantly to the right; questions of a nonverbal, 

intuitive nature produced eye movements predominantly to the 

left. The investigators concluded that the evidence of the 

studies indicated specialization of verbal, analytical functions 

in the left hemisphere and nonverbal, intuitive functions in 

the right hemisphere. 

Galin and Ornstein (4) have studied electroencephalograph 

recordings of normal people involved in various information-

processing tasks. They found that during a verbal task, the 

alpha rhythm in the right hemisphere increased relative to 

the left, and in a spatial task the alpha rhythm increased in 

the left hemisphere relative to the right. The alpha rhythm 

indicated a decreasing of the information processing in the 

area involved; the brain tended to turn off the side of the 

brain which was not being used. Again, the results of the 

experiments indicated specialized functions of the hemispheres 

of the brain. 

Although there exists abundant evidence that the two 

hemispheres of the brain are specialized in their functions, 

there is no evidence to indicate that a given hemisphere does 

not have some capability of performing the specialized func-

tions of the other hemisphere. The evidence of the preceding 

paragraphs was intended to present a basis for a working 

hypothesis that the brain exists as two hemispheres, the left 

hemisphere primarily concerned with verbal, rational functions 
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and the right primarily concerned with nonverbal, intuitive 

functions. 

Informal Applications of Relaxation and Fantasy 
Journey Techniques to Teaching Situations 

Several instances of the use of relaxation and fantasy 

journey techniques are described in the literature. Although 

no particular experimental design and associated statistical 

analysis were used, the subjective analysis of the results of 

the use of the techniques provides some direction as to what 

might be expected from formal research. 

One application of relaxation and guided fantasy tech-

niques is described in Roberts and Clark (14). The students 

in an electronics class were asked to imagine themselves to 

be electrons. They were then guided through a sequence of 

electric and magnetic fields. The teacher rated the results 

as extremely beneficial in understanding the subject matter. 

A language teacher (14) took his class on a guided 

fantasy journey in the German language. He reported a 

remarkable increase in test scores on a subsequent test as 

compared to test scores on previous tests. 

The chairman of a high school English department (14) 

reported encouraging results from using the transpersonal 

techniques in a poetry class. He indicated that he felt 

that the class was one of the most rewarding of his career. 

Another high school teacher (13) used guided fantasy 

journeys in mathematics classes. She reported that her 
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students settled down, seemed more intent, and did better in 

mathematics: the class average increased 30 percent in about 

six weeks after starting the use of fantasy journeys. 

A biology teacher (13) took his class on a fantasy 

journey through the human circulatory system. He reported 

good results on subsequent tests. 

Ostrander and Schroeder (12) reported that scientists in 

Bulgaria had experimented with relaxation procedures used to 

promote learning of other languages. The results of the 

experiments were quite promising. Many of the participants 

mastered in two weeks as much material as had taken several 

months under standard procedures. 

The literature failed to reveal instances of applications 

of relaxation and fantasy journey techniques to college-level 

teaching situations. The apparent success of the techniques 

at a lower level suggested that applications at the college 

level might prove productive. 
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CHAPTER III 

PROCEDURES FOR COLLECTION AND TREATMENT OF DATA 

Instruments 

The purposes of this study were to determine the relative 

effectiveness of two teaching techniques in developing an 

understanding of the structure of the real number system and 

a positive attitude toward mathematics. It was necessary, 

therefore, to select appropriate instruments for measuring 

achievement in understanding concepts of the real number sys-

tem and attitude toward mathematics. Primary requisites for 

the instruments were that they be valid and reliable. Sec-

ondary requisites were that they be relatively simple to 

administer and score. 

The Cooperative Mathematics Tests: Structure of the 

Number System, forms A and B, were used to test for achieve-

ment in understanding the real number structure. According to 

DeVault (4), the authors of the test are well qualified, the 

items appear to be creatively constructed in ways which 

emphasize the measurement of the student's understanding, the 

range of the content covered appears excellent, and reliability 

and content validity seem quite acceptable. 

Steffe (4) suggests care in interpreting test scores when 

the test is used for diagnostic or predictive purposes. He 

21 



22 

does, however, consider the test carefully developed, and he 

does not discourage the use of the test for comparison of 

group achievement in understanding the number system. 

Hills (4) states that the Cooperative Mathematics Tests 

series is of excellent quality and that content validity has 

been attended to exceedingly well. He further indicates that 

the tests are the product of years of painstaking, sophisti-

cated, and expensive work; they should be very useful to 

mathematics teachers. He mentions, though, that lack of data 

on concurrent and predictive validity is one weakness of the 

series. 

Merwin (4) believes that this series of tests is as use-

ful as the series that it replaces. Concerning the replaced 

series, Anderhalter (3) wrote that in terms of the express 

purpose of emphasizing the student's understanding of our 

number system and his ability to reason with insight, the test 

content is superior to that of any other test with which he is 

familiar. 

Each form of the Cooperative Mathematics Tests: Struc-

ture of the Number System consists of forty multiple choice 

questions. There are five possible replies for each question. 

The student's replies are indicated on an answer sheet separate 

from the test booklet. An overlay grading card is supplied 

with each packet of test booklets. The test is simple to 

administer and score. A search of available literature failed 
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to reveal a more suitable instrument for comparing groups 

relative to understanding of the number system. 

In the remainder of this paper, achievement test A will 

refer to the Cooperative Mathematics Tests: Structure of the 

Number System, form A, and achievement test B will refer to 

the Cooperative Mathematics Tests: Structure of the Number 

System, form B. 

The use of semantic differential instruments for mea-

suring attitudes is widespread (9, 10, 12, 14, 19). The 

instruments are considered valid and highly reliable (6, 12). 

Osgood (14) compared semantic differential instruments with 

several other techniques and found correlations to be highly 

significant. Sax (19) considers the semantic differential to 

be an extremely flexible technique which is simple to adminis-

ter and score. A semantic differential instrument seems 

quite suitable for attitude measuring purposes. 

The semantic differential instrument developed by McCallon 

and Brown (12) for measuring attitude toward mathematics was 

used in this study. A copy of this instrument may be found 

in Appendix B. The instrument consists of fourteen bipolar 

adjectives placed at opposite ends of a seven point continuum. 

The pairs of adjectives are pleasant-unpleasant, bad-good, 

hard-soft, afraid-unafraid, active-passive, valuable-worthless, 

strong-weak, love-hate, fast-slow, comfortable-uncomfortable, 

awful-nice, enjoyable-unenjoyable, light-heavy, and varied-

repetitive. A favorable attitude toward mathematics is 
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indicated by a ranking of the concept closest to the follow-

ing poles: pleasant, good, soft, unafraid, active, valuable, 

strong, love, fast, comfortable, nice, enjoyable, light, and 

varied. An unfavorable attitude toward mathematics is indi-

cated by a ranking of the concept closest to the opposite poles. 

The McCalIon-Brown study (12) indicates that a factor 

analysis produced two factors relative to their instrument. 

Factor I appeared to be an evaluative factor, and factor II 

appeared to be a potency factor. The bipolar pairs associated 

with the potency factor are the following: afraid-unafraid, 

hard-soft, and light-heavy. The remaining pairs are associated 

with the evaluative factor. 

The McCallon-Brown study (12) provides evidence that 

their instrument is valid and reliable. This instrument, 

therefore, satisfies the primary and secondary requisites 

stated previously. Hereafter, semantic differential instru-

ment will refer to the McCalIon-Brown instrument. 

The procedures used for scoring the achievement and 

attitude instruments will be discussed later in this chapter. 

Selection of Subjects and Research Design 

The subjects for this study were those students enrolled 

in the general education mathematics course at a small college 

in southwest Arkansas in the spring semester of 1976. Per-

mission was obtained from the chairman of the Division of 

Science and Mathematics at the college to use these students. 

The students were divided into two groups by usual registration 
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procedures. There was no attempt to influence any student's 

decision to register for one or the other of the two groups. 

Therefore, the groups used in this study constituted naturally 

assembled collectives. 

A total of forty-four students registered for one section, 

and a total of thirty-five students registered for the other 

section of the general education mathematics course. At the 

end of the semester a total of thirty-one students in one sec-

tion and a total of thirty students in the other section had 

completed all measuring instruments used in the study. Thus, 

the results of this study are based on the performance of a 

total of sixty-one subjects, thirty-one in one group and 

thirty in the other group. 

Stanley and Campbell (5) state that when the groups used 

in a study constitute naturally assembled collectives such as 

classrooms, the Nonequivalent Control Group Design (5) is one 

of the most widespread experimental designs used in educational 

research. This design involves an experimental group and a 

control group both of which are given a pretest and a posttest, 

but in which the control group and the experimental group do 

not have pre-experimental sampling equivalence. 

The Nonequivalent Control Group Design was the basic 

design used in this study. An additional achievement test 

was administered to both groups eight weeks after the admin-

istration of the posttest for the purpose of investigating 

retention of knowledge of the real number structure. 
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A flip of a coin determined which group was taught using 

the transpersonal psychology technique and which group was 

taught using the lecture-oriented technique. Hereafter, group 

E will refer to the section taught using the transpersonal 

psychology technique, group C will refer to the section taught 

using the lecture-oriented technique, group and group E2 

will represent the upper half and lower half respectively of 

group E, and groups Ci and C2 will represent the upper half and 

lower half respectively of group C. 

