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FOREWORD

The Biological Sciences Curriculum Study, with major finan-
cial support from the National Science Foundation, is one of
the principal educational programs of the American Institute of
Biological Sciences. The Curriculum Study, shortly after its or-
ganization in January, 1959, established headquarters on the
campus of the University of Colorado. The BSCS Steering Com-
mittee, under the chairmanship of Dr. Bentley Glass of The
Johns Hopkins University, focussed the immediate attention of
the Study on the secondary school curriculum in biology.

To facilitate the program involved in preparing new mate-
rials for American schools, Dr. Paul De Hart Hurd of Stanfoid
University was invited to make a thorough studyboth historical
and criticalof the development of secondary school biological
education in the United States.

It was apparent that Dr. Hurd's report would be of interest
to others besides our committee members. The BSCS Publica-
tions Committee, under the chairmanship of Dr. Hider T. Cox
of the American Institute of Biological Sciences, arranged for it
to be published as the first number in the BSCS Bulletin series.
Papers in this Bulletin series will appear occasionally and will be
concerned with basic developments and problems in science edu-
cation at all levels with especial reference to the biological
sciences. The Editor of the Bulletin Series is Francis C. Harwood
of the American Institute of Biological Sciences, Washington 6,
D.C.

To obtain additional copies of BSCS Bulletins, correspondence
should be addressed to Mr. Harwood. For information about the
BSCS programs, inquiries should be sent to the undersigned.

ARNOLD B. GROISMAN, Director
AI BS Biological Sciences

Curriculum Study
University of Colorado
Boulder, Colorado

February 1, 1961
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PREFACE

This study reports the work that has been done on the teaching
of biology in the American high school in the period from 1890
to 1961. It is limited to a consideration of curriculum develop-
ment and investigations of classroom and laboratory learning.
Teacher education, professional training of biologists, and spe-
cial programs for high school students are not considered. The
study provides a historical perspective, a digest of research and
interpretative summaries about biology teaching that should
prove useful to those engaged in the improvement of the high
school science curriculum.

It was conducted at the instance of the American Institute of
Biological Sciences and with the support of the National Science
Foundation. The project was one of the activities of the Biologi-
cal Sciences Curriculum Study. However, the conclusions reached
and the interpretations expressed in this report do not neces-
sarily represent the views of the American Institute of Biological
Sciences, the committee members of the Biological Sciences
Curriculum Study nor of the National Science Foundation.

I wish to express my appreciation to the staff of the Biological
Sciences Curriculum Study and to the AIBS Publications Com-
mittee for their contributions to this volume. I am especially
indebted to Arnold B. Grubman, director of the AIBS-BSCS, for
his counsel and encouragement in the planning and writing of
this book.

I also gratefully acknowledge my indebtedness to the colleges,
universities and the scientific and professional education organi-
zations for making available unpublished materials on biological
education.

PAUL DEHART HURD
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I

Introduction

A CONCERN about the nature of science teaching in the high
schools has been the cause of much debate in the twentieth
century. As science and technology have become distinguishing
characteristics of our culture and increasingly important in the
solution of the problems basic to our social, economic and politi-
cal welfare, the nature of an education appropriate for a science-
oriented society has become less clear.

The number and complexity of modern scientific theories, the
overwhelming growth of new knowledge in every field of science,
and the need to develop large resources of technically trained
individuals have complicated the problem of modern curriculum
development. T. Keith Glennan's (36) comments about the
course of scientific development illustrate one aspect of this
problem:

In science, particularly, the tendency more and more has been
to penetrate farther and farther into chose': subjects until spe-
cialists dig themselves out of sight, and out of hearing, out of
understanding of what other scientists' are doing in their own
and neighboring fields. And, if this state of affairs is alarming,
even more alarming is the growing cleavage between science and
scientists as a whole and the great mass of humanity in other
callings.

The curriculum maker has the responsibility for sifting through
the accumulated research in biology to retrieve, by means of
certain philosophical criteria, ideas and achievements in a quan-
tity to occupy about 175 hours of instructionthe duration of an
average high school course.

Committees of scientists and educators have been at work fo,
over a half century to develop better instruction in science. They
have recognized the desirability of courses suitable for the non-

3
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4 BIOLOGICAL EDUCATION-COMMITTEE REPORTS

specialist, the non-college oriented, the everyday citizen, who
finds himself in a world where he cannot escape the need to un-
derstand something of the nature of science. They have also seen
the problem of providing an added intellectual stimulus in the
sciences for those who plan to continue their education beyond
high school and who may or may not be considering science as a
career. The structure of high school coursespurposes, content
and methodsneeded to accomplish the . ends has been the
cause of much educational ferment.

Curriculum problems are persistent and demand a continuots
cycle cf appraisal, research and development. The cycle in sci-
ence teaching must be shorter than for most school subjects; the
dynamic characteristics of science make this obvious.

Progress in science is closely related to the adequacy of un-
derlying theory. The same may be said for the improvement of
education. A first task in curriculum development is a definition
of the values of a discipline for a population sample at a par-
ticular time and place in the evolution of society. Much has been
written about the role of science in our culture and the place it
should occupy in the education of young people. The diversity of
viewpoints among both scientists and educators about the place of
science in a liberal education has had the effect of keeping the
secondary school science curriculum static and lagging far be-
hind the modern concepts of science. One is reminded of Aris-
totle's observation in 300 B.C. after visiting the schools of Athens:

Thf e are doubts concerning the business of education since
all people do not agree on those things which they would
have a child taught, both with respect to improvement in virtue
and a happy life; nor is clear whether the object of it should be
to improve the reason or rectify the morals. From the present
mode of education we cannot determine with certainty to which
men incline, whether to instruct a child in which will be useful
to him in life, or what tends to virtue, or what is excellent; for all
these things have their separate defenders.
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A Study of Biological Education
This study reviews the development of biology teaching in the

schools of America for the period 1890-1960. It is based upon
two kinds of data: 1) the published reports of curriculum com-
mittees where the concern '6 as with the improvement of edu-
cation in secondary school biology, and 2) investigations of c_ ur-
riculum and 1 ;ming problems in biology teaching.

Commit eports were used to trace the history of modern
biology teaching because these statements usually desc ibe the
rationale for proposed changes. The criteria used for the selection
of particular publications were: 1) the reporting committee was
national or regional in scope or was an official committee repre-
senting a biological society; 2) curriculum improvement in sci-
ence was a primary interest of the committee; and 3) the members
of the committee were qualified by reason of their background in
biological research or teaching experience to justify an opinion
on the nature of science teaching. Some committees were com-
posed of representatives from the several sciences taught in high
school. The larger committee discussed the problem of science
teaching and subcommittees made recommendations for the
teaching of the special subjects, such as, biology, physics, or
chemistry. The reports raewd in length from a few pages to
600 pages; some dealt with a single problem or issue, such as
course content or laboratory work, and others covered the entire
spectrum of biological education.

It was decided to discuss the committee reports in a chrono-
logical sequence and to group them arbitrarily by ten-year periods
with a summary for each decade. There is some logic to this ar-
rangement. The conditions influencing American life and in
turn educational practice since 1890 have brought about a series
of "crises" in secondary school education. The growth of science
and technology has been a major factor although not generally
recognized, in creating these tensions. Education in the sciences
has never kept pace with the achievements of science, or prepared
young people to understand the nature of science and the mean-
ing of scientific progress. Advancements in science and social
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change reach a point where it is obvious to many that the school
science curriculum needs to be assessed and revised. These
peaks of concern about the curriculum in schools and the con-
tributing factors become more apparent when the committee
reports are presented in the order of their development.

At the risk of over-simplification the events which have in
some way influenced education in the sciences for the period
covered by this study, 1890-1960, may be described as follows:
the closing of the frontier and the beginning of an urban indus-
trial society; the growth of the scientific professions and major
contributions to scientific theory, at the turn of the century; the
acceleration of scientific and technological developments cata-
lyzed by the first World War; the development of the industrial
research laboratory, unknown in 1900; the rise of automation
and the economic depression of the thirties; World War II and
the birth of the "atomic age"; the engineering and scientific
achieveinents which are symbolized by the "space age"; the
systematizing of research and development and the "explosion"
in scientific knowledge which are characteristic of the decade,
1950-1960. And, upon entering the Sixties we find that the meas-
ure of competitive power in the modern world has become a
country's inventory of scientific and technical manpower. In
turn and cumulatively these events and others have led to cur-
riculum obsolesence but at the same time suggest directions for
redevelopment. Herbert Spencer's essay of 1859 on "What
Knowledge is of Most Worth?" poses the question that must be
answered with every generation and with every major advance in
man's intellectual achievements.

There are other factors which make it necessary to review con-
tinually the curriculum pattern in science. Since mid-century
we have reached the point where nearly everyone goes to high
school. A secondary school education has become the "common
school" level to Americans. The growing demand for collegiate
education may parallel that for the secondary school. With each
rise in enrollment the diversity of the student population be-
comes accentuated; this in turn places new demands on the sci-
ence curriculum.

ipi
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Concepts of what one is to learn from a science course and
how one learns this influence not only its content but the way in
which the course is organized and presented. Charles Eliot's com-
ment in the Century Magazine for June, 1884 is illustrative:
"There is very little profit in studying natural science in a book,
as if it were grammar or history; for nothing of the peculiar dis-
cipline which the proper study of science supplies can be ob-
taired in that way, although some information on scientific sub-
jects may be so acquired." Joseph J. Schwab (78) in the Teacher's
Commentary for the experimental biology texts developed by the
American Institute of Biological SciencesBiological Sciences
Curriculum Study, 1960, points out that:

Until very recently, the view was common that science should
be represented in the schools mainly or only as a body of useful
or interesting truths. Little attention was paid to science as a
process of enquiry. Attention to science as a possible vocation
was largely limited to two approaches. We tried to rouse interest
in the learning and use of information, or we tried to arouse
interest in apparatus and techniques. Efforts to lead students to
the excitement and satisfaction of problem-solving and of en-
quiry have been sparse until very recently for we were inhibited
by the fact that "coverage" of information was so firmly im-
bedded as a first priority.

A teacher who believes that a knowledge of biology is indicated
by the student's inventory of biological conclusions teaches one
way, while the teacher whc feels that an understanding of science
consists of knowing how knowledge is won and organized pre-
sents a different course. Various theories of learning influence the
structure of courses as well as the teaching procedures. Good
teaching is an activity which will differ under a stimulus-re-
sponse theory, field theory or a cognitive approach.

Biology is not a course apart in the high school curriculum al-
though it has unique contributions to make to secondary educa-
tion. Whatever tena to influence education as a whole has
implications for biology teaching. It is within this complex of
scientific developments combined with social, psychological, and
educational forces that the science curriculum exists. This is also
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the framework within which each science curriculum committee
works.

Whatever the biology curriculum developed there are always
questions about its learning values and the best means for. con-
ducting class and laboratory work. In the second part of this study
there is a classified review of much of the reported research on the
teaching of biology. Investigations or surveys of only local in-
terest have been omitted. Research on teacher and special edu-
cation in biology were not a part of this study. There are many
investigations on biology teaching that have not been published,
efforts were made to secure the loan of these studies and with
some success.

This study in its entirety attempts to summarize and relate
the work that has been done on biological teaching in America.
There are unexplored areas and gaps both in philosophy and re-
search that suggest the need for a continuing study of biological
education.



Biological Education, 1890 1 900

IN THE PERIOD between 1890 and 1900 American secondary edu-
cation underwent serious questioning relative to its proper func-
tion and purpose. Increasing enrollments and a diversity of
interests of pupils entering high school forced high school ad-
ministrators to consider a broader curriculum than one centered
exclusively on college preparation. Previous to 1890 nearly every-
one that graduated from high schoolcontinued his education in a
college or university. The percent of the school population 14
to 17 years of age completing high school, however, was extremely
small since only 3.8 percent of this age group was enrolled in
school. Between 1890 and 1900 the number of high schools in-
creased from 2,536 to 6,005 and the percent of young people
in high school increased to 8.4 percent of the 14-17 age group.
The enrollment of girls exceeded that of boys by about 25 per-
cent.

With the onset of industrialization and urbanization the de-
mands for a high school education increased but the percent of
students aspiring to a college education decreased. While the
number of students in colleges rose during this time the en-
rollment represented a decreasing fraction of the high school
population.

Nearly all of the students graduating from high school between
1890 and 1900 had had a course in physics and about half had
taken chemistry. Physiology was taken by 28 percent of the
pupils; exact data do not exist for the enrollments in the other
biological sciences which were much smaller than in physiology.
Course offerings in biology were extensive. A survey of the high
schools in New York State for the period 1896-1900 showed that
82.5 percent of the schools taught botany, 70 percent physiology,
42.5 percent zoology, and 10 percent biology. Science offerings
and enrollments changed radically in the twentieth century.

9
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A new era in secondary education and high school biology
teaching opened in 1893 with the report of the National Educa-
tion Association's Committee on Secondary School Studies, also
known as the Committee of Ten (60). Charles W. Eliot, President
of Harvard University and a former professor of chemistry at the
Massachusetts Institute of Technology, had been the general
chairman for this committee. Its function was to investigate the
whole field of secondary education as conducted in private acad-
emies and public high schools. Subcommittees on natural his-
tory, botany, zoology and physiology were established to study
the teaching of these subjects in grades one through twelve.

The Cominittee on Natural History agreed that botany and
zoology ought to be introduced in the fir: I, grade and pursued
steadily with not less than two periods a week throughout the
elem ,ntary school. It was suggested that textbooks not be used
in the early grades. A course in nature study for the eight years of
the elementary school was outlined.

The Botany Committee recommended a high school course on
the study of typical plants as an introduction to plant develop-
ment, but cautioned that the work should not be confined to iso-
lated and hence barren facts. Frequent lectures were to be given
to broaden the outlook of the student. The suggested organiza-
tion of the course was three laboratory periods, one lecture and
one quiz a week. In the study of each plant the work should in-
clude cell structure, development, reproduction, and life history
accompanied by drawings and verbal descriptions to stimulate
close observation.

The committee recommended the following year course in
botany:

First semester:
1. Green slimes, oscalatoria
2. Green algae, protococcus, spirogyra, diatoms
3. Brown algae, fucus
4. Red algae
5. Fungi
6. Stone worts, nitella
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7. Bryophytes, liverworts and a moss
8. The pteridophytes and perhaps a dub mu»
9. A gymnosperm

10. The phanerogams, trillium and capsella
Second semester:

I. Plant structure
2. Physiology
3. aassification of plants

The Zoology Committee recommended a forty-week course of
five hours per week. Of the 200 hours, 120 should be in a lab-
oratory study, and 80 hours in reports on laboratory and textbook
work. It was suggested that the course begin with a study of a
single animal, such as the goldfish, to be studied in its entirety as
a living organism. A brief textbook for the course would be
advisable but not entirely important. The outline of a year's
course in zoology was given as follows:

1. Protozoa
2. Porifera
3. Coelenterata
4. Echinodermata
5. Vermes
6. Mollusca
7. Arthropods
8. Insects; use the grasshopper as a type insect followed by

the study of six or eight orders and conclude with having
each student make a crude classification of insects.

9. Study of the vertebrates:
a. fish
b. frogs
c. reptiles
d. birds
e. mammals, with some orientation toward man

In teaching zoology it was suggested that students examine the
external anatomy of animals, study the general form, regional
parts and symmetry. Following this. there should be a "compari-
son with other individuals of the same species, emphasizing
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points of variation and constancy and comparison with other
types." Observations of living animals, simple physiological
tests and the drawing of inferences from their reactions were rec-
ommended. "Class topics and talks by the teacher" would be
used when the class was not involved in laboratory work. The
committee decried the dependency of zoology teaching on text-
books and the learning about animals. It felt laboratory work
would do much to correct these conditions particularly if "qual-
ity work" was emphasized.

Both the botany and zoology committees agreed that it was
absolutely necessary to have laboratory work and laboratory
notebooks in biology so that students could learn to express them-
selves clearly an exactly in words or by drawings. They also
agreed that both a written and a laboratory test should be re-
quired in all science examinations and that the laboratory note-
books of pupils should be presented for examination at the time
of the test.

The Committee on Physiology in the primary and secondary
schools recommended that the principles of hygiene should be
taught in the lower grades and physiology as a science should be
placed in the upper years of the high school. A one-semester
course in each of anatomy, physiology and hygiene was recom-
mended, with an emphasis upon practical work, stressing the
mechanics, physics and chemistry of the body. The committee
was careful to note that "while physiology is one of the biological
sciences it should be clearly recognized that it is not like botany
or zoology, a science of observation and description, but rather
like physics and chemistry, a science of experiment." However,
because of the limitations on experimental work in physiology
in high school a historical study of the organs of the body was sug-
gested. Furthermore, teachers were to make suitable use of practi-
cal exercises, demonstrations and working models wherever pos-
sible. Hygiene, if it had not been covered in the elementary
school, should be directed toward dietetics, heating, ventilation,
water supply and drainage.

The Committee of Ten recognized that the secondary schools
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in the United States, taken as a whole, do not exist for the pur-
pose of preparing boys and girls for colleges. Only an insignifi-
cant percentage of the graduates of high schools continue study in
colleges or scientific schools. A secondary school science curricu-
lum intended for national use must, therefore, be made for
those pupils whose formal education terminates with the high
school. The "feeble" and "scrappy" nature of the typical sec-
ondary school program, the lack of highly trained science teach-
ers and the improper placement of subjects in the curriculum
sequence also caused concern.

After a series of sessions the committee concluded its meetings
with the following resolution on the science program for high
schools:

... at least one fourth of the time of the high schools should
be devoted to nature studies, and that this amount of prepara-
don should be a requirement for entrance to college.

In 1896 the Department of Natural Science Instruction of the
National Education Association was "organized by the scientific
men of the country." Charles E. Bessey, as president, took the op-
portunity to raise some questions about the place of high school
science in our culture (12). His comments on the "new educa-
tion," in which science was to have a prominent part in the high
school, were focused upon the purposes of the science courses. He
questioned whether the science taught should be only "useful"
and of an "applied" nature, or should some effort be made in a
"cultural direction"; should not science be something more than
accumulating facts, with more attention given to the classifica-
tion, arrangement and the generalization from factsthe de-
velopment of a 'judicial state of mind'? The recorder for this
meeting states there was much discussion on "science as a frame-
work for future achievement."

A science comtrIttee, under the chairmanship of E. H. Hall
(37) of Harvard and sponsored by the National Education Asso-
ciation, issued a statement in 1898 reacting to the reports of the
science committees established by the Committee of Ten. The
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following recommendations were made: 1) all science courses in
high school should be two semesters in length; 2) they should
have the same weight for college admission as other courses; 3)
all laboratory periods should be two hours long; 4) there should
be four hours of laboratory work per week and two periods of
recitation and demonstration; and 5) colleges and universities
should require science for admission.

The committee's reaction to the teaching of high school science
was that 1) courses "should be designed in the interest of the
school pupil, without reference to whether the pupil will enter
college or not. The college must fit itself to the high school . . .
and adapt courses so as to offer a suitable continuation of the
preparatory course for the benefit of those students who enter
with credit in the subject." 2) "the minute anatomy of plants or
animals, or specialized work of any kind, is premature and out
of place in a high school course of one year in length." 3) The
high school work should confine itself to the elements of the
subject . . . full illustration of principles, and methods of
thought . . ."

John M. Coulter, chairman of the Subcommittee on Botany in
Secondary Schools, criticized severely the common practice of
examination and recitation on the gross structure of flowering
plants accompanied by herbarium observations as being "super-
ficial and restricted and even an irrelevant presentation of bio-
logical science . . ." Coulter recommended the "new method"
using the "compound microscope and examination of minute
structures of representative plants" as more appropriate for high
school use.

An ecological approach to the teaching of botany providing
an over-all picture was proposed. A one-semester course was rec-
ommended to include: 1) life relations, a study of vegetative and
reproductive organs; 2) plant groups, not a full study but intro-
ductory; and 3) plant societies.

The inadequate preparation of students entering college be-
fore the turn of the century was a matter of deep concern on the
part of college faculties. The National Education Association in

ii
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1895, appointed a committee of twelve university scientists and
an equal number of high school teachers to consider college
entrance standards (63). Specifically this committee was charged
to harmonize relations betwecn the secondary schools and the
colleges. Its goal was to seek ways in which the former could
their legitimate work as schools of the people and at the sat-4
time furnish adequate preparation to pupils intending to con-
tinue in the academic colleges and technical schools.

When the committee reported in 1899 they recommended that
the study of nature be an integral part of school work preceding
the high school. For the second year of high school one of the
following course organizations was proposed: biology, botany, or
zoology; or a semester each of botany and zoology. Each course
should be allowed one unit of credit toward college entrance re-
quirements. These courses, including a large amount of indi-
vidual laboratory work supplemented by field work, were to be
taught not less than four periods per week. The pupil should be
required to make careful drawings and descriptions in a perma-
nent notebook. Such laboratory work, including the notebook,
should occupy one-half of the assignments. The committee felt
that good laboratory work required double periods.

A subcommittee on the teaching of botany recommended that
the course include instruction by textbook, informal lectures,
and frequent quizzes, elucidating and enforcing the laboratory
work so that the pupil would gain a comprehensive and con-
nected view of biological principles, rather than merely a knowl-
edge of a few disconnected facts. It was also recommended that
the entire course consist of plants as living things at work, details
of structure being entirely subordinated. Professional terminol-
ogy, complicated and expensive apparatus were to be avoided as
much as possible. The teacher should insist upon constant and
accurate drawings to secure precise observations. Care should be
taken, however, not to overload the student with details or to
demand too exhaustive a study of single forms. Classification
should be on a rational basis with a consideration of the entire
plant kingdom. The first contact with plants should be general
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and in reference to the physical and biological environments.
At least a half-year of botany should be devoted to a study of
general morph 'logy, including:

1. The great plant groups
2. Life relations and processes
3. Plant societies
4. Plant structures

Colleges and universities were advised to establish a suitable
advanced course for entering students who had completed the
zequirement in botany and in no case should these students be
placed in the same class with beginners.

The subcommittee on zoology recommended that botany and
zoology be studied in successive terms or years becP -e of their
similarity. There was unanimous opposition to th textbook
method of teaching zoology in the high schools where "a large
amount of information about animals is acquired thereby in a
limited time, and a minimum of attainment and preparation is
demanded of the teacher." The use of the taxonomic approach in
high schools was discouraged since it gives the student an exag-
gerated notion of the importance of structural parts for a limited
group of animals and fails to develop biological ideas. The study
of zoology should be limited to a few types with an "emphasis
on tht quality of the work rather than the amount of ground
covered." For fife most part the committee thought that external
morphology, life history, habits and the economic importance of
animals were of far greater interest and value to high school
pupils than the systematic and morphological approach typical
of colleges. It was recommended that five hours per week shopild
be spent in the study of zoology, two hours for classroom work
and three in the laboratory.

The Committee on College Entrance Requirements made the
following recommendations for the placement of science subjects
in schools:

Elementary School Nature study, at least two exercises
(Grades 1-8) per week
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High SchoolGrade 9Physical geography
Grade 10Biology; botany and zoology; or bot-

any or zoology
Grade 11Physics
Grade 12Chemistry

All courses were to meet at least four periods per week and carry
one unit of college entrance credit. One year of high school
science was recommended as a requirement for all students en-
tering college.

Programs for the gifted students in high school were con-
sidered. It was proposed that gifted students be allowed to com-
plete preparatory science courses in less time and that credit
toward a degree be granted when the high school work was
equivalent to college work. Credit for a second year of work in
one science was recommended; this would allow the student to
receive credit for both a year of botany and a year of zoology. An
increase in the length of the school day with more study in school
under supervision was also suggested.

Summary, 1890-1900

The decade from 1890-1900 was a period of concern about
both secondary education and the nature of education in the
sciences. More young people were continuing their education
into high school and college. College faculties were disturbed by
the lack of uniformity in training and the quality of learning
possessed by entering students.

A consensus of the committee reports on the improvement of
biology teaching shows:

1. The desirability of a continuous offering of biological science
from the first grade through high school.

2. The establishment of a required course in biological science
at the tenth-grade level.

3. The requirement of one year of biology for entrance into
college.

4. The need for more uniformity of content in high school biol-
08Y.
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5. The teaching of biology as a laboratory science.
6. The need for an emphasis in biology teaching on the broader

principles of the discipline.
7. The importance for all young people to receive instruction in

hygiene and human physiology before completing high
school.

