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PREFACE

A gignificant trend in public school curriculum development in the
United States, is characﬁerized by the formation of national committees
with the involvement of nationally known personalities, prestige insti-
tutions of higher learning, and much federal money. This trend is par-
ticularly obvious in the area of secondary school science. The inves-
tigation reported herein originated from the premise that curriculum
research in secondary school scilence programs is still necessary at the
local level and that significant contributions toward the realization of
national obijectives can be made by individual initiative.

The principal objective of this study was to evaluate the various
ninth--grade science programs being utilized by the Wichita schools in
1961-1962. At the time of the study (April 1965) students involved were
seniors, who, as ninth-grade students ranked in the top ability quartile
and participated on one of the groups under investigation.

Grateful acknowledgement of his contributions to this study is made
to Dr. Victor O. Hornbostel, chairman of the writer's advisory committee.
Other members of the committee to whom gratitude is expressed include
Mrs. Helen Jones, Drs. Bernard R. Belden, James E. Webster, and Kenneth
Wiggins. Special recognition is also due many pecple in the Wichita
schools for their unfailing cooperation. The division of pupil services,
the curriculum division, the high school principals and the senior coun-

selors contributed to the data collection.

iii



TABLE OF CONTENTS

Chapter page
I. THE NATURE OF TEE PROBLEM . . & ¢ ¢ & & o « o v o v o o « o o 1
Introduction « o« ¢ o « v o o v o v 6 e 4 6 6 4 s 4 6 o s e o 1

The Broad Problem . ¢ « ¢ o v o o « o o o o 6 o s s o s« o « 2

The More Limited Problem . . . . ¢ ¢ ¢ v v ¢ ¢ & o o ¢ 6 & o 9

The Specific Problem . o o . v o o ¢« o v ¢ o s = o o« o » o o 12
II. RELATED ASPECTS OF THE STUDY ©» & v & o 5 o o o o « o o o 5 o « 13

Introduction . . . s e . B
Historical Development of Nlnth Grade Sclence B ')
Recent Proposals for Ninth-Grade Science . . . . . ¢ o « « o 23
Implications for Curriculum Development . . . . . . . . . . 34
Implications for the Academically Talented . . . . . . . . . 42

III. DESIGN AND METHODOLOGY . & v & & ¢ 4 o o o o o o o o v + s o o 4

Introduetion « o o o o« v o o o 4 6 6 5 e 6 4 6 b . . o o o o Lb
Population and Samples . . « ¢« o v ¢« v v v o o e oo os oo . oo AT
Instrumentaltion . . ¢ « ¢ ¢ ¢ o v ¢ o & « o o o o s o s« « . 55
Hypotheses . . . e e s o e o e s @ 4 e s s 6 e o 6 s o o o b8
Statistical Deelcn e e e e s e s e e e e e e e e e e e .. . BD

IV, FINDINGS ¢ v v o & o o = 5 o o 5 o o o 5 & s o « o o o o o o o 63

Introduction . . . e
Test for Homogene1+v . R
Extent to Which 801ence Has Been Pursued in ngh School . . 64
Achievement . . . . + . o ¢« o s ¢ 6 o v w5 0 6 s e s . . . 68
Interest . . o v ¢ ¢ o v ¢ v e v v v e e e e e e s e 6 s oo« 10
Plans for Teking Science in College . . + + o o o o v o « - 73
Plans for a Science Career . . . . . . e e s . . 76
Students! Opinions of Quality of Their q01ence Experlenee . 79
Students' Opinions of Quantity of Their Science Program . . 82
Students' Opinions of Ninth-Grade Course Content . . . . . 85
Students' Opinions of Ninth-Grade Laboratory Act1v1t1es . . 86

V. SUMMARY AND CONCLUSIONS ¢ & v o o o o o o o o o o « o « o o o 88
Introduction . .« .« « .« & e o e O - <
Summary of Findings and Coneluswons e e s s e e o e o s . 88
Limitations .« & « ¢ ¢ & ¢ o ¢ v o o ¢ s 4 o o e s o s e o o 95

Recommendations . . ¢ ¢ ¢ ¢ o o o o o o o ¢ o o o o o o o « 95

iv



BIBLIOGRAPHY . . . . . .

APPENDICES .« . « . « . .

A.

B.

Scilence Transcripts

Permission To Reprint Material .

Science Intesrest Test

Investigators Instrument .

Additional Tables

s

page

. . 102

103

e e e+« . . 105
107

111

113



Table

IT.
IIT.

IV,

VI.

VII.

VIII.

IX.

X1,

XII.

XIII.

XIV.

XV,

XVI,

XVII.

LIST OF TABLES

page
NINTH-GRADE TOTAL ENROLLMENT AND UPPER SCIENCE QUARTILE IN

EACH SCHOOL e e e e e e e e e e e e e e e A
DISTRIBUTION OF NINTH-GRADE SCIENCE SECTIONS 1961-1962 . AY
DISTRIBUTION OF NINTH-GRADE SCIENCE POPULATION . 51

SELECTIVITY OF BIOLOGY AND LABORATORY SCIENCE BETWEEN SCHOOLS
TEACHING BIOLOGY AND THOSE TEACHING LABORATORY SCIENCE .

SENIOR POPULATION & v v v v v v o o « o & »
TWELFTH-GRADE DISTRIBUTION OF SCIENCE GROUPS . . . . . &

GARRETT'S TEST FOR HOMOGENEITY OF VARIANCE OF GROUPS RELATIVE
TO NINTH-GRADE SCIENCE USING ITED PRETEST SCORES .

GARRETT'S TEST FOR HOMOGENEITY OF VARIANCE OF GROUPS RELATIVE
TO THE NUMBER OF SCIENCE CREDITS USING ITED PRETEST SCORES .

ANALYSIS OF VARIANCE OF TIME INTERVALS IN CLASS

COMPUTATION OF T RATIOS BETWEEN MEANS OF NINTH-GRADE SCIENCE
GROUPS FOR NUMBER OF SCIENCE COURSES .

COMPARISON OF MEAN DIFFERENCE BY USE OF THE T

ANALYSIS OF COVARIANCE OF ACHIEVEMENT PRETEST AND POSTTEST
SCORES RELATIVE TO NINTH-GRADE SCIENCE TAKEN .

ANALYSIS OF COVARIANCE OF ACHIEVEMENT PRETEST AND POSTTEST
SCORES RELATIVE TO NUMBER OF SCIENCE CREDITS .

KRUSKAL-WALLIS ONE-WAY ANALYSIS OF VARIANCE OF KUDER INTEREST
SCORES RELATIVE TO NINTH-GRADE SCIENCE EXPERIENCE .

KRUSKAL-WALLIS ONE-WAY ANALYSIS OF VARIANCE OF KUDER INTEREST
SCORES RELATIVE TO NUMBER OF SCIENCE CREDITS .

CHI-SQUARE ANALYSIS OF FUTURE PLANS FOR TAKING SCIENCE IN
COLLEGE RELATIVE TO NINTH-GRADE SCIENCE e e

CHI-SQUARE ANALYSIS OF FUTURE PLANS FOR TAKING SCIENCE IN
COLLEGE RELATIVE TO NUMBER OF SCIENCE COURSES ..

vi

53
54

. 64

65
66

. 67
. 68

. 69

. 70

.71

.72

. T4

. 75



Table

XVITII.

XIX.

XX

XXI.

XXII.

XXIII.

ZXIV,

XXV,

XXVI.

XXVII.

XXVIII.

XXTX,

XXX,

XXXT.

XXXII.

CHI-SQUARE ANALYSIS OF FUTURE PLANS FOR CONSIDERING A
SCIENCE ORIENTED CAREER RELATIVE TO. THE NINTH-~GRADE
SCIENCE GROUPS .

CHI-SQUARE ANALYSIS OF FUTURE PLANS FOR CONSIDERING A
SCIENCE ORIENTED CAREER RELATIVE TO NUMBER OF SCIENCE
CREDITS

CHI-SQUARE ANALYSIS OF STUDENT OPINIONS REGARDING THE
QUALITY OF THEIR TOTAL SCIENCE PROGRAM RELATIVE TC NINTH-
GRADE SCIENCE . o e . . o e e . .

CHI-SQUARE ANALYSIS OF STUDENT OPINIONS REGARDING THE
QUALITY OF THEIR TOTAL SCIENCE PROGRAM RELATIVE TO NUMBER
OF SCIENCE CREDITS . o e e e s e s e s e e e s

CHI-SQUARE ANALYSIS OF STUDENT OPINIONS REGARDING THE
QUANTITY OF THEIR TOTAL SCIENCE PROGRAM RELATIVE TO NINTH-
GRADE SCIENCE e e e e e e e e e e e e e e e e e

page

.77

. 78

. 80

. 81

. 83

CHI-SQUARE ANALYSIS OF STUDENT OPINIONS REGARDING THE QUAN-

TITY OF THEIR TOTAL SCIENCE PROGRAM RELATIVE TO THE NUMBER
OF SCIENCE CREDITS .

. 84

CHE-SQUARE ANALYSIS OF STUDENT OPINIONS OF THE COURSE CONTENT

CF THEIR NINTH-GRADE SCIENCE RELATIVE TO ITS EXPLORATORY
NATURE e e e e e e e s e e e e e e e e e

.86

CHI-SQUARE ANALYSTIS OF STUDENT OPINIONS OF THEIR NINTH-GRADE
SCIENCE CLASS RELATIVE TO THE PREPARATION THEY RECEIVED FOR

THE LABORATORY ACTIVITIES OF SENIOR HIGH 3CHQOL

TOTAL SCIENCE COURSES TAKEN BY STUDENTS IN NINTH-GRADE
SCIENCE GROUPS .

PRETEST AND POSTTEST ITED SCIENCE SCORES .

CALCULATION OF SUMS OF SQUARES IN COVARIANCE ANALYSIS OF
ACHIEVEMENT RELATIVE TO NINTH-GRADE SCIENCE .

CALCULATION OF SUMS OF SQUARES IN COVARIANCE ANALYSIS OF
ACHTEVEMENT RELATIVE TO THE NUMBER OF SCIENCE COURSES

PRETEST AND POSTTEST ITED SCIENCE SCORES GROUPED"BY
NUOMBER OF SCIENCE CREDITS

KUDER INTEREST SCORES RANXED BY NINTH-GRADE SCIENCE

KUDER INTEREST SCORES RANKED BY NUMBER OF SCIENCE CREDITS

vii

. 87

113

114

115

115

. 116

. 117

118



CHAPTER I
THE NATURE OF THE PROBLEM
Introduction

The basic assumption underlying this study is that the curriculum
of the junior high school has a lasting motivational effect upon the
plans and interests of students subject to the influence of such curric-
ulum. Justification of such an assumption results from the realization
that anything less would be tantamount to questioning the influence of
the entire curriculum and hence the influence of the school itself.
Implicit to this assumption is the axiomatic conclusion that the total
influence is the sum of the smaller influences.

A secondary assumption impinging upon this study is that the attri-
tion of academically talented students from the science field of endeavor
constitutes a loés to the field, to the welfare and defense efforts of
the nation, and at least in some degree, to the individual involved.

It is the purpose of this chapter to introduce the dissertation in
terms of the problems which impinge upon it. Starting with broad and
general observations which present problems of universal scope, the chap-
ter concludes with the presentation of the specific problem under inves-
tigation and the specific questions to which answers were sought. The
primary purpose of the study is to analyze the content of some prevalent
ninth-grade science courses for academically talented students in terms

of lasting interest, science achievement and future plans.



The Broad Problem

There is an abundance of confusion and a dearth of agreement to-
day among teachers, administrators, and curriculum planners, concerning
the subject matter of the ninth-grade science course. This confusion
is easily aggravated by the consideration of such important matters as
individual differences, motivation, creative thinking, goals and the
"unique" philosophy of the junior high school. Some of the uncertainty
results from a change in our thinking in regard to the objectives of
high school science, in that chemistry, physics, and biology are under-
going radical changes. This, along with an increased emphasis on the
importance of the elementary science program and a more science con-
scious public, has contributed to focus public opinion, and administra-
tive and teacher concern on the entire science program.

Most teachers, administrators, and curriculum planners agree that
the ninth-grade program should fit into the total science picture from
kindergarten through twelfth grade. Furthermore, if Jjunior high school
science is to have any meaning, it should not only be coordinated with,
and prepare for, senior high school science, but the program itself
should be so structured as toc form a self-contained unit in the sev-
enth, eighth, and ninth grades, with a specific objective centered
around a high school level of student activity. At the present time,
however, a vacuum has been created in the ninth-grade science course,
leaving it literally without profitable subject matter. The strength-
ened program in the seventh and eighth grades has virtually "used up"
the traditional subject matter, leaving for the ninth grade, a "review"

of previously presented material.



Closely associated with the problem created by the dearth of sub-
ject matter, is another associated with the concern for a laboratory
experience for ninth gr;ders. Here again, there is more agreement
than difference in opinion, that the junior high school science program
should be more than a part of the reading program; that ninth graders
should learn science, rather than learn about science; that science is
what scientists do.

In attempting to design a ninth-grade program, curriculum planners
have followed several choices. Many science teachers and administrators
have found themselves developing a curriculum for the first time, and
very often they have found themselves somewhat short of adequate train-
ing for their new role. The easiest thing for educators to do under
these circumstances, and probably the most reasonable, is to borrow a
well established course from the senior high school. The expediency
of such procedure is obvious; the content is well-described, as are the
supplies and equipment, and personnel within the system is available to
initiate such an endeavor.

There are many examples of this kind of curriculum revision. Earth
science has been introduced in many systems for ninth graders, on the
theory that since the traditional general science lacks depth and unity
of course content, a single unified science built around a central
theme would make up for these lacks. Another significant argument has
been that since senior high school science usually included biology,
chemistry and physics, earth science would really not rob the senior
high school of any of its present science curriculum. Also significant,
relative to earth science, is that it represents a return to the fold,
earth science having once been the traditional ninth-grade subject only

then called geography.



Biclogy has been the most popular of the single unified courses
to be introduced in the junior high school. Curriculum planners have
argued that since biology was usually considered a sophomore subject,
it was the most logical subject to move down into the ninth grade. This
practice, along with the trend of first trying the new course on the
ninth-grade academically talented, has been considered legitimate.
However, many professionals in the field of curriculum have disagreed.
Blanc (4) considers this fragmentation completely antithetical to the
growing recognition of the interdisciplinary nature of the sciences and
the level of sophistication of the modern junior high school student.
Mallinson (24) concurs with Blanc's viewpoint.

As a result of experimental research in which a comparison of the
performance of ninth grade and college students in an earth science
laboratory activity was made, Romey & Merril (41) concluded: Ninth-
grade students of average ability grasped the material presented in an
earth science class as well as did the college undergraduate group of
similar ability. They add the implication that ninth-grade science
students should be taught at a high level of sophistication with the
use of inductive reasoning to develop concepts.

Several professional groups in different parts of the country have '
been examining general science programs. Although their recommenda-
tions are tentative and no group is willing at this time to suggest a
program in science for the Jjunior high school, agreements on general
guide lines are beginning to appear. The following is a summary of
Blanc's (4) general guide lines:

1. TFragmentation of science into junior high school science,
has been increasing in scope for many years.



2. Many science educators are beginning to feel that the multi-
plicity of topics in many general science courses is getting out

of hand. As our scientific knowledge broadens, more and more

areas of study are being added to the general science program and
nothing is being left out. This is resulting in unworkable courses
to which neither the student nor the teacher can do justice. Many
of the educators and curriculum designers are therefore beginning
to feel that a study in depth of several major areas of science is
preferable to an attempt at giving students an overview of every-
thing that is known in science. :

3. Many curriculum designers have not clearly differentiated in
their minds the difference between a science course based on ac-
cepted concepts and understandings in science and a course that
is merely an introduction to the varied technology of our times.

4. Thoughtful science teachers have long felt that a good many
general scisnce classes have evolved mainly into’ "reading about
science interspersed with a few sporadic "experiments” performed
by the teacher.

5. Reading skills, vocabulary building, applications of science
concepts, and many other desirable outcomes can be achieved only
by means. of a conscious and concentrated effort on"the part of
teachers. The science curriculum that guides teachers, needs to
be designed with these purposes in mind.

6. It is the feeling of many people interested in science educa-

tion that the junior high school level has been a neglected area.

The significance of a strong general science course taught on a

full five-day-a-week schedule with facilities and equipment for

students to really learn the meaning of the search for truth, hag

seemingly escaped the curriculum planners in many schools.

In reporting the status of science teaching at the junior high
school level to the American Association for the Advancement of Science
and the National Science Foundation, by which his study had been jointly
sponsored, Mallinson (29) concluded that all the studies point to several

salient facts:

1. The shortage of teachers of science has been particularly
destructive of the junior high school program.

2. It is difficult to find agreement concerning the desirable
content of general science at the junior high school level.

3. An evaluation of many of the textbooks available for  junior
high school science, particularly those designed as series for ..
seventh, eighth, and ninth grades, provides ample evidence of ‘the



redundancy and naivete of much of the material. On the other hand,

many misguided enthusiasts mistake sophistication for vigor. Their

views sugges?t that junior high school science should be little more
than an introduction to the specialized sciences taught in the high
school.

L. The junior high school science program is plagued by the zeal-

ous who are desperately trying to identify students with scientific

aptitude, a trait, if it is a trait, which to this date has not
been identified or measured.

Weisbruch, (61) prominent Catholic science coordinator, says the
answer to the ninth-grade science problem lies not in changes of sub-
ject matter, but a change in method. He submits that neither biology
nor earth science belong in the junior high school, because they are
still basically descriptive in nature, much like the old traditional
general science. The ninth-grade science must be a laboratory science
with a high order of student activity; not another descriptive course of
the kind to which they have been overexposed.

Renner (40) in an analysis of the revolution of science education
concludes:

We have found that there is basically only one reason why the
revolution in science sducation has occured. The secondary school
science curriculum was in need of repair.because those responsible
for it considered that observing and classifying facts constituted
a proper sclentific experience. In other words, the process side
of science was missing. To have a proper experience with science,
not only must the process side of science be present, but the con-
tent must be up to date and of such a nature that problem solving,
not problem doing, is encouraged.

In the heart of his analysis, Renner submits that extravagantly
equipped laboratories, in which students spend many hours, does not by
itself take us anywhere. One does not have to look far today to see
elaborately equipped laboratories collecting dust while the teacher

continues his lecturarrecitation method of instruction in a so-called

new approach to science teaching.



Junior high school science has certainly had its share of experi-
mentation in regard to individual difference. As Mallinson (29) stated,
a scientific aptitude has not as yet been identified, but scientific
motivation is another thing most experts consider very real. In dis-
cussing creativity in the sciences, Abelson (1) notes that mental
capacity and judgment are largely genetically controlled, but motivation
is the factor most subject to change by one's surroundings. With moti-
vation comes the self~conirol necessary for tapping one's resources.

The inner resources which permit the creative person to continue after
repeated failure; he concludes, can stem only from deep motivation.

Wiesner, (62> a former science advisor to the president, addressing
himself to the problem of naticnal pqlicy said:

Initially our most important source of new creativeness will
be the large proportion of our youth which is now, for one reason
or another, either denied the opportunity for the necessary ed-
ucation or is not motivated sufficiently by our society'to seek it.
Since, as Abelson notes, motivation i1s the factor most subject

to change by one's surroundings, educators have concerned themselves
with this factor by giving special consideration to the matter of
individual differences. Boredom, they agree, would probably contribute
to the aversion of a creative person from science studies and careers.
Klausmeier and Wiersma (25) have made a comprehensive study of the pre-
valent activities being pursued in the United States, to allow academ-
ically talented students to proceed at a rate cpmmensurate with their
ability. On the basis of the resulis from an experimental study they
conducted in the Milwaukee Public Schools, this system has incorporated
the condensation of three years of mathematics and science into grades

seven and eight, for students of high learning ability.