Description of Physical Environment and Materials 

The classroom used in this study has a recommended seat-

ing capacity of sixty students. It is fully carpeted and is 

equipped with standard individual student desks. The desks 

are movable and can be arranged within the classroom in any 

desired pattern. The lighting consists of four rows of 

florescent lights, each row controlled by an individual switch, 

There are two narrow rectangular windows located at the rear 

of the room. When all lights are turned off, the room is in 

semi-darkness, but there is still enough light to distinguish 

members of the class. There are chalk boards located on the 

front and side walls. The room is located in a recently 

constructed, completely air-conditioned building. 

A small, relatively inexpensive, portable eight track 

stereo tape player was used to provide relaxation music prior 

to, and during, several of the guided fantasy journeys con-

ducted with group E. The stereo tapes used in the study are: 
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(1) Tape I: "The Incomparable Mantovani Plays the All Time 

Greatest Hits," vol. 1; and (2) Tape II: "Gems Forever," Man-

tovani and his orchestra. 

Topics in Contemporary Mathematics (2), by Britton and 

Bello, is the text that was used in the general education 

mathematics course. Chapters three and four were used for 

both group E and group C in the study of the real number struc-

ture. A table of contents for these two chapters is presented 

in Appendix D. 

Administration and Scoring of the Instruments 

There were sixteen weeks of class work in the spring semes-

ter of 1976 at the college where this study was conducted. The 

study of the real number structure in the general education 

mathematics course was limited to the first eight weeks of 

the semester. The semantic differential instrument and 

achievement test A were administered to both group E and group 

C on the second class day. The semantic differential instru-

ment required less than five minutes to complete. The stu-

dents were allowed fifty minutes to work on achievement test A. 

At the end of the first eight weeks of the semester, the 

semantic differential instrument and achievement test B were 

administered to both groups. The time allowed on the instru-

ments was the same as on the first administration. 

At the end of the semester, achievement test A was 

administered to both groups. Again, a time limit of fifty 

minutes was enforced. 
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Each achievement test consists of forty multiple choice 

questions. Each correct reply was scored as one point. 

Therefore, the maximum possible score for any individual stu-

dent on a given achievement test was forty points, and the 

minimum possible score was zero points. 

The semantic differential instrument consists of four-

teen pairs of bipolar adjectives. Between each pair of adjec-

tives are seven slots. The student placed a check mark in 

exactly one of the seven slots for each pair of adjectives. 

If the check mark was in the slot adjacent to the adjective 

representing a favorable attitude toward mathematics, seven 

points were recorded. The number of points recorded for the 

check mark in one of the other slots varied from six through 

one in a continuous descending manner, with one point being 

recorded if the mark was in the slot adjacent to the adjective 

representing an unfavorable attitude toward mathematics. 

Three of the bipolar pairs were designated as potency 

factor, factor II, pairs. The remaining eleven pairs were 

designated as evaluative factor, factor I, pairs. Each stu-

dent was given an evaluative factor score and a potency factor 

score. The evaluative factor score was the sum of the eleven 

evaluative factor pairs scores, and the potency factor score 

was the sum of the three potency factor pairs scores. Thus, 

the maximum possible score on factor I was seventy-seven 

points, and the minimum possible score on factor I was eleven 

points. The maximum possible score on factor II was twenty-one 
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points, and the minimum possible score on factor II was three 

points. 

The recorded scores for groups E, C, E^, C^, E2/ and C2 

on the achievement tests are presented in Appendix C. The 

recorded scores for groups E, C, E-j , C^, ^2' *̂2 ^^ctors 

I and II of the semantic differential instrument are presented 

in Appendix C. 

Procedures for Group E 

A study of the real number system was conducted during 

the first eight weeks of the 1976 spring semester, a total of 

twenty-four class days for the general education mathematics 

course. The students in group E were told on the first class 

day that they would be participating in a research study, and 

all members indicated a willingness to participate. 

After administration of the semantic differential instru-

ment and achievement test A, the next two class days were 

devoted to an overview of the real number system. This over-

view was given in strictly lecture form and followed a his-

torical approach rather than an axiomatic approach. The 

emphasis in this overview was on the known and suspected his-

torical facts surrounding the creation of the real number 

system. Most of the material for this overview was taken 

from Bell (1) and Eves (7). 

Several subsequent class periods were devoted to a study 

of various numeral systems. Chapter three of the text (2) 
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was used as the basic guide for this particular study of 

numeral systems. Lecture, examples, question-answer, and some 

drill exercises were used as teaching devices. There was no 

attempt to use the transpersonal psychology techniques prior 

to, or during, the study of the numeral bases. 

On the ninth class day of the general education mathe-

matics course, the instructor discussed the experimental treat-

ment with group E. He gave a brief introduction to the split 

brain concept and then explained and discussed relaxation 

procedures, guided fantasy journeys, and creative reverie. 

Principal sources of information used in the explanations and 

discussions were Ornstein (13), Roberts (16), Roberts and 

Clark (18), and Ostrander and Schroeder (15). Time was allowed 

near the end of the period for questions and discussion from 

the students. 

The first fantasy journey was attempted on the tenth class 

day. The first fifteen to twenty minutes of the period were 

used for relaxation procedures. The stereo tape player was set 

up on a table in a front corner of the room; stereo tape I was 

used for relaxation music. All lights in the room were turned 

off. Students were asked to try to concentrate on the music 

and block out all other thoughts. They were also asked to try 

to continue to concentrate on the music when the instructor 

began to conduct the guided fantasy journey later in the period. 

After approximately twenty minutes of music, the instruc-

tor began to talk. He attempted to guide the minds of the 
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students in such a way that each individual mind would create 

for itself an imaginary environment corresponding to a favorite 

vacation spot. A complete description of this journey is 

given in Appendix C. At the end of the period the students 

were asked to attempt similar journeys on their own as an out-

side assignment. 

The eleventh class day was devoted to articles on split-

brain research/ implications of such research, and a short 

fantasy journey. Excerpts were read by the instructor from 

Konicek (11), Roberts (16, 17), and Roberts and Clark (18). 

The reading of the articles and subsequent questions and dis-

cussion lasted for approximately thirty minutes. The remainder 

of the class time was used for the second fantasy journey. All 

lights were again turned out, and stereo tape I was played. 

The instructor attempted to guide the minds of the students to 

a time before the creation of the concept of number. A com-

plete description of this journey is presented in Appendix C. 

A third journey occupied the entire twelfth class day. 

All lights were out and stereo tape II was playing during this 

journey. This guided fantasy journey was designed to instill 

a feeling for, or an experience with, the creation of the con-

cept of number. The instructor attempted to lead the minds 

of the students into an imaginary world and through an imagi-

nary experience similar to what might have been the setting 

for the birth of the number concept. This journey is des-

cribed in detail in Appendix C. 
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The following class day a lecture on the structure of 

the real number system was presented. The emphasis of this 

lecture was on the basic field properties of the numbers under 

addition and multiplication. Numerous examples were given, 

and time was allowed for questions. 

A fantasy journey designed to provide a more vivid 

encounter with the basic field properties was conducted on 

the fourteenth class day. All lights were out, and stereo 

tape II was used. This journey, the fourth in the sequence, 

is presented in Appendix C. 

The following three class days were used for lectures, 

with questions and discussions from students, on various real 

number topics. The topics included prime numbers, prime 

factorization, rational numbers, decimal numbers, least com-

mon multiples, and greatest common factors. 

On the eighteenth class day the fifth fantasy journey 

was taken. This journey was designed with two primary pur-

poses in mind. The first purpose was to present the pos-

sibility that mathematics is an art as well as a science. The 

second purpose was to present a vivid experience with certain 

aspects of the real number system. All lights were out during 

this journey, and stereo tape I was playing. A detailed 

description of the fifth fantasy journey is given in Appen-

dix C. 

The nineteenth through the twenty—first class days were 

devoted to a general review of the real number system. 
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Lectures, additional examples, in-class drill exercises, and 

questions and discussion periods were used in the review. 

A general review by use of a guided fantasy journey was 

conducted on the twenty-second class day. The lights were 

out for this journey, but no music was used. A five-minute 

relaxation period preceded the start of the journey, and the 

students were instructed to use their own individual relaxa-

tion procedures. This journey, the sixth and last of the 

sequence, is given in Appendix C. 

Achievement test B and the semantic differential instru-

ment were administered on the twenty-third class day. The 

twenty-fourth day was used for discussion of the preceding 

eight weeks of study. Emphasis of the discussion was on the 

reactions to the guided fantasy journeys. 

During the remainder of the first eight weeks of classes 

following the first fantasy journey, the students were asked 

to attempt journeys on an individual basis outside of class. 

They were asked to try to reconstruct the journeys conducted 

in class and to devise some of their own. The students were 

also instructed to attempt to relax, close their eyes, and let 

whatever patterns that might form move about with no conscious 

control by the individual. The students were asked to think 

about the patterns and movements and to attempt to order these 

patterns and movements into something analogous to the real 

number structure. This would be an attempt to create an 

abstract system while in a daydreaming, or reverie, state. 
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The students were asked to report any results to the instruc-

tor. 

The instructor had no formal training in the use of the 

transpersonal psychology techniques employed. All his 

knowledge was gained through extensive reading and study of 

available literature relative to the techniques. He had 

attempted the use of relaxation and fantasy journey tech-

niques on himself and other individuals prior to the spring 

semester of 1976. 

For the second eight weeks of the semester the students 

were instructed to refrain from formal study of the real num-

ber structure. No class time was used for further instruction 

in the real number structure. At the end of the second eight 

weeks achievement test A was administered. 