The decade from 1890-1900 has been characterized by G. W.
Hunter as the great period of the laboratory manual in biology
teaching. The growth of laboratory work received its strongest
support from the "mental discipline" theory of psychological
development rather than from any biological justification. Lab-
oratory work in all the sciences was seen as an ideal procedure for
the training and exercising of these faculties of the mind devoted
to observation, will power and memory. This theory of learning
was rejected by psychologists soon after the turn of the century.
As late as 1960 the excuse for biology laboratory work in a sur-
prising number of secondary school curriculum studies and text-
books' is still that of "mental discipline."

A distinguishing characteristic of the 1890-1900 period in
biological education was a shift away from a natural history ap-
proach to courses of "pure" botany and zoology with the major
emphasis upon morphology.

It cannot be assumed that either teaching practices or the
structure of biology courses immediately reflected the recommen-
dations of the curriculum committees for any period reported in
this study. Nor is it possible to state at any particular time
whether the work of an earlier committee had widespread accept-
ance among classroom teachers. Over a period of a half century
one can recognize that a gradual change has taken place in the
content and manner of biology teaching, although the observa-
tion of a number of individual courses in the schools of today
would reveal examples of every decade herein reported.



III

The Beginning of General Biology,
1900 -1910

ALTHOUGH A row high school courses were taught under the title
of biology before 1900 they were not organized around a bio-
logical theme nor did they present an integrated "picture" of
the biological sciences. In the period from 1900-1910 various
local and national committees gave thought to a unified biology
course. The rapid growth in the secondary school population of
pupils who had no intention of continuing to college, stimulated
curriculum makers and classroom teachers to experiment with
courses in applied or practical biology. It was assumed that biol-
ogy for the citizen and biology for the potential specialist should
be different in character and content.

In 1905 the Biology Committee of the Central Association of
Science and Mathematics Teachers presented the following rec-
ommendations for the teaching of high school biology (72):

1. There should be a full year of botany or zoology rather than
a half year of each subject.

2. The work in biology should be preceded by an "elementary
science" to familiarize the student with laboratory methods
and to provide a basic knowledge of chemistry and physics.

3. The course should meet six periods per week with double
periods for laboratory or field work.

4. Botany and zoology should be acceptable to colleges as en-
trance requirements.

More field work was strongly recommended in addition to "a
plot of ground for growing things." A better balanced program of
biology was suggested with a fair proportion of attention given
to morphology, physiology, ecology and economics. The com-
mittee felt that biology courses should start "at the most accessi-

19
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ble point," and that a "simple to complex" sequence was not
essentially the best approach for high school students.

The New York Board of Regents developed a course in gen-
eral biology as early as 1899. The course was in reality a series of
sub-courses in botany, zoology and physiology offered in a one-
year period. George W. Hunter, then a New York City high
school biology teacher, in 1907 published a textbook called Ele-
ments of Biology which attempted to "place the topics required
or suggested by the Regents' syllabus into a connected form."
(41)

In 1909 the High School Teachers Associetion of New York
City issued a report on "The Practical Use cf Biology" (51). It
was noted that the teaching of biology was going through a period
of radical transformation with increasing emphasis upon "train-
ing in living" and upon "the practical use of the subject." The
committee supported this point of view and made the following
specific suggestions for the improvement of course content in
biology:

1. An economic phasethe preserving of natural resources.
2. A health phasethe relation of foods to efficient work of the

animal body; the importance of pure foods and safe medicine;
the cause and prevention of disease; the proper regulation of
personal habits.

3. A cultural phase--- development of an intellectual stimulus
for a sympathetic interest in nature and the interrelationship
of man and other beings; the proper conception of man's en-
vironment is a rare possession and this acquisition should be
striven for.

4. A disciplinary phas tit,: habit of accurate thinking is a
serious need in civilized life, and biology offers the data and
method for making training of this kind effective; the only
important mental discipline is that which is effective when
applied to the problems of everyday life.

The American Society of Zoologists in 1906 made recom-
mendations for improving the teaching of zoology in the high
schools (13). The Society was of the opinion that ". . . zoology
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should have a place in general education" and should be studied
in high school since so mar-, students do not continue into col-
lege. The Society recommended that a full year of zoology be
taken by the student if the course was to be offered for college
credit, or one-half credit in zoology and one-half credit in botany
to make a full year's work in biological science for those not using
the course for college admission. The development of an ad-
vanced course in zoology in the high schools was opposed on the
basis that it would of necessity be too specialized.

The proposed course outline for a year's work in high school
zoology was:

1. Natural history, structure in relation to adaptations, life
histories, geographical range, relations of plants to animals
and econernic relations.

2. Classification of animals into phyla and leading classes and
prominent orders in cases of insects and vertebrates.

3. General plan of ...xternal and internal structure for the fol-
lowing animals: one vertebrate (fish or frog) in comparison
with the human body; an arthropod, an annelid, a coelenter-
ate, and a protozoon.

4. General physiology of above types, and comparisons with
human physiology and with the life processes in plants.

5. Reproduction of the "protozoon, hydroids, and the embry-
ological development of the fish or frog."

6. Evidence of re/a0;onship"suggesting evolution," and a few
facts on adapts n and variation, "but the factors of evolu-
tion and the discussion of its theories should not be at-
tempted."

7. OptionalSome epoch-snaking discoveries of biological his-
tory and the careers of eminent naturalists.

The Society stressed the need for laboratory facilities and a
good textbook. Two-thirds of the course should consist of lab-
oratory and notebook work, the notebook to be submitted at
examination time with carefully labeled drawings of the chief
anatomical structures studied.

In 1906, E. G. Dexter studied the impact cf the report of the

u.
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Committee of Ten (1893) on the teaching of biology in high
schools (29). He examined 80 courses of study in biology pub-
lished before 1895 and 160 courses of study used by schools in
1905. He found, contrary to the Committee of Ten's recom-
mendations, that physiology courses in high school had decreased
fifty percent and that attempts were being made to teach it in the
lower grades. Furthermore, that while more high schools were
teaching botany and zoology, the courses were not being offered
for a full year as had been recommended. He also found that
biology teachers reacted against the morphological approach sug-
gested as desirable by the Committee of Ten.

Dexter felt that little was achieved by the Committee of Ten
in actual practice, even though their report was 1) the center of
many educational discussions; 2) the members of the committee
were widely recognized in scientific circles; 3) the committee
membership was larger than any previous committee in the his-
tory of education; and 4) the report had been well advertised
and had had the widest reading.

H. R. Linville, reflecting on the teaching of biology in the
high schools from 1890-1900, made this observation (52):

The teachers of morphological biology in the schools brought
with them from the colleges certain ideas of method. Possibly the
lecture system never took strong hold in the schools, but the lab-
oratory method of the college with much of its paraphernalia,
did. The consequence of this was that thousands of young and
untrained pupils were required to cut, section, examine, and
draw the parts of dead bodies of unknown and unheard of ani-
mals and plants and later to reproduce in examination what they
remembered of the facts they had seen.

The decline in enrollments in human physiology, the general
dislike of the course by students and the difficulties experienced
in teaching it were popular topics of discussion at association
meetings of science teachers between 1900-1910. Oscar Riddle in
1906 suggested that human physiology be made a part of the
zoology course with an emphasis on physiology rather than mor-
phology (75). He felt that the course should be made suitable for
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the ninety percent of the high school students who did not go on
to college.

C. Crosby in 1907 reported on several surveys he had made
on the teaching of human physiology in the high schools (26).
He found a strong negative feeling in students about physiology
courses. His study revealed that practically all the laboratory
work on human physiology was with lower organisms or of a
chemical nature. Most of the students took the course before
they had had zoology or botany and therefore had little back-
ground for the type of work being taught. He recommended the
development of a zoology course organized in a sequence from
lower animals through man and unified by a theme of physiology.

In 1907, the Central Association of Science and Mathematics
Teachers appointed a committee "to prepare a statement of a
biological creed that might serve as a guide in the development of
biology courses." The committee published its deliberations in
March, 1909 (16).

It was assumed at the outset that it would be undesirable if
biology courses in all localities were the same. The major differ-
ences in teaching high school biology were found to arise from
unequal knowledge about the subject, the goals to be sought,
materials and procedures to be used in obtaining the desired
ends, the relative importance of the various phases of the subject
and the point of departure.

The committee thought that biological subjects were pecu-
liarly fitted for general education purposes because of the "light
they throw on the study of life." For instance through the study
of plants and animals a knowledge of life processes may be gained
from which the student can derive an interpretation of his own
place in nature. Accordingly, biology courses in high school were
seen as having both general and cultural values for all students.

Accurate, dependable and efficient methods of thinking were
to be sought in biology teaching because of the excellent oppor-
tunities for students to utilize their knowledge in solving prob-
lems. A firsthand knowledge of "cause and effect" should be a
focus in every course in the biological sciences. The practical use
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of biology as it is applied to the fields of forestry and agriculture
is not to be overlooked, nor are the lifelong pleasures be de-
rived from a knowledge of biology. Questions about the relative
importance of morphology, physiology, and ecology were not
considered to be issues if the course was a study of living organ-
isms.

The immittee suggested that methods of teaching should be
related to the student's previous experience, or at least not totally
unrelated. The work on nutrition and reproduction should be
prominent and might best serve as a "take-off point" for the study
of most organisms. Course work should be based on firsthand ex-
perience, with each assignment looked upon as a problem to be
solved. Sufficient time must then be allowed for its solution.
Textbook, lecture and illustrative work would follow the study
of a problem and be based upon the student's experience with it.
Experiments should in many cases precede the reading of the
text and the hearing of lectures.

It was felt by the committee that there should be a balanced
picture of the realms of biology rather than specialized courses
in botany, zoology, and physiology.

In 1908, the editors of School Science and Mathematics re-
quested a number of university biologists who had given atten-
tion to the educational as well as the academic aspects of the
subject to comment upon the following questions (82):

1. "What is the purpose of biology in education?"
2. "What are the practical, pedagogical, and scientific bases for

the study of biology in secondary schools?"
3. "Should the study of biology be a single science, a series of

sub-courses in botany, zoology and human physiology or
separate courses?"

4. "Should there be more attention to the economic and in-
dustrial aspects of the material included?"

A consensus was apparent on several of the questions:

1. The course in biological science should be "adapted to the
majority of pupils."

2. The course should stress general education values in terms
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of being practical and in the broadening of pupil interests
and the deepening of appreciations.

3. Biology courses should be focused more on the ideas and
principles of the discipline.

The greatest diversity of feeling occurred on how biology
courses in high school should be organized: 1) as a single course
without sharp distinction between botany, zoology and human
physiology; 2) "sub-courses" in each of these fields for one third
of the year; or 3) a year's work in each field.

The Central Association of Science and Mathematics Teachers
in 1910 issued a committee report described as taking "stock of
our philosophy of using the sciences and mathematics as a means
of education" (34). The committee agreed that the general pur-
poses of high school education must always be allowed to con-
dition the special purposes of the sciences.

The major problems of science teaching in high school were
seen as motivatitzt of students, selection of teaching materials,
and teaching "the scientific spirit and method" as opposed to
arbitrary methods. "It is not enough merely to secure the pupils'
assent to a fact, or to an observation properly made and recorded,
or to memorize a set of words or relations . . . even if correct."

The following problems on the teaching of biology were iden-
tified:

I. Failure to we student experiences
2. The appropriate degree of "rigor" in the content of the course
3. Limitations of the laboratory
4. Tendency to cover too much material

The committee observed that:
"The present period is one of protest against methods and

matter; a period of dissatisfaction and retesting the curriculum;
a period of study of the grounds and history of teaching."

Their suggestions for the improvement of biology courses
were:

I. More emphasis on "reasoning out" rather than mem,riza-
tion.
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2. More attention to developing a "problem-solving attitude"
and a "problem-raising attitude" on the part of students.

3. More applications of the subject to the everyday life of the
pupil and the community, and "this does riot mean a com-
mercialization or industrialization of science ... although
these are practical phases of this life value."

4. More emphasis on the incompleteness of the subject and
glimpses into the great questions yet to be solved by investi-
gators.

5. Less coverage of territory; the course should progress no faster
than pupils can go with understanding.

The strength of the biology course was that it naturally allows
a good adjustment "to the life needs of the pupil." "Its best
appeal is in its appeal to the habit of discriminating among the
numerous factors that enter into results; in its emphasis on the
great unifying and progressive phenomena of all life; in its
encouragement to openness of mindits shibboleth being 'evi-
dence' rather than 'proof% and in its parallelism with human
interests."

"Botany and zoology should be so handled that human physi-
ology and hygiene and the elements of anthropology will natu-
rally become the culmination of the course. While human in-
terest in plants and animals should fill a large place in this course,
human interest means much more than commercial or economic
interest." Biology "should be a progressive and spiral intermin-
gling of the ecological, physiological, systematic and economic
phases of the subject." The course should be supplemented with a
"well-selected calendar study of plants and animals running
through the entire school year . . ."

"Among the great principles to which the student should be
led are: growth and progressive development, both individual
and racial; division of labor and differentiation for efficiency;
sexual differentiation and its meaning; the economic dependence
of man on other organisms; the value of social combination and
service; and the natural processes of the human mind itself in
passing from observations to conclusions."
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The committee suggested that one half year of biology be
offered in the ninth grade, and that a year course be required
in the tenth grade, with elective courses in grades eleven and
twelve.

Summary 1900-1910

In the decade from 1900-1910 the high school course in "biol-
ogy" had its birth By 1910, however, only 1.1 percent of all high
school students were enrolled in the course. The separate sub-
jects of botany, zoology and physiology were beginning to lose
enrollment both from the lack of pupil interest and inroads of
the new course. The "new" biology course, although it was es-
tablished to present a unification of botany, human physiology
and zoology, was actually three sub-courses combined in a one-

year sequence.
The decline of the special biological sciences was both heralded

and condemned. Some writers felt a combination course would
force biology teachers to focus on the important ideas about
living things, and others thought that a course of this nature
could be only superficial. Typical of the first point of view was
a statement by C. W. Hargitt (38):

I plead for biology in the schoolsbiology rather than botany
or zoology, whether singly or in successive courses. Biology means
more than either alone, is more than either. It deals with organ-
isms as being, acting, interacting; sensitive, irritable, responsive
and adaptive to a degree seldom realized by those untrained to
observe. Its subjects live, struggle, thrive, achieve, or they suffer,
declirie, and perish.

Conversely W. F. Ganong, whose book on the teaching of
botany had been standard for two decades, commented upon the
new course as follows (35):

In some places the Botany and Zoology are combined into a
single year of Biology, with no additional instruction in those
subjects. This method has the serious demerit of yielding a very
defective knowledge content for both sciences. In any subject
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there is a point up to which, while the training is all valuable,
the knowledge acquired is relatively small; and it is, I believe,
the common experience that knowledge in these sciences follows
in proportionally greater amount in the latter part of the year.
I think, therefore, that a full year of either Botany or Zoology,
is of much more value than the combination half year of each. In
some cases where the course in Biology is used, provision is made
for a full elective year later in either Botany or Zoology, and such
a plan fully meets this objection.

Some of the significant developments in biology teaching dur-
ing the 1900-1910 decade were: .

1. A growing commitment to a single course of general biology
in the high school, integrating materials from botany, zoology
and human physiology.

2. An awareness of the "average" student who will not continue
into college and the desirability of developing for him a more
practical (applied or economic) type of biology course.

3. The appearance of the first high school textbooks on biology
intended to replace the separate texts of botany, zoology and
human physiology.

4. The attempt to orient biology teaching toward biological
principles, ideas and interrelationships.

5. More emphasis was given to the "scientific method" and the
"practical" objectives for biology teaching.

6. The breakdown of the "mental discipline" theory in learning
with more importance attached to capitalizing on student
interest, and experience.

7. The fad dire of human physiology to become established as a
separate course in the curriculum; the enrollment in the
course dropped almost 50 per cent between 1900 and 1910.

The popular writings of the period contained numerous dis-
paraging remarks on the "fern-fish", and "the bale of hay and
pail of frogs" types of biology courses. Mostly the comments were
criticisms of a teaching practice consisting of name-observe-
compare-dissect-draw-label-memorize-test routine with non-liv-
ing organisms the object attention. Oscar Riddle's comments
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are typical: "And what objects do our students handle and how
do they handle them? I answer that in the majority of labora-
tories they use dead unyielding specimens which have centralized
within themselves all the rigidity that is within the power of
over-proof spirits to impart" (75).

1



IV

The Changing Science Curriculum,
1910-192o

THE PERIOD from 1910-1920 in American history was one of
great industrial expansion. It was during this Cale that many
Americans began to develop some awareness of the importalice of
science although with a limited meaning. At the same time, a de-
creasing fraction of the high school population was graduating
with credits in the physical sciences. Botany, zoology and physiol-
ogy continued to drop in enrollment. On the other hand, general
biology was becoming increasingly popular with high school
students. It represented the first science course in the secondary
school curriculum to be planned for the majority of students.

A major development in the science curriculum between 1910
and 1920 was the introduction of general science into the ninth
grade. The typical offering at this level had been a semester of
physiology and a semester of physiography. The physiology
course was proving to be unsatisfactory and biology teachers
wanted more physical science as a background for tenth grade
biology. The first courses in general science were a compendia of
several sciences: physiology-hygiene, physiography, astromony,
geology, meteorology, chemistry, physics, botany and zoology.
It was expected that the course would provide a more adequate
preparation for tenth grade biology and an orientation to all
the science offerings in the high school. It was also a hope that
students taking general science would be stimulated to elect
further courses in science.

The course content of general science was concentrated in the
physical sciences. Whatever was given in the biological fields
was usually repeated in the biology course, a duplication that
still persists.

Several significant committee reports were developed during

30
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the 1910-1920 period. The first was that of the Committee of
Nine on the Articulation of High School and College (43) of
the National Education Association in 1911. A recommendation
was made that high schools require every student to complete
two subject majors of three credits each and one minor of two
credits. Science was designated as one of the possible majors. The
committee proposed that one year of science be a requirement in
high school and recognized that this would most frequently be bi-
ology. This recommendation further established scienceas a part
of the secondary school curriculum and strengthened the posi-
tion of biology.

In 1912 the Central Association of Science and .Mathematics
Teachers (17) appointed a committee to study "the need for
better unification in aims and practices in science teaching, and
a better unification in the content of the science courses of the
different years of the high school." Its recommendations were re-
ported in 1914. The chairman, Otis W. Caldwell, stated that
even after several years of discussion all members of the com-
mittee did not concur on the following recommendations:

A. The purposes of science instruction are:
1. To provide a knowledge of the world of nature as it relates

to everyday lite.
2. To stimulate pupils to direct and purposeful activity leading

to more intelligent choice of future studies and occupations.
3. To provide methods of obtaining accurate knowledge which

should be useful in helping pupils solve their own problems
and to develop an abiding belief in the value of accurate
knowledge.

4. To help develop a greater and clearer knowledge of nature
and thus lead toward better understanding and, consequently,
enjoyment of life.

B. The course of study in science should include:
1. First year, "a broad basis involving fundamental prin-

ciples of the various sciences and using materials from all,
if needed." It is to be preferred that certain large topics be
studied in place of many small topics.

2. Second year, a course in the fundamentals of various sciences
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with an emphasis upon the biological sciences and their ap-
plications interwoven with commercial and physical geog-
raphy. The second year course should build upon the first
and also introduce many principles of physics and chemistry.

3. Third and fourth years, courses along the lines of physics
and chemistry with other opportunities for electing a science
such as agriculture or home economics.

The first two years of science were to be required and serve as
a basis for a program continuing into physics or chemistry or into
the special science offerings. It was suggested that courses in
physiology and hygiene offered in the ninth grade be removed
from the science curriculum and placed in the department of
physical education.

The Committee On a Unified High School Science Course, in
1915, made a second report (18). With the many changes in the
high school program taking place, the committee felt that much
more experimertation should occur before a final statement
about the "unification of sciences" was developed.

In 1913 the Committee on Natural Sciences (66) of the Na-
tional Education Association appointed ten high school teachers,
three university professors, three normal school instructors, and
one physician to study the high school biology curriculum. After
seven meetings the following recommendations were made:

1. That the unity of subject matter in any course in science
is of first importance; this is necessary to develop an appreci-
ation of the underlying principles.

2. That the study of biology should concentrate on plants, ani-
mals, and man as living organisms.

3. That throughout the course constant references should be
made of the applications of biology to human welfare and
convenience.

4. That two years of work in "elementary science" should
precede work in more advanced science courses; one of these
courses should consist of the study of matter and forces of the
physical environment; the other of plants and animals (in-
cluding man) with stress on the applications of science prin-
ciples to human welfare.
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The objectives for the teaching of biology were given as follows:

1. To train the pupil in observation and reasoning.
2. To acquaint each pupil with his environment and the com-

mon forms of plant and animal life, together with the struc-
ture, function and care of his own body; biological principles
would be derived from this study.

3. To show the pupil his place in nw-ire, his share of responsi-
bility in the present and future of human society.

It was strongly recommended that a concept of human welfare
underlie all elementary instruction in science.

Several suggestions for the improvement of teaching were
made:

1. A variety of teaching methods should be used
2. Laboratory work should be better structured with less at-

tention to useless drawings, detailed microscopic work and
complicated experimentation; the emphasis should be upon
the acquisition of knowledge firsthand.

A biology course was designed to include:

1. A study of plants with particular attention to their contribu-
tions to human welfare.

2. A study of animals; life histories, response to the physical
and organic environment, continuity of life, and man's place
in nature.

3. A study of man, including the general structure of the human
body, physiology, hygienic care of the body, bacteria and
sanitation.

The committee suggested that the principles of human repro-
duction should form a part of the course, but that instruction in
sex hygiene should not be compulsory.

The recommended theme for the course was human biology.
Thus the work in botany and zoology should be correlated with
man and show how he may use his biological knowledge. The
course was outlined in three sections so as to be adaptable to
either a half-year course in botany, zoology and physiology or a
year course in biology.
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A year later, 1916, the same committee issued a revised state-
ment on the biology curriculum (67). The objectives were re-
stated as follows:

1. Biology should arouse interest in nature by giving boys and
girls firsthand acquaintance with their environment.

2. Biology should emphasize some of the most important appli-
cations of science to human welfare.

3. Biology should familiarize pupils with the structure and func-
tions of their own bodies.

4. Biology should give pupils some training in careful observa-
tion, in forming logical conclusions, in solving problems and
in carrying out projects.

5. Biology should make real to pupils the value of intensive
study in any given science as a means through which scientific
progress is obtained.

Other ideas were reaffirmed such as, biology should be taught
from the point of view of organisms in relation to the inorganic
environment, to each other, and in relation to human welfare.
Too much time should not be given to a study of the similarities
and differences of various types of plants and animals. Instead
high school biology teaching should emphasize an elementary
conception of the major ideas of biology, the application of these
ideas to human progress, and recognition of the great men of
biology.

The committee criticized many common teaching practices.
Laboratory work that is often done simply to keep students busy
and clasawork confined to a single text and the four walls of the
classroom. "The most important consideration is that the course
should be conducted with a live teacher."

A report that was to have considerable influence on the teach-
ing of science was published by the Commission on the Reorgani-
zation of Secondary Education in 1918 (21). The Commission de-
fined the aims of secondary education to be: health, command of
fundamental processes, worthy home membership, vocation,
citizenship, worthy use of leisure, and ethical character. It was
expected that all courses in the secondary school would con-
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tribute to the realization of these Cardinal Principles of Sec-
ondary Education.

The commission members recommended the development of
comprehensive high schools in America and a reorganization of
the secondary school curriculum. The following statements il-

lustrate their basic ideas:

1. "This commission holds that education is essentially a uni-
tary and continuous process, and that each of the objectives
defined above must be recognized throughout the entire
extent of secondary education."

2. "Each subject now taught in high schools is in need of
extensive reorganization in order that it may contribute
more effectively to the objectives outlined herein, and the
place of that subject in secondary education should depend
upon the value of such contribution."

A special committee, with Otis W. Caldwell as chairman, was
appointed by the Commission on the Reorganization of Sec-
ondary Education to examine the science curriculum in terms of
the Cardinal Principles of Secondary Education (19). A critical
report was prepared which explored all phases of science teach-
ing; only those parts in some way pertinent to the teaching of
biology are given here.

A. Guiding principles:
1. The science committee accepted for its general aims the

Cardinal Principles of Secondary Education, omitting "the
command of fundamental processes."