Fischler (17) considers the new focus of the sixties in the area of
curriculum development will be on the development of a sclence program
from kindergarten through grade nine. The groups which he thinks are
making some great strides include the Educational Services Incorpor-
ated (ESI) located in Watertown, Massachusetts; Elementary School
Science Project (ESSP) at the University of California, Berkley; and
the University of Illinois Science Project located at Urbana, Illinois.

Cohen (10) reports that the central theme of recent science edu-
cation research has pertained to the crisis in the supply of scientific
manpower and to seeking some easing of this critical situation. Efforts
have included national and state surveys of the status of science
education and of science teacher demand and supply, determination of
student reactions to teachers, courses and scilentific careers, predic-
tions of science achievement of students, and attempts to up-grade
sclence courses.

The few reports from recent literature indicate that the con-
troversy over ninth-grade subject matter content has not been solved.

On the contrary it has extended itself to include the entire science
program, from kindergarten through twelfth grade. Those who really

know the complexities of curriculum development stated years ago that
curriculum could not be developed in a vacuum; that the concentration

of emphasis at the ninth-grade level for example, without due consid-
eration for the students' previous experiences and their future
possibilities is likely to create more problems than such isolated
emphdsis can hope to solve. Perhaps the only defense for such pro-
cedure is that often the only way to arrive at the solution of a problem

is to create or delineate new problems.



The More Limited Problem

In the fall of 1959, shortly after the first National Defense
Bducation Act provided money on a matching basis for the construction
of science laboratories, a laboratory sclence program was initiated
in the Wichita junior high schools. One room in each of the fourteen
buildings was equipped to give academically talented pupils individual
experiences in order to challenge and motivate them and at the same
time satisfy the state laboratory science requirement. Nine junior
high schools offered biology, traditionally taught to sophomores, and
the other five junior high schools offered a course consisting of
(approximately nine weeks each) chemistry, physics, biology, and earth
science. In the Wichita system, this course just described was referred
to as "Lab Science".

Whether a particular school offered biology or the combination of
sclence was influenced by the thinking of science teachers and admin-
istrators. Briefly, the opinion of the staffs of most schools was that
the combination of courses was more in keeping with the junior high
school philosophy of exploration, that the pupils' itraining gained in
the "Lab Science" arrangement could be better utilized in the existing
high school program, and that the pupils' experiences better correlated
with their previous science background in the elementary and seventh and
eighth grades. However, the greater number of teachers better prepared
in biology than in the physical sciences was a more influential factor in
the ultimate decision of nine schools to teach biology.

Because the junior high schools were split five %o nine on their
laboratory course offering, much continuity was lost in the overall city

program. Many pupils transferring from one junior high school to another
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were in trouble because they could not find the same course in the new
school. The high schools were receiving students with a greater vafia—
tion of background, and the problem of a program with continuity of con-
tent was growing. The high school biology teachers were particularly
disturbed because those junior high schools teaching biology were send-
ing only lower level pupils to the high school biology program. The
better students having taken biology in the ninth grade chose courses
other than biology or took no science at all.

Also, in the fall of 1959, the new program in high school physics,
Physical Science Study Committee (PSSC), was introduced in the Wichita
high schools. The following fall the new program in high school biology,
Biological Science Curriculum Study (BSCS) green version, was initiated
in four Wichita high schools. Those additions contributed more confusipn
to the direction of the science program, and so, the first vertical
science committee was formed. This committee was composed of sciencé
teachers from the elementary school, junior high school and senior high
school levels, the curriculum directors of the elementary schools, the
assistant superintendent in charge of curricﬁlum and fhe investigator,

a junior high school principal who served as the chairman.

In January of 1962, the vertical science committee submitted its
proposal for curriculum change in both structure and content, the major
change being in the junior high school. The idea behind the proposal
was that all junior high school pupils should have laboratory experi-
ences and that the average and below average pupil would likely benefit
as much or perhaps more from such a class than the academically super-
ior student.

The Board of Education accepted this philosophy and provided the

funds to equip all science rooms in all the junior high schools for
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such a program. It must be said that the proposal was not accepted in
its entirety at every junior high school. The heart of the change was
the placement of the "Lab Science" throughout the ninth grade and some
schools were reluctant to abandon teaching biology to their academically
talented pupils. These schools were claiming excellent results in achieve-
ment and high motivation on the basis of their subjective observations.
No extensive follow-up was made.

Other schools, during the early days of the junior high school
laboratory program, had fewer sections of the honor program than they
needed to accommodate all of their academically talented. As a result,
some of these high caliber students enrolled in traditional general
science. Also during this embryonic period, there were in nearly every
school, a few students who for some reason or another, preferred the
traditional general science to the highly competitive honors program
though their ability was as high as many of those who did qualifly.

Furthermore, because science need not be taken at the ninth-grade
level, there were a large number of academically talented students who
took no science at all in the ninth grade.

The implications of the Science Motivation Project by Mallinson (29)
would tend to suggest that the influences of the junior high school ex-
periences are likely to be reflected not only in the high school but
also in the college years.

It would appear therefore, that the opportunity presents itself to
examine this heterogeneous group of academically talented seniors in an
attempt to see if the qualities of the junior high school experiences
in science are transient and have little effect on the students' later
contacts with science, or if these experiences as Mallinson suggests,

reflect a part of a much larger picture.



The Specific Problem

Does the nature and kind of ninth-grade science experience of
these academically talented students, appear to influence the extent
to which they pursued science in senior high school?

Does the nature and kind of ninth-grade science experience of
academically talented students, and the units of science credits they
have received in high school, manifest itself among the academically
talented seniors in any of the following ways?

1. Achievement in the broad field of science
2. Interest in science
3. Plans for taking science in college

4. Plans for a career in science

12



CHAPTER IT
RELATED ASPECTS OF THE STUDY
Introduction

As suggested in' the titie of stheistudy and delineated in.Chapter I,
there is more involved in this investigation than the isolated consider-
ation of ninth-grade science subject matter content. Empathy for those
involved in such curriculum development could result only after one has
reflected upon the historical significance which abounds.

For example, placing general.science in the ninth-grade curriculum
was preceeded by a hotly debated and most interesting struggle. Some
of this struggle is presented in this chapter.

As technology introduces changes in practices and procedures and
as findings .of experimental research impinge more upon the conceptual-
ization process of curriculum development, and as more money via govern-
ment channels becomes available, new curricula and scientific methods of
curricular development are appéaring. This chapter will consider some
supportive theory and discussion of recent developmental practices.

lastly the chapter will be concerned with the additional problem
of curribulum development necessitated by meeting the needs of academ-
ically talented students. What are the characteristics of these stu-
dents? What are the problems they present to curriculum planners? Is
there evidence of neglect in this area? What does recent research

indicate relative to this kind of problem?

13
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Historical Development

The lay observer could easily conclude that general science has
always been a part of the American high school, and that it was intro-
duced into the high school curriculum with little fanfare because every-
one felt that it should be so included to introduce the other high school
science subjects. The opposite could never be more true. The road to
this goal in curriculum development was as rough and stony as any ever
traveled.

The first real text in general sclence was Clark's General Science,

published in 1912, by the American Book Company (9). It contained 363
pages with illustrations and cost eighty cents. It had an accompanying
laboratory manual which cost forty cents. Later came a flood of material
which has never abated.

At the time the book was pﬁblished, there were twelve different
sciences being taught in the high schools. They included physics,
chemistry, botany, zoology, physiology, anatomy, geology, geography
and meteorology. The National Education Association appointed a commit-
tee of twelve (one for each science being taught in high.school) to in-
vestigate the possibility of a general science course. The chairman
was William er; Deputy State Commissioner of Education, Boston, Mass.
Dr. Otis Caldwell was chairman of a similar committee of the Central
Association of Science & Mathematics Teachers. Webb (59) gives some
interesting selections from their published comments to show the nature

_of the controversy.
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- From Dr. Caldwell's committee: "As the various scilences
have become differentiated and developed, most of them have
been introduced with the high school curriculum in one or more
parts of the country. Each science has its merit, else it
would not stand as a science. ... . Often eight different
science subjects, and sometimes even twelve are found in the
high schools of'a single state. These numerous sciences are
contending with one another for a place in the high school,
instead of presenting a demonstration of the efficiency of a
unified science. This is a need apparent to anyone who has
studied the schools first hand.

What should science do for high school pupils? It should
give knowledge of the world of nature, more purposeful activ-
ity, future occupations, sclving own problems, enjoyment of
life. The truths of science are the truths of life.

First year science in the high school should be organized
upon a broad basis, including the fundamental principles of the
various sciences, and using materials from all. Physiology and
hygiene should be combined with physical education.

In the second year, emphasis should be on the biological
sciences and their applications. The third and fourth year
need diverging interests such as physical and chemical science,
domestic science, agricultural science, and electives."

Commissioner Orr's committee also recommended an ”introdﬁétory
science' for the first year of high school, rather than any special
sclence or physical geography. The committee further recommended that
this introductory science be followed by physics in the second year,
chemistry in the third, geography and/or biology in the fourth year.

As the argument continued as to which science was the most important,
the introduction of a general science began to appear as the only solu-
tion to the dilemma. Those who were arguing that chemistry, for example,
should be maintained in the high school would much rather see an intro-
ductory course required than to have one of the other established sciences
move into the coveted position. A parallel debate was going on at the
same time as to what should be required and what should be elective.

Those supporters of a particular science did not really feel that their
own speciality should be required but rather that none of the other

sciences should be required either. At the same time, all interest
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groups realized that no single science could thrive in a vacuum. Gen-
eral science not only appeared to be the way out, but a desirable pro-
motion of each science.

Since the consensus was at least reasonably general that this in-
troductory science should be offered in the first year of high school,
it was natural and logical that it should replace the science that was
being taught in the first year of high school. By far the most popular
sclentific course being taught in the ninth grade was some kind of
geography. Sometimes it was simply called geography but usually a some-
what more sophisticated title was used to distinguish it from the ele-
mentary course. '"Physical Geography" was most usual, but also used was
"High School Geography", and "Industrial Geography". Later it was called
"Physiography" and still later "Earth Scilence'.

The physical geography proponents went conscientiously to work to
save their pet interest. The arguments they used appear at best humor-
ous to us today. Certainly we wonder how our logic will seem to those
involved in curriculum change a half century from now.

An early reply to the trend to replace physical geography with gen-
eral science was given by Fairbanks (16) of the University of California
in 1910.

After a long and careful analysis of the situation from
all standpoints, it seems to me that the proposed course in
general science for the first year of the high school is fund-
amentally bad and a decidedly backward step. If generally in-
troduced, it will displace physical geography which I hope to
be able to show you is, when properly interpreted, the only
science study which is fully adapted to this stage in the
school course. ... ... . It is with the hope of discouraging
this movement, and saving the high schools years of groping in
the darkness of this general science notion, that I wish to
plead the advantages from every standpoint of this old but too

often unappreciated subject of physical geography. Because of
wrong lideas as to what physical geography should be for first
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year high school pupils, because of the wrong attitude of most

of the texts, because of the wrong conceptions of most of the

laboratory work and the too formal demands of college entrance

requirements, and finally because of the still widely held view
that anybody can teach physical geography whether he has any
preparation or not, the matter has reached such a stage that we
have got to defend one of the most practical as well as broadly
cultural subjects of the whole high school curriculum.

Fairbank's article was not only well written, but it was packed
with emotion. He predicted that general science was sure to be poorly
taught. He stated that no one man in the University of California was
capable of giving such an all-round science course and asked if they
could expect to find such men in high school.

Like so many situations of this kind, it would be most interesting
to have a reaction from Fairbanks if he were around today, with his
beloved physical geography making the come back that it has under the
title of earth science. Some of the arguments Fairbanks used, such as
"Physical geography is more adapted toimature minds...requires
outdoor observations ... all phenomena are primarily geographic, i.e.,
they take place somewhere ... geography is vitalized, personal and
warm", are being used today, in only slightly different context, by those
who believe that earth science is the course that should be offered to
ninth-grade students.

Though there is much similarity, it is really doubtful that
Fairbanks would recognize the course if for no other reason than because
of the prevalence of the laboratory, and problem solving techniques.
Fairbanks raised serious questions about the value of the laboratory.

The laboratory method in physical geography is in danger of

becoming formal and lifeless. The importance of acquiring a

rational knowledge of the interaction of the phenomena about us

has  often been lost sight of in weeks devoted to the study of

contour map, the prolonged analysis of weather maps, and the
mechanical recording of physical observations. The ability to
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handle all sorts of meteorological instruments will for most

pupils be of little value in practical 1life, but an understand-

ing of the meaning of weather signs as illustrated in the phenom-

ena of the air will not be forgotten and will be of perpetual use.

The highly emotional and presumptous comments of Fairbanks did
not remain unanswered for long. Mann (31), another involved professor
at the University of Chicago wrote: "Fairbank's paper proves, if it
proves anything, that physical geography is as ill-fitted as it could
possibly be for the purpose, and that only general science can ever sat-
isfactorily meet the present demand."

Perhaps the most significant part of the criticism is the "present
demand" aspect. "Present demands" for styles in clothes go through cycles
for example. For a time a certain style may be in demand but when some-
thing new comes along, the old style must be discarded. It is true that
a style may return, but it is really never quite the same. The material
is different, or the weave or the color may not be suitable. Few people
ever put an article of clothing in the trunk and bring it out years later
with much measure of satisfaction in wearing the article. Does the return
of the stick shift on new automobiles imply that the cld and proven man-
ual clutch has after sall proven superior? Or does superiority have any-
thing to do with it? Certainly the sticks on the new models only faintly
resemble those of an earlier existence.

Those involved in curriculum planning need only take one look at
itsvhistorioal development to be convinced of the naivete in thinking that
they are motivated solely by function. The 'demands" of the situation,
both of which planners are aware and those of which they have no con-
sciousness of existence, are probably the real villains or heroes.

Perhaps curriculum writers and curious investigators would exhibit

genuine wisdom in the matter if they would refuse to laugh and ridicule



19

the arguments of their predecessors, and for that matter criticize
themselves too severely if they seem to be doing the same thing years
later with the only difference being in the fabric or weave.

A truly significant fact is that change does make an indelible
mark. The writer is acquainted with an outstanding high school physics
teacher who resisted at first, the change to PSSC physics. Yet very
soon after the first booklet had been released, he was caught utilizing
some of the PSSC ideas in his laboratory sessions, and only to friends
weuld he admit his theft. If the so-called PSSC physics were suddenly
to disappear, traditional physics would never be the same.

We need not present a great mass of arguments supporting the change
to general science. It should suffice to say that those who did support
the general science idea were the victors, if there were victors. With
the possibility that the presentation of more arguments designed to save
physical geography appear anticlimactic, a few, however, are most interest-
ing. Coulter (12) of the University of Chicago again, wrote:

I can not agree with the method of general science. It

is a substitute of the enclyclopedic for the educative. As an

analogy, almost all the living languages are represented in the

populations of Chicago, yet it would hardly seem rational to

teach a child all the foreign languages at once, by picking out

the commonest words and phrases of each.

In concise rebuttal, Caldwell (8) of the same university wrote:
"The accusation that general science is encyclopedic is true in the
sense that it attempts to include a measure of the scientific infor-
mation which seem to be appealing and worthwhile to young learners.”

Ten years later the controversy still persisted, but with a new

wrinkle. In 1924, Martin (33) of the Arsenal Technical High School,

Indianapolis, reported:
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The course in civies is regarded as more profitable than
general science since it gives a broad view of life, including
the relation of science to it, and therefore is more valuable
to the student than the limited phase showing the relation of
science alone to life as presented by general science.

As Webb (59) observed, "Truly this was the first time, perhaps
the only time, that general science was criticized because it was too
narrow."

The development of subject matter materials in general science was
not accomplished without the assistance of national committees and spe-
cialists in the related fields. One such specialized scientist was
Millikan (34) whose work in establishing the mass of the electron achieve-
ed for him international fame. Millikan was not particularly proud of
his contribution to the general science movement.

I was intimately associated with the initiation of the gener-
al science movement - for which I hope God may sometime forgive me -
so that I have had to look quite carefully into the teaching of all
the secondary school sciences. The elements of science instruc-
tion are simple and definite and the mere statement of these el-
ements at once points the way at least to the next step in the
solution. The successful technique of teaching high school phys-
ics at least, and I think also of other high school sciences, is
now pretity well known. For the last fifty years those who have
been actually teaching secondary school physics have been work-
ing out by trial and error, a successful technique of that teach-
ing, and there is now large agreement upon it.

The article by Millikan was answered the next year by Downing (14).

But that the elemenis in the problem of secondary school
science are simple and definite and that the mere statement of
these elements at once point the way at least to the next step
in their solution seems to me an optimism born of ignorance.

His statement that the successful techniques of teaching high
school physics and also other high school sciences is now pretty
well known, a technique which he claims has been worked out by
trial and error is far from the truth. If one had made 50 years
ago a similar statement in regard to medicine, that the technique
of treating diseases had been thoroughly determined by the pre-
ceding centuries of the trial and error method, he certainly, in
the light of the advances made in the last 50 years by the scien-
tific method could justly have been accused of rashness. The
scientific study of the efficiency of the various types of pro-
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cedure in the teaching of physics and other sciences has just

begun. The curious thing is that men who are supposed to be sat-

urated with the scientific attitude of mind fail to see that the

problem of teaching must be attacked in the same scientific way

as the problems of the physical and biological sciences. Surely

the trial and error method would not go far in settling the prob-

lem on which the present day physicist is at work. Nor can we

expect them to be more successful in settling the problem of
teaching.

These two philosophies of Downing's and Millikan's have persisted
in conflict from the time of their introduction to the present. During
most of this period the philosophy, as represented by Downing, has pre-
vailed. Now it seems that the philosophy, as represented by Millikan, is
growing and gaining the ascendancy.

Because biology has made its way into the ninth grade and because
there are significant elements of society which feel that biology is the
best subject to teach in a ninth-grade science class, some of its his-
torical development will be considered here. Furthermore,; one of the
experimental groups of this study consists of students who had biology
in the ninth grade.

The subject of biology is truly a contribution of the American high
school, not having been first a college subject watered down to high school
level. As such, i1t marks the first successful revolt by high school tea-~
chers against the course content and methods of college professors. Gen-
eral biology came into vogue about ten years after general science, or
about 1922. 1t was accepted more readily, however, inasmuch as the
general science controversy had paved the way for the practice of going
from the specific to the general in curriculum development. The special-
ized courses of botany, zoology, and physiology, really had to give way

if any portion of their content was to be a part of the average high

school student's experience. It was a wise move, for today, general
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biology is elected by more students at the senior high school level,
than any other science.

At first the tendency was simply to teach botany for one semester
and zoology for the other. Though this description implied recognition
of the standard specialized courses, it did not conform to the objectives
toward an all-inclusive title. The New York State Board of Education
published a general biology syllabus in 1910 (35). Four major aims were
stated:

1. To give boys and girls a first hand knowledge of some common
plants and animals

2. To lead pupils to some understanding of the essential functions
carried on by all living things

3. To teach them something about the economic Importance to man of
plant and animal products and the necessity of preserving the bio-

logical resources of the country

4. To emphasize especially the essential conditions of individual
and public health in city and state

As Rosen (42) observed: "In many ways, the introduction of general
biology was a reaffirmation of high school teachers of Pestalozzi's
ideology, now welded to the pragmatism of John Dewey."

General biology was readily accepted in nearly all areas but New
England. In 1916, Walter (56) of Brown University wrote as follows:

At the present time, it is frequently true that the biological
course of the average high school has strong resemblance to hash.