Procedures for Group C 

A study of the real number system was conducted during 

the first eight weeks of the 1976 spring semester. The stu-

dents in group C were told on the first class day that they 

would be participating in a research study, and all members 

indicated a willingness to participate. 

On the days on which transpersonal psychology techniques, 

or discussion of such techniques, were not used for group E, 

the procedures for group C were as nearly identical to those 

of group E as the instructor could make them. A conscious, 

determined effort was made by the instructor to exhibit 
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comparable enthusiasm and desire to teach for each of the two 

groups. The lecture-oriented technique used for both groups 

on those days consisted of lecture, examples, question-answer, 

drill, and discussion. 

On two of the days on which group E was subject to fan-

tasy journeys, group C was given a test over material studied 

prior to the test. The scores on these tests were used in 

computing semester grade averages. One test was given on the 

twelfth class day, and one was given on the eighteenth class 

day. These tests were constructed by the instructor. No 

tests used in computing semester grades were given to group E 

during the first eight weeks. 

On the remainder of those class days on which group E was 

concerned with the transpersonal psychology techniques, group 

C studied the topics under consideration at the time with the 

instructor using the lecture-oriented technique. In general, 

on those days the same topics were presented to both groups, 

but they were presented to group E in fantasy journey form and 

to group C in lecture-oriented form. 

The second eight weeks of the semester was conducted in 

the same manner for group C as for group E. The retention 

instrument was administered to both groups on the same class 

day. 
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Statistical Procedures 

The analysis of covariance procedure (8) was used to 

test each hypothesis in this study. Stanley and Campbell (5) 

indicate that this is a proper statistical procedure when the 

Nonequivalent Control Group Design is used in an educational 

research study where the groups of subjects are naturally 

assembled collectives. 

Hypotheses la, lb, and lc were tested in null form. An 

F value was computed by the analysis of covariance procedure 

to test the significance of the difference between adjusted 

means for each hypothesis. The set of scores on the pretest 

instrument, achievement test A, was the covariate in each 

case. The set of scores on the posttest instrument, achieve-

ment test B, was the dependent variable in each case. Each F 

value was referred to a table of critical values of F. The 

.05 level of significance was used in testing for significance 

of the difference between adjusted means in each case. 

Hypotheses 2a, 2b, and 2c were tested in null form. An 

F value was computed by the analysis of covariance procedure 

to test the significance of the difference between adjusted 

means for each hypothesis. The set of scores on the pretest 

administration of the semantic differential instrument was 

the covariate in each case. The set of scores on the posttest 

administration of the semantic differential instrument was the 

dependent variable in each case. Each F value was referred to 

a table of critical values of F. The .05 level of significance 
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was used in testing for significance of the difference between 

adjusted means. 

Hypotheses 3a, 3b, and 3c were tested in null form. An 

F value was computed by the analysis of covariance procedure 

to test the significance of the difference between adjusted 

means for each hypothesis. The set of scores on the pretest 

administration of achievement test A was the covariate in each 

case. The set of scores on the final administration, at the 

end of the semester, of achievement test A was the dependent 

variable. Each F value was referred to a table of critical 

values of F. The .05 level of significance was used in test-

ing for significance of the difference between adjusted means. 

A Hewlett-Packard programmable calculator, HP-25, was 

used to compute all F values. The following sequence of steps 

was used to compute an individual F value: 

1. The total sum of squares on both Y and X, the covariate 

and dependent variable respectively, was partitioned into two 

components, a within—groups and a between—groups sum of squares, 

using the usual analysis of variance formulas. 

2. The total sum of products was partitioned into two 

components, a within-groups and a between-groups sum of pro-

ducts . 

3. An adjusted total sum of squares on X was calculated 

to remove the effects of the covariate Y. 

4. An adjusted within-groups sum of squares on X was 

calculated. 
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5. An adjusted between-groups sum of squares was cal-

culated by subtraction; that is, the adjusted within-groups 

sum of squares was subtracted from the adjusted total sum of 

squares. 

6. The within-groups variance estimate, Sw
2, was found 

by dividing the adjusted within-groups sum of squares on X by 

df=N-k-l, where df represents degrees of freedom, N the total 

number of subjects, and k the number of groups. 

7. The between groups variance estimate, was found 

by dividing the adjusted between-groups sum of squares on X 

by df=k-l. 

8. F=Sl
2/SI,

2 was computed. 
D W 

The formulas used for the computations are given in Ferguson 

( 8 ) . 
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CHAPTER IV 

ANALYSIS OF THE DATA 

The present chapter is designed primarily to present the 

results of the analysis of covariance procedure applied to 

the data collected from administrations of the semantic dif-

ferential instrument, achievement test A, and achievement test 

B. The results are summarized in twelve tables. In each of 

the twelve tables, Y represents the covariate, and X represents 

the dependent variable for the particular situation. Each 

hypothesis was tested in the null form, and each table rep-

resents the analysis relative to one of the hypotheses. 

An additional section appears at the end of this chapter 

following the presentation of the data bound to the hypotheses. 

The purpose of the additional section is to present certain 

objective and subjective data which might be useful in 

interpreting results of the experimental study. 

Analysis of Covariance Tables 

Table I presents a summary of the results of the analysis 

of covariance procedure applied to the scores of group E and 

group C on the pretest and posttest achievement instruments. 

The set of scores on achievement test A was the covariate, and 

the set of scores on achievement test B was the dependent 

variable. 

41 
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The F ratio of .20 is substantially short of the value 

necessary for significance at the .05 level. Therefore, 

hypothesis la, that the adjusted mean score of group E would 

be significantly greater than the adjusted mean score of group 

C on the posttest instrument, is not tenable. 

TABLE I 

ANALYSIS OF COVARIANCE FOR DATA OF GROUP E AND GROUP C 
FROM ACHIEVEMENT PRETEST AND POSTTEST 

Source of Variation 

Total 

Between Within 

Total 

Sum of squares: Y 1.76 1822.31 1824.07 

Sum of squares: X 1.26 2388.97 2390.23 

Sum of products -1.49 1403.80 1402.31 

Degrees of freedom 1 59 60 

Adjusted sum of squares: X 4.59 1307.57 1312.16 

Degrees of freedom for 
adjusted sum of squares 1 58 59 

Variance estimates 4.59 22.54 • • 

F=20 p>. 05 

Table II displays information from the analysis of 

covariance procedure applied to the scores of group E^ and 

group C-j on the pretest and posttest achievement instruments 

The set of scores on achievement test A was the covariate, 
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TABLE II 

ANALYSIS OF COVARIANCE FOR DATA OF GROUP E1 AND GROUP C]_ 
FROM ACHIEVEMENT PRETEST AND POSTTEST 

Source of Variation 

Total Total 

Between Within 

Sum of squares: Y 9.64 448.66 458.30 

Sum of squares: X 2.71 735.46 738.17 

Sum of products 

O
 

i—1 • 
LD

 313.40 318.50 

Degrees of freedom 1 28 29 

Adjusted sum of squares: X .29 516.54 516.83 

Degrees of freedom for 
adjusted sum of squares 1 27 28 

Variance estimates .29 19.13 • • 

F=. 02 p». 05 

and the set of scores on achievement test B was the dependent 

variable. 

The F ratio of .02 is extremely small and is far below 

the value necessary to indicate significance at the .05 level. 

Hypothesis lb, that the adjusted mean score of group would 

be significantly greater than the adjusted mean score of group 

Ci on the posttest instrument, must be rejected. 

A summary of the results of the analysis of covariance 

procedure applied to the scores of the lower halves of groups 
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E and C on the achievement pretest and posttest is presented 

in Table III. The set of scores on the pretest was the 

covariate, and the set of scores on the posttest was the 

dependent variable. 

TABLE III 

ANALYSIS OF COVARIANCE FOR DATA OF GROUP E2 AND GROUP C2 
FROM ACHIEVEMENT PRETEST AND POSTTEST 

Source of Variation 

Total Total 

Between Within 

Sum of squares: Y 3.79 250.40 254.19 

Sum of squares: X 15.08 714.27 729.35 

Sum of products 7.56 63.50 71.06 

Degrees of freedom 1 29 30 

Adjusted sum of squares: X 11.31 698.17 709.48 

Degrees of freedom for 
adjusted sum of squares 1 28 29 

Variance estimates 11.31 24.93 • • 

F=. 45 p>. 05 

The F ratio of .45 does not indicate significant varia-

tion at the .05 level. Therefore, hypothesis lc, that the 

adjusted mean score of group E2 would be significantly greater 

than the adjusted mean score of group C2 on the posttest, is 

rejected. 
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Tables I, II, and III indicate no significant variation 

in the adjusted mean scores of group E and group C and no 

significant variation in the adjusted mean scores of the 

corresponding subgroups E^, C-̂  and E2, C2 on the posttest 

administration of achievement test B. 

Table IV through Table IX present data compiled in 

examining the attitudes of the groups and subgroups relative 

to the term mathematics. Each pair of groups, E, C; E^, C^; 

and E2, C2, was investigated in terms of the two factors 

which appeared in the factor analysis procedure when the 

semantic differential instrument was constructed. 

The results of the analysis of covariance for the data 

of groups E and C from the semantic differential instrument, 

evaluative factor, are displayed in Table IV. The set of 

scores on the pretest was the covariate, and the set of 

scores on the posttest was the dependent variable. 