2. The high school science program should be planned as a
whole and with regard to the total high school curriculum.

3. The courses in high school science should constitute the best
training for the period regardless of any further science
courses the pupil may take.

B. The organization of course work:
1. There should be less attention given to the organization of

high school science courses in terms of the logic of the dis-
cipline as recognized by the special student of that science.
Courses of this nature are better suited to college science.
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2. More attention should be given to the development of cc uses,
starting with questions of immediate interest to the pupi, and
which concern his own life. Topics should be in some kind of
progressive order related to the common needs and experi-
ences of young people.

3. Courses need to provide for more self-activity on the part of
the student; this can be accomplished by centralizing the work
of the course around questions, problems and projects.

4. More attention should be given to selected topics related to
local communities, school activities and local industries.

C. Laboratory procedures:
1. Too many experiments merely check generalizations the stu-

dent already perceives and repeat work given in the text.
2. The data collected are an end in themselves and have no

further use.
3. Experiments are minutely quantitative and call for refine-

menu beyond the understanding of secondary school pupils.
4. Laboratory and classroom are separated not only physically

but intellectually.
5. Notebook making and notebook records serve no real pur-

Pose.
D. Classroom procedures:

I. A problem-project method of science teaching was recom-
mended because it offered promise .3r better class discussion,
more active student participation, and a better opportunity
for a "research type" learning.

E. The science course sequence (biology):
1. Biology combined with hygiene was suggested as a ninth grade

course in the junior-senior high schools and as a tenth grade
course in the large comprehensive four-year high school
Advanced biological courses were recommended for the last
two years of high school.

F. Specific recommendations for developing biology courses:
1. Objectives:

a. Experience derived from World War I emphasizes the
need to make health instruction a basic end of education.
Since much of biology deals directly with problems of
health, this course must accept health instruction as one
of its chief and specific ends.
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b. The biological sciences should dew within the pupil
a purposeful interest in living things.

c. Biology should emphasize some of the most important ap-
plications of biological science to human activities, to gen-
eral and individual human welfare, and especially should
familiarize the pupil with the structure and functions of
his own body so that he may know why he must live health-
fully in order to live happily and usefully.

d. Biology should train the pupil to observe life phenomena
accurately and to form logical conclusions through the solu-
tion of problems and through projects essential to the pro-
ductive work of agriculture, gardening, and similar activi-
ties.

e. Biology should enrich the life of the pupil through the
aesthetic appeal of plants, and animals studied, to the end
that he may appreciate and enjoy nature.

f. Biology should demonstrate to the pupil the value of in-
tensive study of biological science as a means to scientific
progress. In view of what science means to civilization and
in view of the measure to which the methods and results of
scientific investigations are today reflected in intelligent
thought and action, education in the life sciences for the
people of today cannot be ignored.

2. The content of biology:
a. General recommendations:

The course should be a study of living things as they relate
to human welfare. Since most of the teachers of biology
have been trained in classification and morphology, the
tendency has been to teach in the high school a diluted col-
lege course cluttered with preserved and dried materials
and physiological experiments; ecological studies are seen
as more appropriate.

b. Central ideas ?-3r a course ii. biology:
(1) Maintenance of organisms and life of the species.
(2) Interrelationships between different organisms and

groups of organisms.
(3) Dependence and interrelations of living things with the

physical world.
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(4) Man's control of plants and animals to serve his own
ends.

c. Unifying themes for the biology course:
(1) Balance of life and physiological processes.
(2) Applications of biology to human welfare and the study

of man.
(3) Use of local flora and fauna.

3. Procedures for teaching biology:
a. A variety of approaches was recognized; however, it was

the opinion of the committee that a "topic-project-prob-
lem" method organized around centralizing themes offered
the best means for achieving the objectives of biology
teaching.

b. A rich variety of collateral reading is essential to achieve
the best learning.

4. The biology laboratory:
a. The aim of laboratory instruction should be to develop a

consistent chain of significant ideas with the class work,
the laboratory serving simply to provide concrete experi-
ences.

b. Laboratory work should precede textbook assignments
under most circumstances.

c. Laboratory work is not an end in itself, therefore detailed
microscopic work, elaborate drawings, and excessive note-
book making are not encouraged.

5. The training of the biology teacher:
a. The teacher needs a sound background in biology and

scholarship within the field; while research experience is
desirable it is not necessarily essential; a special course in the
skills and tools for teaching biology is much desired.

Summary 1910-1920
The developments in biology teaching from 1910-1920 re-

flect suggestions made by earlier committees and a rethinking
of the basic issues. A general biology course, in point of view at
least, was felt to be the best way to present the biological sci-
ences in high school. During this decade several textbooks ap-
peared on the market under the title of "biology," in contrast
to texts on elementary botany, zoology and physiology. Although
most committees recommended a synthesis of biological topics
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not one textbook published between 1910-1920 was organized
in this way. Some authors used division titles such as "plant biol-
ogy," "animal biology," and "human biology" implying an inte-
grated course, but actually the textbook consisted of three dis-
tinct sub-courses.

With each succeeding decade the values to be gained from a
study of biology have been redefined. At this time the emphasis
was upon the teaching of biology for its importance to human
welfarevocations, health, unication, avocations, appreciations,
understanding of the environment. Physiology came to mean hu-
man physiology and hygiene, ecology replaced morphology and
the other sections of the course were selected for their use in daily
living. The research biologists and the high school biology course
parted company at this point.

Biology textbooks published during the 1910-1920 period
reflected the growing emphasis upon the applied aspects of biol-
ogy. The titles of these books were:

Bigelow, M. A., and Bigelow, A. N. 1911. Applied Biology. Mac-
millan Co.
Hunter, G. W. 1911. Essentials of Biology. American Book Co.
Peabody, J. E., and Hunt, A. E. 1913. Elementary Biology. Mac-
millan Co.
Hunter, G. W. 1914. A Civic Biology. American Book Co.
Gruenberg, B. C. 1916. Elementary Biology. Ginn and Co.
Smallwood, Reveley, and Bailey. 1916. Practical Biology. Allyn
& Bacon.
Hodge, C. F., and Dawson, J. 1918. Civic Biology. Ginn and Co.

It had been the recommendation of most committees that biology
be made a more "practical"course. The "miniature college
course" taught in high school was thought unsuitable for the
average tenth-grade pupil.

Teaching methods advocated during this period were of the
nature that called for more active participation by the student.
Projects, problems, and questions were seen as a way to increase
student involvement. Wider reading, field trips, use of com-
munity resources and the study of local flora and fauna were re-
garded as techniques for improving motivation.
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Teachers and scientists alike felt that students in high school
should learn about the nature of science. The organization of
courses around problems and projects was an effort to develop
some understanding of the methods of science. A study of the
lives of famous bie!ogists was felt to create an appreciation for
the scientific enterprise. While this objective was educationally
sound and the methods of attainment promising, the results were
disappointing.

Each committee reporting during this perk, suggested that
the broad "ideas" or "principles" of biology should be stressed
The rationale was aptiy expressed by M. W. Morse (55): "Living
things, after all, partake of the same general characteristics."

The type of laboratory work offered in high school biology
courses was severely criticized by the reporting committees. The
work was seen as an "end in itself," "busy work," "uninteresting
to students," and frequently "unrelated to class activities. In
the popular literature on biology teaching the argument con-
tinued to be "Living" versus ' Dead" biology. Those in favor of
living biology were the most vocal. While the science committees
suggested more contact with living organisms, classroom practices
indicated an overwhelming study of "dead" biology.

Although curriculum making in science continued to be a
cooperative effort of professional scientists, science teac17....s and
educators, the ratio of participating groups changed. The mem-
lYTship of the two best known committees on science teaching
the Committee of Ten (1892) and the Committee on the Re-
organization of Science in Secondary Schools (1920)were as
follows:

1892 Committee (10 members) 1920 Committee (47 members)
5College or university profes- 24High school teachers or ad-

sors and/or scientists minis tra tors
3High school teachers 11College or university pro-

fessors and/or scientists
1Normal school teacher 6Normal school teachers
1Superintendent of schools 5Superintendents of schools

1Business representative
It is apparent that public school personnel had a greater in-
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volvement in the construction of science courses in 1920 than in
1892 and that representatives from colleges and universities had
less potential influence.

Enrollments in the biological sciences changed rapidly be-
tween 1910-1915, the number of pupils taking biology increased
from 7,883 in 1910 to 80,403 by 1915. These figures represent an
increase from 1.1 per cent of the high school population taking
biology in 1910 to 6.9 per cent in 1915. Between 1910-1915 the
enrollment in physiology dropped from 15.3 to 9.5 per cent; in
Zoology the decrea3e was from 6.9 to 3.2 per cent; and in botany
the loss was from 15.8 to 9.1 per cent of the secondary school en-
rollment. Among the secondary school sciencesbiology, botany,
zoology, physiology, physics and chemistrygeneral biology is to
be the only high school science course which in the years to come
will show a consistent increase in enrollment, as regards both
the percentage of pupils enrolled in high school and the actual
number taking uie course.

Data on the number of pupils in general science, a new course
introduced in the period 1910-1920, are not available befcre
1920. In the years to come, however, it is to keep pace in enroll-
ment growth along with biology.

Both general science and general biology were courses that
broke with tradition in an attempt to provide a more compre-
hensive "picture" of science and to meet the educational needs
in science for a larger portion of the high school population. The
popularity of these subjects with young people is reflected in the
en collment trends. In the textbooks written for these courses one
finds a greater emphasis upon the "practical" and the "applied"
aspects of each subject. This movement was also evident in the
teaching of physics and chemistry. Textbooks on "household"
physics and "household" chemistry, intended for use by the ordi-
nary student, were published but did not long remain in favor.

There were those who felt that the "new" type of science
courses were unsound in point of view, educational value and in
course content. Possibly the most vocal of the opponents was
John Dewey. Ii an address before the science section of the
National Education Association in New .York City in March,
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1916, he commented on the selection of content for science
courses as follows (28):

One method is the scrappy one of picking up isolated materials
just because they happen to be familiar objects within the pupil's
experience, and of merely extending and deepening the range of
pupil's familiarity, and then passing on to something else. No
amount of this will make an introduction to education, to say
nothing of science, for an introduction leads or draws into a
subject, while this method never, save by accident, gets the pupil
within range of problems and exploratory methods of science.
The other erroneous course is taken when the teacher's im-
agination is so limited that he cannot conceive of science exist-
ing e_xcept in the definitely segregated areas, concepts and terms
which are found in books under the heads of physics, chemistry,
etc., and who is thus restricted to move within these boundaries.
Such a person forgets that there is no material in existence which
is physical or chemical or botanical, but that a certain subject
matter becomes physical or chemical or botanical when certain
questions are raised, and when it is subjected to certain modes of
inquiry. What is desired of the pupil is that starting from the
ordinary unclassed material of experience he'shall acquire com-
mand of the points of view, the ideas and methods, which make
it physical or chemical or whatever.

He continues his criticism with remarks about the education
rationale underlying the "general science courses":

The entire cogency of their position &Tends upon the identi-
fication of science with a certain limited field of subject matter,
ignoring the fact that science is primarily the method of intelli-
gence at work in observation, in inquiry and experimental test-
ing; that, fundamentally, what science means and stands for is
simply the best ways yet found out by which human intelligence
can do the work it should do, ways that are continually improved
by the very process of use.

It was to take more than forty years before this interpretation
of the nature of education in biology was to find expression in a
curriculum movement.
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A Period of Curriculum Refinement,
1920-1930

THE DECADE following the close of World War I was a time in
which biology curriculum makers attempted to imnlement the
education theory developed earlier. The influence of the Com-
mission on the Reorganization of Secondary Education (1920)
and the work of the related Committee on the Reorganization of
Science is seen throughout the 1920-1930 period. These reports
immediately stimulated local committees to re-examine their
biology curriculum in light of the Cardinal Principles of Second-
ary Education, as defined by the Commission on the Reorganiza-
tion of Secondary Education.

In 1923, a committee under the chairmanship of George W.
Hunter of Knox College, reported on a new biology course for
the State of Illinois (40). The Illinois group concurred with the
objectives of the Committee on the Reorganization of Science.
Much concern was expressed, however, about the kind of cur-
riculum materials prepared by the research biologists and their
failure to consider the interests and needs of the adolescent.
This group, therefore, decided to base its curriculum delibera-
tions on comments received from 2,500 first-year high school
students. Their interests were found to be centered around prob-
lems relating to:

1. Improvement of environmental conditions
2. Health
3. Working and structure of the human body
4. Economic importance of certain biological materials
5. Interpretation of factors related to the students' environ-

ment
6. Habits of efficiency
7. Sex understanding and sex health
8. Worthy citizenship

43
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To a lesser extent young people were found to be interested in
the strange, bizarre and unusual in nature, classification and
evolution. A pragmatic point of view. underlay the reasons for
their likes and dislikes, a view the biology committee felt should
not be overlooked.

A list of 98 biological topics was developed to encompass the
interests expressed by the 2,500 high school students; these topics
were then organized into nine teaching units to form the follow-
ing biology course:

1. Living things in relation to their environment
2. Interdependence of living things
3. Life processes in plants and animals
4. Green plants as living organisms
5. Animals as living organisms
6. Responses of plants and animals
7. Reproduction of plants and animals
8. Evolution
9. Man's control of his environment

In 1924, the Committee for Reorganization of the Biological
Sciences of the Cleveland Biology Teachers Club reported on a
new curriculum for biology teaching (68). Their tentative out-
line for a tenth-grade required biology course was stated in terms
of major ideas to be developed:

1. There is a fundamental resemblance between plants and
animals (protoplasm and cell structure).

2. There is an interrelationship of plants and animals (the web
of life, adaptation and the interrelations of plants and ani-
mals).

3. The work of higher plants has led to a differentiation of parts
and a division of labor among cells (plant structure and adap-
tation to specific environments).

4. Green plants are the foundations of the world's food supply
(manufacture of carbohydrates, proteins and fats, assimila-
tion, respiration and growth).

5. The oxygen, carbon and nitrogen cycles influence the welfare
of plants and animals.

6. The problem of food getting has led to special adaptations
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among plants and animals (parasitism, characteristic habits
of organisms, protective coloration, mimicry).

7. The food requirements of plants and animals relate them
closely to man (relation of insects to human welfare, insects
and human disease, microorganisms and their relation to in-
fectious diseases).

8. The assimilation of food has led to a differentiation and
division of labor among cells (digestion, respiration, circula-
tion, excretion, and the nervous system).

9. There is a continuity of life, whether plant or animal (asexual
and sexual reproduction).

10. Life shows progress, the present may be interpreted in terms
of the past (evolution: explanation and evidences).

11. Man may control the production of forms and has within
his power the improvement of both plants and animals (laws
of inheritance: relation to plant and animal improvement in-
cluding man).

The committee also outlined a twelfth-grade botany course to
include: 1) fundamental differences between pants and animals;
2) structure of plants; 3) nutrition and photosynthesis; 4) repro-
,",fiction; 5) evolution of plants; 6) identification; 7) plant breed-
ing; 8) forests and conservation; 9) beautification of home sur-
roundings; 10) life history of important plants; 11) field trips to
parks, farms, sugar factories, and other areas of biological interest.

The Cleveland committee accepted the philosophy of the
Commission on Reorganization of Secondary Education (1920),
in developing both the tenth and twelfth grade courses.

In 1924, the Committee on the Place of Sciences in Education
of the American Association for the Advancement of Science re-
ported its study on the problems of science teaching (20). The
twenty-one members represented a variety of scientific and edu-
cational societies, university and industrial scientists, high school
science teachers and laymen; four biological societies were repre-
sented. It was generally felt that there should be a clearer under-
standing of the purposes of science instruction in schools. These
purposes should be based upon sound educational and scientific
observation and experimentation so as to give them "a factual
basis worthy of the spirit of science."
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Following a survey of science programs in secondary schools
and junior colleges the committtee reported a widespread inter-
est in securing a closer relation between these two levels of edu-
cation. A recommendation was made that a science program
should be formulated for schools but not in the direction of
fostering a stringent standardization.

The committee recognized a need for ... "a synthesis of sci-
ences, general views, and a common interpretation of the mean-
ing of science. We need to develop this synthetic interpretation
without using or reducing specialization." At another place in
the report:

May we not come to sense an interlocking of various fields of
knGwledge, a trained feeling for the value and significance of
'things in general' based upon but rising much above the re.alts
of our own specific scientific studies? In our necessary separate
specialization have we not reached a point where we must climb
upon some sort of vantage position and get the whole landscape
again and often?

The problem of science courses for the training of teachers
was debated. Most university science courses were recognized
as useful for specialists in a particular science but not suitable
for the best training of high school teachers.

The normal school and teachers college situation is important.
In spite of the limitations of these institutions the brief gerazral
courses given often provide a general foundation which is very
different but probably no worse than the highly differentiated
and unbalanced college work in the sciences.

Among the other recommendations for the improvement of
education in science were:

1. The need for publications popularizing science.
2. The need to develop a series of specific illustrations of how

the scientist's method of working may be useful in the com-
mon affairs of people in non-scientific pursuits.

3. The need for an "adequate technique for assembling, classi-
fying and interpreting objectives. If they may not be made
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harmonious, all points of view may be fairly presented, so that
in one report science men may find a well-balanced presenta-
tion of the various purposes now held in mind by those who
have dearly defined objectives for their work."

4. The need to define what modern science is trying to do.
5. The need for better trained high school and college teachers.

The AAAS Committee reviewed many problems of science
teaching, from course objectives to teacher training. The report
was one of the first to suggest that some of the problems might be
solved by the development of a program of research in science
education. An extensive bibliography on the teaching of science
in high school was prepared; one section was specifically on biol-
ogy teaching. The bibliography was published by the Depart-
ment of the Interior, Bureau of Education, Washington, D.C.,
as Bulletin, 1925, No. 13Bibliography of Science Teaching in
Secondary Schools. 161 p.

In March, 1927, the Committee on Standards for Use in the
Reorganization of Secondary School Curriculum (74) of the
North Central Association reported its deliberations on the ob-
jectives for the teaching of secondary school science as follows:
"The objectives have been derived or determined through an
analysis of the ideas, attitudes, interests, and activities of individ-
uals in everyday life, and of society as found in operation in past
and present conditions." They were described as follows:

A. The ultimate objectives of science teaching:
1. To maintain health and physical fitness.
2. To use leisure time in right ways.
3. To sustain successfully certain definite social relationships

such as civic, domestic, community and the like.
4. To engage in exploratory-vocational and vocational activ-

ities.
B. The immediate objectives of science teaching:

1. Acquiring fruitful knowledge:
a. Which is preparatory to acquiring other knowledge.
b. Which functions directly in developing dispositions and

abilities.
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c. Which is useful in the control of situations of everyday
life.

2. Developing attitudes, interests, motives, ideals and ap-
redations:
a. To develop an appreciation of the lawfulness of nature,

and the attitude that the student is bound to conform to
such laws.

b. To develop an appreciation of the work of great scientists.
3. Developing definite mental techniques in perception, mem-

ory, imagination, judgment, and reasoning:
a. To guide pupils in the solution of problems as a means

of practice in scientific thinking.
b. To develop the ability to apply principles to the inter-

pretation of common phenomena.
c. To be able to discriminate between good and poor experi-
- mental procedure.

4. Acquiring right habits and useful skills:
a. To develop "ideals of accuracy in observation, clarity in

expression, habits of orderliness in arranging data, of sus-
pended judgment until the evidence is adequate, skill in
selecting data in convincing form, in drawing conclusions."

A subcommittee on the teaching of biology (74), under the
chairmanship of E. R. Downing, University of Chicago, was of
the opinion that biology teaching could contribute to all the
objectives stated by the general committee. It felt that it was
unwise to attempt to teach too many things and that only bio-
logical principles of maximum serial value and interest should
be taught. The committee then outlined in detail examples of
"useful or worthwhile" knowledge and classroom techniques that
would contribute to the attainment of each particular objective.

At another time E. R. Downing commented (30) that: "A biol-
ogy course should consist of not only what is good, but of what
is best. Time is too short to fritter it away on what is inconse-
quential."

In 1928, the American Association for the Advancement of
Science, through its sptoal Committee on Science in Education,
published a report "On the Place of Science in Education." (65)
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The twenty-nine committee members included representatives
from eight universities, seven teachers colleges, medical schools,
the National Education Association, Science Service, various
foundations and one high school teacher.

The committee had been appointed to formulate a statement
on the place of science in general education in schools and col-
leges with respect to the lives of people outside, of school After
reviewing developments in science and the impact of science on
man's life the conclusion was reached,that: "Science instruction
both in school and out needs better organization, more effective
cooperation to make even the health knowledge now available
function more completely in the lives of people generally." The
major ideas reported were:

I. The citizen uses science both in conclusions and method for
each day's work; he should profit, therefore, from what he
understands of scientific facts, principles and occurrences.
Possession of scientific knowledge or of the applications result-
ing from this knowledge must carry with it a knowledge of the
proper uses of these possessions; "a sense of moral obligation
that will prevent the newly acquired knowledge and method
of science serving base ends."

2. The understanding and applications of both scientific
knowledge and methods to new situations must be made the
immediate objectives of school and college effort. There is an
acute need to get more science into the school program be-
cause of the unparalleled growth and use of science knowl-
edge. The committee encouraged the tendency toward a
coherent and cumulative secondary school sequence in science
subjects.

$. It is time to re-study the whole situation of science in sec-
one ary schools owing to the widespread growth of general
science in the junior high schools.

4. After reviewing a number of research studies on curriculum
and learning in the teaching of science, the following resolu-
tion was adopted: "These studies represent but a beginning
in the application of the objectives of scientific method to the
problems of science teaching. Such investigations must be
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multiplied and verified by those truly interested in the sci-
entific solution of such questions."

5. It was felt that the teaching of science was not entirely ef-
fective because educational procedures are too hasty; in the
hurry to achieve, those arduous endeavors by means of
which lasting results may alone be developed are omitted.
Education also fails because it so often misses the main pur-
pose of teaching modern scientific thought and controls.

6. Science is not primarily for the purpose of building dynamos,
understanding radio, and producing more corn or better
hogs, but for producing better human beings. Teaching for
this purpose should indude some of the moral responsibi:i-
ties that go with the achievement of scientific knowledge.

7. Science teachers need to develop a point of view about science.
Most have had too little real science study. The committee
suggested that science courses for those who are to teach need
to be developed with their teaching uses in mind, to the
same extent that special courses are developed for those
who intend to practice law_ or medicine; "we need a similar
organization in the use of science courses for those who are tr.1
teach." It was pointed out that this did not mean less exacting
courses but redirected courses relating to the professional uses
of science in education. It was recommended that college
courses for teachers be developed with a professional outlook
instead of restricting them to subjects with only the research
outlook. The recommendation of the committee was that
"a more thorough-going preparation in the fundamentals of
science is needed by all. who aspire to teach it."

8. In their discussions the committee noted that neither the
methods of scientific study nor the personalities of those who
apply them have been objectified with sufficient clarity to
make them functional in general education. Even though ob-
jectives of science teaching for the past 75 years have had refer-
ences to "the scientific method," there has been little transmis-
sion to young people of how scientists work and study, or even
of scientific attitudes. It seems that the schools and society
are absorbing the output of scientific work, that is, the practi-
cal application, much more rapidly than they are absorbing
the culture of the men who contributed it. A liberal education
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is incomplete without this culture. The following resolution
was adopted: "Science as method is quite as important as
science as subject matter, and should receive much attention
in science instruction."

9. Other recommendations made by the committee were that:
(a) a study be made of the situation, tendencies and needs
of science instruction in educational systems; (b) the services
of a field secretary be secured to work with existing agencies,
to distribute information on research in science education,
to stimulate further research, to operate as a sort of clearing-
house agent, and to continue the organization of new groups
of science teachers and writers for the popularization of sci-
ence; (c) a national council of science teachers be organized
to advance science teaching, to increase public appreciation
of science and to secure for science teachers better facilities for
teaching.

Summary 1920-1930

It became clear during this period that the special sciences
(biology, chemistry, and physics) in the high school must justify
their contribution to the over-all education of students. The
Cardinal Principles of Secondary Education provided the frame
of reference toward which all science teaching was expected to
make contributions.

The movement to "humanize" the study of biology, which had
been gaining momentum for several decades, was by now a gen-
erally accepted point of view for curriculum makers. The report
of the American Association for the Advancement of Science in
1928 lent further support in this direction.