To speak plainly, it too often consists of warmed up left overs,

e.g., a little nature study from the grades, some large indigestible

chunks of college zoology, a dash of elementary physics and chemis-

try, a little botany and hygiene, and in certain states where re-
guired by law, an intemperate dose of temperance.

The general rule was for biology to be placed in the tenth grade or
the first year of the three-year high school course. As Rosen(42)

observes:
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For small high schools general biology provided greater
economy of time and teaching staff. The scope of general biol-
ogy was broader, less technical and more practical. In short,
the new course was far better adapted to the American high
school than botany and zoology courses.

Despite a widespread opinion that general biology was a
poorly organized, incomplete, snap course in the hands of incom-
petent teachers, the new experiment in high school science
teaching attracted students. In the smaller school, general
biology was replacing botany, zoology, and physiology; in the
larger, it was being added to the curriculum as an elective--
but one whose popularity increased alarmingly at the expense
of the specialized courses.

By 1936, it appeared that in biology, at least, a panacea
for the ills of high school science had been found.

Recent Proposals For Ninth-Grade Science

As pointed out in Chapter I, biology has been the most popular sub-
stitute or replacement for géneral science. A recent survey conducted
by the United States 0ffice of Education revealed that among the schools
sampled, 13.5 per cent were offering general biology as an elective at
the ninth-grade level. (55) There are other indications that an increas-
ing number of schools are offering the first year biology course at this
level in preference to the more traditional tenth year placement.

Yager (64) and the University School in Iowa City analyzed this
trend in their school.

For the past six years it had been possible for both ninth
and tenth grade students to enroll in general biology in the
university schools. During the past four years approximately
50 per cent of the students have elected the course during their
ninth year. The students were not segregated according to grade
level and the same teachers, laboratories, and course schedules
were involved for both ninth and tenth grade groups.

A comparison free from influences of differences in general
ability indicated the difference in achievement between adjusted
means of the ninth and tenth grade students was not statistically
significant.

Queries directed to the course instructors yielded contrast-
ing opinions in several respects. There was agreement on a num-
ber of important points however. The majority of instructors
felt that there was little evidence of difference between ninth
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and tenth grade student's atititude or classroom performance.

Several instructors felt that ninth grade students exhibited a

more inguiring approach to the course. The number of outside

projects completed by the ninth grade group was considerably
greater than that for the tenth grade students. Very little
difference was noted in the over-all performances of students

in the laboratory and on teacher constructed examinations.

There was some indication that tenth grade students performed

better on test items involving abstract concepts. It seems

safe to assume that tenth grade students would be able to achieve

a greater depth of understanding by virtue of their greater

motivity than degree of difficulty.

There are several implications associated with this study. First
of all, it is apparently possible to organize a good ninth year bioclogy
course that may have many characteristics of the typical tenth year gen-
eral course. With most teachers and most objective measures available,
there is little difference in performance between ninth and tenth grade
. students. Certain teachers can affect the achievement of either group
psitively or negatively. Certainly school organizations as to number or
periods, laboratory facilities, and teacher assignments will affect per-
formance by students in the two grades. However, when the variables are
largely controlled, there is little difference in achievement between
groups for the typical general biology course.

These findings tend to support the often quoted statement that ma-
turity probably has little to do with the level of the concept, only the
level of presentation.

Another implication involves the suggestion that considerable reor-
ganization of the science curriculum--kindergarten throughout twelfth
grade--is possible and possibly desirable. Certainly the void in the
typical junior high school could be altered by a good general biology
course. Most of the information concerning health, hygiene, conserva-

tion, safety, etc., which was commonly a part of the junior high science

is now found in the elementary school. This is also true for areas
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junior high science where thoroughly trained specialists in science ed-
ucation are available.

Before leaving biology as a strong contender for the coveted role
of ninth-grade science, i1t would be well at this time to summarize the
pros and consg of bilology being granted this esteemed position. Sharkan
(44,) goes into detail on a few of the pros clearly revealing his bias.
First the pros;

1. A considerable portion of the material covered in the ninth-
grade general science course has been introduced in the elementary school
scilence programs and completed in the sirengthened seventh and eighth
grade science programs. Therefore when this is done, one will gain a
year in the science program. All subjects are moved down a year and an
advanced program is set up.

2. Since biology is usually taught in the tenth grade, it is the
logical subject to move downward into the junior -high school. Chemistry
and physics are more specialized sciences which require more elaborate
equipment and changes in the physical enviromment of the school. Like~-
wise they recquire more of a mathematical background than biology.

3. More teachers are trained to teach biology and hence express by
thelr training their interest and motivation. Certification requirements
are clearly defined by most states as to what constitutes.adequate prep-
aration for blology teachers. Though an earth science course is avail-
able, teachers with training and interest are not.

4. Biology is a course with prestige while connotations of an
earth science course imply that it is just right for the science-shy

student. Likewise, an introduction of biology in the ninth grade will
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raising the standards of scientific education so that students start
to motivate themselves toward a college education earlier, and will
help eliminate the supposedly "snap" courses they are taking.

5. The introduction of ninth-grade biology will allow the academ-
ically talented students to gain one year through school and will allow
them to enter college with advanced standing. This is becoming extreme-
1y mofe important in our professional world when more years are spent
obtaining advanced degrees.

6. Ninth-grade biology éould easily be the most functional course
in the ninth grade or in junior high school. During the ninth grade
one finds dynamic changes taking place in the growing boy or girl. The
pubescent spurt and the onset of adolescence focuses gne's thinking on
oneself as a biological mechanism and supports the teaching of a func-
tional ninth-~grade biology as the opportune subject at the appropriate
time.

Many of these pro arguments are considered by some to really say
more against ninth-grade bilology than they say for it. Therefore, in the
list of cons the only change is sometimes in the frame of reference.

1. The greatest disputation against ninth-grade biology is that of
the maturation factors in children relative to the placement of biology.
Critics have said that the maturity of one year is exceptionally sig-
nificant in the teaching of biology. They go on to say that ninth-grade
students have not matured enough to assimilste the subtle and complex
relationships that are taught in the study of heredity, evolution and
reproduction.

2. A speciazlized course such as biology in the ninth grade is
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antithetical to the philosophy of the junior high school. The role of
the junior high school should be that of exploraticn; it should concern
itself with many areas of science.

3. Biology does not lend itself to the laboratory centered approach
which is so badly needed in the junior high school, particularly at the
ninth-grade level. The change which is needed in the junior high school
is one of method, not content. The biology as now taught in most tenth
grades will not produce this necessary change in methed.

4. High school teachers do not relish the idea of going to a
junior high school to teach. FEven though they should not need to move,
they do not like for the junior high schools to literally capture their
most popular subject. They often claim that they are faced with either
transferring to the junior high schools or teaching something else in the
senior . high schools for which they have less training and less interest.

5. Finally, ninth»gradé biology will result in a "watering down"
of tenth grade biology material to the extent that biology will loose
its great appeal that it now enjoys as a high school science, and will
end up as a glorified nature study course.

Thelen (53) identified a total of 511 facts and concepts of chem-
istry which in his opihion were necessary for the understanding of the
biclogical phenomena considered in certain selected typical biology
curriculum materials. He concludes, as a result, that the high school
biology topics have been treated superficially because most schools
teach biology before chemistry. He only implies that any consideration
of placing such a course even lower in the curriculum hierarchy would only
compound the problem.

There seems to be little question of the fate of the old traditiocnal
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terial and distributed 1t with varying degrees of success from the first
to the eighth grade in the present elementary science curriculum. As a
consequence of this, the ninth-grade general science course has become
dull and repetitious. Furthermore, the new laboratory approaches of
biology, chemistry and physics would certainly call for something en-
tirely different if the ninth-grade science i1s to be considered to any
degree, as é preparation course for senior high school science. There
are many who seriously object to even an inference that anything taken
in the junior high school be designed to prepare for the senior high
school. Weisbruch (60) dismissed the argument with these remarks:

Whether general science is considered in the light of prep-
aration for senior high school science or as a terminal course,
certain fundamental objectives should be clearly understood and
agreed upon before a change is made. Whatever the content of
the course it should first of all be part of a developing pro-
gram that utilizes what has gone before in the elementary sci-
ence program and at the same time prepares for what is to come
after.

Secondly, some of the history of the great ideas in science
should be taught as part of an understanding of how science
develops. I am not advocating teaching the history of scilence
in place of sclence.

Pinally the ninth-grade science course should fill a need
for an understanding of the tremendous impact of scilence upon
the individual and upon society. I believe that a science
course containing these three elements would fill a need in the
science curriculum and at the same time, be feasible for both
the student who wishes to continue in science and for the stu-
dent for whom ninth-grade science is a terminal course.

Regarding the problem of whether to place biology or earth science
in the ninth grade, Weisbruch (60) had this to offer:

I do not believe that either of these will be the final
answer to the question of what to do with ninth-grade science,
because both solutions deal with the subject matter of the
course. The answer lies not in a change in the content of the
course but rather a change in the method. As long as the ninth-
grade course is primarily teacher centered with the accent on
the lecture period, with its necessary factual presentation
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and memorization of scientific data, it cannot qualify as a
science. Now both of these new approcaches are science and
therefore cannot rely for its conclusions upon experimental
data. Biology even with scheduled laboratory periods has con-
ventionally been taught as a descriptive science, not as a lab-
oratory science. Substituting earth science or biology for the
present general sclence which already deals mostly with descrip-
tive subject matter such as technology, health, safety, and con-
servation, will not meet the objectives which a ninth-grade sci-
ence course should have. Science at this level should make use
of all that hag gone before and serve as a gateway to further
experiences in science. In view of our present science program,
a purely descriptive science would not do this.

Weisbruch (60) agrees that the ninth-grade science course must
certainly teach the student how to perform experiments as a scientist
would perform them and for the same reason. A student cannot understand
the method of science nor can he develop an adequate sppreciation for
science, unless he acts as a sclentist. Weisbruch listed some objec-
tives which he proposed would help stﬁdents discover the method of
science.

1. The course must be laboratory centered. The student must gather
useful data, record the data, study it, analyze it and interpret it.

2. Heavy stress must be placed on quantitative measurements, on
deductive and inductive reasoning, and on the relationship, between
science and mathematics, so that the student may come to see the
logic in science.

3. The course must be so structured as to develop an understanding
of the method of science. This means that the main emphasis of the
course must be placed on the role of experiment in the process of
discovery. ' ’

4. The course must emphagsize problem solving in the laboratory in
order to foster the habit of initiative in the use of the imagina-
tion and to develop habits of questioning and critical thinking.

5. The course should stress the contributions made by great men of
sclence.

We cannot discuss the pros and cons of what should be contained in
ninth-grade science for long without considering the changing interests

of our students. It has been indicated in studies such as one by Crum-



30

rine (13) that the interests of students change considerably throughout
the junior high grades. Such research findings indicate that in the
majority of cases, students at the sixth grade level tend to elect

general science as their first choice of preference. A similar study

by Mallinson (30) indicates that during the intervening years of junior
high and high school, science as a subject is accorded the least enthu-~
siasm. Thus, the preceeding years have failed to keep the inherent in-
terest alive for many. In speaking of this situation Norton (37) had this
to say:

Obviously, it is possible that the teachers and the curricu-
lum may not be entirely at fault. Many students will shy away
from advance science courses due to their increased difficulty
which tends to frighten many students away. Actually, science
is not more difficult as a subject than English or history--the
writer is convinced that the teachers of science themselves are
largely responsible for this unfortunate connotation. Then again
many find that science is a subject that does require consider-
able work and application and many find that it lacks some of
the romantic aspects that they had originally expected when they
were younger., However, we can still place much of the fault
for this apparent shift of interest to the lack of a well-organ-
ized junior high science and laboratory program.

Norton goes on to point out that the major weakness of the junior
high science program lies not in its content but in its approach. With
this viewpoint he is concurring with all but those who particularly ad-
vocate biology or an earth science subject.

Although we do not have to be reminded of the energy and en-
thusigsm of the teenager, many science teachers at this level insist
on dissipating youthful interest and energies, by using the worn
out lecture recitation approach. Who can blame the student for
his distaste for science taught in this manner? The lecture-
recitation method may be adequate for advanced college prepara-
tory science work, but the junior high student learns best by
doing. A mistake committed by many science teachers, who do
use an activity centered program, -is their attempt to rush pro-
jects and student activities and on occasion they actually do the
activities for the student to save time and eliminate the blun-
der and probable mistakes which the student generally commits.

We still fail to realize that the student learns by his mistakes.
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Poll (39) agrees with the activity centered approach relative to
his contention that the student who is given the opportunity to assume
responsibility is in a position to learn how to act responsibly. Not
all students are responsive to the same learning experiences. FEach
student knows himself and his needs better than does his teacher. He
should be provided with a sufficient variety of learning experiences
so that he can select modes of learning that are most productive for
him. Each student must be given a certain latitude of choice-making
opportunities. He should be able to make wrong choices without being
additionally penalized by the teacher.

Showalter (46) describes a unified science program now in full
operation at the Ohio State University High School. The program was
introduced gradually. In 1959-69, general science was replaced by
Unified Science I; the next year Unified Science IT replaced biology,
and so on. Comprehensive evaluation of the program has not been made
but opinions on the change are not hard to find, nor are legitimate
problems. Most objections come from those who did not want to give up
the old science and to some degree, they simply miss the old title.

Lerner (28) discusses a course based on the integration of chem-
istry and physics into a single course. Such a course was first offered
in 1960 in Barringea High School, Newark, N.J. He found many problems
with overlapping of concepts, textbocks and teachers, but he concluded
that they were on the right track trying to capitalize on the strengths
of Chemical Bond Approach, Chemistry Educational Materials Study and PSSC.

One of the most recently formed groups for curriculum development
is the Harvard Project Physics group which hopes to check the continuing

drop in the proportion of students who take physics, by developing a
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lively science closely related to achievement in other fields. (37)

The group was formulated much after the fashion of the PSSC; however,
they are somewhat short of the resources of PSSC. The Harvard group
feels that even with all the efforts that have been directed at physics
as a high school subject, PSSC is not the last word, a feeling
supported by the fact that physics has decreased in relative popularity.

There are a few arguments or proposals for a ninth-grade earth sci-
ence course in the literature. Mathews (32) presents one of the most
complete pictures of the growth of earth science. He discusses the
actual statistics of the increase in the interest of earth science,
the problem of teacher training, at what grade level it is being taught
and the course content.

Shroud (45) presents several reasons why earth science should be
taught in the junior high before the interested science student gets
into the senior high with its highly appealing courses. His best point,
however, is that the junior high age is when the interest in earth sci-
ence and its assoclated "awes" is at a maximum. He does not present a
vigorcus argument that it should be taught at any particular grade within
the junior high school, though he mildly supports its location in the
eighth grade.

Skinner & Davis (48) found that earth science was offered in at
least three different patterns to ninth graders in Ohio. They found
most teachers in agreement that it should be taught in the ninth grade
though high school geology teachers said otherwise. In nearly every
case in which the class had been organized recently, the class had
been launched by an interested teacher. The trend seemed to indicate

an increase of earth science for ninth grade students.
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Caldwell (7) made a rather rigorous study to determine the content
of an earth science course for ninth grade, having in mind the following
specific objectives:

1. To determine the amount of earth science presently offered
and the grade offered

2. To determine the purpose of the ninth-grade earth science
as 1t was being taught

3. To determine the degree of emphasis on earth science topics

4. To determine the future emphasis in ninth-grade science

5. To analyze the content of ninth-grade earth science

6. To point out promising trends in ninth-grade earth science

Eighty~three questionnaires were analyzed from as many different
centers in the United States. Thirty-five came from Illinois, four
from schools in Pennsylvania, four from Michigan, and less than four
from twelve other states. The investigation indicated the following:

1. There is an increasing interest in the teaching of a one-year
earth science course at the ninth-grade level.

2. Many schools are anticipating the introduction of an earth
science course in their secondary science program.

3. Those schools who have recently started earth science have
done so at the ninth-grade level.

4. Most science teachers of earth scilence courses have had very
little to no special training in the areas of the earth science
fields. One conclusion was that 1t was apparent that curriculum
studies were needed on a national basis, pertaining to the growth
and development of effective earth science courses in the secon-
dary school science programs.
Stephenson (50) describes the Earth Science Curriculum Project,
(ESCP) undertaken by the American Geological Institute with grant support
from the National Science Foundation. Its general objectives are the

development of up-to-date teaching resource materials for use in sec-

ondary school earth science courses and the acceleration and improve-
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ment of college programs for the preparation of earth science teachers.
The project i1s an interdisciplinary effort of astronomers, geolo-
gists, geophysicists, meterologists, oceanographers and physical geo-
graphers working with science teachers and science educators to produce
text materials, teaching guides, laboratory and classroom demonstration

and experimental materials, monographs and visual aids.

Implications for Curriculum Development

A previous section of this chapter considered the historical signi~-
ficance of ninth-grade science, but did not introduce patterns of curricu-
lum development procedures, relative to the past. The earliest method
of curriculum revision and development probably consisted of legislation
to determine which subjects to teach. Textbook writers exercised a free
hand and as self-appointed experts determined to a great extent much of
the curriculum content. In the 1890's, there began what has been called
the development of curricula by national committees, and though the prac-
tice moved away from this procedure, the trend is again in this direction
as evidenced by curricula being developed by such nationally known groups
as the Physical Science Study Committee (PSSC) of Massachusetts Insti-
tute of Technology and the Biological Science Curriculum Study (BSCS).
Today we are witnessing another beginning of the cycle. Again a feeling
is being expressed that school programs are too diverse and chaotic;
that their content is inadeqguate; that national effort is needed to
establish the main outlines and main patterns and that therefore a
national curriculum commission is needed. (21) (54)

The committees, whether functioning in 1890 or in 1960, were ini-

tiated to bring order and uniformity into rather meaningless and shallow
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programs which led nowhere. The chief role of the early committees
was to make recommendations regarding the content and the organization
of the secondary and the elementary school curriculum. The responsi-
bility tended to be in the hands of college professors who attempted
to determine what elementary and secondary schools should be doing in
spite of the fact that they had no first-hand information. Another
outstanding characteristic of the curriculum during this period was the
sharp distinction between subject matter and method.

Folliowing the First World War, the responsibility for curriculum
development gradually shifted to local school systems, a trend which
has continued to the present day. As Taba (51) notes:

This change in the concept of curriculum and the shift in
the responsibility for curriculum development also produced
changes in the method of organizing and administering the pro-
cess of curriculum development. Curriculum experts and teachers
began to participate in curriculum production. To organize
this participation, committee work became the chief vehicle.

The earliest formula for work was "from the top down!" or the
"administrative approach" in which the committee structure was
elaborated in the central office. It yielded many publications
but did not always achleve a corresponding impact on the class-
rooms because the changes in curriculum were not always accom-
panied by changes in the skills and attitudes of teaching per-
sonnel. Gradually both the pattern of participation and the
nature of responsibility were extended. The '"grass roots" ap-
proach replaced the '"from the top down" administrative approach
and included as much of the schools personnel as possible, on
the assumpticn that the functioning curriculum would be im-
proved only as the professional competence of teachers improved.
Under this apprecach, change began with teacher concerns.

The present curriculum reform in science 1s unique in the history
of American Education. PFor the first time, compliete textbooks have been
written to be experimentally tested in the classroom for two or three
years before final publication. The same ;procedure is being used in
developing learning aids to complement each course in the curriculum.

The laboratory is more intimately a part of the total learning
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activity than has been characteristic of previous studies. Research
such as the study being conducted by the writer is attempting fto evalu-
ate the effect and worth of this laboratory experience.

The involvement of the scientific community in curriculum improve-
ment has been extensive. At times in the past scientists have contrib-
uted to the context of high school courses but not by developing organi-
zational criteria, formulating methods of teaching, or creating learning
alds.