The F ratio of .86 is not sufficiently large to indi-

cate significant variation at the .05 level. Hypothesis 2a, 

factor I, that the adjusted mean score of group E would be 

significantly greater than the adjusted mean score of group 

C on the semantic differential instrument, factor I, must 

be rejected. 
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TABLE IV 

ANALYSIS OF COVARIANCE FOR DATA OF GROUP E AND GROUP C 
FROM THE SEMANTIC DIFFERENTIAL INSTRUMENT 

FACTOR I PRETEST AND POSTTEST 

Source of Variation 

Total 

Between Within 

Total 

Sum of squares: Y 315.55 8368.71 8684.26 

Sum of squares: X 273.64 5689.38 5963.02 

Sum of products 293.85 4411.22 4705.07 

Degrees of freedom 1 59 60 

Adjusted sum of squares: X 49.66 3364.19 3413.85 

Degrees of freedom for 
adjusted sum of squares 1 58 59 

Variance estimates 49.66 58.00 • • 

II •
 00
 

CT\
 

p^.05 

Table V summarizes the results of the analysis of 

covariance for the scores of groups E^ and C^ on factor I of 

the semantic differential instrument pretest and posttest 

administration. The set of pretest scores was the covariate 

for the computations, and the set of posttest scores was the 

dependent variable. 

The small F ratio of .07 does not approach the F value 

necessary to indicate significant variation at the .05 level. 
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TABLE V 

ANALYSIS OF COVARIANCE FOR DATA OF GROUP E;l AND GROUP Cj 
FROM THE SEMANTIC DIFFERENTIAL INSTRUMENT 

FACTOR I PRETEST AND POSTTEST 

Source of Variation 

Total 

Between Within 
Total 

Sum of squares: Y 32.04 2882.66 2914.70 

Sum of squares: X 30.01 2259.86 2289.87 

Sum of products 31.00 2007.20 2038.20 

Degrees of freedom 1 28 29 

Adjusted sum of squares: X 2.35 862.24 864.59 

Degrees of freedom for 
adjusted sum of squares 1 27 28 

Variance estimates 2.35 31.93 • • 

F=. 07 p^.05 

Hypothesis 2b, factor I, that the adjusted mean score of 

group Ej would be significantly greater than the adjusted mean 

score of group Cx on factor I of the semantic differential 

instrument, is rejected. 

Table VI presents data from the analysis of covariance 

on the scores of groups E2 and C2 on factor I of the pretest 

and posttest administration of the semantic differential 

instrument. The pretest scores served as the covariate, and 

the posttest scores served as the dependent variable. 
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TABLE VI 

ANALYSIS OF COVARIANCE FOR DATA OF GROUP E2 AND GROUP C2 
FROM THE SEMANTIC DIFFERENTIAL INSTRUMENT 

FACTOR I PRETEST AND POSTTEST 

Source of Variation 

Total Total 

Between Within 

Sum of squares: Y 896.76 4276.34 5173.10 

Sum of squares: X 802.84 2727.93 3530.77 

Sum of products 848.50 1526.95 2375.45 

Degrees of freedom 1 29 30 

Adjusted sum of squares: X 257.28 2182.70 2439.98 

Degrees of freedom for 
adjusted sum of squares 1 28 29 

Variance estimates 257.28 77.95 • • 

F=3.30 p>.05 

The F ratio of 3.30, although substantially larger than 

the F values in the previous tables, is not sufficiently large 

to show significant variation at the .05 level. Thus, 

hypothesis 2c, factor I, that the adjusted mean score of group 

E2 would be significantly greater than the adjusted mean 

score of group C2 on factor I of the semantic differential 

instrument, is rejected. 
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A summary of the analysis of covariance for the data of 

groups E and C on factor II of the semantic differential pre-

test and posttest is given in Table VII. The set of scores 

on the pretest was the covariate, and the set of scores on 

the posttest was the dependent variable. 

TABLE VII 

ANALYSIS OF COVARIANCE FOR DATA OF GROUP E AND GROUP C 
FROM THE SEMANTIC DIFFERENTIAL INSTRUMENT 

FACTOR II PRETEST AND POSTTEST 

Source of Variation 

Total 

Between Within 

Total 

Sum of squares: Y 31. 36 812.44 843.80 

Sum of squares: X 2.82 425.38 428.20 

Sum of products -9.41 293.57 284.16 

Degrees of freedom 1 59 60 

Adjusted sum of squares: X 13.21 319.30 332.51 

Degrees of freedom for 
adjusted sum of squares 1 58 59 

Variance estimates 13.21 5.51 • • 

F=2.40 p". 05 

The F ratio of 2.40 is not large enough to show sig-

nificant variation at the .05 level. Hypothesis 2a, factor 

II, that the adjusted mean score of group E would be significantly 
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greater than the adjusted inean score of group C on factor XI 

of the semantic differential instrument, is rejected. 

The adjusted means of the scores of groups E^and C^ on 

factor II of the posttest administration of the semantic dif-

ferential instrument were compared using analysis of covariance 

The set of scores on the pretest administration of the instru-

ment was the covariate, and the set of scores on the posttest 

was the dependent variable. The results are summarized in 

Table VIII. 

TABLE VIII 

ANALYSIS OF COVARIANCE FOR DATA OF GROUP Ej AND GROUP C-̂  
FROM THE SEMANTIC DIFFERENTIAL INSTRUMENT 

FACTOR II PRETEST AND POSTTEST 

Source of Variation 

Total 

Between Within 

Total 

Sum of squares: Y 3 . 3 4 3 6 3 . 4 6 3 6 6 . 8 0 

Sum of squares: X 1 2 . 0 4 1 7 3 . 3 3 1 8 5 . 3 7 

Sum of products - 6 . 3 3 9 2 . 9 3 8 6 . 6 0 

Degrees of freedom 1 28 29 

Adjusted sum of squares: X 1 5 . 35 1 4 9 . 5 7 1 6 4 . 9 2 

Degrees of freedom for 
adjusted sum of squares 1 27 28 

Variance estimates 1 5 . 3 5 
1 

5 . 5 4 • • 

F = 2 . 7 7 p > . 0 5 
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Hypothesis 2b, factor II, that the adjusted mean score 

of group E-̂  would be significantly greater than the adjusted 

mean score of group C-̂  on factor II of the semantic dif 

ferential instrument, is rejected since the F ratio of 2.77 

is not large enough to indicate significant variation. 

Table IX presents the results of the analysis of covariance 

applied to the scores of groups E2 and C2 on factor II of the 

semantic differential instrument. The set of scores on the 

pretest administration was used as the covariate, and the set 

of scores on the posttest was the dependent variable. 

TABLE IX 

ANALYSIS OF COVARIANCE FOR DATA OF GROUP E2 AND GROUP C2 
FROM THE SEMANTIC DIFFERENTIAL INSTRUMENT 

FACTOR II PRETEST AND POSTTEST 

Source of Variation 

Total Total 

Between Within 

Sum of squares: Y 34.55 375.84 410.39 

Sum of squares: X .82 196.15 196.97 

Sum of products 5.32 136.97 142.29 

Degrees of freedom 1 29 30 

Adjusted sum of squares: X 

i—1 • 
i—1 146.23 147.64 

Degrees of freedom for 
adjusted sum of squares 1 28 29 

Variance estimates 1.41 5.22 • • 

F=. 27 p>05 
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The F ratio of .27 is substantially short of the value 

necessary to indicate significant variation. Therefore, 

hypothesis 2c, factor II, that the adjusted mean score of 

group E2 would be significantly greater than the adjusted 

mean score of group C2 on factor II of the semantic dif-

ferential instrument, is rejected. 

Achievement test A was administered to groups E and C 

at the end of the semester to provide information relative to 

retention. Table X presents the results of the analysis of 

covariance procedure used to compare the adjusted means of 

TABLE X 

ANALYSIS OF COVARIANCE FOR DATA OF GROUP E AND GROUP C FROM 
ACHIEVEMENT TEST A PRETEST AND RETENTION TEST 

Source of Variation 

Total 
Between Within 

Total 

Sum of squares: Y 1.76 1822.31 1824.07 

Sum of squares: X 55.72 1968.97 2024.69 

Sum of products -9.91 1396.40 1386.49 

Degrees of freedom 1 59 60 

Adjusted sum of squares: X 71.87 898.94 970.81 

Degrees of freedom for 
adjusted sum of squares 

1 58 59 

Variance estimates 71.87 15.50 • • 

F=4.64 P<05 
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groups E and C on the retention administration of achievement 

test A. The set of scores on the pretest administration of 

achievement test A was the covariate, and the set of scores 

on the retention administration of achievement test A was 

the dependent variable. 

A comparision of the F ratio of 4.64 to a table of 

critical values of F shows that this F value is suf-

ficiently large to indicate significant variation at the .05 

level. Therefore, hypothesis 3a, that the adjusted mean 

score of group E would be significantly greater than the 

adjusted mean score of group C on the retention instrument, 

is accepted. 

Table XI summarizes the results of the analysis of 

covariance procedure applied to the scores of groups E^ 

and on the retention instrument. The set of scores on 

the pretest administration of achievement test A was the 

covariate, and the set of scores on the retention adminis-

tration of achievement test A was the dependent variable. 