One change in the purposes for teaching science deserves special
mention. Many scientists at this time expressed the opinion that
the central purpose of education in science should be the develop-
ment of an understanding of the nature of science, its methods,
attitudes and cultural impact. As a result much educational re-
search in the succeeding years was directed toward identifying
the elements of the scientific methods and scientific attitudes.

The need for a continuing research program on science teach-
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ing was recognized by the American Association for the Advance-
ment of Science but specific suggestions for implementing the
program were not developed. The same situation existed con-
cerning appropriate courses in the colleges and universities for
the training of science teachers. Unfortunately this was to be the
role of the professional scientist for many years to come in science
education, an advisor but not a participant, suggesting but not,
supporting.

The popular literature on biology teaching for the 1920-1930
period contained many references on the importance of empha-
sizing the basic principles of biology with correspondingly less
attention to the study of the specific organism. Several textbooks
published during the period made claims that the text empha-
sized principles, but only a slight difference can be noted between
these and textbooks that did not make this claim.

Not apparent from the committee reports of this decade were
the efforts to develop a "standard" course in biology. There were
surveys end studies to find the common elements of biology
courses and to identify the basic principles of biology. Thi, was
the period of the standardized test which in turn demanded
fairly uniform courses of study if the tests were to be valid.

The 1920-1930 period in biological education was not an
exciting one from the standpoint of new developments. But the
enrollment in high school biology continued to mushroom and
the course .t.;:!came increasingly preminenL in the secondary
school curriculum.
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A Period ..of Questioning, 1 930 -1 940

THE DEPRESSION YEARS in America produced the usual question-
ing of educational practices that characterizes a time of economic
or social crisis. The teaching of science was extensively examined
by a number -of influential organizations as well as by the Fed-
eral government. Significant reports were issued by: The Na-
tional Society for the Study of Education; The Progressive Edu-
cation Association; and the National Association for Research
in Science Teaching. A survey on Instruction in Science was
conducted by the Office of Education, United States Department
of the Interior. Four books on the teaching of high school biology
were published during this decade and the National Association
of Biology Teachers was founded.
. The 1930's represented a time in education when attention
was focused upon the individual student and his personal, social
and economic welfare. The major criterion for the selection of
course content was "to meet the needs of students." It was also
a time when schools took over functions that had previously be-
longed to parents. Health, information and consumership loomed
large in the biology curriculum.

Mechanization in farming, automation in the factory and the
growing assortment of electrical appliances in the home all
helped to make people aware of "science." The reaction was not
always a sympathetic one and arguments for a moratorium on
science were frequent. Those interested in the teaching of science
were called upon to justify its purpose in the *secondary school
curriculum. Three factors contributed to the demand for a
clearer statement of "why teach science": problems associated
with a larger fraction of students entering high school, the cost
of teaching science, and a changing philosophy o_ f secondary edu-
cation.

The biology committee of the North Central Association of
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Colleges and Secondaty Schools submitted two reports in 1931,
one a general-report on the teaching .of biology (31) and an in-
vestigation on the time needed to teach particular units (32).
Members of the committee expressed the opinA 3n that one's
knowledge of science was` serviceable in life only if it was acquired
or retained in the form of principles or generalizations. Even
then, practice in the application of biological principles to prob-
lematic situations must be given if the knowledge is to possess
either intellectual or practical value: The biological principles
for a high school course should be selected from those most im .
portant in the day-to-day life of young people and adults. Ex-/amples the committee had in mind were:

1. The adaptation of mganisms to their environment.
2. The germ nature of disease.
3. The interdependence of organisms.
4. The cell as a structural and physiological unit of living things.
5. The prIne ,ale of evolution. -.
6. The disa.icave characteristics ofliving things.

The first step in curriculum planning was to select significant
biological principles to provide the framework for the course.
The second step was to select "problematic life situations" that
create a need for biological principles for their solution; prin-
ciples therefore would not be taught in a manner that leads to
memorization. The committee recommended that: "A few prin-
ciples taught to the point of mastery such that they will function
in life, constitute a better course in biology than a mass of de-
tailed facts or even a larger number of principles learned only to
be forgotten."

To determine some reasonable estimates of the length of time
it takes for students to develop an understanding of a biology
principle, the committee prepared teaching units to be taught in
twenty high schools. Wide differences were-found among classes
in the length of time required for "mastery" of the principles con-
tainea in the unit. A tentative conclusion was that it took about
four weeks for a high school student to.develop a fair understand-
ing of a significant biological principle.
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While the committee felt the "principles approach" to be
sound and practical as a focus of biology teaching, it was not
optimistic about influencing high, school; teaching practices for
the following reasons:

1. Teachers are not interested in spending the time essential' to
developing an understanding of a principle, but choose to
have students memorize large masses of unorganized facts.

2. College entrance examinations consist primarily of questions
that require only the recall of facts to answer.

3. College science classes are not taught from the point of view
of the consumer of science; teachers are therefore not pre-
pared to make use of science as it applies to problems en-
countered by young people and adults.

4. Students are not taught how to use their knowledge of science
in problematic situations.

Instruction in Science, a survey of science teaching practices
was published by the Office of Education, United States Depart-
ment of the Interior, in 1933 (10). Parts of the.survey tearing
upon the teaching of biology are presented here to provide a
background of existing conditions in biology teaching at the
start of the 1930-1940 decade.

Thirty-two courses of study in biology were exa-arined for
statements of objectives. Among the objectives most frc..:mently
listed were the following:

1. To acquire knowledge that will produce a better uncicreand-
ing of our environment.

2. To acquire knowledge which will function to achieve. the
Cardinal Principles of Secondary Education.

3. To develop an appreciation of nature and of one's responsi-
bility in the world.

4. To acquire knowledge of the fundamental principles of biol-
ogy.

5. To acquire an interest in nature.
6. To develop the ability to think scientifically.

In forty of forty-five courses of biology examined the content
was divided into three major divisions: botany, zoology and

4.
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physiology. Their organization under these sections was "similar
to the special courses from which they were taken."

Visits to the classes of biology teachers revealed that. most of
the questions asked of students could be answered in one word
and referred to the parts of either an animal or a plant: When
the teachers were asked, "How do you train pupils to think
scientifically?" none gave an answer sufficiently clear to indicate
to the investigator what was actually being done in this direction.
The test samples collected from each school measured only the
student's ability tla remember isolated facts. Tlie biology labora-
tory work was typically the copying of pictures from the textbook,

The study as a whole revealed that:

_1. There was little curriculum-planning based upon a clear-cut
theory of education.

2. Data available from research studies on science teaching were
not used.

3. There was a need for more study upon grade placement and
for learning studies on science teaching.

4. Biology teachers were the least able of all science teachers
to identify their purposes for teaching the course.

Some of the recommendations for improving the teaching of
science were:

I. The use of concepts as centers of organization in courses.
2. A shift from a topical to a problem approach in teaching.
3. The use of more supervised study with less time spent upon

oral recitations.

It was found that courses of study prepared with the guidance
of supervisors or consultants were superior to those prepared
exclusively by classroom teachers. This suggests that curriculum
planning requires some special insights, particularly with re-
gard to the development of a correlated program of science in
high schools.

In 1932, A Program for Teaching Science was developed by
a committee under the chairmanship of S. Ralph Powers and
sponsored by the National Society for the Study of Education
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(70). The 364-page report explored almost every question on
science teaching from the kindergarten to thr college level. More
attention was given to the establishment ok a point of view on
science teaching, the psychology of learning, and curriculum
theory, than can be found in zommittee reports up to this time.
Among the major contributions of the committee were: 1) the
support given to the developmmt of a twelve-year program of
science teaching in the schools; 2) the plan for organizing courses
around the principles and generalizations of science; and 3) the
emphasis on the importance of teaching the methods of science
as an integral part of classroom instruction.

In the outline that follows, some of the committee's concepts
about science teaching are listed:

A. Theory of science education:
1. Science teaching should contribute to the major aim of edu-

cation, "Life Enrichment through Participation in a Demo-
- cratic Social Order."

2. The program of science teaching should be continuous from
the elementary school to the university.

3. "In a program of general education ... the work of instruc-
tion will be directed toward increasing the understanding of
those principles and generalizations of science that have had
the largest application in molding the character of our society
and of those which have within them potentialities for in-
fluence in the future."

4. An education program for an age of science will recognize the
content and he method of science. Science teaching should
provide a rich experience which makes positive demands upon
the ,ase of the methods of science for the solution of problems;
Desirable "scientific" attitude should also result from this
experience.

5. The usefulness of subject matter is measured by the extent to
which it touches the interests and relates to the welfare of
human beings; and the extent to which it assists an individual
to adapt to the human society of which he is a part.

B. Aims and objectives of science education:
1. 'The principles and generalizations that ramify most widely
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into human affairs may be stated as objectives of science edu-
cation."

2. EducatiOnal values from science teaching will have been at-
tained if students acquire:
a. ": . . an ability to utilize the findings of science that have

application to their experiences;
b. An ability to interpret the natural phenomena of 'their

environment;
c. An appreciation of scientific attitudes through an under-

standing of, and ability to use, some of the methods of study
that have been used by creative workers- in the field of
science."

C. Selection of course content in science:
1. The 4 ontent should include. problems which are real- to stu-

dents and will provide practice in the use of scientific methods.
2. The content should contribute to the major generalizations of

science and also relate to the welfare of human beings.
3. Content should be chosen for its practical as well as for its

cultural or liberaliiing values.
4. The content selected should have not only immediate values

to the pupil but also potential values in adulthood.
5. Content should be selected to provide for pupils of different

interests and capacities.
D. Organization of science courses:

1. The content should be organized into units representing
major problems of everyday life.

2. The content should be organized to focus on the interrelation
of science and society.

3. The content should be organized to provide a means to prob-
lem solving and to give experience in the methods of science.

E. Classroom teaching procedures:
1. "The demonstrations, the laboratory experiment, the field

trip, the reading of textbook and science reference books, the
examination of visual aids, and similar activities should be
considered primarily as sources of experiences that provide
the bases for reflection in problem situations and not as ends
in themselves."

2. "Pupil-committee reports, group demonstrations, class dis-
cussion, class debates, and science dub activities are types of
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group enterprises that are encouraged as learning experiences
of value in humanizing and socializing the science work."

3. A wide variety of learning activities should be used within
the clais with the work individualized as much` as possible.

-4. Extensive reading from a variety of sources should be-a char-
acteristic feature of the c'asswork.

5. At the end of each unit students should be provided with
activities in which they are given the opportunity to organize
and synthesize the ideas acquired in the preceding stages of
the unit.

6. Time and emphasis given to.the various units should be deter-
mined by the social value of the -unit, its "teachability" and
"learnability," the teacher's and pupil's interest in the unit,
the local significance of the unit, and its value to other units
of the course.

F. Laboratory procedures:
1. The laboratory work should be an integral part of problem

*solving and have the characteristics of "experience-getting"
rather than illustrative or confirmatory work.

2, The laboratory should be used for the purpose of developing
better understanding and interpretations of the principles of
science.

3. It is not a question of individual laboratory work or teacher
demonstration, but which method produces the outcomes ex-
pected of pupils in terms of the specific situation. A full ap-
preciation and understanding of the scientific method de-
mands that the student gain experience with experimental
procedures and develop skills in laboratory techniques.

G. Testing and evaluation in science:
1. Tests should ascertain the intellectual grow "1. and status of

the pupil and consist ci more than an inventory of detailed
facts.

2. Tests should give an indication of the degree to which pupils
have attained the objectives of the course; attitudes, apprecia-
tions, skills in thinking and learning and the depth of interest.

H. Sequence of course offerings:
1-. The committee recommended a continuous correlated sci-

ence program extending from the first grade through the
senior high school.
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2. The comn.ittee suggested the following curriculum pattern in
science:
Grades I-VI -7-Elementary science
Grades VII4XGeneral science
Grade X Biological science or physical science

(physics)
Grade. XI First-year physical science '(physics) or first-

year biological science; second-year biologi-
cal .science or second-year physical science
(chemistry)

Grade XII Elective selected from those listed under the
offerings for tenth and eleventh grades and
such other electives as the school may
choose to offer

After estaulishing a basis for educatio. n in the sciences, the
committee then considered the special subjects. A course in
genera;;. biology was recognized as preferable to separate courses
in botany and zoology, because of the likelihood of a greater
emphasis on fundamental biological principles.

An understanding of the following biological principles was
considered fundamental in a secondary school course:

I. Energy cannot be created or destroyed but merely trans-
formed from one form to another.

2. The ultimate source of energy of all living things is sunlight.
2. Microorganisms are the immediate cause of some diseases.
4. All organisms must be adjusted to the environmental factors

in order to survive in the struggle for existence.
5. All life comes from pre-existing life aad reproduces its own

kind.
6. Animals and plants are not distributed uniformly nor at

random over the surface of the earth,but are found in definite
zones and in local societies.

7. Food, oxygen, certain optimal conditions of temperature,
moisture and light are essential to the life of most living
things.

8. The. cell is. a .structural and physiological unit in all organ-
isms.

9. The more complex organisms have been derived by natural
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processes from simpler ones these in turn from still simpler,
and so on back to the first living forms.

The committee members. examined a number of widely used
biology textbooks and found only a smral portion of the texts
were devoted to developing an understanding of these biological
principles.

The committee felt that course work should be organized: 1)
to develop an understanding of a biological principle by means
of teaching units representing a small mass of essential learning'
material; 2) to afford abundant drill in the application of bio-
logical principles to life problems; and 3) to contribute to the
attainment of scientific attitudes, the methods and safeguards
of scientific thinking.

In 1932 the Progressive Education Association, through its
commission on Secondary School CL:riculum, established the
Committee on the Function of Science in General Education
(22). The Committee published a 579-page report on science
teaching in 1938. Previous to publication its tentative findings
were submitted "to numerous groups of science teachers drawn
from different geographical regions and working under widely
varying conditions" for critical examination.

This study was addressed primarily to teachers of science, but
the committee felt that the "report bears import for a far wider
group, first, because of the way in which it approaches its prob-
lem specifically and explicitly through an examination into the
goals of general education in the secondary school ...; and sec-
ond, because the function of science teaching cannot be per-
formed by teachers of science alone . ... but calls upon the un-
derstanding and insightful cooperation of teachers in many if
not all of the other areas of the school." The primary concern
was the contribution science could make to the education of
young people and therefore the special subject fields were not
considered. Sample teaching units were prepared, however, in
biology and other science courses to provide "concrete examples
of learning experiences selected and rganized in accordance
with the principles stated in the report.
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The committee was primarily interested in trying "to formu-
late a useful theory of science teaching growing out of what it
iielieves can and Should be done rather. than out of what it sees
actually being done . . ." It was assumed throughout the report
".'that educational processes and goal) must be relevant to the
needs of the learner as he interacts with his social medium . . ."

Among the major ideas expressed were the following:

A. Theory of science education:
1. "The purposepf general education is-to meet the needs "-in-

dividuals in the basic aspects of living in such a way as to
promote the fullest possible realization of personal potentiali-
ties and the most effective participation in a democratic
society."

2. The needs of adolescents were divided into four basic aspects
of living:
a. Personal living
b. Immediate personal-social relations
c. Social-civic relationships
d. Economic relationships

B. The learning of science:
1. "What the individual does in any situation depends primarily

on the urge he is attempting to satisfy, the tension he is trying
to resolve. The terms in which the tension exists for him sig-
nificantly determine his behavior."

2. "The human organism must be thought of as operating always
in relationship to its environment. To think of the individual
apart from his environment is in fact to deal with an ab-
straction."

3. "Empnasis was placed upon the "continuous reconstruction of
experience" of the learner as the essence of education. "Learn-
ing takes place through the reorganization of the individual's
present behavior patterns (or 'wholes') into more inclusive,
more adequate, patterns by bringing together any 'elements'
that have meaningful relation both to the individual's be-
havior pattern and to the situation at hand."

4. ". . that the learning process is integrally bound up with the
individual's emotional life, as well as with his physical and
intellectual life, and that the whole individual must be under-

J
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stood and dealt with adequately if learning is to be effective
and satisfying."

5. In the field of science instruction the emphasis in learning
was in "terms of larger understandings with analysis and
synthesis going on simultaneously, and upon reflective think-
ing in which induction and deduction are both utilized.
Factual information, drill, and memorization are to be sub-
ordinated to more significant goals."

C. Aims and objectives of science teaching:
I. To acquire understanding in science as distinguished from in-

formation. ("The term 'understanding' is here used to denote
a major conception so grasped as to illuminate its connections
with related conceptions and to result in significant changes in
the individual's behavior.")

2. To develop the ability to think reflectively:
a. To recognize the nature of a problem.
b. To develop a hypothess in terms of past experiences.
c. To marshal evidence.
d. To perceiie the crucial tests of a hypothesis.
e. To devise experimental conditions.
I. To express conclusions unambiguously.

3. To develop particular skills or abilities related to problem
solving:
a. Setting up experimental apparatus.
b. Using measuring instruments.
c. Recognizing sources of error in observation.
d. Getting the sense of a written passage.
e. Using libraries and other sources of graphic information.
f. Assessing the reliability of authorities.
6. Expressing hypotheses accurately and economically.
h. Using mathematical procedures.
i. Conducting discussion in ways to bring the main issues to

the forefront.
4. To develop certain attitudes and dispositions useful in prob-

lem solving in science.
a. Active curiosity.
b. Caution in making generalizations.
c. Tolerance of new ideas and suggestions.
d. Disposition to try a variety of approaches and points of

view on a problem.
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e. Confidence that scientific methods will be successful in
solving problems.

f. Disposition to see a problem through to its conclusion in
spite of distractions.

g. Readiness to act on the basis of tentative judgments.
5. Meeting the needs of adolescents in the following aspects of

living:
a. Personal living(Personal health, self-assurance, philoso-

phy of life, range of personal interests, aesthetic satisfac-
tions and a satisfactory world picture.)

b. Immediate personal-social relationships(Increasingly ma-
ture relationships in home and family and with adults out-
side the family; successful and increasingly mature relation-
ships with age mates of both -,oces.)

c. Social-civic relationships(Responsible participation in
socially significant activities and social recognition.)

d. Economic relationships (Emotional assurance of progress
toward adult status; guidance in choosing an occupation
and for vocational preparation; wise selection and use of
goods and services; effective action in solving basic eco-
nomic problems.)

D. Criteria for the selection of content in science courses:
1. Does the work help the adolescent to meet his personal-social

needs in the four categories?
2. Does it help the adolescent to develop the characteristics of

personality essential to effective living in a democratic society
and tend to further the realization of the ideals of a demo-

cratic society?
3. Are the problems real and stimulating to the adolescent?
4. Do the problems offer an opportunity for experiences in the

methods of reflective thinking?
5. Does the work offer the student an opportunity to be creative?
6. Are the problems of a wide enough range to meet the needs of

different individuals and of different communities?
E. Classroom procedures:

1. No single plan of teaching was endorsed. "Procedures should
be kept flexible and experimental in character, always with
a careful appraisal of results to the purposes to which the
school is committed."
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2. Teachers may find it desirable to develop "source units" on
science prrMems. The details of the problems and the method
of attack should be cooperatively planned by the students and
teacher.

3. The generalizations and inquiries used in building the science
curriculum should be stated as working ideas, and be of an
interpretive nature rather than pure science.

4. Pupil rather than teacher activity should dominate in the
class; the teacher's function in learning is one of guidance.

F. Laboratory procedure:
1. Laboratory experiences exemplify the scientific method and

should be developed to incorporate research procedures.
2. Science problems developed in the classroom should demand

laboratory experience for their solution.
3. Students should be encouraged to devise their own experi-

ments.
G. Testing and evaluation:

1. The purpose of evaluation is to determine growth toward
desirable characteristics of personality; and in terms of the
subje-t, growth in understanding.

2. The real of learning is to be found in the student's
conduct in life situations. Objective tests cannot be the sole
measure of his progress and development.

3. The steps in the construction of implements for evaluation
are:
a. A clear statement of the objectives of the course.
b. A description of the kinds of student behavior that indicate

growth toward achievement of science objectives.
c. Invention of methods of observing and recording the be-

havior that indicates progress toward achievement of the
objectives.

H. Science courses:
1. The committee does not suggest, nor endorse, either a particu-

lar sequence of courses or separate science courses.
2. The type of course and the organization found useful in at-

taining the objectives, herein outlined, suggest a unified core
or a broad fields course in terms of the major understandings
of science rather than a science curriculum composed of special
subjects, such as biology, chemistry and physics.
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Some of the characteristic recommendations of the committee
were: 1) the democratic way of life constitutes the goals of edu-
cation; 2) the concept of science teaching exists within the con-
text of general education rather than contributing to it; 3) the
need to develop the personal-social characteristics of students, as
well as intellectual interests; 4) courses should be organized
around large units of human experience, rather than the logic of
the subject; 5) the personal-social needs of students should be
the point of departure in curriculum construction; 6) functional
or operative science instruction is sought rather than the memori-
zation of masses of facts; 7) results of evaluation should be used in
the guidance of students toward the goals of science teaching.

The National Association for Research in SCience Teaching,
through its Committee on Secondary School Science, published a
report, in 1938, on practices and points of view in secondary
school science instruction covering grades seven through twelve
(42). The report was developed from 79 responses to a question-
naire addressed to "highly selected specialists in the field of
secondary school science teaching" and "a few selected curricu-
lum specialists." "The findings represent strictly the opinions of
competent specialists in the field of secondary-school cience
teaching with respect to better practices. It is in no sense an indi-
cation of what the majority of science teachers think should be
better practices nor what they are doing in their classrooms."

The summary of the study is presented in outline form and
includes only the items which receive a weighted 95% agree-
ment or over; the wording of the committee has been used in
most statements, others have been briefed.

A. Point of view on science teaching:
1. Science in secondary schools shall be considered as:

a. A method of thought and procedure.
b. A living experience.

2. The implications of science in modern civilization demand
that
a. Secondary school science content shall be modified 'from

present practice to include materials of greater social sig-

nificance.
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b. The methods of teaching should be markedly altered to-
ward greater emphasis on attitudes of mind, methods of
thinking and working, and the social implications of these
aspects.

c. Secondary science is but one phase of a continuing process
of education which begins early in life and continues for
many through college. Hence there is a need at all levels
for constant integration and articulation, not only with the
other aspects of science education, but with the other phases
of general education.

d. Science instruction should be a ranged in a continuous and
dependent sequence from the primary grades to the end of
high school.

B. Psychology of le wining:
1. Experience with natural phenomena and the applications of

science shall lead to the formulation of conclusions related to
those broad generalizations which have the largest application
in human interests.

2. The problems and situations through which the learner at-
tains the objectives sought shall duplicate as nearly as possible
real life situations.

3. Motivation in learning is promoted by the understanding the
learner has of the significance of the activities in which he is
engaged and the satisfaction which they bring to him when
completed.

4. A problem solving approach should be regarded as the best
means for developing an understanding of the scientific
methods and of the generalizations of science.

5. The application of generalizations to new situations should
be an integral part of the learning procedure.

6. The application of methods used in problem solving in sci-
ence should be made in new situations as an integral part of
the learning procedure.

C. Objectives of secondary school science:
1. To provide exploratory experience for the acquisition of new

fields of interest.
2. To develop a mastery of those knowledges which are func-

tional in aiding the individual to adjust himself in a more
satisfying manner to the world about him.
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3. To impart certain abilities to the student such as
a. Reliance on facts.
b. Power of interpretation.
c. Power of observation.
d.. Ability to evaluate data.
e. Ability to think scientifically.

4. To develop certain attitudes or traits in the learner such as
a. Objective attitude toward facts.
b. Freedom from dogma and superstition.
c. Tendency to hold conclusions as tentative and to sus-

pend judgment until facts are secured.
d. Willingness to revise one's opinions if the evidence

warrants.
e. Spirit of inquiry.
f. Conviction of the universality of the cause and effect

relationship.
5. To develop an appreciation of the contribution of science

to mankind.
D. Criteria and principles for the selection of subject content and

activities:
1. Content should be selected which offers opportunities for. stu-

dents of varying interests and capacities.
2. Content should build meaning and understanding for the gen-

eralizations of science which have the largest social impli-

cations.
3. Content should be so varied that it provides ample explora-

tory experience in the knowledge and methods of thought and
procedures of the major fields of science.

4. 'Opportunities should be provided which afford students the
means of judging and measuring their progress toward the
objectives sought.

5. Activities should be selected which provide opportunity for
the exercise of the creative abilities of youth and for the joy,
romance, and adventure that discovery and invention in sci-
ence afford.