Previously the science curriculum has been outlined primarily as a
body of subject matter to be learned. One has conly to examine course
guides to find examples. How the material should be learned and the
structure of science were not considered as curriculum dimensions.

These are the factors, however, that are likely to bring about maximum
learning.

Major efforts are being made to develop a sclence curriculum that
presents a unified picture of the discipline. The fragmented samplings
reflected in the units and chapiers of most older courses are nc longer
evident. Integrated theories, unifying theories, and learning cycles
are replacing them. The new science courses are attracting international
interest. Several are being translated into foreign languages, although
they are still in an experimental form.

Much of the success of the new courses is due to the financial
support given them, which made it possible to enlist the best talent
available. The American people have never before invested in curriculum
development, nor have many attempts been made to attack the problem on a
national scale. There are many achievements that seem likely to loom

large in the years to come. The most hopeful of these is the renewal of
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interest in human learning. Regarding the "learning of science" as the
most promising achievement, Hurd (22) offered the following:

Those who developed the new science courses, sought to
raise the quality of learning. Quality is defined as knowing
the characteristics of a discipline, its methods of investigation
and the nature of its data. It is recognized in the student's
ability to pattern the conclusions, processes, and theories
of science. This means he understands the "structure of science"
and has developed a capacity for logical thinking.

The learning of science has dimensions both in the nature
of the discipiine and the individual. The essential cognitive
skills are primary objectives of teaching. These are not unlike
the methods by which the scientists acquire new knowledge and in-
sight.

Bloom (5) considers the problems of developing curriculum and
instruction in relation to four major types of cuestions:

1. What educational purposes or objectives should the school or
course seek to attain?

2. What learning experiences can be provided that are likely
to bring about the attainment of these purposes?

3. How can these learning experiences be effectively organized

to help provide continuity and sequence for the learner and to

help him in integrating what might otherwise appear an isolated

learning experlence?

L. How can the effectiveness of learning experiences be eval-

ugted by the use of tests and other systematic evidence-gath-

ering procedures?

Bloom (5) says that educational objectives mean the explicit
formulations of the ways in which students are expected to be changed
by the educative process~~the ways in which they will change in their
thinking, their feelings, and their actions.

Page (38) considers the changing objectives of science, the changing
art of science teaching, and the building of a science curriculum, as
problems which should be considered together. The goal of science teach-

ing i1s twofold. It must first produce well-trained scientists to carry on

sclentific research and the multitudinous applications so necessary in
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our society today. Second, and this is of growing concern to both ed~-
ucators and scientists, science teaching must acquaint the general public
with what the scientist is after, with what he has to offer, and with
what he cannot provide.

Page expresses the most serious problem in sclence education today
as that of shifting the emphasis of a million teachers of science from
the mere facts and the often outdated conclusions of science to something
more enlightening. Regarding the present approaches to the solution of
this problem he adds:

The programs of science curriculum reform that offer the
greatest promise have been those supported by the NSF with the
encouragement of the professional scientific societies. All
these programs are coordinated efforts, involving the writing
of new textbooks, teaching guides, laboratory manuals etc; the
training of teachers and the support of schools instituting the
change. In each the revised curriculum has been tested in rep-
resentative high schools and modified as a result of this trial.
Colleges are already feeling some of the results; freshmen with
the PSSC training have a more mature view of physics than in the
past. In many ways these new high school science curricula have
provided the enlightenment we so badly need.

In discussing curriculum design in scieﬁce, Watson (57) has found
that in many instances this important task is approached within an overly
limited framework that fails tc consider many of the dimensions that
must be met. Any group, whether local, state or national, that under-
takes curricular reforms must assume responsibility for 211 aspects of
such procedures. Watson lists five dimensions of planning of which he

considers each necessary but not sufficient.

1. The large and small concepts which constitute the structure
of a particular subject

2. The many procedures which give vitality, continuity, and
commonality to the efforts of scientists

3. The peculiar characteristics of the learner such as his age,
sex, and the cultural attributes of his community
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4. The intellectual behaviors of classifying, transforming,
and fermalizing through which each individual appraises and
organizes his experience into significant concepticns;

5. The appropriate tactics and strategy of teaching through
which the teacher evokes in the learner, the particular responses
desired from the instructional setting.

To set up an activity-centered program, of the kind to which much
of the attention of this study has been directed, Norton(37) advised
the following:

The three most important aspects to keep in mind regarding
any junior high science curriculum structure are as follows:

1. Avoild repetition of materials already presented at the
elementary level.

2. Provide a good foundation for the advanced courses in the,
senior high school.

3. Develop a rounded.sclence program which has continuity and
sufficient information for the student who does not elect any
further science work.

In thinking of what a school and its staff should do before it
is committed to involvement in a new curriculum building program,
Lee (27) suggests three stages in a preparatory program:

1. The school system with its teachers should tzke a good hard
look at the suggested program and at its own situation and decide
‘whether the program under consideration will do the job that
needs to be done. These new materials are no panacea. They will
enable one to do certain things under certain conditions and the
teacher should be aware of what these conditions are. The pro-
grams involve considerable expense as well as a great deal of
hard work. It is the obligation of the science department to

see ~that the school board, the sdministration, and the community
know what is expected of them and what they may expect from the
programn.

2. The teacher should be prepared. Many of the new programs
utilize scientific concepts that are unfamiliar to the average
classroom teacher. It is a mistake to assume that, just because
a teacher can handle a science he now teaches, he will be able
to handle the new materials. If possible the teacher should
take advantage of the summer institutes or the in-service insti-
tutes related to these studies. Also teachers may make use of
the consultant services which most of the study groups have
available.
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3, The individual school should devise a resalistic evaluation
schedule. This means that enough time should be allowed for the
program to be evaluated on its own merit. It also means that

ong should know what to expect and what not to expect from these
new programs. Enough time and enough depth should be designed
into the program to ascertain whether the program will accomplish
its projected aims.

Aspects Relative to the Academically Talented

The concern with the problem of providing better educational pro-
grams Tor academically talented pupils appears to be omnipresent. Teacher
training institutions in many states have added new courses which deal
specifically with the education of the gifted student. National organ-
izations have provided leadership in this area and have devoted»many
pages in their respective periodicals and magazines to the topic of
the rapid learner. Administrators have given serious attention to pro-
visions for individual differences on the part of pupils in their schools
in the form of curricular change and the initiation of new learning
activities. Teachers have put forth considerable effort to improve
learning opportunities for the superior pupils in their charge, regard-
less’of the organizational pattern of their particular school. Parents
in many communities have become actively interested in and concerned
about the educational programs in schools in their area and are asking
if the school program really is meeting the needs of all the pupils.
The\nation as a whole has been aware that providing adequately for gifted
pupils is an important project for our nation. The Educational Policies
Commission of the NEA (15) made their position quite clear:

The maximum welfare for a group is achieved when each mem-
ber contributes as much as he is able to. The democratic ideal
can be most fully attained when every individual has opportunity

for educational experience commensurate with his abilities and
for vocation responsibility commensurate with his qualifications.
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Most writers on the subject of educational objectives agree that we
are now in a time when objectives are verbalized from an interrelated
frame of reference. We have long been proud of the fact that our first
concern is for the welfare of the individual but we also realize that
the needs of individuals and the needs of our democratic society are
hard to separate. Witty (63) expressed the need of society in this
manner: "The future of our country and of democracy'as a way of life
depends to a considerable degree upon the widespread recognition and
development of our greatest resource, gifted children and youth."

An effective enrichment program 1s concerned with enriching the
pupil's entire learning process. Grossnickle (20) points ouf clearly
four objectives of enrichment:

1. To encourage students to work independently and learn directly
from appropriate books and periodicals.

2. To enable students to develop broader skills and to acquire
more technical knowledge than the average student can assimilate.

3. To give the student the opportunity to explore, discover,
and develop his interests and potentialities.

4. To challenge the student to work at the level of operation
at which maximum growth is possible.

In speaking of the needs of our nation, Stalnaker (49) left no
doubt as to his concern:

As a nation, we must also recognize that we have been
more concerned about helping the hopelessly retarded than the
unusually able and have given much more money to this plurpose.
To be sure, it is the duty of society to take care of the de-
fective children, but if we are interested in the improvement
of our nation and in maintaining a position of world leadership,
we had better earmark many dollars for the superior child every
time we earmark one dollar for the defective. Only in this way
will we in the long run, improve the lot of the deficient. There
is nothing undemocratic in providing a superiocr education for
any student able to profit by such education. Mass education .
must not come to mean reducing the best to the level of the
average.
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In a survey taken in one junior high school by Norton (372 talented
students were asked to name the one teaching technigque that they felt had
helped them the most to learn new subject matter, maintain an interest
in the classwork, challenge thinking, develop new ideas, and foster an
atmosphere conducive to learning. Although many methods were mentioned,
the majority of students named the use of the panel discussion as the
most valuable for them. Norton concludeslthat such techniques can be
of value in enriching the learning for capable students for such activities
provide opportunities for the following:

1. They promote a goal directed éctivity.

2. They foster a sense of responsibility on the part of each
individual.

3. They develop the abilities of pupils to work cooperatively
with others.

4. They improve upon techniques of self expression.

5. They encourage the development of logical thinking on the
part of each pupil.

. Weaver (58) points out that many of the newer programs were at first
conceived for the academically talented students. The question was soon
asked of course, "Why isn't enrichment good for all students?". In the
newer programs, students assume a high degree of responsibility for plan-
ning the areas of content, organization and procedures of the course. At
first it was felt that only the very capable could do this kind of thing.
In the newer programs, students are closer to the active center of the
learning process and certainly all levels of abilities should learn more
in this way. The suggestion here is that concern for.the academically
talented has blazed the way for curriculum reform in all levels of ability
and that scientific abilities once considered desirable for the talented

are now considered critical abilities for all students.



Bicak (2) developed a study as an outgrowth of the questions which
were raised when the topic of homogeneous versus heterogeneous grouping
was discussed. The study was undertsken as an attempt to provide
answers to the following questions:

1. Do pupils in comparable ability sections taught in homogeneous
classes differ in over-all achievement in eighth grade scilence?

2. Do pupils in comparable ability sections taught in homogeneous
and heterogeneous classes differ in achievement as measured by an
application test?

3. Do pupils react in a significatnly different manner, indicated

by response to questionnaire items as a result of having been a

member of a particular heterogeneous or homogeneous section?

In testing a series of null hypotheses, no significant differences
at the one per cent level were found between the mean scores of cémparable
heterogeneous and homogeneous groups. Lach group made significant mean
gains but no group gained significantly more than its counterpart.

It was concluded that ability grouped classes with pupil selection
based on a single selection measure achieved at the same mean level as
heterogeneous classes provided the following conditions were met:

1. Classes must be taught the same general subject matter with

added material of the enrichment type required of the high ability

classes.

2. Adjustment must be made on methods and rate of instruction in
terms of the abilities of the groups.

3. Both groups must be encouraged to work up to their capacities.

It might be assumed for University High School, that the findings
are permissive rather than directive. A recommendation could be to
accept either homogeneous or heterogeneous grouping at the eighth-grade
level as long as present population characteristics, course content,
curriculum and research knowledge pertain.

- This section would not be complete without a clear understanding



of our use of the term "academically talented!. For purposes of this
study, we are concerned with the top 25 per cent of the Wichita seniors,
as indicated by their science score on the Iowa Tests of Educational
development, taken when they were beginning ninth-grade students. This
concept is in keeping with that held by most writers in the field.
Conant (11), in an address to an NEA conference for the academically
talented, considers the group slightly more exclusive:

We are here considering only one of many important problems
in American secondary education. We will be discussing the edu-
cation of not more than a fifth of the secondary school population
of the country. ... ... .What is needed, most of us feel, is a
careful consideration of the secondary school education of all
those boys and girls who have the ability to study effectively
and rewardingly advance mathematics, foreign languages and tough
courses in chemistry and physics. You will note that I have just
ventured to give a definition of the academically talented youth-
-in the jargon of modern philosophy, it is an operational definition.

. There are some of us here who are primarily interested in
the really unusual pupil--not more than two per cent of the high
school population often labeled as the "Gifted" and I, for one,
think this is the proper use of the word.

From the conservative element of curriculum planners has come a
particular problem relative to the academically talented. They have
said that science teachers are attempting to enrich their program by
presenting mature concepts to immature pupils. This is commonly known
as the problem of grade placement and in more recent curriculum termi-
| nology, as the problem of sequence.

Another question for consideration with this group, is that of time
to be alloted to the various fields of study and activity. Is our pro-
posal for curriculum change for ninth-grade science going to demand a
lion's share of the students' time? Even though the actual class time
mey be the same, will the associated activities be such that the total

demand for time be extended?

The factor of time is more significant for the academically
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talented students than for any other group. By definition this group

is not average. Their span of attention is greater and especially is
their capacity forindependent study superior to the average student's.
Because a homogeneous group of this kind is so easy ‘o motivate to pur-~
sue independent study, and because the value of such work is well estab-
lished, teachers of academically talented groups have a tendency to "pile
it on™. The important aspect of the problem is that these students are
likely already overwhelmed with demands for their time outside of class.
They are the most active in all kinds of extra-curricular activities.
They Eelong to the band which may require, at least to their way of
thinking, private lessons and practice. They are likely to belong to
several clubs and are usually interested in sports, if not as a parti-
cipant, an active spectator. They pursue a vigorous reading program of
newspapers, magazines and the current best sellers. (19)

What is the significance of talented students' characteristics to
the curriculum planners? The suggestion here 1s that the factor of
total time is highly important and that in curriculum revision one must
weigh very carefully sny change which might possibly include a built-in

element of improper demand for this highly scarce resource.



CHAPTER III
DESIGN AND METHODOLOGY
Introduction

The primary objective of this study 1s to evaluate the various
ninth-grade science programs used by the Wichita junior high schools in
1961-1962, for their academically talented students in terms of achievement,
interest, plans for taking science in college and plans for using science
in a career. Th§ writer's interest in science curriculum is not limited to
the ninth-grade, nor to that portion of the curriculum which applies only
to the academically talented students, but for many reasons, limiting the
study to these areas was necessary. In the first place, ninth-grade science
is causing most of the cbntroversy. Secondly, four distinct science groups
who were in school in 1961-1962, were available for study in 1965. (These
groups will be described in detail in the discussion of the population.)
Thirdly, two of the science options were offered in 1961-1962, to only
the top students, referred to in this study as the academically talented
and defined as the upper 25 per cent. (Actually 30 per cent of the Wichita
ninth grade in 1961-1962, ranked in the upper quartile by Iowa Tests of
Educational Development (ITED) national norms and are included in this
study. )

This chapter describes the whole population, how samples were drawn,
instruments used, the statistical methods used and the hypotheses which
were tested.

46
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Population and Samples

The whole population included all students presently seniors in
Wichita, who as beginning ninth graders ranked in the upper 25 per cent
as determined by the national norms of the science scores of ITED. These
seniors have come from fourteen junior high schools which had the follow-

ing official enrollments on September 15, 1961:

TABLE I

NINTH-GRADE TOTAL ENROLIMENT AND UPPER SCIENCE QUARTILE IN EACH SCHOOL

School Total Enrollment Number in Upper Per Cent
Science Quartile Enrollment
Allison 264, 72 27.3
Brooks 212 80 37.7
Curtis 453 161 35.5
Hadley 284, 99 34.9
Hamilton 309 72 23.3
Horace Mann 274 32 11.7
Jardine 278 65 23.4
Marshall 278 107 38.5
Mathewson 196 | 18 9.2
Mayberry 277 71 25.6
Mead 331 139 39.5
Robinson 361 171 L7 .4
‘Roosevelt 351 128 36.5
Truesdell 381 _100_ CR26.2

Total 4,249 1,315 30.5




Obviously different schools had varying proportions of the Wichita
total in the upper quartile. The city as a whele had 30.5 per cent
of the total junior high school enrollment in the upper gquartile accord-

ing to national norms.
Groups Within the Population

Ninth-grade students in the Wichita junior high schools in 1961~
1962, could possibly have been included in one of four different groups
relative to science. They could have been in biology, laboratory science,

general science or no science,

Biology

This tenth-grade science course was introduced to the Wichita junior
high schools in the fall of 1959, as a result of one of the first National
Defense Education Projects (NDEA). Those responsible for this curriculum
change planned that biology in the ninth grade would be as nearly a carbon
copy of the tenth-grade course as was possible to produce. The same text
was used, the senior high school classrooms were used as patterns for the
new junior high school biology rooms, the senior high school equipment
lists were used to determine the ninth-grade biology orders and certainly
the ninth-grade biology was to satisfy the state requirement for a labor-
atory science. On the basis of college training in the biological sci-
ences there were staff members in these junior high schools with compar-
able preparation to that of many senior high school biology teachers. It
was, in fact, the better preparation of the junior high school teachers
in biology relative to their physical science preparation, which convinced
these schools to move in the direction of biology.

Only one room was equipped in each school in which biology could be
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taught and the number of sections of biology to be taught was limited
to six. No school however actually taught six sections because of the
students' interest, preference and eligibility requirement. Students
were eligible to enroll in biology if they had made a minimum of a "B"
in their eighth grade science class. Schools therefore differed in the

number of sections taught as shown in Table II.

TABLE II
DISTRIBUTION OF NINTH-GRADE SCIENCE SECTIONS

1961-1962
School Biology General Science Laboratory Science
Allison A 2 0
Brooks o 3 2
Curtis A 2 0 .
Hadley 0 0 2
Hamilton 3 ' 3 0
Horace Mann 2 1 0
Jardine 0 2 2
Marshall 3 0 0
Mathewson 1 3 0
Mayberry 0 0 1
Mead 2 3 0
Robinson 5 5 0
Roosevelt 0 2 3
Truesdell b 2 | _0

Total 28 28 10
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Laboratory Science

Of the fourteen junior high schools, five decided to present a
laboratory science course centered around the laboratory activity of
four science areas. Approximately nine weeks each was spent in physics,
chemistry, earth science and biology. This was a new program--there
was nothing in the high school which could dictate the content of this
course. It would require a teacher competent in four areas with equip-
ment and facilities for four different science fields. This course also
satisfied the state requirements for a laboratory science. (Though the
better training of teachers in either the biological sciences or the
physical sciences was a major factor in determining what science should
be taught, had more schools decided in favor of laboratory science, the

cost of implementing the program would have been considerably greater.)

General Science

A1l but two of the junior high schools continued to offer general
science (Table III), with its traditional lecture-recitation approach.
Experiments were done as teacher demonstrations and seldom,if ever, did
the students perform. Talented students still continued to enroll in
this course for several reasons. A few have confided with their teacher,
counselor and the invéstigator that they harbored a fear of biology (or
laboratory science if the school they attended offered laboratory science)
as being too competitive or too difficult for them to make the "A" grade
to which they were accustomed and upon which they placed high value. They
often expressed a preference for taking biology in the senior high school
and in some cases, even these top students did not qualify because of a

low grade in eighth-grade science. Surprising as it may Seem, there was
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mental group (Table III). General science did not meet the state re-

gquirement for a laboratory science.

TABLE III

DISTRIBUTION OF NINTH-GRADE SCIENCE POPULATION

School Biology General Laboratory No Total
Science Science Science
Allison 27 13 0 32 72
Brooks 0] 15 31 34 80
Curtis 61 27 0 73 161
Hadley 0 7 30 62 99
Hamilton 31 19 0 22 72
Horace Mann 14 2 0 16 32
Jardine 0 23 2/ 18 65
Marshall 51 0 0 56 107
Mathewson 8 0 0 10 18
Mayberry 0 2 17 52 71
Mead 33 28 0 78 139
Robonson o8 23 0 50 171
Truesdell 57 _8 _ 0 35 _100
Total 380 183 150 602 1,315

No Science
It must be remembered that though one unit of a laboratory science
credit was required for graduation in Kansas, the science class did not

need to be taken in the ninth grade. Talented ninth-grade students have



52

such a wide range of interest and there are so many courses and activi-
ties competing for their time that they very often prefer to meet this
requirement at a later date when the schedule does not seem tO'them,

to be so tight. Their choice often became one of deciding hetween a
science or a foreign language.