Since the F ratio of .06 is not large enough to 

indicate significant variation at the .05 level, hypothesis 

3b, that the adjusted mean score of group E1 would be 

significantly greater than the adjusted mean score of group 

C-L on the retention instrument, is rejected. 
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TABLE XI 

ANALYSIS OF COVARIANCE FOR DATA OF GROUP E]_ AND GROUP FROM 
ACHIEVEMENT TEST A PRETEST AND RETENTION TEST 

Source of Variation 

Total Total 

Between Within 

Sum of squares: Y 9.64 448.66 458.30 

Sum of squares: X 2.70 545.60 548.30 

Sum of products 4.70 309.00 313.70 

Degrees of freedom 1 28 29 

Adjusted sum of squares: X .79 332.79 333.58 

Degrees of freedom for 
adjusted sum of squares 1 27 28 

Variance estimates .79 12.33 • • 

II •
 O
 

<T
\ p>.05 

Table XII presents a summary of the results of the analy-

sis of covariance applied to the scores of groups E2 and C2 on 

the pretest and retention administration of achievement test 

A. The set of pretest scores was the covariate, and the set 

of retention scores was the dependent variable. 

The F ratio of 7.79 is sufficiently large to indicate 

significant variation at the .05 level. In fact/ the F ratio 

of 7.79 indicates significant variation at the .01 level. 
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TABLE XII 

ANALYSIS OF COVARIANCE FOR DATA OF GROUP E2 AND GROUP C2 FROM 
ACHIEVEMENT TEST A PRETEST AND RETENTION TEST 

Source of Variation 

Total 

Between Within 

Total 

Sum of squares: Y 3.79 250.40 254.19 

Sum of squares: X 161.75 551.67 713.42 

Sum of products 24.77 127.10 151.87 

Degrees of freedom 1 29 30 

Adjusted sum of squares: X 135.52 487.16 622.68 

Degrees of freedom for 
adjusted sum of squares 1 28 29 

Variance estimates 135.52 17.40 • • 

F=7.79 P<05 

Hypothesis 3c, that the adjusted mean score of group E2 would 

be significantly greater that the adjusted mean score of group 

C2 on the retention instrument, is accepted. 

Presentation of Additional Data 

Group Means 

Table XIII presents the mean score of each group on each 

of the measuring instruments. Group E consisted of thirty-one 

subjects, and group C consisted of thirty subjects. Group E2 

contained sixteen subjects, and each of groups E^, C^, and C2 
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contained fifteen subjects. The maximum possible score on 

e a c h achievement test was forty points, and the minimum pos-

sible score was zero points. The maximum possible score on 

factor I of the semantic differential was seventy-seven points 

and the minimum possible score was eleven points. The maxi-

mum possible score on factor II of the semantic differential 

instrument was twenty-one points, and the minimum possible 

score was three points. 

Each group had a substantial increase in mean scores from 

the pretest achievement test to the posttest achievement test. 

The increase in mean scores ranged from a minimum increase 

of 8.20 points for group C-,̂  to a maximum increase of 9.56 

points for group E2- The mean score of group E was slightly 

lower than the mean score of group C on the achievement pre-

test, but on the achievement posttest the mean score of group 

E was slightly greater than that of group C; this same rela-

tion held for group E2 relative to group C2- Group Ci had a 

mean score greater than that of group E-̂  on the achievement 

pretest and maintained a greater mean score on the achieve-

ment posttest. 

The mean scores for groups E, C, E]_, C]_, and C2 on the 

achievement retention test were less than their respective 

mean scores on the achievement posttest, as would be expected. 

The mean score of group C2 had the largest decrease, 2.80 

points. Group E2 increased its mean score from 20.06 points 

on the achievement posttest to 20.44 points on the achievement 
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retention test; this outcome was contrary to expectations. 

Group E2 also had the largest increase, 9.94 points, from the 

achievement pretest to the achievement retention test. 

Groups E]_ and Ci had a slightly lower mean score on the 

posttest semantic differential, factor I, than on the pre-

test semantic differential, factor I. All other groups had 

an increase in mean scores from the pretest to the posttest 

semantic differential, factor I, with group E2 having the 

largest increase, 2.31 points. All groups showed an increase 

in mean scores from the pretest to the posttest administra-

tion of the semantic differential, factor II; again, group E2 

had the largest increase, 3.19 points. 

Class Withdrawals and Absences 

There were only two withdrawals from the section which 

became group E. Thirty-five students registered for this 

section, and thirty-three completed the course. Forty-four stu-

dents registered for the section which became group C, and 

eleven students withdrew prior to the end of the semester. 

The withdrawal rate of 5.71 percent for group E is sub-

stantially less than the usual withdrawal rate from the 

general education mathematics course at the college where 

this study was conducted. The withdrawal rate of 25 percent 

for group C compares favorably with the normal withdrawal 

rate. 

The number of student-days absent from the general edu-

cation mathematics course for group E was two-thirds of the 
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number of student-days absent for group C. This absence ratio 

did not vary appreciably for the subgroups E^, and E2, C2• 

Subjective Observations 

During the fantasy journeys all of the students were 

very quiet; therefore, conditions were good for those stu-

dents who wanted to attempt the journeys. Several students 

appeared to treat the procedure as relatively unimportant; 

they did not appear to be trying to participate. The instruc-

tor judged that approximately one-third of the students did 

not attempt to engage in the journeys. 

Relatively few of the students, six or seven, made com-

ments to the instructor relative to the fantasy journey tech-

nique. One of the students was undecided on his evaluation 

of the journeys, but the others indicated a favorable view 

of the technique and suggested the further use of relaxation 

and fantasy journeys. The instructor did not solicit com-

ments on the procedure. 



CHAPTER V 

SUMMARY, FINDINGS, CONCLUSIONS, AND RECOMMENDATIONS 

Summary 

The problem of this study was a comparison of two 

techniques of teaching general education mathematics: a 

transpersonal psychology technique and a lecture-oriented 

technique. The purposes of the study were to determine the 

relative effectiveness of a transpersonal psychology tech-

nique and a lecture-oriented technique in developing an 

understanding of the structure of the real number system, 

to determine the relative effectiveness of the two tech-

nicrues in the development of students' attitudes toward 

mathematics, and to determine the relative effectiveness of 

the two techniques in retention of knowledge of the real 

number system. 

The subjects of this experimental study were those stu-

dents who enrolled for the general education mathematics 

course at a small college in southwest Arkansas in the spring 

semester of 1976. The students were divided into two groups 

by regular registration procedures. A flip of a coin deter-

mined which group was taught by the transpersonal psychology 

technique and which group was taught by the lecture-oriented 

technique. A total of sixty-one of those students, a total 

60 
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of thirty-one in one group and a total of thirty in the other 

group, completed the course and completed all measuring instru-

ments. Thus, the results of the study were based on the per-

formance of sixty-one subjects. 

The real number system was studied during the first eight 

weeks of the semester. The lecture-oriented technique used in 

teaching one group employed lectures, examples, drill exercises, 

question-answer sessions, and discussion sessions. The trans-

personal psychology technique used in teaching the other group 

employed relaxation procedures and guided fantasy journeys in 

addition to the procedures used with the group taught by the 

lecture-oriented technique. A total of six fantasy journeys 

was conducted, each one preceded by a relaxation procedure. 

The Cooperative Mathematics Tests: Structure of the Num-

ber System, forms A and B, were used to test for achievement 

in understanding the real number structure. Form A was adminis-

tered to both groups as a pretest at the beginning of the 1976 

spring semester. Form B was administered to both groups as a 

posttest at the end of the first eight weeks of the semester. 

Form A was administered to both groups as a retention test at 

the end of the second eight weeks of the semester. 

The semantic differential instrument developed by McCallon 

and Brown for measuring attitude toward mathematics was used 

in this study. The instrument was administered to both groups 

as a pretest at the beginning of the 197 6 spring semester and 

as a posttest at the end of the first eight weeks of the semester. 
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Findings 

The hypotheses presented below were formulated to carry 

out the purposes of this study. E represents the group that 

was taught by the transpersonal psychology technique, C repre-

sents the group that was taught by the lecture-oriented tech-

nique, and E2 represent the upper half and lower half 

respectively of E, and C1 and C2 represent the upper half and 

lower half respectively of C. 

1. At the completion of eight weeks of study of the real 

number system the adjusted mean scores on the Cooperative Mathe-

matics Tests: Structure of the Number System, form B, will be 

related as follows: 

a. The adjusted mean score of group E will be signific-

antly greater than the adjusted mean score of group C. 

b. The adjusted mean score of group Ei will be signific-

antly greater than the adjusted mean score of group C^. 

c. The adjusted mean score of group E2 will be signific-

antly greater than the adjusted mean score of group C2. 

2. At the completion of eight weeks of study of the ral 

number system the adjusted mean scores of each factor of the 

McCallon-Brown Semantic Differential Instrument for Measuring 

Attitude Toward Mathematic will be related as follows: 

a. The adjusted mean score of group E will be signific-

antly greater than the adjusted mean score of group C. 

b. The adjusted mean score of group E^ will be signific-

antly greater than the adjusted mean score of group C]_. 

c. The adjusted mean score of group E2 will be sig-

nificantly greater than the adjusted mean score of group C. 
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3. Eight weeks after the completion of the study of the 

real number system the adjusted mean scores on the Coopera-

tive Mathematics Tests: Structure of the Number System, form 

A, will be related as follows: 

a. The adjusted mean score of group E will be signific-

antly greater than the adjusted mean score of group C. 

b. The adjusted mean score of group E-̂  will be sig-

nificantly greater than the adjusted mean score of group C±. 

c. The adjusted mean score of group E2 will be sig-

nificantly greater than the adjusted mean score of group C2-

Each hypothesis was tested in null form using the analy-

sis of covariance statistical procedure. An F ratio was com-

puted relative to each hypothesis, and the F ratio was compared 

to a table of critical values of F. The .05 level of sig-

nificance was used. 