6. In so far as possible, learning activities that call for direct,
concrete, first-hand experiences should be selected.

7. The courses on the various levels of secondary school science
should consist of a series of physical and mental activities
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that lead to those icnowleclges, skills, interests and attitudes
essential to desirable mental and practical adjustments to the
environment.

E. Organization of content and activities:
1. The major divisions (units, topics, or problems) of the courses

in secondary school science need to be organized so that the
conceptions of science and their social implications once
learned are used in new relationships in some later division.

2. The content of courses in science should be organized to en-
able students to apply generalizations in the solving of new
problems and the interpretation of novel phenomena.

3. The organization of science content at all levels should stress
the unity of science and avoid the development of unnatural
distinction between fields.

F. Methods a instruction; classroom instruction:
1. Methods of teaching should recognize varying degrees of abil-

ity on the part of students.
2. Instruction should provide the learner with many oppor-

tunities to exercise important abilities in problem solving
such as:
a. Inferring causes from observed facts.
b. Predicting effects from established causes.
c. Divising hypotheses on the basis of observed phenom-

ena.
d. Analyzing data.
e. Testing hypotheses by experiment.
f. Reaching valid conclusions.
g. Applying learned principles and facts in new situations.

3. Science teachers on various levels of the secondary school need
to recognize motivation as essential for learning and use
devices to secure it in the classroom.

4. 7.xcursions into the local community to illustrate applica-
tions of knowledge, or for firsthand investigation, are de-
sirable to promote learning.

G. Methods of instruction; laboratory instruction:
1. Laboratory work in secondary school science should be de-

signed to teach pupils how to observe, how to come to in-
dependent conclusions on the basis of their own observations,
and how to check their conclusions.
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2: Teachers of the various courses of secondary school science
need to recognize that in some types of experimental situa-
tions effective learning is best obtained through the demon-
stration method, while in other situations the laboratory plan
is superior.

3. The work of the classroom and laboratory should be closely
correlated.

H. Evaluating learning products:
1. Factual tests are important only when the facts are essential

to the attainment of more important objectives of instruction.
2. Tests should evaluate the student's progress in understanding

the elementary generalizations of science.
3. Tests in science should evaluate, where possible, the student's

progress in the developmc it of various scientific attitudes.
4. Tests should reveal the student's ability to infer causes from

observed effects and to predict effects from a given set of
t-st.iblished causes.

5. Tests should provide evidence of the student's ability to ap-
ply learned elements in new situations and to draw valid
conclusions from a given set of data.

I. Materials for instruction:
1. Visual aids should be regarded as valuable for vicarious ex-

periences in the learning of science. They are of distinct value
in preview and culminating activities for each learning unit.

2. It is essential for the teaching of science that equipment for
teacher demonstrations and also for individual laboratory
experimentation be provided.

Summary 1930-1940

The committees reporting in this decade took serious note of
the past developments in science teaching, examined current
practices and then sought to develop a consistent theory of edu-
cation in science. For the first time, science curriculum com-
mittees were cognizant of learning theory as a factor in curricu-
lum planning.

These curriculum groups were more influenced by the con-
temporary American scene and the growing importance of science
and technology than were the committees in previous decades.
How these factors should be represented in the science cur-
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riculum of the high school was widely debated. Essentially each
committee felt that science was imperative in the education of
young people for their intelligent understanding of the present
society. This in tui 1. led to a major emphasis upon scene for all
young peoplemeeting their "needs" and "problems"and set
the curriculum in terms of its values for personal and social wel-
fare. This apprt)ach differed from that used by earlier committees
in which the emphasis was more upon what is significant in terms
of the subject or discipline.

The following ideas about science teaching in secondary
schools were typical of the 1930-1940 decade.

1. Science teaching should contribute to the broader purposes
of general education and must include content of wide per-
sonal anct social significance.

2. Science is best learned a an association of facts culminating
in a concept expressed as a principle or generalization of sci-
ence. Facts acquired through a process of memorization have
little value in "problem-solving" situations.

3. The skills, attitudes, and methods usually associated with the
"problem-solving" aspect of scientific methodology are worthy
objectives of science teaching. Most committees and much of
the educational research of the period sought to "spell out"
this aspect of the "scientific method."

4. The curriculum content is best defined in terms of the prin-
ciples and generalizations of the subject field. This makes for
a more adaptable curriculum and is consistent with the re-
search on learning.

5. There should not be a distinction between class and labora-
tory procedures; both should contribute to the solution of
problems.

6. Testing and evaluation should be in terms of all the objectives
of the course. The best test is one that requires the student to
apply his knowledge to novel situations.

7. There is need for a balanced program of science with some
opportunity for all students to build a background in both the
biological and physical sciences.

8. The program of science instruction should be continuous
from the kindergarten through high school.
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The reports of this period have been used more by curriculum
specialists than by classroom teachers. The objectives listed in
these reports, particularly those r lated to "scientific thinking"
and "principles," became "standard" in lists of objectives for
science teaching. Actually changes in classroom practices essential

to a realization of the newer objectives did not materialize to any

extent. On the other hand, the many research studies in science

teaching stimulated by the reports .of the 1930-1940 decade in-
dicated that it is possible to develop skills in thinking, change
attitudes, use principles as a focus of learning and that partial
self-direction by students in the selection of learning problems
is advantageous.

The committee reports of the period have been criticized for
too much emphasis on what should be done in science teaching
and too little on how it should be done, even though the major
committees rilveloped course outlines and sample teaching units
to illustrate their points of view.

There were many doubts expressed during the Depression
years about the values to be gained from a study of science in
secondary schools. Too many courses were taught !imply as a
recitation of facts and definitions to be memorized and parroted
back to the teacher. An examination of science tests towed that
students were seldom asked to do more than "name parts," "give
functions," "arrange in order" or 44dettirE terms." Each of the

major curriculum committees of this period attempted to show
that there was more to the study of science than this. The effort to

define the curriculum content in terms of the broad principles of
biology is an example of a technique used to focus courses on
integrative concepts.

Most of the committees gave attention to the testing and evalu-
ation of the more subtle aspects of science teaching such as the
development of attitudes; the understanding of principles, con-

cepts and generalizations; and the awareness and ability to use
scientific procedures in solving problems of everyday living. Sci-

ence teachers were being forced to demonstrate that they could
teach something besides facts. Therefore new testing instruments
became imperative.



PERIOD OF QUESTIONING, 1930-1940 73

The strongest criticism was leveled at the nature of individual
student laboratory work and its lack of educational returns for
the time spent. Extensive research was done on the values to be
gained from individual laboratory work compared with the
more economical teacher demonstration of the same material.
These investigations showed that a student could accumulate
"facts" by either procedure and that teacher demonstrations were
more economical in time and money. (A summary of these re-
search studies is presented in a later chapter of this book.) The
net result was that the double or two-hour laboratory period in
science teaching was dropped by the majority of high schools.



VII

j

Biology in General Education,
1940-1950

IN THE DECADE 1940-1950, World War II and the birth of the
"atomic age" raised questions about the purposes of secondary
school education as a whole and science teaching in particular.
The movements in science education which began in the thirties
were temporarily overshadowed by course adjustments made to
meet "war time emergencies." New courses, such as pre-induc-
tion hygiene, aviation, electronics, and others were added to the
secondary school curriculum. Biology teaching was not particu-
larly affected by these developments, although there was a tend-
ency to place more emphasis on hygiene, food and disease. The
committee reports during the first part of the 1940-1950 period
reflect movements which originated between 1930 and 1940 and
those following World War II, represent attempts to reorient
education in the sciences.

In 1940, a special committee of the American Council on Edu-
cation issued a report on What the High Schools Ought to Teach
(8). Various suggestions were made for a revision of the entire
secondary school curriculum. The central recommendation
called for a program of general education suitable for all students
with some provision for specialized training.

The co, imittee recognized the growing importance of science
in education, but disapproved its present trend. "Courses in the
natural sciences are now far too often mere encyclopedic lists of
the findings of scientific research. They often fill the memory
with facts rather than stimulate pupils to scientific thinking.
Compe tent teachers here and there succeed in making these
courses. means of vital, effective thinking. When they achieve
this purpose, and only then, do they fully juetify the retention
of courses in natural science in the curriculum."

74
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In 1941, The National Commission on Cooperative Curricu-
lum Planning was formulated with a membership representing
the various disciplines and subject fields of the high school (61).
This was an effort to look upon curriculum development in sec-
ondary schools as a whole, distinct from the previous patterns of
considering each course separately. The question then becomes,
what can instruction in science contribute to the over-all educa-
tion of youth?

The commissint, :ecognized the distinctive function of science
in the curricul' o be: 1) direct experience with the natural
world through observation and experiment; 2) knowledge of f he
facts and laws of the natural world; and 3) an understanding of
the ways in which knowledge of science can be applied. It is at
this latter point that the line between science and the social sci-
ences overlaps. The particular value of biology was regarded
as "helping man to understand- and control his environment,"
but taught in a way different from that of the-social studies.

The practical applications of scientific knowledge to health
practices, conservation, sanitation, consumership and other prob-
lems were regarded as the basis for defining courses. For example,
science courses would be developed around problems, such as
conservation, involving science, rather than around the separate
subject fields. The science teacher would then draw upon physics,
chemistry, geology, biology, and geography for needed materials
of instruction, always determined Ny the nature of the problem.

It was thought that disciplines other than biology, physics
and chemistry should be explored for their possible contribution
to the general education in science. Especially should more time
be devoted to understanding modern 4cience, scientists as per-
sonalities and importAnt experiments in each field.

ie biological area.! ±ecomm ended for study included: 1) his-
tory of the past; 2) relation of man and his communities to the
earth; 3) plants and animals and their classification; 4) the place
of man among living things; 5) organic evolution; 6) heredity; 7)
nutritional processes and nutritional relations among living
things; 8) cycles of materials in the organic world; 9) plant and
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animal communities; 10) reproduction in plants and animals;
11) the human life cycle from conception to death; 12) general
anatomy of the human body; 13) basic physiological functions;
14) internal adjustments of the body; 15) dietary needs of man;
16) nature and varieties of human disease and their control in
the individual; 17) the nervous system, sense organs and sensa-
tions; 18) nature and methods of learning; 19) emotionsand their
place in human behavior; 20) individual differencesmental
and physical; 21) mental and emotional conflicts and their con-
trol; 22) nature of knowledge (facts, generalizations, hypotheses,
theories and how scientific knowledge changes).

The objectives of science in general education proposed by
the Progressive Education Association were accepted, but with
some changes in emphasis: 1) personal living (more on self-real-
ization); 2) personal-social relationships (more on human rela-
tionships); 3) social-civic relationships (more on civic responsi-
bilities); 4) economic relationships (more on economic efficiency).

The suggested curriculum was in accord with the trends in
science teaching at thii time, those of "effective consumership"
and for ends that have a personal-social value to the student. Any
modifications of the science curriculum would arise from changes
in personal, social and economic problems, since science instruc-
tion must be oriented toward personal and social ends to be fully
justified in the curriculum.

The commission felt that many science teachers were inter-
ested only in advancing the cause of science through the approach
of a "zealous missionary" in teaching the st.aject. "They make
sure of the perfected logical organization of a special brand of
science and then try to teach it to as many students as possible,
jealously guarding against any mention of the subject in other
classes. If science is to have a place in general education, then it
must broaden its perspectives, rather than seeking to remain
vocational."

The following report is presented not so much for its findings
but for its plan of attack on problems of secondary school science
teaching. The Bureau of Educational Research in Science,
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Teachers College, Columbia University, developed a plan to use
scientists and educators jointly in working on the science curricu-
lum (71). Scholars in science interpreted the major problems con-
fronting society and then developed a series of volumes on the
science background important to understanding these problems.
"The preparation of these (reports] represents an effort to bring
to curriculum committees in secondary schools a scholarly in-
terpretation of some of the issues now under consideration in the
dynamic secondary school curriculum and also reports on meth-
ods and results employed by successful teachers in dealing with
these issues."

Cooperating high schools in several states tried out the new
materials both for content and methods of teaching. Educators
and scientists visited the high school teachers and the teachers
visited cacti other to work out better techniques of presenting
materials and to assist in curriculum development.

In 1942, a committee with representatives from seventeen
scientific and science teaching societies met to develop "a philoso-
phy or point of view" for instruction in secondary school science
(62). Replies from 2,500 science teachers to a questionnaire were
considered in developing the final report. High school science
teachers and administrators worked as consultants to the com-
mittee on various phases of the study.

A summary of the report follows:

A. Points of view on the teaching of science:
1. Science teaching should focus on better living in our society.
2. The greatest contribution of the scientist to better living is

his method and it should be applied to personal and social
problems.

3. The modern world is the product of science but there is a
need to further increased confidence in science.

4. Science teaching should stress problems of everyday living
including social problems involving science. There is a need
to relate the basic principles of science to the culture in which
we live, with less emphasis on memorizing, formally organized
subject matter, and performing technical laboratory exercises.
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5. Science teaching should ultimately lead to:
a. A science for human betterment.
b. A development of a broader outlook for pupils.
c. A betterment of community living.
d. An application of the scientific method to social-eco-

nomic ills.
e. A concern with the "wholeness" of problems of modern

living.
f. A concern with the needs of students, rather than organized

bodies of facts.
g. A greater understanding of the democratic way of life.
h. A willingness to explore controversial issues, such as sex

instruction, control of patents for the common good, and
others.

B. Selection of instructional materials for courses:
I. There should be sufficient knowledge taught to develop an

understanding of science and of those engaged in scientific
pursuits; to. use intelligently the benefits of science in every-
day living; and to solve problems of personal and social sig-
nificanre.

2. There should be an emphasis upon problems arising in the
local situation.

3. There should be a recognition of different maturity levels
among students and a differentiation between courses for
college and non-college students.

C. Classroom procedures:
I. The work of the class should be developed in terms of prob-

lems requiring the use of scientific methods, scientific attitudes
and critical thinking for their solution.

2. Visual aids, laboratory experiments, demonstrations, and ref-
erence books should be regarded as sources of data for the
classroom study of problems.

The committee throughout its report gave strong support to
the social functions of science and the importance of providing
the kind of education that will help individuals live effectively in
a scientifically oriented world. It was emphasized, however, that
the goals of the scientists for extending knowledge are not the
same as the goals of education in science.

1
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Redirecting Science Teaching in the Light of Personal-Social
Needs is a report of the National Committee on Science Teach-
ing, published in 1942 (27). The membership of the committee
was selected from the American Council of Science Teachers,
American Association for the Advancement of Science, American
Chemical Society, American Nature Study Society, American
Science Teachers Association, Association of Science Teachers of
the Middle States, Central Association of Science and Mathe-
matics Teachers, National Association of Biology Teachers, Na-
tional Association for Research in Science Teaching, National
Council on Elementary Science, The American Association of
Physics Teachers, and the National Council of Geography Teach-
ers; the last two organizations "selected representatives to attend
some meetings but did not officially vote to cooperate with the
Committee." Eighty-five science teachers, school administrators
and college teachers of science served as consultants. In addition,
replies from 2,500 science teachers to a questionnaire were con-
sidered.

The committee's purpose was "to explore needs as a basis for
redirecting science teaching." The following recommendations
were developed.

A. Theory of science education:
1. The place of science in schools is dependent upon the achieve-

ments of science and the contributions science can make to
better living; the role of science in human affairs is central to
education.

2. Science teaching should serve the needs of pupils in our
democratic society. "Needs are conceived here as desirable
directions of growth and reasonable achievements, at the indi-
vidual's level of development, which make for his welfare and
that of our society. Most needs are at the same time both
personal and social."

B. Aims and objectives of science teaching:
1. The emphasis is not on objectives stated in terms of scientific

generalizations but in terms of the personal-social needs of
individuals.

2. The following areas of needs are likely to be among those
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common to a majority of students and toward which science
teaching can contribute:

a. Health
b. Safety
c. Recreation
d. Maturing interpersonal relationships
e. Work
f. Intelligent constituership
g. Conservation
h. Maturing philosophy of life
i. Responsible socio-economic action

3. The scientific method and the scientific attitudes are seen as
necessary to make all areas of needs functional.

C. Organization of courses:
1. Courses should be planned in terms of broad, purposeful, ex-

perience units, to offer a better opportunity for exploring and
meeting student needs.

2. The content of units should cut across subject matter lines as
necessary. The work in science should not be classified by
courses or subjects, but as outcome' of science teaching or the
common goals of general education.

3. Courses should be organized around "problems"; the logical
organization of the discipline is secondary.

4. The "unified" curriculum the "core" curriculum, and the
"broad-field" courses are best suited for developing courses
centered around problems of living.

In brief, this committee felt that objectives should be stated in
"functional" terms rather than around the principles of science.
Accordingly, student "needs" were regarded as the best approach
to curriculum development. A program of science teaching, from
kindergarten through the junior college, based upon "functional
outcomes" was outlined by the committee to serve as a guide for
the reorganization of science programs in local schools.

In 1942, the Committee on the Teaching of Biology of the
Union of American Biological Societies published the results of
a questionnaire survey on high school biology teaching in the
United States (76). The major purpose of the study was to ascer-
tain the status of biology instruction in high schools. The find-
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ings from the questionnaire with regard to biology curriculum
showed that of 3,186 biology teachers:

A. About 75% of the teachers were satisfied with the biology
textbooks they were using. The degree of satisfactionwas closely
related to the opportunity for choosing one's own text.

B. Less than half of the teachers taught organic evolution; one-fifth
did not teach the genetic inequality of man; and one-third did
not consider sex education. The percentages varied for each
topic according to the size of the school, and whether the school
was public, parochial or private.

C. The teachers felt that the greatest emphasis in mineral biology
should be on:

1. Healthdisease--hygiene
2. Physiology
3. Heredity
4. Conservation
5. Structure

D. The teachers gave the lowest rating (in terms of emphasis) to
the following topics:

I. Eugenics
2. Behavior
3. Scientific method
4. Photosynthesis
5. Biological principles

A conclusion of the committee was that there is a tendency
"to teach biology not as a science, but (a) as a way to pleasing
hobbies, or (b) as a series of practical technologies."

The Cooperative Committee on Science Teaching, represent-
ing the American Association of Physics Teachers, American
Chemical Society, Mathematical Association of America, Union
of American Biological Societies, and the National Association
for Research in Science Teaching, reported in 1943 on proposed
changes in the science curriculum to help increase manpower
during the World War H period (39). There were no major
changes recommended for either biology or chemistry, but in
case a cut-back in science offerings became necessary in the high
school, biology was to be retained.
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The committee felt that the wartime values to be obtained
from a study of biology were:

I, A rational view of living things.
2. A knowledge of nutrition and personal hygiene.
3. A basic knowledge of agriculture and animal husbandry.
4. A prerequisite and a stimulus to enter medicine, public health

service, teaming, research and agriculture.

The course in high school biology should emphasize the fol-
lowing topics:

I. Human body; structure, function, care, first aid and nutrition.
2. Bacteria and disease.
3. Personal and public health.
4. Use of plant products; food, shelter, medicine, clothing and

others.
5. Genetics; plant and animal breeding.
6. Conservation; soil, forests, grasslands, wildlife and flood con-

trol.
7. Applied ecology.

Special attention needs to be given to victory-gardens and the
raising of medicinal plants.

The Educational Policies Commission of the National Edu-
cation Ass ociation in 1944 issued a report, Education for All
American Youth (33). This report was developed from a firm
conviction on the part of the Educational Policies Commission
that the extension, adaptation, and improvement of secondary
education is essential both to the security of our American in-
stitutions and to the economic well-being of our people. The
report represented three years of study during which time the
commission developed a statement of general principles with
suggestions for bringing these into school practice. The com-
mission foresaw demands for a change in the nature of secondary
education and were inclined to believe that the nature and direc-
don' of change could be controlled. It supported the premise that
an educational program developed at the lccal and state level
was more acceptable than a federalized system of education.
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Secondary education from the commission's point of view
should: 1) develop a broad and balanced education for all which
would equip each youth to enter an occupation suited to his
abilities and would offer reasonable opportunities for personal
growth and social usefulness; 2) prepare youth to assume their
full responsibilities of American citizenship and provide each
with a fair chance to exercise his right to happiness; 3) stimulate
intellectual curiosity and engender satisfaction with intellectual
achievement; 4) cultivate the ability to think rationally; and 5)
help develop an appreciation of ethical values.

Science instruction in particular was recognized as "one of the
chief elements in the cultural heritage; and the understanding of
scientific methods and the scientific point of view as a part of
the cultural birthright of youth." Thus it was recommended
that: 1) science instruction should begin in the first grade and
continue throughout the secondary school; 2) not only the sci-
entific facts should be taught but also the methods by which
these facts were discovered; there is a real danger that pupils may
learn to take science on the authority of the textbook and the
teacher and fail to develop the attitude of critical inquiry which
marks the scientific mind; 3) students should practice scientific
inquiry to develop a knowledge of the experimental method. an
understanding of the nature of truth and a respect for truth ar-
rived at by rational. processes; and 4) students should be stimu-
lated to approve the way in which science has influenced nian's
way of living and thinking.

It was suggested that a considerable part of the tenth grade
science course should be devoted to the role of science in human
progress, and a course on "the scientific view of the world and of
man" was defined. This course would include an imaginative as-
sociation with great scientists, the study of the history of science
and its dramatic action. The methods of science, accordingly,
would be taught as instruments by which some of humanity's
most important problems may be solved. Certainly some of the
great experiments of recent years as well as the more remote ones
should be studied.
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The cultural outcomes expected from the teaching of science

were stated as follows: 1) "An educated person will understand

that science is based upon methods which man must slowly and

painstakingly develop for discovering, verifying, interpreting

and organizing the facts of the world in which we live and about

the people in it." 2) "He will knoi that the use of scientific

.methods has made revolutionary changes in man's way of living

and thinking." 3) "He will see that the methods of scietne are

one of mankind's chief instruments for making further progress."

4) "He will know that scientific advances have depended upon

precise measurement and active calculations; that mathematics

is indispensable to scientific inquiry." 5) "He will recognize that

problems in human society as well as in the physicalworld should

be attacked by scientific methods and a scientific point of view."

6) "He will be familiar with certain fundamental principles and

facts of the sciences, which, when taken together, give him a

sound view of the nature of the world in which he lives." A stu-

dent who does not understand the social nature of science is

living in the 15th century, no matter how many facts he can

recite or how many scientific gadgets he can operate.

The commission felt that a high school curriculum should in-

clude a course in "common 'earnings" and that ideally science

would be an integral part of the content. It recognized, however,

that there was not an adequate supply of teachers qualified to

teach science in relation to the other phases of the common-
'earnings. At that time, therefore, it seemed advisable to include

a separate basic course in science in grade ten. This course would

be closely related to the work in "common learning" and would

be planned cooperatively with tNe teachers of "common learn-

ings."
A basic course in science was recommended for all high school

students. Although the courses for rural and city youth would

differ in some respects, the major aim for both courses should be

an understanding of the social significance of science: one of the

ten imperative educational needs of youth. The basic course was

described as "The Scientific View of the World and of Man." In
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the farm areas the social applications would include enlightening
rural communities (for example, soil conservation, electrifica-
tion) but would not consist exclusively of practical applications.
In the cities, comparable attention would be given to the effect
of urban life on industry; the improvement of housing, trans-
portation, home and neighborhood life along with the applica-
tion of scientific knowledge to the plannir g and development of
cities.

In actuality science was given a minor place in the secondary
school curriculum. Only one course, essentially the sociology of
science, was suggested for the high school. The scientists' reac-
tions to the program were that the course presented something
about science but there was little that in reality could be called
science. The scientists disagreed not so much with the course ob-
jectives but with the methods to be used for a realization of them.
They did not feel that an understanding of the methodology of
science could be developed through attempts to apply the pro-
cedures to social problems.

The Place of Science in the Education of the Consumer was
a statement prepared for the Consumer Education Society of the
National Association of Secondary School Principals by the Na-
tional Science Teachers Association in 1945 (69). The Consumer
Education Society assumed that the intelligent consumer was the
immediate objective of secondary school education, and that
"any science worth teaching for any reason has value in the
education of consumers." In a society characterized by a scientific,
industrial technology and a complex exchange economy, the con-
tribution of science to education is one of providing information
about goods and services, and the development of critical think-
ing necessary to the best use of such information. Science teach-
ing should therefore focus on knowledge which helps consumers
purchase wisely and on procedures useful in the solution of con-
sumer problems.