It is true of course that some schools gave more encouragement to
their students to take science in the ninth grade than did others. In
the main this encouragement was given through more inviting science
programs or less inviting alternatives.

As indicated in Table III, it appears that the postponement of the
science requirement is by far the most popular practice for the total of
the Wichita students. Forty-six per cent of these top students apparently
felt that some other course of action was more desirable at that time.

Biology appeared to have had more appeal than did laboratory science;
however, comparison of the biology populstion and the laboratory science
population must be made in terms of the total population of the schools
which offered biology or laboratory science. Table IV makés such a
comparison.

TABLE IV

SELECTIVITY OF BIOLOGY AND LABORATORY SCIENCE BETIWEEN SCHOOLS
TEACHING BIOLOGY AND THOSE TEACHING LABORATORY SCTENCE

Group Enrollment Number in the Per Cent in the
» Upper Quartile Upper Quartile

Biology 380 872 43.6

Laboratory Science 150 443 33.9

Total 530 | 1,315 40.4
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Procedures in the Identification of the Study Population

The office of pupil services in the central office building had
the ITED results for the year 1961-1962, necessary for the identifica-
tion of the population. The test scores had been printed from a com-
puter and arranged by classes within fourteen junior high schools. The
first task then, was one of compiling a list of students from the ninth
grade of this year, who placed in the top quartile of the science section.
The second step was to find these students' science scores which they
registered in October, of their senior year, 1964-1965, to give a pre-
test and posttest for each student. A card was prepared for each senior
and alphabetized according %o high schools. Of the original 1,368 ninth-
grade students who ranked in the upper quartile, 1,315 had an available

score in the twelfth grade. This is indicated by school in Table V.

TABLE V

SENIOR POPULATION

School Ninth-Grade Students in Upper Quartile Seniors Still
Who Enrolled in Senior High Schools in Enrolled April

1964-1965 1965
East 396 381
Heights 17 15
North 204 191
South 215 216
Southeast 321 312
West _Rl5 _200

Total 1,368 1,315
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Since the ITED tests were taken early in October of 1964, the next
step was to determine if the students with an available pretest and post-
test science score, were still in the Wichita schools, and thereby still
part of the population. A form was prepared for each subject with a
pretest and posttest score, (Appendix A) alphabetized by high school, and
taken to the registrar of each of the six high schools. The last column
in Table V therefore represents the population of seniors who are pres-
ently enrolled in the Wichita high schools, (April 1965) who ranked in
the upper quartile of their ninth-grade g%ass and are still available
for future testing.

In addition to confirming the enrollment of the seniors who met the
conditions of the population, the high schools also indicated on the form
(Appendix A) all the science courses the subjects had taken including
their present enrollment. These 1,315 records were then arranged into

the basic groups of this study as indicated by Table VI.

TABLE VI

TWELFTH-GRADLE DISTRIBUTION OF SCIENCE GROUPS

School Biology General Laboratory No Total
Science . Scilence Science
East 83 A 74 180 381
Heights 0 11 0 4 15
North 65 9 10 107 191
South 66 47 23 80 216
Southeast 126 56 5 125 312
West 40 16 38 106 _200

Total 380 183 150 602 1,315
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It should be pointed out that Heights High School was transferred
into the Wichita system in the fall of 1963, and that the majority of
the students came from junior high schools from outside the Wichita
system. Those few students who did become a part of the study population
took their ninth-grade science in a Wichita junior high school and moved

into the Heights district on or about September of 1963.

Selection of Samples

A number was assigned to each subject in each of the four basic
groups. Numbers ranged from one to 380 for the biology group, from one
to 183 for the general science group, from one to 150 for the laborétOry
science group and from one to 602 for the no science group. Four random
samples of fifty each were chosen from these groups using a table of
random numbers. It was these 200 subjects then, for whom additional
information was needed and from which inferences will be made to the

popuiation.
Instrumentation

Instruments were needed to indicate science achievement, science
interesﬁ, the extent to which science has been pursued and the extent
to which science is now included in students’ plans for college and for

a career.

Measurement of Science Achievement

The instrument used to measure the science achievement of the sub-
jects is the science test of ITED. In October of 1961, both test number
two, "Science Background", and test number six, "Reading of the Natural

Sciences", were given in the test battery. In October of 1964, however,
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only test number six was included. This clearly limited the investigator
to test number six but even had it not been for this obvious limitation
there are good reasons to have selected this alternative for a pretest
and posttest design. The Research and Testing Division of the Wichita
Public Schools informed the investigator of its conviction that the
test on the reading of natural science was as good a measure of achieve-
ment in science (in some cases a better measure) than the test on science
background. It was for this reason, in fact, that the Wichita schools
have ceased giving both tests and have decided in favor of "The Reading
of Natural Sciences"., Travers (52) rigorously supports this viewpoint:
Just what such (reading) tests measure is not entirely clear.

They may measure knowledge of the subject-matter field, since they

require the examinee to call upon his background of general

knowledge in interpreting the passages. It should be noted that,
although this battery does give -emphasis to the ability to inter-
pret material in the various subject-matter fields, it also em-

phasizes the idea that tests of essential or basic knowledge have

a place in the assessment of educational development... . .

There can be no doubt that, through reading tests, the measurement

of thinking skill in a subject matter field has great potentiality

as a technique of measurement.

Furthermore, the test attempts to measure one of the more recently
stressed goals of science--that science should develop more on the part
of the learner than a mass of facts. Students should learn a way to
approach a new situation or problem. With academically talented students,
the investigator was more desirous of this measure than perhaps any other.

Lastly, the objective qualities of the tests indicate the somewhat
greater strength of the reading test. It has a reliagbility of .90 while
that of the background test is .88. The correlation of the reading test
to the composite score is .843, while that of the background test to the

composite score is .762. (23)



Measurement of Science Interest

Ls a measure of scilence interest, the science section of the Kuder
General Interest Survey, Form E, was utilized. An interest test was not
given in 1961, nor in 1964, as a part of the school testing program, so
this became part of the responsibility of the investigator. Permission
was received from Science Research Assoclates (Appendix B) to 1lift the
thirty-three triads which contained the science items from the context
of the manual and administer them separately. The construction of the
Kuder test is such that each area of interest is measured relative to
its selection in the triad (26), and the condensation of the test,
(Appendix C) to only those triads which contain the science items, does
not harm the test as a measure of science interest.

Perhaps the greatest determinant of interest included within this
study is the extent to which these students have actually taken science
courses above and beyond their required one class. The significance of

this implication will be discussed in the section on design.

Measurement of Number of Science Courses Taken

The form previously described (Appendix A) which constitutes a
scilence transcript, was the }nstrument utilized to collect this data.
With the exception of two high schools at which the investigator gathered
the data, this information was produced by the registrar or another office

staff member familiar with making transcripts.

Measurement of Plans Relative to Science
An investigator-constructed instrument was utilized to measure
the students' plans for taking science in college and including science

in a possible career. The instrument (Appendix D) contains items rel-
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ative to science plans to which the subjects respond on a three point
continuum. There is no intention to determine a score as a composite
measure of "plans" and each item will be considered separately for each

group under investigation,

Measurement of Students! Opinions

Several opinions of the students relative to their ninth-grade
science experience were desired. These were contained on the investi-
gators instrument. Again no composite score was intended and an anal-

ysis is made separately for each item.
Hypotheses

This study will test the following hull hypotheses:

1. There is no significant difference in the extent to which
science has been pursued in high school (number of science
courses taken) among those groups which had, as ninth-grade
students, biology, general science, laboratory science or
no science.

2. There is no significant difference in the achievement scores
of the present seniors who as ninth-grade students took either
biology, general science, laboratory science br no scieﬁce.

3. There is no significant difference in the achievement scores
of -the present seniors who have taken one, two, three or four
science courses.

4. There is no significant difference in the science interest
scores of the present seniors who as ninth-grade students took

either biology, general science, laboratory science or no science.



10.

11.

12.

13.
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There is no significant difference in the science interest

scores of the present seniors who have taken one, two, three

or four science courses.

There is no significant difference in the extent to
express plans for taking science courses in college
their ninth-grade science experience.

There is no significant difference in the extent to
seniors express plans for taking science coursés in
relative to the number of science courses they have

There is no significant difference in the extent to

which seniors

relative to

which
college
taken.

which

seniors express plans for considering a science experience.

There is no significant difference in the extent to

which sen-

iors express plans for considering a science-~oriented career

relative to the number of science courses they have

There is no significant difference in the extent to

taken.

which

seniors express feelings of quality relative to their total

science program and their ninth-grade scieénce experience.

There is no significant difference in the extent to

which

seniors express feelings of quality relative to their total

science program and the number of science courses they have taken.

There 1s no significant difference in the extent to

which seniors

express satisfaction with the quantity - of science they have

taken relative to their ninth-grade science experience.

There is no significant difference in the axtent to

which

seniors express satisfaction with the quantity of science

they have taken relative to the number of science credits
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they have received.

14. There is no significant difference in the extent to which
senlors feel their ninth-grade science was either too.general
or too specific in its content.

15. There is no significant difference in the extent to which
seniors express the adequacy of their ninth-grade science
experience in terms of the preparation they received for
the laboratery activities of the senior high school scieﬁ¢e

program.
Design

The primary cbjective of this study is to determine if the kind of
experience students have in the ninth grade relative to science, makes
any difference in their achievement in science, their interest in science,
the extent to which they will take science in high school and their future

"plans regarding science. In the preceding section a description of four
different experiences relative to science was given and it was stated
that the students who have had these different expefiences constitute
the basic groups for the study. These four different experiences or
treatments are therefore the major independent variables of the study.
The experimental groups are composed of those students who took bioiogy,
general science and laboratory science in the ninth grade, and the
control group is composed of those students who took no science in the
ninth grade. This section will describe the statistical tests which
were chosen. to analyze the dependent Variableé in terms of theSe
four treatments, and in terms of the extent to which students have

taken science in high school.
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The Number of Science Courses Taken

This analysis will be made to determine if different experiences
in ninth-grade science has affected the total number of science courses
taken during the high school tenure grades nine through twelve. The
number of science credits are considered to be definite intervals of
time spent in class. 0Qne full credit would represent two semesters
in class, for example, and two credits would be as much greater than
one credit as three credits would be greater than two credits. 1In 6ther
words, these credits represent interval measurement and an analysis of

variance is appropriate to test the related hypothesis.

Achievement

Pretest and posttest scores are available to indicate achievement
and since these scores represent measurement approaching that of an in-
terval scale, the parametric statistic, analysis of covariance, will be
employed. As Garrett (18) states, "Through covariance analysis one is
vable to effect adjustments in final or terminal scores which will allow
for differences in some initial variable',

In one analysis with this statistic the effect of the ninth-grade
science experience will be desired. The second analysis considers the

effect of the extent to which science has been pursued in high school.

Interest

The Kruskal-Wallis One-Way Analysis of Variéﬁce by Ranks will be
employed to analyze the Kuder interest scores because at best they
probably reprgsent ordinal measurement. The strength of this statistic
is indicated By Seigel CAZ) as the notes: "The Kruskal-Wallis test seems

to be the most efficient of the nonparametric test for "k" independent
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samples. It has the power-efficiency of 95.5 per cent when compared
with the "f" test, the most powerful parametric test." Again both the
ninth-~grade science experience and the number of science courses will

be considered for analysis.

Future Plans

The measurement level of this information is nominal and a chi-square
test for "k" independent samples is appropriate. The contingency tables
have a particular advantage in this analysis in that the data can be seen
at a glance and each individual cell indicates vividly its contribution

to the total chi- square.

Experience

It was desirable to know how the students felt about their science
background and total science experience. The measurement level of this
information is similar to that for future plans and the chi-square test

is again appropriate.



CHAPTER IV
FINDINGS
Introduction

The primary purpose of this study is to evaluate the various ninth-
grade science programs previously described in terms of achievement, in-
terest, extent to which science had been pursued in high school, extent
to which students plan to pursue science in college or in a career, and
the students' opinions of their science experiences. A secondary purpose
is to evaluate the influence of time spent with science (number of sci-
_ ence courses taken in high school) upon the students' achievement, in-
terest, future plans and their opinions of their science experience.

This chapter will present the statistical tests for homogeneity of
the groups and for the fifteen hypotheses listed in the preceding chap-
ter. The limitations and recommendations pertaining to these findings

will be presented in Chapter V.
Tests for Homogeneity

As described earlier, homogeneous grouping has been partially
assured by selecting only those subjects who ranked in the upper quartile
of achievement. Within this upper quartile, however, is a wide range of
ability and should the selection process whereby students select the ninth-
grade science class they desire, place more of the very top students

in one particular kind of ninth-grade science, the groups for this study

63



64

would not be homogeneous. Therefore a test for homogeneity was utilized.
As Garrett states (18), "A simple check on the equality of sample vari-
ance 1s to calculate the sum of the squares for each group separately,
divide by the appropriate df, and test the largest V against the small-

est V using the F test.” Such calculation follows in Table VII.

TABLE VII

GARRETT'S TEST FOR HOMOGENEITY OF VARIANCE
USING ITED PRETEST SCORES

Biology General Laboratory No
Science Science Science

SS = X2 - (2X)2 S5 =XR - (£X)? SS = XR - (5X)? S8 = xR - (£X)?

N N N N
= 18,019.00 = 14,472.00 = 20,551.00 = 15,413.00
- 17,409.78 - 14,044.88 - 19,880.18 - 15,033.78
609.22 427.12 O 670.82 379.22
V = 3s/df vV = ss/ar ¥ = 83/4f v = 38/4f
= 609.22/49 = 427.12/49 = 670.82/49 = 379.22/49
= 12.4333 = 8.7167 = 13.7902 = 7.7391

F = Largest V/Smallest V = 13.6902/7.7391 = 1.7689

Alpha with 49 and 49 df, is 1.94 at the .05 level

Garrett's check of homogeneity from Table VI, indicates an insig-
nigicant F value at the .05 level of confidence, and that the groups
included in this study are homogeneous when they are arranged according
to the ninth-grade science they have taken. It can be argued that this
test is appropriately tWwo-tailed. For this interpretation the probability
associated with the critical value found for F (1.7689) is about .02 for
a one-tailed test and .04 for a two-tailed test.

Since another objective of this study is to determine the influence

of the extent to which science has been pursued in high school on achieve-
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ment, interest, future plané, etc., it would appear necessary to make an
additional check on the equality of sample variance when the groups are
distributed according to the number of science courses they have taken.

Such a check follows in Table VIII.

TABLE VIII

GARRETT'S -TEST FOR HOMOGENEITY OF VARIANCE OF GROUPS RELATIVE
TO THE NUMBER OF SCIENCE CREDITS USING ITED PRETEST SCORES

One Two Three Four
Credit Credits Credits Credits

1

SS = X2 - (2X)2 S5 =X - (zX)2 SS= X2 - (£X)2 SS= X? - (5X)?

N N N N
= 16,321.00 = 17,991.00 = 19,398.00 = 14,745.00
- 15,917.67 - 17,344.98 - 18,741.4) - 14,206.08
393.33 646.02 656 .59 538.92
vV = ss/af V = 88/df V = 8s/df V = 8s/df
= 393.33/50 = 646.02/57 = 656.59/53 = 538.92/36
= 7.8666 = 11.3336 = 12.3884 = 14.97

1]

F = Largest V/Smallest V = 14 97/7.8666 = 1.9029

With 36 and 50 df, alpha = 2.04 at the .05 level

Again the insignificant F from Garrett's .-simple check, indicates
that the groups are homogeneous at the .05 level of confidence, when the
students are distributed according to the number of science credits they
have received. Considering the appropriate two-tailed interpretation,
the probability associated with the critical value found for F (1.9029)
is about .08. For purposes of this study, the .08 point will be satis-
factory and the statistical testing of hypothesis one, two and three may

be conducted.

Hypothesis One

There is no significant difference in the extent to which science
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has been pursued in high school {number of science courses taken) between
those groups which had as ninth-grade students, biology, general science,
laboratory science or no science.
The analysis of variance is appropriate to test this null hypothe-
sis and a significance level of at least .05 will be accepted for rejection.
In this analysis the number of science courses taken by each member
of the sample is considered as an interval of time and therefore consti-
tutes interval measurement. This measure in terms of science courses or
science credits is given in Table XXXVI of Appendix E. The analysis of

variance follows in Table IX.

TABLE IX

ANALYSIS OF VARIANCE OF TIME INTERVALS IN CLASS

Total Sum of Squares Among Sum of Squares
ss = xR - (sx)? S8 = (£X7) 2+ (5Xp) 2+(8X5) 2+ (5%y)? - (5X)2
N nq no nj3 n/, N
= 1402.6 - (481)7 = (115)°%+(143)2+(147)2+(76)2 ~ (481)2
200 50 200
= 1402.5 - 1156.805 = 1221.180 - 1156.805
= 250.695 = 64.375
Source . af 58 ’ Mean Sq SD
Total 199 250.695 o
Among 3 64,.375 21.458
Within 196 186.320 .9506 . 975

F = 21.458/.9506 = 22.5731

With 3 and 199 df, alpha = 2.65 at the .05 level and 3.88 at the .01 level

The analysis of variance from Table IX indicates a highly signif-

icant ¥ value. This is sufficient evidence to reject the null hypothesis
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and to confirm the alternate hypothesis that students' experience in the
ninth grade relative to science does have an influence on the extent to
which they will pursue sclence coursgses in high school.

As Garrett suggests (18), a significant F does not tell us which
means differ significantly but that one is reliably different from
some others. To determine the significance of the difference between
any two selected means we must compute a t ratio by dividing the given
mean difference by its standard error of the difference. Such compu-

tations are performed in Table X.

TABLE X

COMPUTATION OF T RATIOS BETWEEN MEANS OF NINTH-GRADE SCIENCE

GROUPS FOR NUMBER OF SCIENCE COURSES

.975

.975V175o+1/5 = .975(.2) = .195

With 49 df, t at the .05 level = 1.98 and at the .0l level = 2.63

1

Standard Deviation from Table IX

I

Standard Error of the Difference

Any difference of .386 (1.98 x .195) will be significant at the .05 level
Any difference of .513 (2.63 x .195) will be significant at the .0l level

Laboratory Science Mean = 2.94 Biology Mean = 2.30
General Science Mean = 2.86 No Science Mean = 1.52

Table X did not indicate a 1t for each mean difference but inaicated
instead the difference necessary to produce a significant t. Table XI
indicates all the possible comparisons of the groups and a significant t
at the .0l level in every comparison but the comparison between the lab-
oratory science group and the general science group. Implications of the
findings of this analysis and the remaining analyses wili be discussed

in Chapter V.
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TABLE XI

COMPARISON OF MEAN DIFFERENCE BY USE OF THE T

Larger Mean Smaller Mean Difference Significance Level
Laboratory Science General Science .08 Not Significant
Laboratory Science Biology «59 .01

Laboratory Science No Science 1:3%7 .01

General Science Biology .56 .01

General Science No Science 1.33 .01

Biology No Science s e .01

Achievement

Hypothesis Two

There is no significant difference in the achievement scores
of the present seniors who as ninth-grade students took either biology,
general science, laboratory science or no science.