F ratios of .20, .02, and .45 were computed relative to 

hypotheses la, lb, and lc respectively. Therefore, each of 

hypotheses la, lb, and lc was rejected. 

F ratios of .86, .07, and 3.30 were computed relative 

to hypotheses 2a (factor I), 2b (factor I), and 2c (factor I) 

respectively. Thus, each of hypotheses 2a (factor I), 2b 

(factor I), and 2c (factor I) was rejected. 

F ratios of 2.40, 2.77, and .27 were found relative to 

hypotheses 2a (factor II), 2b (factor II), and 2c (factor II) 

respectively. Thus, each of hypotheses 2a (factor II), 2b 

(factor II), and 2c (factor II) was rejected. 
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An F ratio of .06 was computed relative to hypothesis 3b. 

Therefore, hypothesis 3b was rejected. 

An F ratio of 4.64 was found relative to hypothesis 3a. 

This value was sufficient to indicate significant variation 

at the .05 level. Thus, hypothesis 3a was retained. 

An F ratio of 7.79 was found relative to hypothesis 3c. 

This value was sufficient to indicate significant variation 

at the .05 level. Thus, hypothesis 3c was retained. 

Conclusions 

The results of this study are generally inconclusive. 

The statistical evidence does not justify a conclusion that 

either one of the teaching techniques is clearly more effec-

tive than the other technique in promoting achievement m 

understanding the real number structure. The statistical 

evidence does not support a conclusion that either one of the 

techniques is superior to the other technique in developing a 

positive attitude toward mathematics. 

There is some evidence to support a conclusion that the 

transpersonal psychology technique is more effective than 

the lecture-oriented technique in promoting retention of 

knowledge for low achievement students. The F ratio of 7.79 

computed from the scores of groups E2 and C2 in comparing 

means on the retention instrument indicates significant varia-

tion at the .01 level of significance. This result alone is 

not sufficient to accept the conclusion stated previously 
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in this paragraph. More research evidence would be necessary 

before acceptance of this conclusion could be justified. 

The evidence from this study does indicate that the 

transpersonal psychology technique is as effective as the 

lecture-oriented technique in the areas of achievement and 

attitude. Therefore, the transpersonal psychology technique 

offers an alternative to the standard lecture techniques for 

teaching general education mathematics. Again, the evidence 

is from one limited research project, and much more evidence 

is needed in order to draw truly acceptable conclusions. 

Recommendations 

There has been very little research in the area of apply-

ing transpersonal psychology techniques to the teaching of 

mathematics. Before a teaching technique can be judged 

effective or ineffective, there must be a sufficient body of 

evidence available from which intelligent judgments can be 

made. Although the results of this study are in general 

inconclusive in determining the effectiveness of relaxation 

and guided fantasy journey procedures in teaching general 

education mathematics, there is some evidence that the pro-

cedures are effective in promoting retention of knowledge for 

the low achievement students. Therefore, in order to con-

tribute to a body of evidence relative to relaxation and 

guided fantasy procedures in teaching general education 

mathematics and in order to provide evidence to either support 
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or contradict the results of the present study, further 

research is needed. 

The following research projects are recommended: 

1. Studies following the guidelines of this study 

should be conducted at other colleges and universities. 

2. Studies in which the instructor of the group taught 

using relaxation and guided fantasy journey procedures has 

had formal training in the use of these procedures should 

be conducted. In such studies all other guidelines of the 

present study should be followed. 

3. Studies in which the group taught using relaxation 

and guided fantasy journey procedures will have completed a 

semester couse designed to give the students information about 

and experience with these procedures should be conducted. The 

instructors involved should be experienced in the use of these 

procedures. 
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APPENDIX A 

1) ACHIEVEMENT TEST SCORES—GROUP E 

2) ACHIEVEMENT TEST SCORES—GROUP C 

3) SEMANTIC DIFFERENTIAL SCORES—GROUP E 

4) SEMANTIC DIFFERENTIAL SCORES—GROUP C 
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ACHIEVEMENT TEST SCORES 
GROUP E 

Subject* Pretest Form A Posttest Form B Retention Form A 

S-l 19 25 23 

S-2 17 39 34 

S-3 20 28 27 

S-4 18 29 27 

S-5 16 26 22 

S-6 15 23 21 

S-7 17 17 24 

S-8 18 24 23 

S-9 22 30 25 

S-10 19 26 24 
S-ll 18 30 26 
S-12 17 25 24 
S-13 19 32 25 
S-14 17 18 20 
S-15 20 31 30 

S-16 10 16 20 

S-17 6 9 9 
S-18 14 24. 20 

S-19 8 11 26 
S-20 13 23 23 
S-21 10 29 27 
S-22 12 27 24 
S-23 14 25 27 
S-24 9 26 22 
S-25 12 16 20 
S-26 12 15 20 
S-2 7 13 18 17 
S-28 4 19 16 
S-29 12 19 19 
S-30 8 21 17 
S-31 11 23 20 

Subjects S-l through S-15 constitute group E^, and subjects S-16 
through S-31 constitute group £2-
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ACHIEVEMENT TEST SCORES 
GROUP C 

Subject* Pretest Form A Posttest Form B Retention Form A 

T-l 14 29 17 
T-2 15 25 27 
T-3 17 22 16 
T-4 14 25 22 
T-5 20 25 24 
T-6 30 36 31 
T-7 19 25 27 
T-8 19 22 22 
T-9 17 24 25 
T-10 17 24 29 
T-ll 15 27 24 
T-12 16 30 26 
T-13 19 28 27 
T-14 28 37 34 
T-15 29 33 33 
T-16 12 19 17 
T-17 7 19 11 
T-l 8 14 11 19 
T-19 12 20 15 
T-20 6 24 24 
T-21 12 12 10 
T-22 8 15 8 
T-23 11 23 17 
T-24 12 25 17 
T-25 6 17 14 
T-26 10 19 17 
T-2 7 14 21 20 
T-28 6 20 16 
T-29 6 19 14 
T-30 11 16 19 

*Subjects T-l through T-15 constitute group Ci, and subjects T-16 
through T-30 constitute group C2. 



SEMANTIC DIFFERENTIAL SCORES 
GROUP E 
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Pretest Pretest Posttest Posttest 
Subject* Factor I Factor II Factor I Factor II 

S-l 40 9 40 10 
S-2 44 13 33 15 
S-3 42 10 58 17 
S-4 76 13 74 16 
S-5 52 9 54 12 
S-6 33 12 45 15 
S-7 50 10 50 14 
S-8 64 10 66 14 
S-9 67 15 60 17 
S-10 45 13 41 18 
S-ll 68 12 59 18 
S-12 52 9 53 15 
S-13 58 9 55 10 
S-14 53 9 44 11 
S-15 65 19 59 14 
S-16 44 10 57 15 
S-17 47 7 54 11 
S-18 22 6 30 13 
S-19 54 8 63 12 
S-20 54 7 51 8 
S-21 51 11 55 14 
S-22 15 6 32 13 
S-23 26 6 51 15 
S-24 44 3 47 5 
S-25 60 14 44 15 
S-26 41 11 38 10 
S-27 57 14 45 15 
S-28 23 3 34 11 
S-29 34 11 25 10 
S-30 62 17 45 15 
S-31 29 5 29 8 

Subjects S-l through S-I5 constitute group E-̂ , and subjects S-16 
through S-31 constitute group E2. 



SEMANTIC DIFFERENTIAL SCORES 
GROUP C 
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Pretest Pretest Posttest Posttest 

Subject" Factor I Factor II Factor I Factor II 

T-l 41 6 42 11 
T-2 61 7 53 16 
T-3 43 11 44 11 
T-4 55 14 47 17 
T-5 65 18 59 15 
T-6 41 9 39 15 
T-7 52 13 52 12 
T-8 57 7 52 10 

T-9 49 11 54 15 
T-10 53 16 54 14 
T-ll 57 17 50 11 
T-12 42 9 46 10 
T-13 48 10 50 12 
T-14 56 15 53 13 
T-15 58 19 66 15 
T-16 51 11 44 12 
T-17 59 12 56 15 
T-18 58 9 58 9 
T-19 50 9 39 9 
T-20 56 8 66 12 
T-21 45 14 50 12 
T-22 50 10 54 15 
T-23 39 9 50 14 
T-24 43 13 58 12 
T-25 63 15 52 12 
T-26 44 12 53 15 
T-2 7 64 14 52 11 
T-28 42 3 70 10 
T-29 60 11 55 12 
T-30 59 12 52 13 

Subjects T-l through T-15 constitute group Ci, and subjects T-16 
through T-30 constitute group C2« 
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SEMANTIC DEFERENTIAL 

Directions: The purpose of this survey is to measure your concept of Mathematics. 
Complete the rating sincerely, fairly rapidly and spontaneously. If you feel that 
your concept of Mathematics is VERY CLOSELY related to either end of the scale, mark 
at the appropriate end. If you feel that your concept of Mathematics is neutral, mark 
the middle space. The other spaces represent various degrees of feeling. 