Content for a science course should be selected in terms of
activities which account for a high proportion of consumer
expenditures and especially chose of immediate importance to
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young people. Among the problem areas to be included in sci-
ence instruction were: 1) nutritional problems; the preparation
of foods, sanitation; 2) standards by which to procure foods; 3)
housing; kinds and qualities of material, household maintenance
and operatio..; 4) clothing; buying, and standards; 5) health;
wiser buying of remedies and health services, the avoidance of
worthless drugs and devices, and dangers of self medication; 6)
standardization; labelling, and advertising regulations; 7) con-
serving natural resources.

The committee pointed out that: biology, physics, chemistry
and other established courses in the secondary school could be
given a definite consumer education slant; this would be a
simpler arrangement than the development of special courses.
Furthermore, laboratory exercises, surveys of the community,
the use of special family problems and consumer clubs provide
effective ways of presenting consumer information. The teacher
of science should possess a comprehensive understanding 4 sci-
ence, technology, economics, and society to qualify him fa. =-
sumer teaching.

In 1944 a committee representing the National Association of
Secondary School Principals recommended a program of educa-
tion for youth between the ages of 16 and 21 years. (59) It was
suggested that a single course i. science, "the scientific view of
the world and man," be required of all students in the tenth
grade. The special sciences, biology, chemistry and physics,
would all be elective courses.

The statement of objectives for teaching science was similar
to those found in Education for All American Youth. Essentially
science was viewed as a subject where the student learns how to
use the fruits of science in daily living and to exert control over
the physical and biological environment. The committee ',ug-
gested that these ends were best achieved through: 1) a knowledge
of the facts and principles of science; and 2) an understanding
of the methods of science. It was assumed that the methods of
science can be used to resolve social problems in the same manner
as problems in science.
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General Education in a Free Society is the report of the Har-
vard University Committee on General Education (73). Its pur-
pose was to define the objectives of "general education in a free
society" not only for Harvard College but for schools in general.
Only those sections of the report which bear upon the teaching
of science are summarized here.

I. Point of view on science in general education:
a. "Science instruction in general education should be charac-

terized mainly by broad integrative elementsthe comparison
of scientific with other modes of thought, the comparison and
contrast of the individual sciences with one another, the rela-
tions of science with its own past and with general human
history, and of science with the problems of human society."
These are areas in which science can make a lasting contribu-
tion to the general education of all students.

b. Science courses should convey some familiarity with the world
of immediate experience. "The integrative element here is the
student's own mode of life and his personal relation to the
immediate environment."

c. "The facts of science and the experiences of the laboratory no
longer can stand by themselves; they no longer represent sim-
ple, spontaneous, and practical elements directly related to the
daily life of the student. As they become further removed from
his experience, more subtle, more abstract, the facts must be
learned in another context, cultural, historical and philosoph-
ical. Only such broader perspectives can give point and lasting
value to scientific information and experience for the general
student."

d. Below college level, virtually all science should be devoted
to general' education. Even vocational instruction should re-
tain elements of the scientific attitudes.

e. Direct observation and precision are among the most im-
portant values along with basic ideas that science should con-
tribute to general education. Laboratory work therefore is
essential to science teaching in order to provide directly the
materials of scientific argument and the tests of scientific
hypothesis.

f. Scientific methods should not be used upon materials wholly
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unsuited to their use. Modes of inquiry must be adapted to
materials under consideration and to the available methods of
approach.

g. There is need in high school to offer rigareus and highly
integrated introduction to science as a whole.

h. Science courses in high school nee. go beyond the im-
mediate environment and start to segregate for the student the
differences in the point of view and approach which divide
sciences into separate disciplines. The student should be in-
troduced to the techniques, the major science concepts, and
the hypotheses appropriate to each science.

i. "Science. is not to be divorced from technology. Science and
technology develop in parallel, each fructifying the other. Yet
science is not technology. Its prime end is knowing rather than
doing, or better still, it is doing in order that one may know,
rather than doing with primarily other ends in viewgreater
convenience, technical efficiency, military power, or economic
advantage, for example."

2. Sequence of courses and organization:
a. Ninth and tenth grades: biology

(1) A considerable part of biology should be a study of the
works of great biollgists.

(2) Part of the course needs to be organized into projects in-
volving laboratory or field experiences which parallel the
work of the classroom.

b. Eleventh and twelfth grades: physics and chemistry
(1) Physics and chemistry should be taken only by those pri-

marily interested in college.
(2) A better course for general education at this level would

be a course in physical sciencea broad view of the nature
and organization of the physical world and a more mature
approach to the related scientific concepts.

The Harvard Committee, in contrast to several other com-
mittees of this period, does not regard the "scientific method" as
applicable to all types of problems. The methods of science
should not be used "... upon material wholly unsuited to what-
ever methods may be employed under that guise; and more reali-
zation that statements in the literary or social sphere necessarily
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are different in nature, and in precision, from statements in
mechanics." The scientific attitudes are recognized as having a
more general value. The committee believes the facts of science
should be given a broader perspective and placed in a cultural,
historical and philosophical context. The science teacher was
seen as a student of both science and of the liberal arts.

The Teaching of the Basic Sciences (44) is the report of a com-
mittee formulated in 1943 at the request of the United States
Commissioner of Education, J. W. Studebaker, to "canvass care-
fully the question of whether the basic sciences should not be
included along with vocational education in a federally sub-
sidized program. Such a subsidization would include, of course,
the appropriate training of teachers for such courses."

The situation in science teaching was summarized as follows:

1. There is a conspicuous lack of training in the physical sciences
in the secondary school; a larger number are enrolled in the
biological sciences.

2. Half of our schools have six or fewer teachers and under the
present licensing and certification system most of the schools
cannot afford to hire a teacher for the physical sciences.

3. Some of the best science teaching in smaller high schools is
carried on by the teachers of agriculture particularly in states
where the time of such teachers is pro-rated and they do not
spend all of their time in vocational agriculture.

4. Those now teaching science in the high school are, in many
states, poorly prepared in their respective subjects, being on
the whole measurably less well prepared than trainees in the
same field for industry.

5. Because only a small proportion of high school students take
science, science teachers must teach other subjects. Many teach
three, four, or even more subjects which may be almost en-
tirely unrelated. Science teaching is also assigned to individ-
uals who are mainly interested in some other subject and had
science as only a minor subject in college.

6. The situation cotdd be remedied by certification of science
teachers in comprehensive areas, such as a combination of the
physical sciences with the biological sciences, or of the physi-
cal sciences with mathematics and geography.
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7. It is necessary to realize that teachers trained in comprehensive
science areas are also potential candidates for industrial posi-
tions, since the starting salary and life expectancy of earnings
are far higher in industry than in the schools.

The committee recognized that while the public in general
regrets extension of Federal aid to education, it seems that Fed-
eral aid of some kind will be necessary to strengthen the teach-
ing of the basic sciences.

An expansion of the present vocational-technical education
program to include science teaching is recommended. The ideas
advocated were:

I. Improvement of basic preparation in science and mathematics
for science teachers.

2. Improvement of the instruction in science for students not
planning to enter vocational-technical programs.

3. Establishment of a unified, properly supported program in
vocational-technical education including mathematics and
sciences that are elements therein.

4. Encouragement of the development of a technical-institute
type of training at the post-high school level, properly differ-
entiated from the Elkfessional programs offered by engineer-
ing schools.

The President's Scientific Research Board in its report on
Science and Public Policy made extensive recommendations for
science teaching in the elementary and secondary schools (79).
The following problems were first identified:

I. Elementary science con opts are introduced with little recog-
nition of sequence from grade w grade and without correla-
tion. Even in cases where tht program has been effectively
planned the teachers often lack a complete awareness of the
goals and the procedures necessary to achieve them. Grade
placement of concepts is prompted by tradition and teachers'
preferences rather than by any systematic selection.

2. The majority of youth is exposed to general sciences and life
sciences in some form; only a small fraction is encouraged to
study physical science. Even the minority which goes on to
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c dlege may graduate and yet remain scientifically illiterate
so inadequate is the science requirement for the general stu-
dent. Then again, the sdenct specialist may go through college
without becoming aware of the social implications of science.

3. Programs for the educational guidance of students identified
as scientifically able are inadequate.

4. The professional training of scientists is often so specialized
that technicians rather than scientists are produced.

Among the committee's recommendations for immediate ac-
tion were:

1. Federal subsidized scholarships for gifted students in all fields.
2. The establishment of in-service teacher training programs

through the use of workshops or science counselors or both.

Recommendations for a long-range program were:

1. Sponsor investigations of grade and age placement of science
concepts to improve curriculum planning.

2. Promote the designing of testing instruments and guidance
procedures to assist in the early identification of the talented.

3. Stimulate the widespread use of cumulative student records
to include elementary, secondary and college education.

4. Provide information on guidance procedures free of charge
to all school systems throughout the country.

It was felt that all youth should have an understanding of:
1) the methods of science; 2) the influence of science upon human
life and thought; 3) the facts and principles essential to an un-
derstanding of themselves and of their environment; and 4) an
appreciation of the scientific enterprise. Science instruction
should also contribute to the social adjustment of young people
through the use of its methods and findings in the solution of
problems.

The committee then considered the special problems of science
teaching at the elementary and secondary school levels. In the
elementary school the following problems caused concern: 1) the
incidental nature of science teaching in elementary schools; 2)
the attempts to teach elementary science in conjunction with so-
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cial studies; 3) the lack of science training among elementary
teachers; 4) the great variety of subject matter in elementary
courses; 5) the lack of any clear-cut indication as to how one
concept should follow another for the best learning; 6) the lack
of equipment for the teaching of elementary science; 7) the ex-
tent of verbal descriptions without adequate contact with the real
things of science.

The function of science in elementary schools was seen as: 1)
understanding the environment through contact with the prob-
lems inherent in the physical and biological surroundings; 2)
developing of some understanding of the elements of the scien-
tific method and facility in problem solving, embodying observa-
tion, experimenting and reflective thinking; 3) developing an
understanding of the social implications of science; and 4)
acquiring something of the scientific attitudes. The committee
felt "elementary science should provide special educational op-
portunities for potential scientists." It recognized the need for
more research in the field of elementary school science, particu-
larly on: 1) the concepts, principles and skills of science which
may be taught in the elementary school and the study of the
appropriate time allotments; 2) appropriate facilities, equipment
and teaching materials; 3) the use of the local environment in-
cluding trips afield; 4) procedures for integrating science con-
cepts with mathematics; and 5) ways of teaching pupils to use
a "scientific" approach in problematic situations.

Science in the secondary school curriculum must continue to
serve the same functions as elementary schobi science; namely,
contribute to the general education of all students and the special
education of a selected group.

The committee recognized the changing nature of the high
school and the need to introduce science courses to meet new
general education needs. Concern was expressed about the low
enrollment in the physical sciences and the inappropriateness of
much of the content of the present physics and chemistry courses
for purposes of general education. "Observation would indicate
that many who are enrolled might better be served by a general
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course in physical science . . ." Additional work in the biological
sciences beyond the first course should be offered to provide an
opportunity for those students with special interen. It was rec-
ommended that special provision should be made for and recog-
nition given to the mentally gifted students through honors
classes, science fairs, science congresses, specialized science
courses, specialprojects, club activities, or combinations of these
plans.

The importance of laboratory work with experience in ob-
servation and experimentation was regarded as self-evident in
science teaching. Both demonstration experiments and individ-
ual work can be used to achieve many of the objectives of science
teaching. Expe.imentation de% ..:14,ps skills and coordination in
manipulation; trains the powers of observation; and provides
opportunities for developing resourcefulness in the use of physi-
cal materials and instruments. Individual laboratory work with
its active participation is to be desired over passive observation.

The following recommendations were made for the improve-
ment of secondary school science teaching:

1. A complete appraisal should be made of science teaching in
secondary schools, including a survey of curriculum, stu-
dent enrollment, available laboratory and demonstration
equipment, methods of instriiction, work week of teachers,
and preparation of teachers for their responsibilities.

2. The secondary school science curriculum should be reorgan-
ized so as to permit at least two years of science beyond general
science for all studentsgeneral biology and general physi-
cal scienceand at least three years of science for students
with special talents in science and mathematicsbotany,
zoology, physics and chemistry or other special courses. Studies
should be made of the effectiveness of the present high school
science offerings with a view of designing new courses.

3. A study should be made of the place, value and effective use
of biographical and historical materials in high school science
courses.

4. A study should be made of the various curricula and ad-
miniurative arrangements employed in small and large com-
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munities to meet the needs of talented youths and reports
should be prepared to inform science teachers of the best
practices.

5. An investigation should be made of the guidance procedures
used in secondary schools, including studies of aptitude tests,
criteria tor the identification of the talented, and the follow-up
procedures.

6. Studies should be made to determine the most effective use
of illustrative material, laboratory projects, field experiences,
library materials, and audio-visual aids in the teaching of
science.

7. Studies should be made of the administrative devices which
will encourage greater use of community resources in the
teaching of science.

8. The activities of science supervisors, special consultants, visit-
ing teachers, and other special advisory personnel should be
studied with a view to making their use more prevalent.

The committee noted that there was at that time (1947) a
serious shortage of secondary school science and mathematics
teachers. One of the contributing factors had been low salaries;
"numerous studies indicate, however, there are sections of this
country without sufficient local or state resources to maintain an
adequate system of education. This indicates the need to make
Federal funds available for equalizing educational opportunity.

The conditions under which science teachers were required to
work, both administrative and physical, were found to be ap-
palling: the large demands on the science teachers' time through
the preparation of demonstration and laboratory experiments,
after-school clubs, and many other non-teaching activities.

The training of elementary school teachers in science was par-
ticularly lacking. It was suggested the teachers' college initiate
studies to determine the kind of science courses most suitable fol.'
elementary school science teachers. It was also recommended
that the curriculum for the prospective teacher of elementary
science include a minimum of six semester hours of biological
science and six semester hours of physical science, both with pro-
fessionalized laboratory and field work. If the professionalized
laboratory and field work cannot be provided, an additional two-
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or three-semester-hour course in elementary science methods
should be required. This would be taught by a person familiar,
through training or experience, with the problems of the ele-
mentary school. The committee recommended the increase of
in-service programs to improve instruction.

The training of secondary school science teachers was seen by
the committee to be something less than desirable. A major
problem was the untrained person teaching on an emergency
permit; the exact number in this category could not be de-
termined. The committee noted also that undergraduate courses
in science are more often intended for people who are to become
specialists in science; such courses fail to give breadth of under-
standing or comprehension of the interrelationship existing
among the many specialized fields of science and mathematics,
an understanding essential for teachers in the secondary schools.
"The undergraduate training program for teachers of science
and mathematics, to be most effective, must be a specifically
planned, professionalized program."

The many and varied subject combinations that science teach-
ers are required to teach seriously limits their effectiveness. A
typical situation: in a study of 3,490 teachers in 525 public four-
year accredited secondary schools in Illinois, a total of 716 dif-
ferent subject combinations were found. "Of 293 teachers of
biology only 3.4% were teaching biology and one other sub-
ject, 38% were teaching biology and two other subjects and
19% three other subjects. These teachers were assigned to a
total of 124 different combinations and were teaching 25 sub-
jects in addition to biology."

The Steelman Committee accepted and supported a series of
proposals, prepared by the American Association for the Ad-
vancement of Science Cooperative Committee on The Prepara-
tion of High School Science and Mathematics Teachers, for the
guidance of college and university curriculum committees on
teacher education. Some of the recommendations of the com-
mittee were:

1. "A policy of certification in closely related subjects within the
broad area of science and mathematics should be established
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and put into practice. Specifically any combination of three
of the following five subjects is recommended: biological sci-
ence (including botany and zoology), chemistry, mathematics,
physics and general science.

2. "Additional courses permitting the student to complete a
total of 24 should be given to courses in science and mathe-
matics. Sixty semester hours, divided among three subjects will
allow for a 24-hour major in one science subject and 18 hours
in each of two others.

3. "Certification to teach general science at the 7th, 8th, or 9th
grade level should be granted on the basis of broad prepara-
tion including college courses in all the subjects concerned in
general science."

The committee "further recommended that a basic program
of 6 to 10 semester hours in each of the beginning courses in
biology, chemistry, mathematics, and physics be required. In
addition to the basic program 18 to 24 semester hours in 2 or 3
of the special subjects should be required."

"Professionalized subject matter courses should be planned
cooperatively by the subject matter and education departments
and taught by persons with experience in teaching the particular
subject matter in the secondary school. It is not meant to be im-
plied that those showing a high degree of proficiency in subject
matter are automatically destined to be good teachers. But, ob-
viously, strong aptitude in subject matter, plus professional skill,
good personality, and a genuine interest in young people, should
be expected to comprise the best in science and mathematics
teaching in the secondary school." The problem of training fu-
ture science teachers is a matter in which the university should
have a special interest.

The committee supported the desirability of in-service edu-
cation at the secondary level. "Plans should be developed for
using curriculum workshops, institutes, extra-mural content
courses, summer school instruction, demonstrations, lectures,
field trips, excursions and conferences for the training of sec-
ondary school science and mathematics teachers. Plans for the fur-
ther education of teachers after they have been in service have
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not been systematically organized to serve the needs of this group.
The graduate offerings in science and mathematics are usually too
highly specialtized and narrowly defined to serve the needs of
any individual who does not intend to become a research sci-
entist. Some teacher training institutions should provide for at
least one year of graduate work in which ample courses in science
and mathematics are offered to meet the needs of the teacher
instead of the research scientist."

Science Education in American Schools (1947) is the Forty-
Sixth Yearbook, Part I, of the National Society for the Study of
Education (64). This yearbook contains the deliberations of
several committees selected to develop a challenging and work-
able philosophy of science teaching, to consider new kinds of
courses, and to explore methods of science instruction. The view-
points developed and the recommendations made were:

1. Viewpoints on science instruction:
a. Science is an inescapable factor in modern society which in

turn requires that everyone understand science.
b. "We must improve our general education by including con-

vincing and effective personal and community controls of
knowledge. Merely factual education might have only harm-
ful results for future peoples."

c. "... if the people's representatives, who pass legislation, are
to make decisions for an age of science, they need at least a
reasonable knowledge of science and her ways of working. The
ways of thinking of the politician and of the scientist have
differed widely. Each group needs to understand and co-
operate with the other. And the common man, if not a scien-
tist, nonetheless needs knowledge of both science and legisla-
tion since both profoundly affect his welfare."

d. "Science now bears a definite relationship to many kinds of
social standards, and, social standards are influential in peo-
ple's conduct."

e. Science instruction should begin early in the experience of
the child.

f. The program of science teaching for both the elementary and
secondary schools should contribute mainly to general edu-
cation.
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g. Competence in use of the scientific method of problem solving
and the inculcation of scientific attitudes are the major goals
of science teaching.

2. The learning of science:
a. Functional understanding is more than memorizing; it is the

ability to use or apply knowledge dependent upon the con-
scious effort of both teachers and student "to make the proper
connections."

b. The more artificial the learning situation the more artificial
the learning.

c. "Facts, concepts, and principles are functional only if they
are actually used. We learn to use them effectively by using
them and in no other way."

3. The objectives of science teaching:
a. The following criteria should guide the formulation of teach-

ing objectives:
(1) Practicablefor the classroom teacher and when used

properly should lead logically from one step to another.
(2) Psychologically soundbased on acceptable principles of

learning.
(3) Possible of attainmentunder reasonably favorable cir-

cumstances with an average group of impils.
(4) Universal in a democratic society.
(5) Indicate the relationship of classroom activity to desired

changes in human behavior.
b. The general objectives of science teaching:

(1) Functional information.
(2) Functional concepts.
(3) Functional understanding of principles.
(4) Instrulental skillsmaking accurate measurements, etc.
(5) Problk solving skills.
(6) Attitudesopen-mindedness, etc.
(7) Appreciationscause and effect relationships, con-

tributions of scientists, etc.
(8) Interestsrecreational and vocational.

c. Each of the objectives bhould be interwoven with its social
implications.

d. Objectives are conceived as directions of growth rather than
()Laconia.

!I
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4. Criteria for the selection of subject matter:
a. Science content should be selected in terms of problems of

social significance as they relate to the broad areas of human
experience such as health, consurnership, conservation, voca-
tions, family relationships, and citizenship.

b. Subject matter should relate to the problems encountered in
daily living and meet the real needs of students.

c. Subject matter should be selected to take advantage of com-
munity resources wherever possible.

d. Subject matter should be selected for its functional value and
the contribution it can make to the understanding of the prin-
ciples and generalizations of science.

e. It is assumed that all learning should contribute to scientific
attitudes, the use of scientific methods and toward developing
a philosophy of life.

1. The course content shall be of a proper degree of difficulty in
relation to the maturity level of the pupils.

g. Content which appeals to pupil interest is more likely to in-
fluence his behavior than that which is not.

5. Organization of science courses:
a. The courses in science should be organized around significant

problems, based upon the principles and generalizations of
science around wider problems of adjustment involvirl these
principles and generalizations.

b. "One method that has value in several directions is that of
planning the course with the pupils instead of merely for
them."

c. Attempts should be made to organize the course in order to
develop an integration of the various sciences and of prin-
ciples within the same science. A logical sequence within a
science is not of itself a primary goal.

d. Courses should be organized to provide for wide applications
to economic and social problems.

6. Classroom teaching procedures:
a. Members of the class should be working together and full

advantage should be taken of group discussion.
b. Report on current science events and articles, especially in

newspapers and magazines, provide an opportunity for criti-
cal thinking in science.
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c. Personal and community needs provide an opportunity for
individual and group projects.

d. Field trips and excursions have value, particularly if taken for

a recognized purpose.
e. Textbook, magazines, bibliographies, and other reference

books should be available, preferably in the classroom.
1. Materials should be visualized whenever possible instead of

being allowed to remain as abstract ideas. A wide variety of

multi-sensory aids is desirable.
g. Inductive and deductive methods of teaching are equally int

portant and essenti21 in the classroom. Several approaches are

not only desirable but necessary.
h. The textbook is best used as a general outline of the course

but needs to be supplemented with a variety of references.

i. Units of work should be planned around an integrating

theme.
j. The stress should be on a few units well taught rather than

on many units surveyed.
k. Whatever methods are used, they should contribute to the de-

velopment of habits of thinking, attitudes, and appreciations.

7. Laboratory teaching procedures:
a. The laboratory work should be a phase of the classroom

work, performed when necessary.
b. "... the inductive method should in nearly all cases be used;

that is, the laboratory work should precede, not follow, the
classroom discussion of a topic or a principle."

c. "In the interests of economy of both time and money, it is
desirable to perform more laboratory exercises by the demon-

stration than by the individual method."
d. "At the start of every laboratry course there should be a

sufficient use of the demonstration method to acquaint the
pupils with accepted methods of experimentation."

e. Individual experiments should be done when it is a question

of developing manipulatory skills and laboratory techniques
and habits.

f. If an exercise is worth performing, it is worth recording for

the following reasons: to direct the pupils' attention, establish
habits of looking for details, and reinforce memory.

g. The student should develop, with the teacher's help, the
procedures to be used in an experiment. The student should
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rely on his own findings, recognizing that accuracy is within
the limitations of the apparatus and his own skill.

h. The laboratory work should be constructed to teach pupils
the meaning and use of controls in experimentation, the test-
ing of hypotheses and the interpretation ofdata.

i. Workbooks, provided they are well-constructed (not a series
of completion questions), save the teacher's time and energy
and provide the student with a wide range of learning activ-
ities.

S. Testing and evaluation:
a. Evaluation should be regarded as an integral part of the total

instructional process.
b. Guidance of learning discloses the essential function of evalu-

ation. Evaluation "provides data by means of which to de-
termint initial status or readiness for learning, progress and
difficulties in learning, final attainment, and extent of re-
tention and transfer."

c. Principles of evaluation:
(1) It "must begin with a consideration of the outcome

sought."
(2) It "must be comprehensive enough to indude all outcomes

and not merely those outcomes in which learning is most
easily assessed" such 33, factual knowledge and mechanical
skills.

(3) "The procedures and devices employed in evaluation must
also be comprehensive, for no single procedure is adequate
to the task of furnishing to the teacher all the data needed
for a complete picture of learning."

d. Tests should provide evidence of the science concepts de-
veloped in the course rather than simply the acquisition of
factual knowledge.