Analysis of covariance is appropriate to test this null hypothesis
and a significance level of .05 will be accepted for rejection. Pretest
and posttest scores of the ITED science section are given in Table XXVII
of Appendix E. Table XXVIII presents the computations for the sums of
squares which appear in Table XII. Also indicated in Table XII is the
fact that insufficient evidence was found to reject the null hypothesis.
However, the calculated F value of 2.589 was close to the table value of
2.65 for the .05 level of rejection; rejection of the null could have

been accomplished at the .06 level of confidence. For purposes of this

study there is evidence that a difference in the achievement scores does

exist among seniors relative to the ninth-grade science they had.
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TABLE XII

ANALYSIS OF COVARIANCE OF ACHIEVEMENT PRETEST AND POSTTEST
SCORES RELATIVE TO NINTH-GRADE SCIENCE TAKEN

Source dar Sum of Squares Mean Squares
Total 198 3,352,472

Within 195 3,R24.028 16.533
Difference 3 128. 444 42.815

F = 42.815/16.533 = 2.589

With 3 and 195 df, alpha at the .05 level = 2.65

Hypothesis Three

There is no significant difference in the achievement scores of the
present seniors who have taken one, two, three or four scilence courses.

The analysis of covariance is appropriéte to test this null hy-
pothesis and a significance level of .05 will be accepted for rejection.

In this analysis pretest and posttest scores of the ITED science
section were arranged according to the number of sclence courses the
students have received in high school. This arrangement is given in
Table XXX of Appendix E and the calculations for the sums of squares
in Table XXIX. In the random selection of the samples, four samples
of 50 each were chosen from populations grouped according to the sclence
related experience of the ninth grade. When these same subjects were
arranged according to the number of science courses they had taken during
their total high school tenure, groups were no longer equal. The varia-
tion, however, was surprisingly small. There were 51 students who took

only one science course, 58 completed two science courses, 54 finished
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three science courses and 37 took. four or more science courses. The

analysis of covariance of these groups follows in Table XIII.

TABLE XIII

ANALYSIS OF COVARIANCE OF ACHIEVEMENT PRETEST AND POSTTEST
SCORES RELATIVE TO NUMBER OF SCIENCE CREDITS

Source daf Sum of Squares Mean Squares
Total 198 3,352,472

Within 195 3,244.054 11.507
Difference 3 108,418 36.136

F = 36.136/11.507 = 3.140

With 3 and 195 df, alpha = 2.65 at the .05 level of confidence
= 3.88 at the .01l level of confidence.

As indicated in Table XIII, the null hypothesis can be rejected and
the alternate hypothesis that achievement in science is influenced by the
total number of science courses, may be confirmed. The F value in Table
XIII of 3.140 compared to an F value of 3.65 in the covariance analysis

relative to ninth-grade science groups.

Interest

Hypothesis Four

There is no significant difference in the science interest scores
of the present seniors who as ninth-grade students took either biology,
general science, laboratory science or no science.

The Kruskal-Wallis One-Way Analysis of Variance by Ranks is appro-
priate to test this null hypothesis and a significance level of .05 will

be accepted for rejection.



71

In this analysis scores from the science section of the Kuder Inter-
est Inventory were utilizéd. This test was administered in April 1965,
i%p all students in the samples. No pretest scores were avallable. The
ranked scores are given in Table XXXI of Appendix E and the calculations

for this analysis follow in Table XIV.

TABLE XIV

KRUSKAL-WALLIS ONE-WAY ANALYSIS OF VARIANCE OF KUDER INTEREST
SCORES RELATIVE TO NINTH-GRADE SCIENCE EXPERIENCE

Biology General Science Laboratory Science No Science

H
}
H

SRy = 5,318 SRy = 4,496.5 TRz = 6,013 SRy = 4,273.5

I
H
1

n1 = 50 npy = 50 n3 = 50 ny, = 50

H=_12 |(ER1)? + ER2)? + (ER3)2 + ($R,)2 |~ 3(N + 1)

N(N+1) nq no n3 ny,

H= _12 (5318)2 + (4496.5)2 + (6013)2 + (4273.5)2 | - 3(201)
200(201) 50

H = 11.4126 which with 3 df gives a P of .01

Table XIV indicates that the null hypothesis may be rejected and
the alternate hypothesis may be accepted. The kind of science experience
of students in the ninth grade does influence their interest in science

to a significant degree.

Hypothésis Five

There is no significant difference in the science interest scores
of the present seniors who as ninth-grade students took either biology,

general science, laboratory science or no science.
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The Kruskal-Wallis One-Way Analysis of Variance by Ranks is again
appropriate to test this null hypothesis and a significance level of .05
will be accepted for rejection.

Table XXXII of Appendix E shows the ranking of the Kuder interest
scoresg arranged according to the number of science credits the students
had achieved. The sums of these ranks and the calculations for this

analysis follows in Table XV.

TABLE XV

KRUSKAL-WALLIS ONE-WAY ANALYSIS OF VARIANCE OF KUDER INTEREST
SCORES RELATIVE TO NUMBER OF SCIENCE CREDITS

One Credit ~ Two Credits Three Credits Four Credits
Ry = 3,502 SRy = 5,387.5 SRy = 6,157.5 =Ry, = 5,054
ni = 51 ny = 58 n3 = 54, nj = 37
-
H=_12  (§R)% + (EBy)% + (gB5)° + (ER,)Z| - 3(W + 1)
N(N+1) 1y ns n3 ny
L
.
E=__ 12 _;(3502)° + (5387.5)2 + (6157.5)2 + (5054)2 | - 3(201)
200(201) 51 58 54 37
E = 35.83 which'with'ﬁ df gives a P greater than .00l

As indicated in Table XV the null hypothesis may be rejected and the
alternate hypothesis, that the extent ﬁo which science has béen pursued
by students does influence their interest in science, may be confirmed.
The H in Table XV which gives a relationship between interest and number
of science credits, compares with an H of 11.4126 in Table XIV which
gives the relationship between interest and the ninth-grade science

experience.
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Plans for Teking Science in College

Hypothesis Six

There is no significant difference in the extent to which seniors
express plans for taking science courses in college relative to their
ninth-grade science experience.

4 chi-square analysis will be utilized to compare the extent to
which the various ninth-grade science groups plan to pursue science in
college. A significance level of .05 will be accepted to reject the
null hypothesis.

Table XVI gives the number of students in each of the groups who
expressed their plans for taking science in college in one of the three
categories (See Appendix D for instrument). Numbers in parenthesis
represent the expected frequencies which have been calculated by multi-
plying the total of each row by the total of each column and dividing
by the total number of students. The little chi squares are calculated
by squaring the difference in the observed and expected frequencies and
dividing by the expected frequency. The total chi square then becomes
the sum of all the little chi squares from each cell. In this manner
the conﬁribution of each cell to the total chi square can be seen.

As indicated by the chi square of Table XVI, the null hypothesis
can be rejected and the alternate hypothesis, that plans for pursuing
science in college are influenced by the kind of ninth-grade science
experience of the students, may be confirmed. As might be expected, the
no-science group probably contributed most to the total chi square with
their expressed plan to take no more science than they were required to
take in coliege. At the other extreme, more of the laboratory science

group expressed plans to pursue a major in science during their college
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tenure than any other group. It also appeared that the laboratory
science group tended to avoid the category which expressed plans for

taking only that science which was required.

TABLE XVI

CHI-SQUARE ANALYSIS OF FUTURE PLANS FOR TAKING SCIENCE IN
COLLEGE RELATIVE TO NINTH-GRADE SCIENCE

Students' Biology General Laboratory No Totals
Plans Science Science Science

Only That

Required 16 16 12 28 72
(Expected f)  (18.46) (18.36) (18.36) (18.36)

*Chi Square *.3033 *,3033 #¥2,2031 *5,0615 *7.8712
A Selected

Few Classes 20 21 22 14 77
(Expected f) (19.25) (19.25) (19.25) (19.25)

*Chi Square *,0292 *.1590 *,3928 *1,4318 *¥2.0128
A Major in

Science 1 13 16 8 51
(Expected f)  (12.75) (12.75) (12.75) (12.75)

#Chi Square *®,1225 *, 0049 *,8284 *1.7696 *2,7254
Total Pupils 50 50 50 50 200
Total Chi Sq., *.4550 *, 4672 *¥3 4243 *8.3629 *12.6094

With a chi square of 12.6094 and 6 df, P lies between .05 and .02

Hypothesis Seven

There is no significant difference in the extent to which! seniors
express plans for taking science courses in college relative to the
number of science courses they have taken.

4 chi-square analysis will be utilized to compare the extent to
which students who have had one, two, three; or four science credits

plan to pursue science in college. A significance level of no less
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than .05 will be accepted for the rejection of this null hypothesis.
Table XVII gives the number of students in each of the groups who
expressed thelir plans for taking science in college in one of the three
categories (See Appendix D for instrument). The number in parenthesis
again represents the expected frequencies and the number after the as-

terisk represents the chi square of each cell.

TABLE XVII

CHI-SQUARE ANALYSIS OF FUTURE PLANS FOR TAKING SCIENCE IN
COLLEGE RELATIVE TO NUMBER OF SCIENCE COURSES

Students' One Two Three Four Totals

Plans Credit Credits Credits Credits

Only that

Required 33 24 13 2 72
(Expected f) (18.36) (20.88) (19.44) (13.32)

%Chi Square ¥11.6737 *, 4662 *2.1334 *9.6203 *¥23,8036
A Selected

Few Classes 16 26 26 9. 77
(Expeeted f)  (19.365_  (22.33) (30.79) (14.245)

#Chi Square *,6729 *,6031 *¥1.3056 %¥1.9318 *4..5134
A Major in

Science 2 8 15 26 51
(Expected f£(  (13.005) (14.79) (13.77) (9.435)

*¥Chi Square *¥9,3125 *3.,1172 ¥,1098 *29,0831 *41.6226
Total Pupils 51 58 54, 37 200

Total Chi Sq. *21.6591 */,.1865 *3,5488 #50.6352 #70.0296

With a chi square of 70.0296 and 6 df, P is greater than .0Ol.

The above table indicates that the null hypothesis can be rejected
and the alternate hypothesis, that the extent to which science has been
pursued in high school influences students' plans for continuing their

science in college. The greatest contribution to the total chi square
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was probably from the "Four Credit'" group who indicated to a great extent
their plans to major in science in college. The "One Credit" group may
have also contributed, for they indicated a strong desire to take only
that science which was required.

It is interesting to note the direct variation between the plans
for a major in science and the number of credits; the more science the
student takes, the more likely he is to plan to major in science. There
is also a direct variation between the number who plan to take only that

science which is necesséry and the number of credits.
Plans for A Science Career

Hypothesis Eight

There is no significant difference in the extent to which seniors
express plans for considering a science oriented career relative to their
ninth-grade science experience.

A chi-square analysis will be utilized to compare the extent to
which students who have taken biology, general science, laboratory science
or no science plan to pursue a career in science. A significance level
of .05 is appropriate to reject the nﬁll hypothesis.

This analysis will consider the students' responses to Item‘# 2
of the investigators instrument in Appendix D. Table XVII tabulates
their responses relative to the ninth-grade science experience and
computes the chi sqguare.

The chi-square analysis indicates that the null hypothesis may be
rejecﬁéd and the alternate hypothesis confirmed, that students with the
different ninth-grade science experiences will express to a significant

degree, a difference in their plans for considering a career in science.
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The largest contribution to the total chi square appeared to be from

the laboratory science group who indicated to a large degree their

plans for a science oriented career. It .should be noted that the expected
frequency in the bottom row of Table XVIII contains a smaller number than
is necessary for best reliability. The analysis was performed however,

by combining the last two rows. The resulting chi square still rejected.

TABLE XVIII

CHI-SQUARE ANALYSIS OF FUTURE PLANS FOR CONSIDERING A SCIENCE
ORIENTED CAREER RELATIVE TO THE NINTH-GRADE SCIENCE GROUPS

Students' Biology General Laboratory No Totals
Plans : Science Science Science

Not Science

Oriented 28 32 20 32 112
(Expected £)  (28) (28) (28) (28)

*Chi Square #00 *,5714 *2,2857 *, 5714 %3, 4285
Science

Oriented 19 . 14 29 17 79
(Expected £)  (19.75) (19.75) (19.75) (19.75)

#Chi Square *,0284 *1,674 %/,.3322 %,1550 */,.6830
Science

Research 3 4 1 1 9
(Expected £)  (2.25) (2.25) (2.25) (2.25)

*Chi Square %, 250 *1, 3611 %, 6944, %, 6944, %#2.,9999
Total Pupils 50 50 50 50 - 200
Total Chi Sq. *.278/ #3, 6065 #7,3123 #1,4207 #12,6179

With a chi square of 12.6179 and 6 df, P lies between .05 and .02

Hypothesis Nine

There is no significant difference in the extent to which seniors
express plans for considering a science-oriented career relative to the

number of sclence courses they have taken.
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A chi-square analysis will be utilized to compare the extent to
which students who have had one, two, three or four credits in science
plan to pursue a scilence-oriented career. A significance level of .05
will be accepted to reject the null hypothesis. .

Student response to Item #2 of the questionnaire will again be
considered, only in this instance, students were grouped according to
the number of science courses they have taken. Table XIX below tabulates

their responses grouped in this manner.

TABLE XIX

CHI-SQUARE ANALYSIS OF FUTURE PLANS FOR CONSIDERING A SCIENCE
ORIENTED CAREER RELATIVE TO NUMBER OF SCIENCE CREDITS

Students' One Two Three Four Totals
Plans Credit Credits Credits Credits

Not Science

Oriented 41 35 27 9 - 112
(Expected £)  (28.56) (32.48) (30.24) (20.72)

*Chi Square *5,4185 *,1955 *, 3471 *6,6292 %¥12.5903
Science

Oriented 10 22 25 22 79
(Expected £)  (20.145) (22.91) (21.33) (14.615)

*Chi Square *¥5.109 *,0361 *¥,6314 *3,7316 *9, 5081
Science

Research 0 1 2 6 9
(Expected f)  (2.295) (2.61) (2.243) (1.665)

*¥Chi Square *¥2.295 *,9931 *, 0760 *11.2866 *14.6507
Total Pupils 51 58 54 37 200
Total Chi Sq. 12.8225 *1., 2247 %1.0545 *¥21.6474 #36.,7491

With a chi square of 36.7491 and 6 df, P is greater than .00l.

As indicated by Table XIX, the null hypothesis may be rejected and

the alternate hypothesis that the extent to which science has been

pursued in high school has a significant influence on the plans of
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seniors relative to a science-oriented career. The largest contri-
bution to the total chi square apparently came from the "Four Credit”
group who expressed more plans for science research than all the

other grcips combined. Again the direct variation between the plans
for science research and number of credits can be seen. In addition
the variation between the number planning other careers than science
and the number of credits was inverse. It should again be noted that
the number of students in the expected f of row three is less than that
that required for valid results. The analysis was performed on a two-
by-four table in which row three was combined with row two. The null
hypothesis was still rejected, with P still greater than .0Ol.

Students'’ Opinions of the Quality
of Their Science Experience

Hypothesis Ten

There is no significant difference in the extent to which seniors
express feelings of quality relative to their total scilence program and
their ninth-grade science experience.

A chi-square analysis will be utilized to compare the extent to
which students who have had in their ninth grade either biology, general
science, laboratory science or no sclence, express the adequacy of the
guality of their total high school science experience. A significance
level of .05 is appropriate to reject the null hypothesis.

This analysis considers the students' responses to Item #3 of the
questionnaire (Appendix D). Table XX shows the responses relative to
the ninth-grade science groups and indicates a chi square which failed

to reject the null hypothesis.
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TABLE XX

CHI-SQUARE ANALYSIS OF STUDENT OPINIONS REGARDING THE QUALITY OF
THEIR TOTAL SCIENCE PROGRAM RELATIVE TO NINTH-GRADE SCIENCE

Students’ Biology General Laboratory No Totals
Opinions Science Science Science

Less Than .

Adequate 3 6 5 11 25
(Expected f)  (6.25) (6.25) © (6.25) (6.25)

#Chi Square *1,69 *,01 ¥*,25 *#3,61 *5,56
Just

Adequate 42 37 37 37-- 153
(Expected f)  (38.25) (38.25) (38.25) (38.25)

*¥Chi Square *,3676 *,0408 *.0408 *,0408 *,4900
More Than

Adequate 5 7 8 2 22
(Expected f) (5.5) (5.5) (5.5) (5.5)

*Chi Square *,01113 %, 5568 *1.3750 ¥1,9204 *3,8635
Total Pupils 50 50 50 50 200
Total Chi Sq. *2.0689 *,6076 *1.,6658 *5,5712 %*9,9135

With a chi square of 9.9135 and 6 df, P lies bétween .20 and .10

The brobability of .15 is not sufficient for this analysis. The-
largest contribution to the insignificant chi squére apparently came from
the no-science group who expressed the highest feelings of the inadequacy
of their science program in terms of quality. The greatest cell chi
square, in terms of their science program being more than adequate in

quality, was expressed by the laboratory science cell.

Hypothesis Bleven

There is no significant difference in the extent to which seniors
express feelings of quality relative to their total science program and

the number of science courses they have taken.
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A chi-square analysis will be utilized to compare the extent to
which students who have had one, two, three or four science credits,
express the adequacy of the quality of their total high school science
experience. A significance level of .05 is appropriate to reject this
null hypothesis.

This analysis again considers the students' responses to Item #3
of the questionnaire but in this case the responses are tabulated by
number of science credits. Table XXI which follows shows this tab-

ulation and the chi-square analysis.

TABLE XXI

CHI-SQUARE ANALYSIS OF STUDENT OPINIONS REGARDING THE QUALITY
OF THEIR TOTAL SCIENCE PROGRAM RELATIVE TO NUMBER OF CREDITS

Students' One Two Three Four Total
Opinions Credit Credits Credits Credits

Less Than

Adequate 10 11 1 3 25
(Expected f)  6.375) (7.25_ (6.75) (4.625)

*Chi Square %2,0612 #1,9396 */, 8981 *0,5709 %9, 4698
Just

Adequate 40 45 45 23 153
(Expected £)  (31.015) (44.37) (41.31) (28.305)

*¥Chi Square *,0248 *.0089 *,3296 *.9942 *¥,3575
More Than

Adequate 1 2 8 11 22
(Expected £)  (5.61) (6.38) (5.94) (4.07(

*Chi Square *3,7882 *3.0069 ®* 7144 *¥11,7997 *¥19,3092
Total Pupils 51 58 54 37 200
Total Chi Sq. %*5.8742 *4.9554 #5.9421 *#13.,3648 #30.1365

With a chi square of 30.1365 and 6 df, P is greater than .00L.

The chi square in Table XXI indicates that the null hypcthesis can

be rejected and the alternate hypothesis, that the number of credits
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which students have accumulated, significantly influence their feelings

of the quality of their total science experience may be confirmed. The
largest group contribution to the total chi square appears to come from

the "Four Credit" group, who felt to a large extent that the quality

of their total science program was more than adequate. A direct varia-

tion is again observed between the number of those who felt that their
science was more than adequate and the number of science credits received.
However, the inverse variation between those expressing "less than adequate”
opinions and the number of science credits was not consistent and expresses
little meaning.

Students' Opinions of the Quantity
of Their Science Experience

Hypothesis Twelve

There is no significant difference in the extent to which seniors
express satisfaction with the quantity of science they have taken rela-
tive to their ninth-grade science experience.

A chi-square analysis will be utilized to compare these expressions
of opinions and a significance level of .05 1s appropriate to reject the
null hypothesis.