MATHEMATICS 

Pleasant : Unpleasant 

Bad : -Good 

Hard Soft 

Afraid Unafraid 

Active Passive 

Valuable Worthless 

Strong Weak 

Love Hate 

Fast Slow 

Comfortable Uncomfortable 

Awful : Nice 

Enjoyable : Unenjoyable 

Light Heavy 

Varied 

MAKE CERTAIN THAT EACH SCALE HAS BEEN CHECKED: 

Student Number Date Completed 

Repetitive 



APPENDIX C 

GUIDED FANTASY JOURNEYS 



GUIDED FANTASY JOURNEY I 

All lights were out during this journey, and stereo tape 

I was playing. The students were asked to use the first few 

minutes to just relax, concentrate on the music, and let all 

other thoughts disappear. There was no attempt at verbal 

communication by the instructor during the first twenty minutes, 

After the first twenty minutes, the instructor began his 

attempt to guide the students through an imaginary experience. 

Imagine that you are on a sandy beach with a 
huge body of water stretching out in front of you. 
The body of water could be an ocean or, if you prefer, 
a fresh-water lake. You are lying on your back with a 
big towel underneath. A breeze is blowing in across 
the water, and you can hear sounds from groups of 
people up and down the beach. 

Imagine the warmth of the sun on your body. Feel 
the sun on your feet, on your legs, on your stomach, 
on your arms and shoulders, and finally on your face. 
Let your mind loose, and feel the warm sun over your 
whole body. Let your hand drop off the side of the 
towel and pick up a handful of sand. The sand is warm 
to the touch and feels good as you let it slide through 
your fingers. The sun is warm, and you don't have 
anything else to do but enjoy it. 

As you lie in the warm sun, you can hear the waves 
breaking along the shore. The sun now seems a little 
warmer, and you are beginning to perspire. You are 
beginning to feel almost too warm, and then the wind 
increases. The breeze cools you quickly, and you are 
once again comfortably warm and completely at peace with 
the world. 

If you are comfortable and happy on the beach, 
please remain there, and tune me out as of now. If you 
prefer, travel with me at the speed of thought to another 
environment. 

You are seated in a very comfortable chair on the 
bank of a mountain stream. Your eyes are closed, and 
you are experiencing your surroundings through feeling 
and hearing. You can hear the stream rushing over and 
around the rocks and bars. The sound of the stream is 
not loud; it is more like a pleasing gurgling sound. 
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The breeze blowing down the river valley is cool, 
and it feels good. You can hear the leaves of the 
trees behind you as they are moved by the breeze. There 
is a mountain close behind you, and you can hear the 
birds in the trees behind and far above you. There's 
even a squirrel chattering off to your left. Feel the 
cool breeze; hear the murmur of the stream; listen to 
the birds. You are free of worry and completely 
relaxed. 

Smoke from a campfire drifts by you. The smell is 
pleasant. You also detect the odor of meat, probably 
some kind of steak, cooking on the fire. You begin 
to get hungry, but you feel too relaxed to move. So 
remain in the chair a little longer and enjoy a lazy 
day. 

During the journey the instructor paused for periods of 

time at various points of the journey where he decided pauses 

would be beneficial in allowing the minds of the students to 

create a vivid experience. At the end of the class period, 

the instructor asked the students to leave the room quietly 

without speaking to anyone and to try to keep any relaxed 

feeling gained in the class for a time after the class. 



GUIDED FANTASY JOURNEY II 

This journey was rather short in duration, occupying 

approximately twenty-five minutes. All lights were out, and 

stereo tape I was playing. About five minutes of relaxation 

time was allowed prior to the start of the journey. 

The mind is not encumbered by strict limits on 
time and space. It can create travel at the speed 
of thought; it can create travel backward and forward 
in time. The mind can transport the person, in some 
sense, to any place and time that can be imagined. 
The minds of man have created a system that we call 
mathematics. Our minds are capable of creating for 
us a time and place before the concept of number 
appeared. 

Travel with me back into time. Through how many 
centuries must we travel? I don't know. Feel the 
years falling away as we fall back through time. It's 
as if we are a part of a moving picture with the pro-
jector in reverse and set at an incredible speed. 

Suddenly you are alone, sitting on a huge rock 
with nothing but hills and plains surrounding you. You 
are in a time period preceding the creation of number. 
Let your mind wander. What thoughts are going through 
your mind? Remember that there is no number concept, 
so throw out any thought that has any relation to 
number. Try to concentrate. You are in a time and 
place where number does not exist. There is no meaning 
for the terms counting, measuring, number, etc. Throw 
out of your mind all thoughts of number. You think of 
food and shelter and mates. 

You look up and see a flock of birds. You don't 
think about how many birds are in the flock; this would 
involve counting. You see a herd of animals on the 
plain below. You don't compare the flock of birds and 
the herd of animals. The birds and the animals are 
different objects. There is no common property for 
bunches of different objects. 

You would like to communicate to another person your 
visual image of the flock of birds and the herd of 
animals. But there is something lacking which is neces-
sary in communicating a complete description of your 
visual image. 
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Feel yourself sitting on the rock in a time with-
out number. Let your mind experience an existence 
without number. Feel the frustration of trying to 
communicate ideas and visual images to others in a 
world without number. Concentrate and let your mind 
create for you such a time and place. 

Again, the instructor paused frequently in the journey. 

After the last statement in the journey, there were about 

three or four minutes of silence before the end of the period. 

No further remarks were made at the end of the period. 



GUIDED FANTASY JOURNEY III 

The first part of this journey was identical to guided 

fantasy journey II, with the exception that stereo tape II 

was used instead of stereo tape I. The remainder of journey 

III continued from the end of journey II. 

You need to gather food now, and you walk down 
to the bank of a river. The water is shallow near 
the bank, and you can see fish moving in and back 
out of the shallow water. On the bank of the river 
you notice a set of flat rocks. The sun is warm, and 
you stand there for a few minutes and watch the fish 
swimming around in the water. 

It's time to try to catch a few of the fish and get 
them gack to the home camp. You catch the fish with a 
type of net built from grass and vines. Each time a 
fish is caught, it is placed on one of the flat rocks. 
Each rock is just large enough to hold an individual 
fish. Before long you pull a fish from the water and 
place it on a rock, and you notice that all of the flat 
rocks have now been used. You have enough fish now, and 
you hide the net in some bushes. 

Before picking up your fish and starting back to 
camp, you stop and look at the collections of fish and 
rocks. For a few moments a thought dwells in your mind. 
It's a strange thought that there seems to be something 
common to the collection of rocks and the collection of 
fish; there is a certain type of "sameness" for the two 
collections. But that's ridiculous. Rocks and fish are 
entirely different; there's nothing the same about them. 
But for a fleeting instant there's the thought that these 
two collections are connected in some way by some common 
property. 

Throughout the journey, frequent pauses were used to allow 

the minds of the students time to create the situation as 

vividly as possible. Following the last paragraph, a somewhat 

longer than usual pause was used. The instructor considered 

this point in the journey to be a critical time. 
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Now you are walking back across the plain toward 
camp. Your mind again returns to that strange thought 
about bunches of rocks and fish being similar in some 
way. You notice your hands and press the fingers of 
one hand against those of the other in a one-to-one 
fashion. You get the same feeling as when you were 
looking at the rocks and fish. It's a feeling of simul-
taneous bewilderment and exhilaration. You look up and 
see a flock of birds, and then you see a herd of animals 
across the plain. Again, the feeling of bewilderment 
and exhilaration occurs. The thought that there is some 
connection between these bunches of different objects 
comes back. You stop and think for a long time. 

A pause of approximately five minutes was used here. The 

instructor then continued the journey. 

Now you are returning to the present time and 
place. As you return, there is one thought running 
through your mind again and again. The thought is, 
"Number is the connection; number is the common pro-
perty. " 

At the end of this journey the students were asked to 

leave the room quietly. No comments were asked for, and none 

were received. It was hoped that the feeling acquired during 

the journey would carry over beyond the class period. 



GUIDED FANTASY JOURNEY IV 

All lights were out, and stereo tape II was playing dur-

ing this journey. A short relaxation period was used prior 

to the beginning of the journey. 

Imagine that you are standing at the entrance to 
what appears to be some type of carnival. There are a 
lot of colored lights inside, some of them flashing 
and swirling about. You look up and see the name of 
the place in large red lights just above the entrance. 
The name that you see is "Properties of Real Numbers." 
The name changes from red to blue and back to red as 
you watch it. You stand there for several minutes 
watching "Properties of Real Numbers" blinking from 
red to blue to red. 

As you walk past the entrance, you see several 
booths. You walk up to one of the booths. Immediately 
you see a large rectangular area with writing flashing 
on and off within the area. Above the rectangular 
area, written in red lights, are the words "Closure 
Properties for Addition and Multiplication.11 The writing 
on the rectangular area now comes to your attention. 
The writing is in orange colored lights. As you watch, 
you see the following appear on the writing surface: 
the sum of two real numbers is a real number; the product 
of two real numbers is a real number; the real numbers 
are closed under multiplication; 2 + 3 is a real number; 
2 x 3 is a real number; if a and b are real numbers, 
then a + b and a x b are real numbers; 7 + 4 and 9 + 3 
and 6 + 8 are real numbers; 5 x 8 and 6 x 7 and 4 x 3 
are real numbers; closure, closure, closure of real 
numbers under addition and multiplication. You stand 
and watch for a long time. 