9. Sequence of courses:
a. A twelve-year sequence of science courses is recommended as

follows:
Grades IVIElementary science
Grades VIIIXGenerat Science
Grade XBiology
Grade XIPhysics or chemistry
Grade XIIPhysics or chemistry

b. Ar integrated course in general biology and general physical

fl

I
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science is also recommended for the high school, but the
physical science course is not to replace physics and chemistry.

c. The attitude of the committee toward aeronautics, physiology,
health, consumer and ,echnical courses is that "it is probably
not desirable to °Ler separate courses in any of these sub-
jects ... integrate materials with those of the regular courses."

d. An adequate program of science in a core curriculum is
worthy of experiment, but not as these courses are usually
taught by English and social studies teachers.

This committee has placed a greater emphasis upon class and
laboratory techniques than have previous committees, and more
emphasis upon the social implications of science. Objectives are
regarded as directions of growth rather than as outcomes, and
units of work are planned as areas of experience rather, than as
areas of knowledge.

The Cooperative Committee on the Effectiveness of Science
Teaching of the American Association for the Advancement of
Science reported, in 1948, its recommendations and observations
for thilinproventenLotscience in education (45).

1. With regard to curriculum:
a. The science offerings should be planned as a continuous pro-

gram from grade one through twelve.
b. "Every effort must be made to introduce systematically the

concepts and ideas of science which the average citizen needs
to understand."

c. Gifted students should have special opportunities to develop
their talents.

d. There needs to be a better integration of science and mathe-
matical concepts.

e. "Interest in the physical sciences suffers a great deal because
their relation to the neighboring sciences, such as biology,
astronomy, and geology is not enough emphasized either on
the high school or college level."

f. Because biology is the only contact with science for so many
high school students more attention should be given in the
course to "the tactics and strategy of science."

g. The committee was shocked to learn that the subject of evo-
lution is not permitted in many schools.

o-
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2. With regard to teacher education:
a. There is need to design a curriculum that is appropriate for

training teachers of science.
b. Teachers of science need to be trained in the broad areas. of

science rather than highly specialized.
3. With regard to research in science education:

a. Comprehensive studies should be underta. en to determine
the concepts and principles of science essential to an adequate
program of general education.

b. Experimental data are needed to aid teachers in planning an
effective grade and age placement for the teaching of science
concepts.

c. A detailed study of methods for the early identification and
guidance of science talent at all school levels should be under-
taken.

In 1941, the Cooperative Committce an Science Teaching was
established with ....proentathei-ftom five scientific societies

emistry, mathematics, physics and research in science
teaching to consider the problems .)f science in general educa-
tion. In 1945, the membership was expanded and replaced the
American Association for the Advancement of Science Standing
Committee on the Pla'e of Science in Education. The reconsti-
tuted committee known as The Cooperative Committee for the
Teaching of Science, has been primarily interested in bringing
the scientific disciplines into the program of general education at
both the secondary and college levels, and in the preparation and
certification of science teachers. In 1949 the objectives and in-
terests of the new committee were reported to the AAAS Council
(46).

The major objectives were given as:

I. To guide young people with promise into the ranks of ef-
fective research scientists and discerning science educators by
providing opportunities appropriate to their special talents.

2. To insure the development of an understanding of the po-
tentialities of scientific knowledge and its method in the minds
of all citizens.

The committee viewed the future of American culture as de-
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pendent upon the wise use of scientific and technological de-
velopments. To say that man may predict physical events carries

no implication that he may also predict the impact of these events

upon our culture. The knowledge of how to use science is more

important than its possession. That is to say, an understanding of

the principles and methods of science and of predictable conse-
quences of technological processes is fundamental to man's con-

trol of his environment. Man cannot control effectively that
which he knows nothing about. The report implies that: 1) sci-

entists have a particular responsibility for disclosing the alterna-
tives to actions on matters of science in public policy; and 2) that
the non-scientists need to be able to evaluate the possible choices
before 'registering their votes.

The contributions of science to the acluv'egnent of the pur-
poses of general education may be made in terms of a knowledge

of 1) scientific orinciples; 2) scientific method; and 3) the social

implications of science.
The committees supported the following goals for science in-

struction at the elementary and secondary school levels.

1. A functional understanding of the basic principles of both the
biological and physical sciences.

2. An understanding of the elements of scientific methods and
facility in their use.

3. Possession of scientific attitudes.

It was assumed that the needs of the non-specialist in science
can be met by two years of high school science, one biological

and the other a physical science, beyond the general science or-
dinarily requii A in the 7th, 8th, or 9th grades. These courses
should include much biographical and historical material to
show the growth of science, its philosophy, its social setting, and

the social implications of science.
The committee did not attempt to construct curricula, since

the research data for such work were lacking.

Summary 1940-1950

The decade from 1940 to 1950 in science teaching reflected the
general education and consumer movements of the thirties and

I
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the technical manpower crisis stimulated by World War II. The
result was to bring into conflict the function of science in general
education and science basic to a career in specialized fields. The
question of secondary school science for the scientist or science
for the citizen was never clearly answered. There was a consensus,
however, that all young people should have some knowledge of
science as a social force arid that this would demand knowing
something of the nature of the scientific enterprise.

In the early part of this decade the value of science instruction,
as then taught, for young people was questioned. Several at-
tempts were made to absorb science into "core," "unified" or
"integrated" sciencesocial studies courses. The movement was
greatly weakened by the events of World War II, and the re-
sulting demand for special training in technical fields.

The consumer movement was an effort to develop a science
curriculum with content that would be of some practical use o
all youth in meeting th&r immediate personal-social needs.
This was interpreted to mean knowledge that had immediate ap-
plication in solving the problems of daily living, for example
maintaining health and purchasing goods and services. The
advocates of general education defined "use" in terms of intellec-
tual tools, and an appreciation of the methods of science. All the
committees agreed that science had become imperative in the
education of American youth, but the concept of significant
common-learnings was widely divergent.

The committees composed principally of scientists wanted
more attention given to the social implications of science, sup-ported a balanced program of physical and biological sciences,
and suggested specia! attention be given the talented student and
potential scientist. The nature of science, its methods and place
in the social and economic life of the individual were seen to be
of growing importance in the life of the citizen.

The committees composed mostly of educators looked upon sci-
ence as a means for meeting the "needs" of individuals in various
aspects of living. In this way science could be made "functional"
in the lives of young people. The methods and techniques of the
scientist were considered useful procedures for solving the prob-
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lems of daily living. The "scientific attitudes" were recognized as
worthy goals for all students in science courses and at all levels.

Every committee supported, in 'fume degree, the importance of
science in the maintenance of a "free society" and democratic
ideals. These ends would be accomplished through developing
a citizenry informed in science and by maintaining an adequate
supply of scientific and technical manpower. The curriculum
and teaching procedures necessary to achieve these goals were
riot clearly defined.

Most of the committees failed to mention modern learning
theory and its relation to science teaching. The philosophical
assumptions underlying the concepts of "general education"
were often hazy or contradictory. The result was that curriculum
reforms in science and improved teaching procedures did not
materialize in the schools. The seeds were sown, however, for
curriculum developments that were to emerge in the next dec-
ade.

While the status of science in the secondary school curriculum
was never weaker than at the start of this period (1940), the
stimulus of the "atomic age" and the acceleration of scientific and
technical development following World War II reaffirmed the
need for education in the sciences. In brief, the 1940-1950
period represented a decade of divergent points of view about
science teaching. Each committee did agree, however, that the
science curriculum of the past was not suitable for the youth then
in school.

All the committees that considered the science offerings in
schools recommended a continuous program of science instruc-
tion from kindergarten through high school. They were not un-
aware of the problems involved in their recommendationthe
shortage of qualified teachers, the lack of facilities and equipment
and the need to study the grade placement of different science
concepts.

The general biology course continued to gain in enrollment
throughout the 1940-1950 decade. Nearly all the high schools in
America were offering the course and in 1950, 21.7% of all
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high school students were enrolled in a biology class. The special
biological subjectsphysiology, botany, zoologyhad a com-
bined enrollment of 1.2% of the students in higt 'vol. Sev-
eral of the curriculum committees during this period noted
the growing enrollment in biology and pointed out that it was
the bioldgy teachers who must now assume the responsibility of
conveying to the majority of youth most of what they will learn
about the nature of science.



VIII

The Crisis in Science Education and a
Reappraisal, 1950-196o

Tim DECADE from 1950 to 1960 has been described as one of
"confusion and crisis" in science education. Dozens of state and
national committees have published statements about needed im-
provements in secondary school science teaching. Articles ex-
pressing the opinions of individuals run into the thousands. The
Second Session of the Eighty-Fifth Congress of the United States
recorded 1600 pages of testimony in twenty-two days on the
question of "science and education for national defense."

Professional societies of scientists and technologists have re-
activated their education committees and proposed policies for
science teaching. Industries, either individually or through their
Foundations, have developed new teaching aids, stimulated cur-
riculum studies and supported programs of teacher education in
science.

The National Science Foundation has taken the leadership in
stimulating and supporting the development of new curricula
and teaching resources in the sciences and mathematics. Hun-
dreds of institutes have been organized to assist in realizing the
potentialities of new curricula through a retraining of teachers.

The problems leading to a concern about secondary school
science teaching following 1950 had been developing for some
time. Perhaps the basic factor was the accelerated growth of sci-
ence and technology following the close of World War H. The
vast amount of scientific knowledge that had been accumulating
in the last hundred years, the "break-through?' in science and
technology symbolized by biotics, electron microscopes, atomic
fusion and space probes, all caused speculations about the nature
of education in the sciences.

The application of scientific and technical knowledge to the
108
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production of goods and the thirst of industry for more knowl-
edge to nourish industrialization have led to a continuously
narrowing gap between research and its application to industrial
techniques and products. It is these products of technology that
impress the average man;,they have given him the comforts and
conveniences characterized by modern living. The relationship
between science and technology, especially the part that science
plays, is still vague in the minds of most people. To many sci-
entists this is the fault of the way science is taught to young
people.

Between 1950-1960 it became apparent that "ew of the major
economic, political or social problems ofour society or of modern
civilization could be discussed to their fullest import in the ab-
sence of a scientist. An understanding of science was becoming
imperative in the education of all people. The nature of this
education had not rt evolved.

The -ast increase in the volume of organized knowledge, with
its growing complexity and its inaccessibility to the nonspecial-
ists, has posed a serious problem to the curriculum maker for
some time now. How to keep high school courses at the point
where recent scientific achievements will find a way into the
intellectual life of everyone has been an unsolved problem. Then
there is the task of getting rid of the inert knowledge in courses
to make room for the more significant and newer concepts.

The biological fields since mid-century have taken on new
vigor. New research tools and techniques have advanced dis-
coveries faster than anticipated. The unifying concepts in ge-
netics along with the research on DNA, have provided a founda
tion for a science of "biology." Researchers in the special fields
now have a basis for communication in the theoretical aspects of
DNA. There are other examples. These achievements suggest
the need to reformulate the biology courses intended for general
education.

Several problems in secondary school education were con-
spicuous between 1950-1960. At the start of this century only
8.4% of the youth in America between 14-17 years of age were

7
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in high school; by 1960 the number had increased to 70% and
the trend was upward. The range of abilities and interests re-
flected in a 60% sample of an age range that included 8.5 mil-
lion young people is overwhelming. Furthermore, these pupils
were distributed among 22,000 high schools of which more than
14,000 had a graduating class of less than 100. Curriculum plan-
ning and course develonment had not been able to keep pace
with the kinds of problems presented by this situation.

The demand for higher education by a larger fraction of the
high school graduates brought new pressures on the high schools
during the fifties. Many critics felt that the high schools had
been growing lax in offering the type of courses at "would
better prepare for the int..ilectual life of the college." The pri-
mary concern was that the gifted and the talented student was
not being challenged to his capacity.

While some critics focused their attention on the science cur-
riculum others felt that the greatest need was in the improvement
of teaching and that this would come about if teachers were
better trained. Throughout the decade beginning with 1950 the
number of college graduates with science majors who desired to
teach dropped each year, while enrollments in science increased.
At no time during the 1950-1966 period was it possible to fill
but a fraction of the teaching vacancies in science with qualified

teachers.
In many sections of the country the needs for school constric-

tion, science facilities and equipment were not adequately met.
Trai.led curriculum workers and supervisors in science were in
small supply. The National Defense Education Act passed in
1958 was an effort relieve some of these difficulties.

Only minor attention had been given to theories and research
in human learning in the past fifteen years. The characteristics
of the time indicated the need for a greater efficiency in learning
and better teaching techniques. But there was not adequate
psychological research available to develop the necessary,educa-

tional hypotheses.

h.
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These conditions in science and in education were not entirely
unrecognized. The Harvard Committee (73) and the Steelman
Report (79) published after the close of World War H, recog-
nized that the time had arrived for a curriculum reorientation in
the sciences. A number of educators and scientists as individuals
also sought to be heard. The events, however, that resulted in the
"space age" were sufficient to activate those interested in science
teaching to a massive effort of curriculum mievelopment. To
fully appreciate the significance of the work to improve science
education in American schools during the 1950-1960 period the
problem needs to be viewed in a perspective that includes the
social, economic, scientific, political and educational develop-
ments that were characteristic of the period.

The firs-, major effort to review the teaching of biology in
American secondary schools during the 1950-1960 decade was
carried out at the Southeastern Conference on Biology Teaching,
held during the summer of 1954 (15). Eighty-five high school
and college teachers met for a period of ten days to discuss the
problems of biology teaching. Represented at the conference
were high school biology teachers, college biology teacher.), sci-
ence education specialists; administrators from colleges, public
schools, and state departments of education.

The major objectives of the conference were: 1) to establish
the proper role and the major contributions of the various bio-
logical sciences to teacher' training; 2) to identify some of the
major problems found in the teaching of high school and college
biology; 3) to develop suggestions and recommendations for the
improvement of biplogy teaching in high school; 4) to develop
plans for the implementation of the recommendations of the
conference.

Six biological scientists prepared written summary statements
on how; their special fields could and should contribute to the
training of biology teachers. From these papers much of the
resource material for the development of high school curriculum
and the teacher training programs was formulated.

Sixty problems concerning the teaching of biology were identi-
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fled, of which twenty were chosen for detailed discussion. Only
those parts of the report related to curriculum will be reviewed
here.

The committee first reviewed and discussed papers in the
following biological fields: 1) heredity and development, 2)
evolution and paleontology; 3) morphology; 4) taxonomy; 5)
physiology and health; and 6) ecology and conservation. From
these presentations a series of basic principles for curriculum
development were established. The committee pointed out the
importance of the biology "specialist" becoming a "generalist"
when it comes to developing curriculum materials for high school
courses.

The major problems of biology teaching identified at the
conference were: 1) availability of teachers with adequate train-
ing in biology; the group was aware, however, that 59% of the
high school biology teacher at that time (1952) had a college
major in biological sciences; 2) relationship of biology to the
rest of the high school program; 3) adequacy of coverage in im-
portant content areas of biology; 4) adequacy of text and other
teaching materials; 5) adequacy of laboratory equipment and
outdoor study art as; 6) effectiveness of biology programs in meet-
ing the needs and interests of students; 7) effectiveness of testing
and evaluation procedures; and 8) extent of assistance, leader-
ship, and supervision by administrators.

The conference representatives were of the opinion that biol-
ogy courseilliould be-Elfin-a to meet the ri,_eas andinterests
of individual students. Course objectives should be both general
and local in character embracing the principles of biology with
local applications. The following goals for teaching secondary
school biology were suggested: 1) an understanding of the basic
principles of biology; 2) an understanding of themselves (man)
and of human life; 3) an understanding of how the organism and
physical environment in a given situation form a community
with many complex interrelationships; 4) an understanding of
how biology can be used in later life; 5) an understanding of
scientific methods and attitudes through experiences in the biol-
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ogy course; 6) a positive approach to physical and mental health;
7) avocational interests and appreciations related to living things.

To achieve these goals demands student participation in a
wide range of learning activities and the use of appropriate
correlative teaching techniques. The high school teacher should
exert the leadership for developing needed textual and instruc-
tional materials. Special opportunities for talented students and
for those with individual interests were recommended.

It was emphatically stated that field work and laboratory ex-
perience with living materials should be used as a means for
developing in high school students some understandin: of the
methods, approaches and attitudes of biological scientists. The
group also recommended that the work in biology should be
integrated into the total program of the secondary school wher-
ever the opportunity exists.

The North Central Conference on Biology Teaching was held
in 1955 at Cheboygan, Michigan (9). A total of 87 high school
science teachers, college biology teachers, science education spe-
cialists and public school administrators met to study: 1) "the
contributions of biology to living and to develop a set of basic
principles and practical experiences which are essential for biol-
ogy teachers and pupils"; 2) to analyze some of the most impor-
tant problems of biology teaching at various levels of instruc-
tion; 3) "to develop a set of recommendations for the solution
of the selected problems"; and 4) "to formulate plans by state
teams for implementing the recommendations." The work of
this committee was patterned similarly to that of the South-
eastern Conference on Biology Teaching, held in 1954. Research
biologists in various fields were invited to prepare papers as back-
ground n aterial on what they considered to be significant subject
matter for the high school teacher, and then to suggest the ex-
periences and methods by which these materials might be pre-
sented to students.

The conferees recognized that local conditions must influence
what can be done in the study of biology. After deliberations
some of the recommendations were: 1) there should be a year of
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biology, preferably in the tenth grade; 2) the course should be
designed for all students but must provide for individual differ-
ences; 3) special opportunities should be provided for capable
students, and for those who plan to become biologists. Further-
more, the high school program should be directed toward un-
derstanding the methods, approaches and attitudes of science and
how these differ from the non-sciences.

It was recommended that the curriculum in biology be re-
examined, particularly in terms of topics that could be taught at
grade levels before high school. There was a consensus that 1)
current scientific developments and social trends should influ-
ence the content of biology courses; 2) course adjustments are
needed to meet the problem of urbanization; and 3) the whole
biology course needs to be up-graded in intellectual content.

In the teaching of biology the success of the methods used was
thought to be dependent upon the teacher and the total environ-
ment as well as upon the learner. The textbook should be used
as a source of information and as a tool but not as a set course of
study. Definite attempts should be made to take advantage of a
wider variety of community and natural resources. It was felt that
more use could be made of museums, zoos, botanical gardens,
vacant lots, and the landscaping within cities.

The administrative set-up of a school has much to do with
effective biology teaching and recommendations were made to
help teachers obtain: 1) an increase in academic freedom; 2) a de-
crease in class interruption; and 3) a better program of in-service
education. The high school biology teachers expressed a desire
to know what other biology teachers were doing, and recom-
mendations were made for increasing communications with
other members of the profession.

In 1954 the Division of Biology and Agriculture, National
Academy of SciencesNational Research Council, established a
Committee on Educational Policies o consider problems of bio-
logical education. At a later time, as an outcome of these earlier
discussions, sub-committees were set up to explore the problems
of biology teaching from the elementary school through collegiate

rl
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and adult education. Other subcommittees were appointed to
consider special problems such as laboratory work, textbooks,
guidance materials, films, and teacher education. Only the com-
mittee reports that have relevance to high school biology will be

summarized here.
The program of the Committee on Educational Policies grew

out of a Conference on Biological Education, held in Washing-
ton, D.C., March 10, 1953 (25), and sponsored by the National
Academy of SciencesNational Research Council, the following
question was discussed in detail: "How can the educational sys-
tem in biology adjust itself most properly to the change of em-
phasis taking place in the biological sciences away from pre-
occupation with specific living forms into the direction of
principles and mechanisms of life processes?"

It was felt that major changes were needed in biological educa-
tion at all levels and for both general and professional education.
The following resolution was issued: "In view of the rapid de-
velopment of the biological sciences, it is desirable that educa-
tional and instructional objectives and practices be subject to
continuous and concerted study. Be it therefore resolved that a
policy committee be estalPshed within the structure of the Di-
vision of Biology and Agriculture of the National Research
Courzcil, to confer with and advise those individuals and organi-
zations that are most intimately concerned with biological educa-
tion in its many facets as to the present and prospective demands

upon, and needs of, the biological sciences."
After reviewing a number of reports on biological education

the Committee on Educational Policies of the NASNRC con-
cluded (1) that any discussions on biological education should
consider "the accelerating growth and diversification of the bio-
logical sciences; the need for continuing reappraisal of funda-
mental concepts; the increasing demand for specialists, but spe-
cialists with broad knowledge and outlook; the expanding
significance of the sciences in human affairs; and the concomitant
need for public understanding and support of scientific inquiry."
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The committee was in general accord tin the following points:

1. "There is need for agreement among the educators and sci-
entists in this country as to what constitutes biology to be
taught in the high school, college, and graduate levels."

2. "Biology as taught at the high school level in many areas,
does not arouse much interest in the student. There is need
for improving the training and qualifications of high school
biology teachers, and correspondingly, tE'..lre is need for stimu-
lating people to go into the teaching of biology."

3. "There is need for a 'core curriculum' in biology for the
student who plans to become a biologist as compared with
biology courses given the student who does not intend to con-
tinue in this field."

4. "There is need for wider exchange of ideas among biology
teachers at all levels, through the media of journals, profes-
sional organizations, national societies, etc."

5. "In conclusion, there is need for a committee composed of
biologists, educators, textbook publishers, science writers, and
representatives of industry to cover the whole spectrum of
biological education from the high school level up."

The values to be derived from a study of biology were stated
as follows: "The committee believes that a basic knowledge of
biology should be a part of everybody's education . . . The high
school course should be designed to give students an appreciation
of biology as an open and growing field, full of unresolved prob-
lems, and full of profound implications for man's life. It should
give the student experience in the scientific approach to problems
and confidence in science as a major instrumentality of man's
exploring intellect. It should give students an abiding interest in
organisms, including themselves, and make them aware of the
significance of biological occupations and avocations."

The extensre vocabulary found in biology courses caused
much concern. "One of the shortcomings of textbooks and
courses is often that the student may become so impressed with
need for learning a new vocabulary as to lose sight of larger ob-
jectives. Moreover, much confygion has arisen in the use of terms
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and units in biology simply bccause of the way biology has growii.
Many labels may be applied to different forms of what later turns
out to be a single type of entity; conversely, terms may change
meanings as discovery proceeds, but people may use the terms
in all senses from the earliest to the latest. Much of this is in-
evitable in an actively growing realm of inquiry, but some diffi-
culties can be avoided by helping students develop an increas-
ingly critical faculty, a steadily deepening appreciation of the
relationships and contrasts between fact and theory, phenomena
and concept, reality and label. Authors and teachers, meanwhile,
have a special problem and a special responsibility in regard to
terminology."

The sub-section on the Improvement of Textbooks of the
Committee on Educational Policies surveyed the shortcomings of
the modern textbook in biology (23). It recognized textbooks as

a basic requisite of biological e&cation but felt, however, that
they tend to be conservative, to lag behind the development of a
discipline, and that all too frequently efforts at modernizing
involve little more than sprinkling a sauce of late news flashes
over an essentially archaic presentation. "Whether accurate and
contemporary in outlook or not, many textbooks are written
with an overwhelming finality which misleads the student into
believing that he has mastered the full scope of the subject as
soon as he has covered the book. Few textbooks succeed in por-
traying their science as living, developing human behavior; few,
despite a first chapter genuflection toward 'scientific method',
attempt to give the student a clear understanding of how we have
arrived at our present state of knowledgeand ignorance."

In the development of new textbooks or in the reordering of
courses, it was suggested that a "committee of top-flight experts
representative of the varied facets of the discipline be asked to
lay out rather fully what is presently known, what can be said of
the relative significance of specific data and principles, what the
emergent trends and possible future directions of the area may
be." There was a consensus that "by this way more first-rank re-
search scientists can be brought into the textbook-preparing
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proem, whether they themselves carry the task through to a
published book or not."

A further recommendation was that a board of review for
textbooks should be initiated "to make comprehensive and criti-
cal reviews videly available." It was felt that school administra-
tors, lay boards and many teachers were not in a position to make
critical judgments as to the content of textbooks. It would not be
a function of the board to impose any pattern of conformity or
style. "The proposed board would not only review books after
publication but would make its services available to publishers
upon request for prepublication review of manuscripts." This
plan was later rejected in favor of the preparation of a statement
on criteria for the preparat:on of textbooks.