This analysis considers the students' responses to Item #4 of the
questionnaire in Appendix D. Table XXII shows the tabulations of these
opinions relative to quantity and the chi-square analysis which fails
to reject the null hypothesis. The largest contribution to the insignif-
icant chi square seemed to come from the laboratory science group who
were inclined to feel they had more science than was necessary. Sixty-
nine per cent of the 200 students indicated they had about what was

necessary, apparently satisfied with the quantity of thelr science program.
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CHI-SQUARE ANALYSIS OF STUDENT OPINIONS REGARDING THE QUANTITY OF
THEIR TOTAL SCIENCE PROGRAM RELATIVE TO NINTH-GRADE "SCIENCE

Students! Biology General Laboratory " No Totals
Opinions Science Science Science

Less Than

Necessary 11 10 6 14 41
(Expected f{  (10.25) (10.25) (10.25) (10/25)

*¥Chi Square *,0548 *.0060 *1,7621 *1,3719 %¥3,1948
What Was

Necessary 36 34 36 35 138
(Expected )  (34.5( (34.5) (34.5) (34.5)

*Chi Square *,0652 *.,0072 *,0652 *,0072 *,14.8
More Than

Necessary 3 6 8 4 31
(Expected £)  (5.25) (5.25) (5.25) (5.25)

*Chi Square *,9642 *,1071 *1, 4404 *,297¢ %2.8093
Total Pupils 50 50 50 50 200
Total Chi Sq. ¥1.0842 *,1203 *3,2677 *1,6767 #6,1489

With a chi squsre of 6.1489 and 6 d4f, P lies éeﬁween .50 and .30

Hypothesis Thirteen

There is no significant difference in the extent to which seniors
express satisfaction with the quantity of science they have taken rela-
tive to the number of science credits they have received.

A chi-square analysis will be utilized to compare these expressions
of opinions and a significance level of .05 is appropriate to reject the
null hypotheéis.

This analysis again consideré the students' responses to Item #4 of
the questionnaire. Table XXIII shows the tabulations of these opinions

and the chi-square analysis.
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TABLE XXIIT

CHI~-SQUARE ANALYSIS OF STUDENT OPINIONS REGARDING THE QUANTITY
OF THEIR TOTAL SCIENCE PROGRAM RELATIVE TO
"THE NUMBER OF SCIENCE CREDITS

Students’ One Two Three Four Totals
Opinions Credit Credits Credits Credits

Less Tnan

Necessary . . 17 14 6 4 41
(Expected £) (10.455) (11.89) (11.07) (7.585)

*Chi Square #4.0972 *.3T44, #2.3220 *1.6944 *8, 4800
What Was

Necessary 32 39 41 ' 26 138
(Expected £)  (35.19) (40.02) (37.26) (25.53)

*Chi Square *,2891 *,0259 *,3754 *,0086 *,6990
More Than

Necessary 2 5 7 7 21
(Expected f) (5.355) (6.09) (5.67) (3.885)

*Chi Square #2,1019 *.1950 *,3310 *3,4976 *5,1255
Total Pupils 51 58 54 37 200
Total Chi Sq. *6.4882 *,5953 *3,0284 #/,, 2006 *14,.3125

With a chi square of 14.3125 and 6 df, P lies between .05 and .02

The chi square in Table XXIII indicates the null hypothesis may be
rejected and the alternate hypothesis, that the extent to which students
pursue science in high school influence their feelings on how necessary
this science was to their college plans, may be confirmed. The largest
contribution to the total chi square appeared to be from the "One Credit"
group who felt to a large extent that they had taken less science than
was necessary for their college plans. Seven members of the "Four Credit"
group felt they had more science than was necessary. This was apparently
the largest contribution of any cell on this side of the continuum. A
direct variation was again observed between the number of science courses

taken and the extent to which students express feelings of adequacy.
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Students' Opinions of Ninth-Grade Course Content

Hypothesis Fourteen

There is no significant difference in the extent to which seniors
feel their ninth-grade science was either too general or too specific
in 1ts content.

A chi-square analysis will be utilized to compare these expressions
of opinions and a significance level of .05 is appropriate to reject the
null hypothesis.

This analysis considers the students' responses to Item #5 of
the questionnaire in Appendix D. Since it applies only to those
students who actually took a ninth-grade science, the no-science group
did not respond to this item. The chi-square analysis will therefore
be calculated utilizing a three-by-three contingency table which is
shown on the following page.

Table XXIV indicates that the null hypothesis can be rejected and
the alternate hypothesis, that the ninth-grade science groups differ
significantly in their feelings regarding whether their ninth-grade
science course should have gone more in deﬁail in a single science, or
have been more exploratory into several sciences, may be confirmed. The
largest contribution to the total chi square seemed to be from the lab-
oratory sclence group in which a significant number declined to express
feelings that their ninth-grade science should have been more exploratory.

The bilology group indicated significantly greater inclination to
express. feelings that their ninth-grade science should have been more
exploratory than the laboratory science group. The laboratory scilence
group,; however, indicated greater inclination than the bioclogy group to

state that their ninth-grade science should have been less exploratory.
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TABLE XXIV

CHI-SQUARE ANALYSIS OF STUDENTS' OPINICNS OF THE COURSE CONTENT OF
THEIR NINTH-GRADE SCIENCE RELATIVE TO ITS EXPLORATORY NATURE

Students' Biology General Laboratory Totals
Opinions Science Science

Should Have Been

More Exploratory 11 17 1 28
(Expected f) (9.3333) (9.3333) (9.3333)

*¥Chi Square *,2976 *4.7619 *7., 4404 *12.4999
Should Have Been

Just As It Was 37 23 40 100
(Expected f) (33.333) (33.333) (33.333)

*Chi Square *,4022 *3,2033 *1,3334 *4.9400
Should Have Been

Less Exploratory 2 11 9 22
(Expected f) (7.3333) (7.3333) (7.3333)

*Chi Square *3,8787 #1,8333 *, 3789 %6.,0909
Total Pupils 50 50 50 150
Total Chi 3q. %/.5796 *9.,7985 *9,1527 *23.5308

With a chi square of 23.5308 and 4 df, P is greater than .0O0l.

Students' Opinions of Their Ninth-Grade Laboratory Activities

HypothéSiS‘Fifteen

There is no significant difference in the extent to which seniors
express the adequacy of their ninth-grade science experience in terms
of the preparation they received for the laboratory activities of the
senior high school science progream.

A chi-square analysis will be utilized to compare these expressions
of opinions. A significance level of .05 is appropriate to reject the
null hypothesis.

Table XXV gives the tabulations for the students' opinions regarding
the adequacy of their ninth-grade science class in preparing them for the

laboratory activities of the senior high school.
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CHI-SQUARE ANALYSIS OF STUDENTS' OPINIONS OF THEIR NINTH-GRADE

SCIENCE CLASS RELATIVE TO THE PREPARATION THEY RECEIVED
FOR THE LABORATORY ACTIVITIES OF SENIOR HIGH SCHOOL

Students' Biology Genersl Laboratory Totals
Opinions Science ~ Scilence

Less Than

Adequate 6 21 6 33
(Expected f) (11) (11) (11)

#Chi Square *2.2727 *#9.0909 *2.2727 *13.6363
Just

Adeguate 36 21 32 89.
(Expected f) (29.6666) (29.6666) (29.6666)

*¥Chi Square *1.3522 *2.5318 *,1835 *4.0675
More Than

Adequate 8 8 12 28
(Expected f) (9.3333) (9.3333) (9.3333)

*¥Chi Square *,1904 *,190/ *,7619 *1.1427
Total Pupils 50 50 50 150
Total Chi Square *#3,8153 *#11.8131 *3,3181 *#18. 4650

With a chi square of 18.4750 and 4 df, P is greater than .0Ol.

Table XXV indicates that the null hypothesis can be rejected and

the alternate hypothesis, that seniors do feel significantly different

about how well their ninth-grade science class prepared them for senior

high school science classes, may be confirmed.

The largest group con-

tribution may have come from the general science group who felt to a

large extent that they had less than adequate preparation for the senior

high school science classes.



CHAPTER V
SUMMARY AND CONCLUSIONS
Introduction

This study has attempted to evaluate some ninth-grade science pro-
grams being used in the Wichita schools in 1961-1962. These different
programs have been described in Chapter II and throughout the study
they have been referred to as courses, classes, ftreatments and methods.
They comprised the major independent variables of the study. The eval-
uation was made in terms of the extent to which students were motivated
to pursue science in high school, their plans for taking science in
college or including science in their career, and their own evaluation
of their ninth-grade experience. Evaluations were made also
in terms of students' science achievement scores and science interest
scores.

This chapter will include a summary of the findings and conclusions,

limitations, and recommendations.
Summary of Findings and Conclusions

The laboratory scilence group was found to have pursued science in
high school significantly more than the biclogy group and the no-science
group. The laboratory group compiled more science credits than the gen-
eral science group though not significantly greater. The reader must be

cognizant, however, that the general scilence group had not completed their
g ] g P
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requirement for graduatién in a laboratory science. Consequently this
~group was compelled to take at least one course in the senior high school.
The total science credits then does not represent a true measure of their
interest in science.

The most revealing aspect of this particular comparison was the
extent to which the laboratory science group exceeded the biology group
in their pursuance of science. This difference was most apparent when
a comparison was made in the ratio of students who took no more science
after their ninth-grade science. Sixteen of the biology group terminated
their science training while only six of the laboratory science students
felt so inclined (See Table XXVI in Appendix E)..

The no-science group was well at the bottom. It is logical to
assume that this is where they should fall--that since they were not
inclined to enroll in a ninth-grade science, one couid hardly expect
that suddenly they‘woula become science oriented. There is, however, a
small group, particularly within the college ranks, who have expressed
their feelings that concentrated attempts at teaching science when
students are young and immature, may produce as many "drop-outs' as
”recfuits”o There are studies in fact, mentioned in Chapter II, which
support this cléim. Within the scope of this study however, their was
no indication that students are more highly motivated by postponing
their science until they are more mature or are at least within the ranks
of the senior high school. The opposite conclﬁsion was in fact indicated,
in that 29 members of the no-science group took only a single required
course in the senior high school (See Table XXVI in Appendix E).

4 conclusion of this study relative to the motivation of ninth-

grade students is that a labcratory science course such as that de-
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scribed in Chapter II, given tc ninth-grade students of the upper ability
level, is the most appropriate of the science courses described in this
study, to encourage and motivate these students to pursue more science

in high school.

Achievement

This study found that the total number of science courses taken by
students had a greater influence on their achievement in science than
the ninth-grade course ‘they had taken. No significant difference was
found among“all the groups involved in this study when their pretest and
posttest science scores were considered. When the sample was grouped
according to the number of science courses they had taken during their
tenure in high school; a significant difference was found in achieve-
ment. The variation was direct--as students took more science, they
made higher scores.

Concluding remarks regarding achievement can not digress far from
the rather cold results just stated. However i1t is reasonable to say
that since a significant difference was found in the extent to which the
ninth-grade groups pursued science, and the extent to which science was
pursued (number of science courses) significantly influenced achievement,
the ninth-grade treatment did indirectly influence achievement. Also it
should be mentioned that the statistical analysis reported in Chapter IV
was quite close in rejecting the null hypothesis of no difference. Had
the significance been set at the .06 level rathef than the .05 level, the
conclusions here could have been explicit rather than impliéit. In the
opinion of the investigator, the ninth-grade course does make a difference

in the achievement scores.
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Interest

This study found that when the sample of seniors were grouped either
by the ninth-grade science course they have had, or by the number of
science courses they have taken, there was a significant difference in
their interest in science. Table XIV shows that the laboratory science
group ranked well above the biology group, which in turn ranked well
above the general science group and the no-science group.

In the analysis comparing the number of science courses and interest,
a direct variation was found. Students with four credits in science
had higher scores than those with three credits, who in turn had higher
scores than students with two or one credit.

A conclusion of this study relative to interest is that both the
kind of science in the ninth grade and the amount of science taken
throughout highschool, significantly influence the interest of academ-
ically talented students in science. The study further concludes that
the laboratory science activities contribute more to this interest in sci-

ence than any other group involved in this study.

Plans for Taking Science in College

In this analysis it was found that both the kind of ninth-grade
science and the total number of science courses significantly influencg
the plans of academically talented students for taking science in
college. The group which expressed the greatest interest in taking
science courses in college was the laboratory science group. The biol-
ogy and general science groups were tied for second place and the no-
science group was much lower. On the basis of these results the con-
clusion regarding this variable is that laboratory science is the best
suited of the courses described in this study, to motivate academic-

ally talented students to pursue courses of science in college.
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Plans for a Science Career

As was found in the analysis of plans for pursuing science in
college, this analysis of plans for a science career found that both the
kind of ninth-grade science and the number of science courses taken in
high school, $ignificantly influence the plans of academically talented
seniors for considering a career in science. Again the laboratory science
group expressed an interest in a science-oriented career considerably
more than the other three groups, which were similar in their expression
of plans. On the basis of these results the conclusion regarding this
variable is that the laboratory science course is the best suited, of the
courses described in this study, to encourage academically talented

students to consider a career in scilence.

Students' Opinions of the Quality of Their Science Experience

An attempt was made in this. analysis to determine if talented
seniors felt differently about the quality of their total science
experience. More specifically did those students who had biology as
ninth graders, for example, feel differently about the quality of their
science program than those students who had laboratory science, general
science or no science in the ninth grade. No significant difference was
found. The no~science group did indicate to an insignificant degree that
their science program had been inadequate. There was an indication,
though also insignificant, from the laboratory science group of a 'more
than adequate" feeling.

When the students were grouped according to the number of science
credits they had received, a highly significant difference was found.
The more science the students had taken,; the more likely they were to

express a "more than adequate" opinion. The less science they had taken,
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the more likely they were to express a "less than adequate" opinion of
the quality of their science experience.

The conclusion is that the influence of the kind of ninth-grade
science taken by the talented students is "washed out" through subse-
quent science or the lack of subsequent scienceé, relative to quality.
It would seem that students' opinions reflect a direct relationship be-

tween quality and quantity.

Students' Opinions of the Quantity of Their Science Experience

In this analysis, as in the preceding analysis, students again ex-
ercised the normal tendency to express the average. About 70 per cent
of the sample felt that they had taken about "what was necessary" in
terms of quantity of science. No significant difference was found among
the groups relative to the ninth-~grade science groupings. When the sample
was grouped according to the number of science courses, a highly signifi-
cant difference was found. The more science the students had taken, the
more likely they were to feel they had more science than was necessary.
The less science they had taken the more likely they were to feel that
they had taken less sclencée than was necessary.

The conclusion is that the ninth-grade science experience does not
influence talented senliors one way or another with regard to their feel-

ings of whether they have taken the right amount of science or not.

Students' Opinions of Ninth-Grade Course Content

In this analysis, an attempt was made to determine if students who
had taken blology, laboratory sclence or general science felt that their
class had been either too general or too specific in its content. A

significant difference was found among the groups, the largest differ-



ence coming from the general science group and the laboratory group.
A rather surprising finding in this analysis was the extenlt to which the
general science group avoided the middle ground answer and expressed feel-
ings that their ninth-grade science should have been more exploratory or
less exploratory. Pure conjecture is that those general science students
who thought their science should have been more exploratory were really
registering a‘protest against the general science practice of little or
no experimentation, rather than against the lack of exploration. Only
one of the laboratory science students thought that laboratory science
should be more exploratory, but nine felt it should have been less ex-
ploratory. Only two of the biology students thought biology should be
| less exploratory but eleven thought it should have been more explora-
tory. Perhaps the only conclusion is that students in both the biolagy
and the laboratory science groups have simply expressed the often heard
" criticisms of both groups. With the conflicting expressions from the
general science group, the investigator would hesitate to conclude

much more from this analysis.

Students' Opinions of Their Ninth-Grade Laboratory Activities

A significant difference was found among the three groups involved
in this analysis relative to their evaluation of their ninth-grade lab-
oratory activities. The big difference was from the general science
group who emphatically declared their ninth-grade laboratory experience
to be less than adequate. There was little difference between the
biology and laboratory science groups. The conclusion relative to lab-
oratories is that in the opinion of students, both biology and laboratory
science provide adequate laboratory activities. General Science fails

decidedly in this respect.
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Limitations

In interpreting the findings of this study, the reader should be
cognizant of certain associated limitations, three of which will be dis-
cussed subsequently.

Perhaps the greatest limiting factor was that the study was re-
stricted to the Wichita schools and inferences can be made only thereto.
There is no reason to think that the Wichita population was entirely
unigue in relation to what science to teach in the ninth grade. This
study however, presents no evidence to indicate otherwise.

Secondly, the ex post facto design necessarily introduces some
limitations on the findings. The investigafor is aware that his con-
clusions and implications have been extended to the maximum within the
strength of such a design.

A third limitation is that the findings apply only to the upper
ability level. This limitation was actually a part of the ex post
facto design and was necessarily inherent. As much as the inves-
tigator would like to implicate the entire ability range with the find~
ings of this study, there is no evidence within the study to permit or

justify such practice.
Recommendations

In view of the limitations mentioned above, it would appear that
only conservative recommendations would be in order. The results of
the several anaiyses present sufficient evidence to recommend that lab-
oratory science be offered as the ninth-grade science course for talented
students in Wichita. The findings indicate that the more science courses

students have taken, particularly laboratory science, the more likely
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they are to excel relative to the variables under investigaticn., The
writer feels that the findings would have been even more conclusive,
relative to the last statement, 1f the entire ability range could have
been ‘included. Knowledge of the learning process indicates that activity
centered experiences give positive reinforcement to learning at alli
ability levels and become essential - at the average and below average
ability levels. An extension of the first recommendation is that a
laboratory centered science be given to every ninth-grade student who
desires to pursue a science.

This study also indicated that the sooner students start their
science program, the more likely they are to continue in science. The
writer would not however, recommend that ninth-grade science be made a
required subject. Students should still be permitted to postpone ful-
filling their science regquirement should they so desire. The recommend-
ations relative to this finding are as follows: (1) The laboratory
centered activities should be extended into the seventh and eighth grades
where science is required. (2) The ninth-grade laboratory science
should become the third phase of a continuing junior high school science
program. (3) All students should be properly counseled and informed
relative to the scope and sequence of a continuing program. (4) The
senior high schools should bulld on the program of the junior high schools.

In Chapter II, the writer attempted %o point out the folly of
concentrating the efforts of & science curriculum development program
upon an isolated segment or grade level. A recommendation relative to
this observation is that curriculum changes in science at any level
be considered solely within their relationship to the entire science

program from kindergarten through the twelfth grade.
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Regarding future studies, the writer recommends that a study similar
- to this investigation be conducted in which the design could be truly
experimental and a representative sample of the whole population be
used. Studies should also be initiated to discover the most effective
techniques of presenting a laboratory science program. As more mature
concepts are introduced to younger students, the curriculum must be re-
examined to determine its continuing adaptability. Studies should‘be
extended to all levels of the elementary schools in an attempt to deter-
mine the value of laboratory centered activities at these levels.
Finally the investigator suggests a follow-up study of the same
sample used in this investigation. It could prove most beneficial to
follow these students through college and examine their activities

relative to science.
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Name

High School

103

Please check the science courses taken during each of the following

years.

Please be particularly careful concerning the class of science

pursued during the ninth grade, watching especially for a distinction
between "Laboratory Science'" and "General Science".

Ninth Grade
(1961-1962)

Tenth Grade
(1962-1963)

Gen Sci Basic Sci
Biology Biology
Lab Sci Chemistry
None » Botany
Physics
Geology
Astronomy
Physiology__

Biology II

FEleventh Grade
(1963-1964)

Basic Sci
Bioleogy
Chemistry
Botany
Physics
Geology

Astronomy

Physiology

Biology II

Chemistry II :

Twelfth Grade
(1964-1965)

Basic Sci

Biology

Chemistry

Botany

Physics

Geology

Astronomy
Physiology
Biology II

Chemistry II
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For each item there are a list of things to do in groups of three. TFirst
read the list of all three activities in a group. Decide which of the
three you like most and circle the "M" which follows that activity. Then
decide which activity you like the least and cirele the "L" which follows
this activity. You may like all three activities in a group or you may
dislike all three. 1In either case show what your choices would be if

you had to choose. For each group of activities it is essential that you
choose the activity most preferred and the activity least preferred.