You move on to another booth. This one is very 
much like the other one. The name written above the 
rectangular area of this booth is "Commutative Properties 
of the Real Numbers." On the writing area, in bright 
yellow lights, you see the symbols a + b = b + a and 
a x b = b x a. These symbols shine brightly for a few 
minutes, and then new symbols begin to appear. The new 
symbols are the following: 2 + 3 = 3 + 2 ; 2 x 3 = 3 x 2 ; 
9 + 5 = 5 + 9 ; 9 x 5 = 5 x 9 ; 7 + 3 = 3 + 7 ; 7 x 3 = 3 x 7 ; 
commutative properties under addition and multiplication. 

As you walk from booth to booth, music is playing. 
The music seems to keep time with the writing lights. 
The music seems to repeat the message of each booth as 
you move through the area. 
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The next booth is named "Associative Properties 
of the Real Numbers." For a full minute the symbols 
a + (b + c) = (a + b) + c and a x (b x c) = (a x b) x c 
glitter in blue lights on the writing area. The music 
seems to repeat the symbols of the lights. You stand 
there for several minutes watching the symbols and 
listening to the music. 

The next booth is very similar to the others that 
you have visited. The name of this booth is "Distributive 
Property of the Real Numbers." On the writing area, in 
red lights, are the symbols a x (b + c) = a x b + a x c. 
The music seems to say, "Add and then multiply, or mul-
tiply and then add; the results are the same." The 
following symbols flash on the board: 2 x (3+5) = 
2 x 3 + 2 x 5 ; A x (B+C) = A x B + A x C ; distribute 
the product over the sum; 9 x (3+7) = 9 x 3 + 9 x 7 . 

The next booth is a little different. There is a 
strange looking man in this one. This seems to be a game 
type booth. Listen to what the man is saying. He says 
that he will pay you a million dollars every time you 
add zero to a real number and get something besides that 
real number, and he will take one penny from you each 
time you add zero to some real number and get that real 
number back again. He says that you must agree to play 
the game at least one thousand times if you want to play 
at all. This booth is called the additive identity 
rip-off by most of us. 

The next three booths are labeled "Multiplicative 
Identity," "Additive Inverse," and "Multiplicative 
Inverse." Continue past these booth, stopping at each 
one; note very carefully what you find at each of the 
booths. 

At this point in the jouney, about ten minutes were 

allowed for the students to create their own vision of the 

three booths. The instructor then continued. 

Mow look up and notice that some type of structure 
is being built on top of these booths. The real number 
properties area is to serve as a foundation for a larger 
structure. What does the structure look like? What 
is the purpose of such a structure? 

The students were asked to spend the remainder of the 

class period re-examining the various booths encountered in 

the journey. The instructor did not speak again after asking 

them to do this. 



GUIDED FANTASY JOURNEY V 

Stereo tape I was used for this journey. All lights were 

out. The first part of the journey was not a fantasy journey 

in the same sense as the others. The instructor asked the stu-

dents to listen to the music and relax for a few minutes. He 

then told them that he was going to talk about mathematics for 

the next several minutes and that he wanted them to listen; 

but he said that he wanted them to listen in their usual 

conscious state and not in the fantasy journey state. 

A painter sees a vision in his mind of something 
that he must communicate to others. He knows, in a 
preverbal sense, what he wants to communicate. He 
uses a canvas and paints to produce a concrete image, 
as nearly as possible, of his mental vision. This 
painting is his way of communicating his vision to 
others. We call this a form of art. 

A writer has a mental image of something that he 
must communicate to others. He writers a novel. He 
uses written symbols to communicate his thoughts to 
others. We call this a form of art. 

A musician has a vision of something beautiful. He 
writes a piece of music which is played by an orchestra. 
He has communicated his vision through sound. We call 
this a form of art. 

A mathematician has a vision of a beautiful struc-
ture. He communicates his vision through various sym-
bols. We seldom call this a form of art. Think about 
this. Is that not also an art form? Consider the ques-
tion carefully, and make your decision. 

The instructor then asked the students to join him in 

another guided fantasy journey. The music continued, and the 

lights remained out for the journey. 

Imagine that you are somehow released from the 
bonds that restrict you to a certain time and place. 
Imagine that you have become, at least for a while, a 
child of the universe, able to move about in time and 
space at will. Let your mind create for you such a 
feeling. 
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Now move with me backwards in time, and let your 
mind take you to the setting of place and time in which 
what we call the positive rational numbers were created. 
Note carefully what is happening, what the people look 
like, what land you seem to be in, why the invention of 
the rationals seems necessary, and what symbols are used 
to represent the rational numbers. Let your mind create 
a reality in which you are an observer present at a 
critical time in history. 

As usual, frequent pauses were used throughout the journey 

to allow each individual mind to create a situation that would 

seem most real to the individual. 

Now move with me to a time in which the "Society 
of Pythagoras" flourishes. This Society, composed of 
the followers of the mathematician Pythagoras, con-
siders the counting numbers to be given by the gods 
for interpretation by those chosen few of the Society. 
The set of positive rationals is merely an extension 
of the holy counting numbers; the set of positive 
rationals is, therefore, sufficient for all things, and 
any notion to the contrary would be counter to the will 
of the gods. 

Enter the meeting room of the Society and observe 
the proceedings. The members are entering now; they are 
dressed in black robes. The room is lighted by torches 
near the front. The flickering light shows the faces 
of men who are obviously greatly disturbed. They move 
to their appointed places quietly. For a long time 
there is silence in the room. 

Finally, one of the men speaks. His voice is low 
and controlled. He says that it seems undeniable that 
there exist lengths that cannot be represented by 
rational numbers; there is within the accepted structure 
of mathematics a length which must be represented by a 
number whose square is two. He continues that they 
have shown conclusively that there exists no rational 
number whose square is two. Therefore, the rational 
numbers are not sufficient for all things. 

Feel the tension, bewilderment, and uncertainty of 
the men in the meeting room. Their concept of existence 
is in danger of exploding. Feel the utter despair and 
the frantic search for some solution. Then recognize in 
your own mind the remarkable results of the discovery 
that the rationals are not sufficient for all things 
relative to number. 
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At this point a few minutes were allowed for the students 

to think about the importance of the results. The instructor 

then continued the journey. 

Move forward in time now to observe some of the 
happenings in the creation of the negative numbers. 
Let your mind build for you a situation in time and 
space in which the concept of negative numbers might 
have begun. Carefully note the details of the surround-
ings and events. 

The instructor left the remainder of the class period 

for the students to create their own images of the circumstances 

surrounding the development of the negative numbers. 



GUIDED FANTASY JOURNEY VI 

No music was used for this journey. The lights were 

turned out, and the students were instructed to try to reach 

a relaxed state through their own individual methods. After 

several minutes of silence, the instructor began the journey. 

Imagine that you are standing in a large field. 
Completely surrounding the field is a huge canvas. 
A brush is beginning to paint on the canvas. The 
first thing it paints is "Real Numbers." 

Let your mind create for you the remainder of 
what the brush paints, assuming that the brush is 
painting in pictures and symbols a representation of the 
real number structure. Note what colors of paint are 
used. Note carefully what the brush does in repre-
senting the counting numbers, the rational numbers, 
the irrational numbers, and the negative numbers. Note 
whether the brush paints mathematical symbols or pic-
tures. Note what the brush does to illustrate the 
properties of the number structure. How does the paint-
ing show various numeral systems? 

Now let your mind create the painting; watch care-
fully as the brush moves across the canvas. 

Nearly the entire class period was used to let each 

individual mind create its own individiual image. The instruc-

tor did not speak again during the class period. 
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APPENDIX D 

CONTENTS OF CHAPTERS 3 AND 4 OF THE TEXTBOOK 



CHAPTER 3—NUMERATION SYSTEMS 

Introduction 

Additive numeral systems 

Positional numeral systems 

Decimal notation 

Number systems with bases other than ten 

Addition and subtraction in bases other than ten 

Multiplication and division in bases other than ten 

CHAPTER 4—NUMBER SYSTEMS AND THEIR USES 

Introduction 

The natural numbers and their uses 

Operations on the set N of natural numbers 

Prime numbers 

Uses of prime factorization 

The set of integers 

The set of rational numbers 

Rationals and decimals 

Uses of rational numbers: the metric system 

The set of real numbers 

Approximate numbers 
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APPENDIX E 

COPIES OF LETTERS FROM TEXAS INFORMATION SERVICE 



March 26, 1976 

William R. Vance 
1117 Cleveland 
Magnolia, Arkansas 71753 

Dear Mr. Vance; 

Please excuse the delay in responding to your request. 

I tried to find information on your subject in ERIC with no results at 
all. All the combinations of terms I tried yielded nothing. The only 
other alternative sources I can try are Psychological Abstracts or Dis-
sertation Abstracts. 

We will be happy to apply your payment to a search of either of these 
resources, if this is an option you want to take. Please let us know 
how you wish to proceed. 

Sincerely, 

T. 
Filliam E. Chambers 
Coordinator 

WC/tl 
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April 12, 1976 

Mr. William R. Vance 
1117 Cleveland 
Magnolia, Ark. 71753 

Dear Mr. Vance: 

I am sorry to report that I could find nothing, in the literature 
available to us, that was relevant to your topic. 

We will refund your money and you should be receiving it shortly. 

Again, our apologies. If we can be of assistance on another 
topic, please give us a try. 

Sincerely, 

— 
.am E. Chambers 

Coordinator 

dpm 

TEMPaS 
^ 6504 TRACOR LANE AUSTIN, TEXAS 78724 512/926-8080 

W k! A project cf the Texas Education Agency and the Education Service Center, Region 13 
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