1. Visit a weather station ---——- - - - - —= M L
Visit a company that prepares advertising ~————————smemeemenaa— M L
Visit a factory where typewriters are made—-——---—c———emm—emm—eun M L

2. Take a course in drawing ——————e——m e M L
Take a course in the science of plant and animal life ———memw——a M L
Take a course in metal working ————m——— e - M L

3. Visit the laboratory of a famous inventor ——————————mem—ee M L
Visit a national park in the mountains ——————eemmmcme e M L
Visit a place where a famous battle was fought —_—— -M L

4. Read about how famous scientists made their discoveries ~————-- M L
Read what some people think a perfect world would be like ————- M L
Read about the early pooneers of the country —-—---————-—————eren M L

5. Help people learn to get along better with others -————ece————e-- M L
Catch rare animals for a museum -—————————— M L
Cash checks for people in a bank -—————eemee— ——— -M L

6. Join a club that discusses problems of modern life =———me————e—- M L
Join a club that discusses new books - —_—— ———————————— M L
Join a club that studies the stars and planets -w———memmemmmaa- M L

7. Earn part of your expenses in college by heoping in a laboratoryM L
Earn part of your expenses in college by grading papers ------- M L
Earn part of your expenses in college by playing in a band -—--- M L

8. Write a history of the Red Cro$s —m—————e——mmmmmee o e M L
Search for new facts about a famous event in history —--———-——-———- M L
Write a musical play ——————ermmmer———e ——— - -— M L

9. Be well known as a director of scientific research ———————————- M L
Be well known as a soclal worker —————mm—— e M L
Be well known as a person who writes his opinions of books ---- M L

lO. Design the scenery for a play - - ———————eeeeeie M L
Test a new product in the laboratory to see how good it it --—-- M L

Write an article for housewives on how to fix electric things - M L

11. Write the business news for a newspaper - - — M
Work on the development of a new metal that is light and strong M
Manage a well-planed village for factory workers ——-—————eeeu—n M

[l v



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

2.

23.

24.
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Visit a fine arts museum - e e e e M
Visit a place where poor people can go to have fun ——~———eeeeo M
Visit a laboratory where new medicines are developed --—--=—~-—--— M
Write the words for a song - ———— M
Discover a sure cure for hay fever ————— M
Develop better ways of doing office work for a business --=——- M
Explain new discoveries in science to children —-~—e—m—ecceeeme- M
Show children how to use time tables =-- ————— e M

Explain to children how the buying value of the dollar changes M

Write a newspaper column on current events ———=—————mmmmmm e M
Give populsr lectures on chemistry ~—————————weueeo e M
Help young people choose what to do for a living —————e—m—-teo M
Be in charge of a large department in a store —————m—e——e———e—- M
Do research to improve television —~——-- -— M
Organize social activities for groups of poor people ——m—m——e—o M
Talk to people to decide @hether to hire them - M
Do chemical research e e R M
Write human-interest stories for a newspaper —~——————mecmm—m——o M
Draw a picture of sailboats ——ee——ewe- ———— M
Try different czails on a toy boat to see which works best ——-—- M
Write a poem about sailboats -- - M
Read new eﬁidence about the causes of various dlsegses ——————- M
Read about how leaders of industiry become successful ————————- M
Read about how to raise animsls on a farm -~ - M
Sell art supplies - —_— —M
Grow flower seeds ———- M
Raise white mice for scientists - M
Perform laboratory experiments —— - M
Meke furniture ———————m o _——M
Sell insurance ——- - - - ——~-- M
Visit a showing of machines that solve problems - M
Visit a showing of machines that copy drawings rapidly -—---——- M
Visit a famous research laboratory - M
Be an expert on cutting jewels - M
Do research on developing a better kind of rubber —————-c—a—eeea M
Give music lessons - M
Add up customers! bills in a cafeteria M
Teach children how to make model airplanes M
Keep record books for scientists --- - M

o

e e
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25.

26.

27.

28.

29.

30.

31.

32.

33.

Direct a playground for poor children --

Be a cook in a restaurant -

Sell medicines to doctors —-- -—

Pick cherries ———e—m——

Drive a tractor on a farm -
Work in a chemistry laboratory —

Read about research on various diseases -—-————=mrea—ev
Read about improved methods of raising cattle

Read about improvements in methods of building houses

Go on trips to find rare animals -

Go on trips to fight diseases among the natives

Have a job helping people who are very poor

Read about plays of long ago ----

Read about music of long ago ——————- -
Read about studies of how words influence people ———--

Be the best arithmetic student in a class ---
Be the most helpful student in the class

Be the best science student in the clsss -

Do experiments with electricity -

Run a printing press -

Raise fine dogs

Repair automobiles -- ————— et

Design buildings ----—-
Do research on travel through space —

Paint pictures of people —
Do research on earthquakes - -

Build bridges ——

2R

2R

2E=R 2R

2ERR O =2EXR

2EER 2RR
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Name

Your responses to the following items are essential to a doctoral curric-
ulum study being conducted relative to such iltems. 7You were chosen to
participate by random selection from a larger population of students
whose science scoreg on the ninth-grade Iowa Tests of Educational Devel-
opment were above the 75th percentile. Your sincere cooperation will be
very much appreciated. Please circle the letter which best fits the way
you feel about éach statement.

I. At the present time I am considering enrolling in science in college
to the extent of: .
a. No more science than will be required
b. A few selected courses
c. A major in sclence

IT. At the present time I am considering to some degree an occupation
which
a. Is not concerned with science
b. Is associated with science (teaching science, nurse, etc.)
¢c. Is dedicated to science research

IIT. In view of my college plans and possible career, I consider the
quality of my high school science experience (9-12) as -
a. Less than adequate
b. Just adequate
c. More than adequate

IV. In view of my college plans and possible career, I consider the
quantity of the science courses I have taken (9-12) to be -
a. Less than necessary
b. About what is necessary
¢. More than necessary

V. Relative tomy total high school science experience, I believe that
my ninth-grade sclence course should have -
a. Introduced more of several sciences
b. Done about what 1t did
¢. Gone more in depth into a single sciende
d. I did not take a ninth-grade science courgse

VI. To the extent that my ninth-grade science prepared me for the labor-
atory work in the senior high school, I would say that my ninth-
grade science course was -

Less than adequate

Just adequate

More than adequate

I did not take a ninth-grade science course

Qa0 o
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TABLE XXVI

TOTAL SCIENCE COURSES TAKEN BY STUDENTS

IN NINTH-GRADE SCIENCE GROUPS

No
Science

General Laboratory
Science

Science

Biology
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Mean = 1.52

Mean = 2.94

Mean = 2.86

Mean = 2.30




TABLE XXVII

PRETEST AND POSTTEST ITED SCIENCE SCORES
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Biology

Pretest Posttest Pretest Posttest

General Science

Laboratory Sclence

No Science

Pretést Posttest Rretest Posttest

X Y X Y X Y X

14 18 12 38 17 19 18 22 18 ‘14 24 22 16 18 25 21
26 16 16 19 14 16 13 10 17 25 24 26 17 14 27 19
16 14 18 14 18 17 17 28 14 17 17 21 16 17 23 22
16 19 17 28 16 27 18 27 17 14 17 23 18 17 21 17
15 18 19 18 17 17 24 19 23 18 26 24 24 14 23 25
20 19 26 18 19 22 19 26 25.18 25 23 18 17 18 23
18 24 17 27 17 14 26 27 20 15 18 25 15 16 16 20
20 17 23 15 16 18 17 26 25 18 27 23 17 14 17 15
18 21 25 28 14 14 23 23 25 17 21 21 17 17 15 22
16 17 15 17 17 18 22 24, 15 22 21 23 16 16 26 25
19 23 19 28 16 14 15 18 17 18 26 25 18 24 26 15
19 25 27 28 17 16 17 21 15 18 20 27 16 19 14 =20
17 16 20 12 14 16 17 22 19 25 27 28 17 16 23 22
20 16 22 18 24 16 14 21 22 17 28 25 23722 23 23
17 25 20-27 14 17 13 27 19 16 28 18 15 15 13 23
1, 17 15 16 14 16 14 21 17 24 3L-23 18 23 21 30
23 19 26 27 14 18 23 19 24 18 30 23 17722 14 29
14, 27 20 29 14 16 14 19 .19 22 2; 26 14 25 12 26
17 16 28 25 1, 26 17 31 21 28 31 31 17 14 19 13
16 25 15 21 14 14 17 16 16 25 28 23 18 20 23 26
17 14 18 26 14 22 19 17 21 25 30 27 15 18 22 26
14, 22 14 30 14 19 20 25 19 20 19 26 1 18 17 18
17 18 23 16 19 16 23 22 22 21 19 26- 17716 29 26
2, 18 31 15 15 17 20 23 23 25 26 30 3L 14 26 5
18 23 27 28 22 18 31 27 24, 21 30 28 21 16 18 23
=X = 993 X = 838 ZX = 997 =X = 867

SX2 = 18,019 S¥R = 14,472 =¥2 = 20,551 ZXR = 68,445
$Y = 1071 5Y = 1032 SY = 1231 SY = 1055

Y2 = 24,443 $YR = 22,434 Y2 = 31,019 SY2 = 23,329
SXY = 20,549 =XY = 17,680 XY = 24,864 SXY = 18,605
My = 18.66 My = 16.76 My = 19.94 Mg = 17.34

My = 21.42 My = 20.64 My = 24.62 M, = 21.10
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TABLE XXVIII

CALCULATION OF SUMS OF SQUARES IN COVARIANCE ANALYSIS OF
ACHIEVEMENT RELATIVE TO NINTH-GRADE SCIENCE ’

Total Residuals Within Residuals
Sy2 = Y2 - (sY)3/N / | SyR =3YR - |(EX1)RH(EY0) 2+ (3Y3) +H(2Y,)
= 102,225 +°197,2632321/200 n, n, n3 ny,
= 101,225 - 96,316.61 = 101,225 - 96, 809 02
.= 4,908.39 = 4, 415 98
Sx2 = 68,455 - 13,213,225/300 S %2 = 68,455 ~ 66,368.62
= 68,455 - 66,066.125 = 2,086.38
= 2,338.875 _
Sxy =SXY - (zxj(EY)/N Zxy =5XY - (35X zjg
= 81,698 - (3635)(4389)/200
= 81,698 - 79,770.075 = 81,698 - 80 121.02
= 1,927.925 =1, 576 98
SS =3y2 - (Sxy)2/5x%2 SS =SyR - (Sxy)?/Ex2
= 4,908.39 - (1,927.925)% = 4,415.98 - (1,576.98)
2,388.875 2,086.38
= 3,352.472 = 3,224,028
TABLE XXIX

CALCULATION..OF SUMS OF SQUARES IN COVARIANCE ANALYSIS OF ACHIEVEMENT
RELATIVE TO THE NUMBER OF SCIENCE COURSES

‘Total Residuals . Within Reésiduals

= y2 = 101,225 - (4389)2/200 S y2 = 101,225 - 96,633.881
= 4,908.39 = 4,591.119
S x° = 68,445 - (3635)2/200 = xR = 68,455 - 67,157.534
= 2,388.875 = 1,297.466
Sxy = 81,608 — (4389)(3635)/200 Sxy = 81,698 - 79,952.939
= 1,927.925 = 1,745.061
SS = 4,908.39 - 1,555.918 SS = 4,591.119 — 2,347.065

i i

Hon

3,352.472 2,244,054

]



TABLE XXX

PRETEST AND POSTTEST ITED SCIENCE SCORES
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One Credit Two Credits Three Credits Four Credits
Pretest Posttest Pretest Posttest Pretest Posttest Pretest Posttest
X Y X Y X Y X Y
14 16 12 26 23 14 26 17 16 22 19 26 16 19 25 25
26 18 16 26 14 14 20 19 14 14 14 26 25 16 21 22
16 16 18 14 17 14 28 25 19 18 28 26 14 17 26 23
16 17 17 23 16 17 25 23 18 24 18 23 22 22 30 23
15 23 19 23 17 16 18 20 19 18 18 24 18-18 16 25
20 15 26 13 14 14 14 15 24 18 26 26 18 18 25 27
18 18 17 21 17 17 23 22 17 18 25 18 23 25 28 28
21 17 23 14 24 16 31 25 31 16 28 26 14 17 18 25
18 14 25 12 18 14 27 15 17 14 17 15 16 16 21 18
1617 15 19 18 19 28 20 23 16 28 23 16 24 22 23
19 18 19 23 17 16 18 22 25 19 28 21 16 18 21 23
19 15 27 22 14 22 13 23 16 21 12 31 17 22 27 26
17 14 20 17 18 15 17 23 16 16 18 28 16 28 21 31
20 17 22 29 16 23 18 30 25 31 27 30 18 25 19 23
17 21 20 26 17 22 24 29 17 19 16 19 16 25 19 27
14 21 25 18 19 25 19 26- 19 22 27 19 26 20 31 26
16 18 25 21 17 14 26 13 27 23 29 26 15 21 16 26
17 14 27 19 16 20 17 26 14 24 20 30 22 25 17 30
16 17 23 22 14 20 23 18 19 14 23 22 21 28
18 17 21 17 17 25 22 27 15 25 20 26
24 18 23 24 16 25 15 21 22 17 31 21
18 17 18 24 17 15 17 21 19 14 22 23
15 14 16 17 14 17 17 26 16 18 10 24
17 17 17 17 14 14 14 20 17 18 28 23
17 23 15 26 14 19 13 27 27 15 27 25
25 25 14 22 14 28 18 18 27 23
14, 19 23 28 17 17 19 21
1, 17 14 31
14 24 17 30
=X = 3901 = X = 1003 X = 1006 SX =725
=32 = 16,321 SX? = 17,991 s X° = 19,398 S XR = 14,745
zZY = 1034 Y = 1241 2Y = 1242 £Y =872
$Y2 = 21,930 YR = 28,143 5 YR = 29,914 S YR = 21,238
XY = 18,523 XY = 22,106 Z XY = 23,648 2 XY= 17,421
MX = 17.666 MX = 17.293 MX = 18.629 MX = 19.594
MY = 20.274 MY = 21.396 MY = 23.000 MY = 23.567




TABLE XXXI
KUDER INTEREST SCORES RANKED
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Biology General Science Laboratory S3cience No Science
18-5 14~2 18-5 13-1
_23-12 18-5 _271-22.5 18-5
24~15 18-5 29-27.5 19-8
25-16.5 21-10. 30-31.5 20-9-
25-16.5 23-12 32-46.5 23-12
25-16.5 26-19.5 32-46.5 25-16.5
26-19.5 27-22.5 32-46.5 38-25.5
R7-22.5 R7-22.5 33-51 29-27.5
30-31.5 28-25.5 35-60 30-31.5
30-31.5 31-39 35-60 30-31.5
32-46.5 31-39 35-60 30-31.5
34=54.5 31-39 36-68 31-39
36-68 33-51 36-68 31-39
37-75 33-51 38-81.5 31-39
38-81.5 34=54.5 38-81.5 31-39
39-89 35-60 40-96.5 32-46.5
39-89 35-60 40-96.5 32-46.5
39-89 36-68 40-96.5 34~54.5
39-89 36-68 41-103.5 34~54.5
39-89 36-68 41-103.5 35-60
40-96.5 37-75 42-111 36-68 .
41-103.5 37-75 42-111 36--68
42-111 38-81.5 43-116.5 37-75
42-111 39-89 45-126 37-75
44-121 39-89 46-131.5 38-81.5
44~121 40-96.5 46-131.5 38-81.5
44-121 40-96.5 46-131.5 - 38-81.5
44-121 40-96.5 47-139.5 38-81.5
46-131.5 41-103.5 48-150 ' 40-96.5
46~131.5 41-103.5 48-150 41-103.5
47-139.5 42~111 49-159 42-111
47-139.5 42-111 49-159 42~111
47-139.5 44-121 50-164 42-111
47-139.5 45-126 50-164 43-116.5
48-150 45-126 50~164 44~121
48-150 46-131.5 51-169.5 44~121
48-150 46-131.5 51--169.5 46-131.5
48-150 4£7-139.5 52-175 57-139.5
49-159 47-139.5 52-175 48-150
49~-159 48-150 52-175 48-150
51-169.5 48-150 52-175 48-150
53-180 48-150 55-189.5 50-164
£2-180 48-150 55-189.5 50-164
53-180 49-159 56~193 51-169.5
54-185.5 51-169.5 56~193 51-169.5
54-185.5 53~180 56-193 1 52-175
54-185.5 54-185.5 56-193 53-180
56-193 58-199 57-197 54~185.%
57-197 60-200 57-197 54=185.5
35-60 31-39 36-68 31-39
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TABLE XXXIT

KUDER INTEREST SCORES RANKED BY CREDITS

One Credit Two Credits Three Credits Four Credits
13~1 14~2 18-5 27-22.5
18-5 18-5 23-12 31-39
18-5 18-5 R9-27.5 32-4H.5
19-8 31-10 31-39 34-54.5
20-9 , R3-12 31-39 36-68
23-12 26-19.5 31-39 36-68
Rh4=~14 R7-22.5 32-46.5 38-81.5
25-16.5 R7-22.5 32-46.5 39-89
25-16.5 28-25.5 32~46.5 40-96.5
25-16.5 30-31.5 33-51 4R2~111
25-16.5 30-31.5 34=54.5 43-116.5
36-19.5 31-39 35-60 44=121
27-22.5 31-39 35-60 L4121
28-25.5 31-39 36-68 45-126
20-27.5 31-39 36-68 45-126
30-31.5 32-46.5 38-81.5 45-126
30-31.5 33-51 39-89 47-139.5
30-31.5 33~51 39-89 47~139.5
30-31.5 35-60 39-89 48-150
31-39 35-60 40-96.5 48-l50
32-46.5 35~Q0 40-96.5 49-159
34~54-5 36-68 41~103.5 49-159
34~54.5 36-68 42~-111 49-159
35-60 36-68 LR2-111 51-169.5
35-60 37-75 42-111 51-169.5
36-68 37-75 42-111 52-175"
36-68 37-75 43-116.5 52~175
3775 38-81.5 44~121 52-175
37-75 39-89 44-121 53-180
38-81.5 39-89 46-131.5 53-180
38-81.5 40-96.5 46-131.5 54-185.5
38-81.5 40-96.5 46-131.5 55-189.5
38-81.5 40-96.5 46-131.5 - 56-193
38-81.5 41-103.5 47-139.5 57-197
39-89 42-111 47-139.5 57-197

(continued next page)
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40-96.5 42~111 47-139.5 58-199
40-96.5 42-111 47-139.5 60~200
41-103.5 42-111 48-150
41-103.5 4L6-131.5 48-150
41-103.5 46-131.5 48-150
41-103.5 L6-131.5 49-~159
L4~121 47-139.5 50-164
44~121 48-150 50-164
L4-121 48-150 51-169.5
46-131.5 48-150 51-169.5
47-139.5 48-150 52-175
48-150 48-150 53-180
48-150 49-159 54-185.5
48-150 50-164 5/-185.5
53-180 . 50-164 5/~185.5
56-193 50-164 , 56-193
51-169.5 56-193
51-169.5 56193
52-175 57-197
53-181
54-185.5
54-185.5
55-189.5 —_ —
3,502.0 5,387.5 6,157.5 5,054.0

n, = 51 ny = 58 ng = 54 ny = 37
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