The Subcommittee on Instructional Materials and Publica-
tions of the National Academy of SciencesNational Research
Council, after reviewing the problem of textbooks in biological
education, prepared a report on Criteria for Preparation and
Selection of Science Textbooks (11). Little had been written up
to thiis time (1957) on the selection of textbooks in biology, par-
ticularly with any rationale in mind. The major criteria for the
preparation and selection of science textbooks as they were de-
veloped by the committee follow:

Point of View

Some statistical evidence and much general observation lead
u. to the conclusion that high school and college courses in science

do not yield a higher percentage of students with scientific atti-
tudes toward problems than LI) nonscience courses. If this is in-
deed true, the cause must be sought in teaching, unless one is
willing to believe that students of high school and college age
have already become so inflexible as to be unable to acquire
characteristics usually described as scientific attitudeshealthy
skepticism, open-mindedness, willingness to apply new data to
problems considered settled. It is conceivable that some students
at this stage may have lost their malleability. Science teaching,
however, must be predicated on the assumption that most have
riot.
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Upon looking back on their own schooling, moss scientists
can remember instructors and textbooks who failed to exemplify
scientific attitudes. Science teaching and science textbooks, es-
pecially at elementary levels, are too often authoritarianthe
very antithesis of scientific attitudes and modes of thought. Many
books present theory and fact as though there were no difference
between them and as though both were settled for all time. In
contrast, the best books and the best teaching show dearly that
science is a search for knowledge and that mankind is very Car
from the end of the search in any branch of science; they inspire
both a love of learning and a zeal for the quest.

We believe that authoritarian teaching of science as found in
many textbooks does much to close minds, not open them; to
make robots, not thinkers; to discourage, not encourage further
work in science; to inhibit, not promote attempts to apply sci-
entific methods to the numerous problems one meets daily in
every walk of life.

In many courses and textbooks, subjects are presented as
though the course or textbook contained all the available facts
and theory on the subject at hand, when, in fact, no book or
course can present more than a selection of fact and theory. Capa-
ble students are unlikely to choose a field for a career if it it

to them as an apparently closed and completed story.
We believe, therefore, that all science textbooks should ex-

hibit the following basic characteristics:
1) They should show the difference between fact and theory,

between the solid core of verified knowledge and on-going in-
tellectual exploration, between reaffirmed theory and the con-
tinuing re-evaluation of interpretations If students are fre-
quently reminded that what they are reading is the present state
of knowledge or the present interpretation of observations and
experimental results, they will be more likely to think of science
as a process, as well as a more or less organized body of observa-
tions and explanatory theories. Truth in science is continuously
being sou3ht and is continuously changing as new observations
are made and new theories are evolved to explain them. The
aim of science teaching is to show the nature of science as well
as the science of an aspect of nature.

2) They should make it ',Try clear that the course is a selection
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of presently-known fact and more or less accepted theory. Oc-
casional or frequent reminders that portions (sentences to chap-
ters) could be expanded into whole books or shelves of books
can help to increase the reader's appreciation of the scope of the
subject presented.

3) They should cite unsolved problems. Frequently the devel-
opment of a topic offers golden opportunities for showing gaps
in current information or theory. Appreciation of the need for
research can be fostered by discussing problems now under in-
vestigation or in need of investigation.

4) They should show the relationships of the given subject to
other fields of science and to broad problems of humanity. Stu-
dent interest can be quickened by the occasional, if not fre-
quent, consideration of what a fact or theory is good for. How
often are students shown the range of impact of scientific fact
and theory on intellectual history and human affairs?

Criteria for the Content of Textbooks
1) Adequacy of coverage. Books are often criticized for inade-

quacy of material by those who have not judged the product in
relation to the purpose for which the hook was written. Further-
more, users too often seem to wantwith consequent pressure
on authors and publishersa storehouse of factual information
rather than a well-ordered synthesis of basic concepts and prin-
ciples. No text today can be complete; and even if a 'complete'
book were possible, it would be undesirable because it would
tend to preclude other reading representing different viewpoints
and interpretations. It follows, therefore, that a teacher who
discards a good book for a poor one on the basis of the omission
of some relatively unimportant topic (often one the user could
best supply) does his students an injustice.

2) Up-to-dateness. The science text selected should represent
the most modern thinking available, articulated with the cumu-
lative store of relevant concepts from the past. This criterion is
often distorted by merely superimposing a seductive facade of
recent research results and references upon a fundamental
framework that should have long since gone into the discard.
Successive editions of a text should particularly be scrutinized
to determine whether the framework or only the facade has
been 'brought up to date.'
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3) Point of view. Does the book present, as advocated above,
scientific methodology, the scientific process (and throughout,
not merely in a lip-service chapter)? And does it open some of
the vast vistas of unanswered questions that make up the chal-
lenge of the future?

4) Suitability for students. Too often the teacher selecting a
text judges in terms of its impression on him, without suffi-
ciently considering its suitability for students at the level of de-
velopment represented in his course. Authors, too, have been
known to write books more for colleagues than for students.
The selector should ask himself such questions as the following.
Does the book require background his students have not yet
acquired through courses or from general experience or concur-
rent reading? Is the amount of terminology within the student's
grasp? Are new terms properly defined and intelligently used?
(Fortunately, biology seems gradually to be discarding the idea
that even elementary courses must be terminology memory-
mills.) It has long been known that if terms are to be remem-
bered and available, they must be meaningful, must be useful,
and must be used. At the same time, we certainly do not mean
that there should be no 'stretching' of the student, even the aver-
age student, with new words or mature language. If at each
grade level we assumed that the student could not handle lan-
guages he had not been exposed to before, when would the stu-
dent advance beyond the primers?

5) Logical coherence. A textbook should build from simple to
complex in proper steps; topics should be developed in a logi-
cal sequence, not as an assemblage of facts 7,tranged by cate-
gories. Rarely if ever is there only one 'right outline, but the
author should be able to show a reasoned basis for the organiza-
tion he has adopted, and the user should be able to see the or-
ganizational plan without excessive effort or persuasion. The
requirement of a logical sequence does not preclude repetition
of the same material in different contexts; a discipline may have
more than one dimension. On the other hand, a text fails to
achieve its proper function if it is so loosely structured as to be
amenable to random recombinatitin of its parts.

6) Accuracy. Author and publisher should have done every-
thing possible to insure accuracy. Carping criticism of minor
obvious errors would seem unjustified, but many small slips



122 BIOLOGICAL EDUCATION-COMMITTEE REPORTS

should Ow the selector to the possibility of more basic faults.
Most serious are uncritical acceptance of interpretations,, dog-
matism, and errors in important factual content.

7) Summaries. For some types of textbooks, end-of-chapter
s immaries can be valuable teaching aids. An alternative method
; to use marginal notes summarizing each section or paragraph

a nd so phrased as to form a chapter summary when read con-
s xutively. In no case should summaries offer an escape from
reading the chapter, but they can usefully highlight the main

oints. Summaries at the ends of chapters can also be used to de-
velop transitions between chapters or to point up unsolved prob-
lems and questions.

8) Study questions. These are not necessarily essential but can
be valuable if they do not merely trigger regurgitation. The
temptation to use rote questions will be less if the development
of the subject is more than merely factual. Questions should be
graded in difficulty and should offer students real challenges by
requiring a search for answers outside the textbook, by posing
problems not adumbrated in the text, and by inclusion of op-
tional questions for students with the inclination and aptitude
to penetrate the subject more deeply.

9) Bibliographies. In elementary texts extensive reference lists,
particularly to material far beyond the comprehension of the
student, are relatively useless. Furthermore, if the book is to find
general use, the references must be readily accessible sources.
In more advanced texts more comprehensive reference lists can
be very valuable, but there, too, all citations should be scruti-
nized for periiitence. A reference list is more helpful if it in-
cludes 'capsule' annotations, especially to show what part of a
reference is pertinent and what light it throws on some topic in
the chapter.

10) Indexes. Textbook indexes are frequently so incomplete
or so poorly designed as to be doubtfully worth the extra pages.
The main purpose of an index is to enable a reader to find top-
ics, and especially major discussions of topics, under words the
reader is likely to look for. A good index is comprehensive and
is built around ideas and concepts as well as around names of
things. Identifying major discussions by such devices as boldface
page citations increases the index's usefulness.

it
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Criteria for the Form of Textbooks

1)- Clarity and readability. No matter how good the material,
it might as well remain locked in the author's mind if he fails
to transmit it with crystal clarity. If to clarify the author can
add fluency, verve, apt analogy, even a sprinkling of Inimor,
the student will not only read with pleasure but will grasp and
retain more of what he reads. Texts with these qualities are rare
in the second-hand market, since even a. textbook with these at-
tributes often becomes a permanent addition to the student's li-
brary. But style is not all. There have aL, been texts that read
like novels but lacked real substance and loft their appeal upon
more mature reflection.

2) Illustrations. Illustrations can be invaluable teaching aids,
merely decorative, or both. Ideally they should be both instruc-
tive and pictorially effective. If merely decorative, their worth
is highly dubious. To be instructive they should be so com-
pletely integrated,with the text that the text is relativtly unin-
telligible"without them and the illustrations relatively meaning-
less without the accompanying exposition. This implies that
illustrations should be as near the appropriate textual material-
as possible. We also deplore the long-standing practice of un-
critically borrowing illustrations from other sources, irrespective
of their accuracy or appropriateness. Poor composition and re-
production can similarly vitiate the effectiveness of illustrations.
Authors are often tempted to include so much in a single figure
as to confuse or discourage the reader. Photographs, particularly
photomiCrographs, lose much of their effect if reproduction is of
less than superior quality.

3) Aids to emphasis. Judicious use of headings, boldface, and
italics can assist the student by hthlighting conceptual rela-
tions and important definitions and terms. But when overdone,
the effectiveness of such devices diminishes rapidly.

4) Format. Attractive typography and binding can help make
the use of a book a pleasurable experience, but a selection based
primarily on these elements is certainly unwise.

Suggested Procedures for Selecting a Text

Using these criteria, how does the conscientious teacher set
about selecting a suitable text for a given course? Obviously, the
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thoroughness of his search and the time required will depend-on
tlie number of books available and his familiarity with the older-
ones; and on his own involvement in the subject. If the field is
his major interest, selection will be simplified, and he may skip
some of the steps listed. If it isn't, and he has the interests of
students fully in mind, he will do well to exercise the utmost.
care.

1) Scanning the. available books may be adequate for a rough
screening, but those under serious consideration should be read.

2) The selector shotild watch for critical reviews which, pre-
sumably, are written by experts. Hinvever, he himself should
apply as much critical judgment as possible to the reviews, for
they may be biased, or wrong.

$) If the book includes any substantial amount of relatively
unfamiliar material, expert critical advice should be sought.

4) It may -be desirable, especially at introductory levels, to try
selected chapters on students who seem to possess critical capac-
ities but have not progressed, so far as to be unable to judge
comprehensibility and readablility for those who Mil be using
the text.

5) Before he makes his choice, the selector should carefully
compare the available books, matching them point by point
against a set of such definite and explicit criteria a3 those herein
outlined.

The earlier meetings of the Subcommittee on Pre-College
Education (7) were devoted to a study of those phases of biology
instruction in secondary schools which appeared crucial. The
following statements were developed to represent problems and
issues in high school biology teaching but should not be inter-
preted as recommendations:

1. Laboratory. "For indoor laboratory work we need manuals
at different academic levels containing really good, fresh in-
structive experiments. For outdoor laboratories more effort
needs to be devoted to the development of school camping,
school gardens and forests, and school projects in study and
improvement of the children's own communities."

2. Advanced Biology Courses. Most secondary schools have
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only a tenth grade general biology course. There is a place
for junior and senior courses built upon this introcliic
courses in natural hiStory, botany, and zoology, in te;chniclan
fields, alid in the so-called earth sciences.

3. Course interrelations. Attention needs to be given to teLting
instruction by teachers in the different subjects, that is, biol-
ogy apparatus might be constructed in shop, writing biology
themes in English and discussions on the impact of science in
social studies classes.

4. Communication skills. There is abundant evidence of stu-
dent deficiencies in the ability to speak and write electively.
One possible cause is the lack of opportunity to practice these
skills. A journal in which high school students could *pub-

- lish science articles to be read by other students might pro-
vide a stimulus.

5. Library and laboratory facilities. It was suggested &tat mobile
reference libraries and laboratory equipment in schools be
developed where there are not sufficient- resources in each
classroom. .

6. The superior student. A plan to provide college credit for
superior work in high school was seen as a. "spur to the im-
provement of high school teaching."

The committee felt that more support should be given to the
use of outdoor "laboratories" in instruction, but was not en-
thusiastic in their support of advanced biology courses in high
school.

The Committee on Educational Policies of the National
Academy of SciencesNational Research Council in 1954 es-
tablished a Subcommittee on Instructional Materials and Pub-
lications (58).-One of the first concerns of this committee was to
consider the problem of laboratory instruction and field work in
biology.

In the earlier meetings of the committee the following points
of view were established as working guides:

Biologists in-all fields concur in the conviction that opportu-
nities for students to.conduct observations and experiments on
biological phenomena and organisms through field studies and

$
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propetly planned laboratory work are an indispensable part of
most biology courses; laboratory work is especially important.in
basic courses in seCondary schools and collegei. These are crucial
courses having a two-fold importance: 1) They are the main.,
avenue through which ou: future citizenry will become ac-
quainted with the problems, methods, accomplishments, and
values Of the biological sciences; 2) Through them students may
be so challenged by the opportunities, the unsolved questions,
the human significance of biology as to embuf upon profes-
sional carreers in the life sciences and their applied offshoots.

The committee noted "in a distressingly large number of high
schools and even in some colleges, the pressures of mounting
enrollments and inadequate facilities, the ineptitude and lack
of enthusiasm of some teachers, the notion that students learn
as well from demonstrations and films as from laboratory work
they do themselves, have led to dratic reduction or even total
abandonment of laboratory and field study. Elsewhere, though
'laboratory' remains on schedule, what is offered is so pedestrian
and unimaginative, so unlikely to challenge the studenes powers
as to be almost worse than no laboratory work at all."

To meet the educational problems of effective laboratory
work, the pressures of increasing class enrollments, and the en-
croachments upon the time the teacher has for planning, and
the problem of the diversity of subjects in high school biology,
the committee decided "to pool the talents of the best teachers
by publishing source books of dynamic and challenging, tested
and practical laboratory and field projects fu2 students of dif-
ferent levels and in different special subjects." A working plan

was developed for involving imaginative high school biology
teachers and university biologists from a wide array of biologi-
cal disciplines to prepare a source book of laboratory and field
studies for high school biology.

The Sourcebook of Laboratory and Field Studies in Biology
was prepared during a- writing conference held at Michigan
State University for two months during the summer of 1957 (47).
The writing team was composed of twenty high school biology
teachers and ten biologists from colleges and universities.

sa+
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_Initial steps in preparing for the Sourcebook were to make
some:decisions abOut the purposes' of high school general _biol.

ogy and how it might be taught. The Panel on Righ School
Biology courses,- therefore, "sought to define the broad goals of
laboratory and field studies and the philosophy which should
underlie the whole prograin." The next step .was to examine
"the content of modern biology in search of basic dimensions
which should appear in the book and in courses ..." It was
recognized that `!no single organization fits all courses," there-
fore the Sourcebook was designed to be useful to every teacher
regardless of his course plan.

The objectives accepted for the teaching of high school bi-
ology were:

1.A major function "of laboratory and field studies is to show
students that biology is a living science full of interesting and
intriguing questions, not just a series of 'cut and draw' school
experiences."

2. "Some exercises must be concerned with observation, dissec-
tion and the transmission of basic factual material, but many
are designed (a) to present problems to the students; (b) to
permit the collection of relevant data; and (c) to lead students
to relate the data to their own knowledge so that they can
formulate hypotheses which they can test. Wherever possible,
learning in biology should involve an active quest by students
that makes them, for the moment at least, scientists in search
of discovery."

3. "Laboratory and field studies should also lead students to
understand biology in its present stage of development as a
science.. Various aspects of the teaching of biology represent
historical periods in its development and in some high school
courses the teaching is unfortunately still confined to the
earliest of these stages. The following phases can be identified
in the development of .biology: (a) the taxonomic, in which
the emphasis is on recognizing and classifying the individuals
with which the science is concerned; (b) the static descriptive,
in which these objects are'described in static or morphological
terms; (c) the dynamic or analytical, in which theories of
chemistry and physics, are applied to explain biological proc-
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esses; and (d) the organismic or holistic, the most_ recent, in
which explanatory concepts develop from within biology it-
sell but incltule theories from the physical sciences, aiid in
which the main effort is to put together all information.. on
the objects of study so as to evolve anintegrated.organismic
or ecological picture. If students are to understand biology
as a science, they should have experience with all of these
phases. Moreover, they should have opportunities to appre:
slate that biology equally emphasizes the individual exper;-:
ence or event and the regularities called laws. They should
be helped at every stage to see biology as an open and grow-
ing field in which a great Many problems still remain un-
solved."

4. "Furthermore, the biology laboratory experience should be
the kind that will lead some students to the discovery of re-
warding avocations and others to an exciting life work."

5. "Finally, the course in biology should develop in students
confidence in science as a dependable aid to the solution of
many human problems. To accomplish this, biology as well
as other sciences must be presented to students as a service-
able and dependable intellectual tool that can be used, de-
spite certain limitations, not only to satisfy the aesthetic
needs of a few specialists, but to solve many of the world's
practical problems, and to gain for humanity as a whole an
intellectual understanding of the nature of things not achiev-
able without it."

The dimensions of. a high school biology course were de-
scribed as follows:

1. "Because minute follows minute, page follows page, and ex-
ercise follows exercise, courses, textbooks and instructional
aids like the Sourcebook stand in constant danger of repre-
senting multidimensional realms of knowledge and iaquiry
as unidimensional systems. A realization of the multidimen-
sional character of any science, scholarly tliscipline, or prac-
tical field can nevertheless evolve within the individual in-
tellect. This is precisely what we as teachers want to help our
students achieve. We believe, therefore, that attempts to de-
fine the major parameters of biology serve a useful purpose.
Doing so will help to keep before us two things important for

.10
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teaching: a) many pathways through the system, biology, are
possible and will achieve the objectives of a general course,
.provided.a number _of the major parameters are represented,
and .b) we should *always help the studenti to see how the
specific topic, -the incLe idual exercise, relites to the whole
Panorama which should eventually rise to view in the stu-
dent's mind."

2. "It must be emphasized that no conceptual scheme can or
should .be proposed as the best scheme. Any number of
schemes can be conceived. In the high school course, how-
ever, we should emphasize .the nature CA scientific inquiry,
and should focus primary attention on principles. At the
same time, we should acquaint students with the diversity of
individuals that comprise the living world."

3. "There are at least three dimensions in study of biology.
The three we use reflect the three objectives set for the
school course: a) the processes of scientific investigation; b)
the variety of organisms; and c) approaches, concepts And
principles as developed in the outline. Others could replace
them or be added to them, including levels of biological or-
ganization, dynamic relitionships among =1 tese levels, types
of approach, tools of investigation, discip.Akies, etc."

The committee recognized that there are many course organi-
zations possible. The starting point may be any organism and
any aspect of biology, and the course may proceed in varied di-
rPctions. But whatever the organization, the course should sam-
ple the major areas of inquiry and the biologies of particular
kinds of organisms; ,. should be so planned as to lead finally to
the development of a coherent view of biology; and it should
be presented in such a way as to exemplify the nature of science.

The material developed for the secondary school biology lab-
oratory and field work was organized to fit the following course
outline.

1. ORGANISMS LIVING IN THEIR PARTICULAR EN-
VIRONMENTS ARE THE PRIMARY SUBJECTS OF
BIOLOGY
a. Introductory Survey of Natural Cominunities .
b. Introductory Field Survey of One Group of Organisms
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c. Laboratory Communities
d. Study of a Single Species

2. THE DIVERSITY OF ORGANISMS .

*a. Understanding the Concepts' of Bid logical Classification
b. Major Phyla and Classes of Organisms
c. Use ©f Classification Manuals

5. SOME ESSENTIAL CHEMISTtY
a. The Nature of Matter
b. Properties of Solutions, Colloidal Systems and SuSpensions
c. Chemical Reactions;. Energetics; Catalysis
d. Constitution of Cells -

4. THE ORGANISM AS A DYNAMIC OPEN SYSTEM:
INTRODUCTION TO THE BASIC ORGANISMIC FUNC-
TIONS

a. Obtaining Matter and Energy
b. Using Matter and Energy for Life Processes
c. Release of Byproduct Matter and Energy
d. Reacting to the Changing Environment (Irritability and

Respon-,t)
5. MAINTENANCE OF THE INDIVIDUAL .

a. Nutrients and MOdes of Obtaining Them
b. The Internal Environment and Internal Transport (Circu-

latory Mechanisms)
c. Metabolism
d. Gas Exchange
e. Supportive Structures
f. Movement
g. Coordination and Integration

6. MAINTENANCE OF THE SPECIES
a. Reproduction
b. Heredity
c. Development

7. THE ORGANISM IN ITS ECOLOGICAL SETTING
a. Relationships of the Individual to its Environment
b. Relationships Among Individuals of the Same Species Form-

ing a Single Population
c. Relationships Among Individuals of Different. Species Within

an Ecological Community
d. Human Ecology

tY.
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e. The Hierarchy of Group and Environmental Relationships:
OrganiGms, Aggregations, Societies, Communities. of Differ-

. ent Levels of Size and Complixizy, World Biota
8. EVOLUTION OF ORGANISMS _AND. THEIR ENVIRON-

MENTS
a. Time Scales: Measurement and Duration .

b. Theories of Origin and Early History of Earth
c. Theories of Origin of Organisms in Relation to Environment
d. The Facts of EVolution: Examples from the Record
e. How Evolution Has Come About: Theories on the Mecha-

nisms of Evolution

The committee recognized that:

1. "Learning to report observations, experimental findings and
interpretations is an important phase of ,aboratory and field

work."

2, "Laboratory and field studies, of course, comprise but part
of the biology program. That program as a whole must form
an integrated experience for the student. Laboratory and
field studies must therefore be continuously planned and de-
veloped in relation to reading, discussion, consultation with
resource persons and evaluative procedures."

The preliminary edition of the Sourcebook was tried out by
a number of secondary school biology teachers and revised. The
final edition was published commercially in 1960 (48), (49).

In 1956, the Committee on Educational Policies, National
Academy of SciencesNational Research Council, sponsored a
booklet on Career Opportunities in Biology (80). The publi-
cation was "in response to repeated requests for information and
guidance received from biologists and biological societies."
Questions about the nature of the biological sciences, career
opportunities and their educational requirements' were ex-
plored.

In 1958, the .Committee on Educational Policies, Division of
Biology and Agriculture,. / ..)nal Academy of SciencesNa-
tional Research Council, in an unofficial- staff paper, summa-
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rized many of the current ideas about the' teaching of biology
(24).

-In the report the purposes-which underly biological educa:.
tion were given as- follows:

1. "For students in general, as future citizens, instruction in the
sciences sLould transmit, first, an understanding and appre:-
ciation of science as an activity of the human mind, an on-
going, unending search for knowledge; second, a substantial
grasp of the nature of things as thus far revealed by scien-
tific work, with the hope that the citizen will continue to
modify and supplement this learning tin ougout his life;
third, an understanding of the role of science and its off-
spring, technology, in every human culture, every stage of
history, but especially in our times and the future in which
students will live. Whether the student eventually works in
agriculture, industry, government, businefz, commerce, edu-
cation, arts or Fuences, he is likely to need some part of a
changing body of scientific knowledge in his own work."

2. 'This basic science must include understanding, knowledge
and appreciation of biology. Biological knowledge is impor-
tant both for the intellectual insights it affords and its enor-
MOUS practical consequences through agriculture, medicine,
anthropology and psychology for the life of mankind."

3. "In view of its high aims and un pestionable importance,
science instruction must obviously be as good as we can make
it. That it generally falls short of what it can be is a conclu-
sion of most observers and analysts who have recently ex-
amined science teaching." Some of the suggestions for im-
proving this undesirable situation were:
a. "better schools (broad and informed public support, sound

administration, goad buildings, including laboratories and
libraries, adequate equipment and supplies, proper
teacher-pupil ratios, more money for education, etc.);

b. "better teachers (salary scales and policies competitive with
other professions, better preparatory and continuing edu-
cation, sound certification policy, helpful rather than re-
strictive supervision, etc.);

c. "better instructional programs (courses and curricula in
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pace with growing knowledge and social change, emphasis
on basic principles and understanding to which knowledge
can be added throughout life, proper emphasis on labora-
tory and indiviti,:alized effort, pro vision for especially able,
average and slow students, etc.)"

4. "Biologists and other scientists can help advance us along all
three paths but, because of their special knowledge, they have
special responsibility to help improve content of instruc-
tional programs and competence of teachers."

5. "Some shortcomings of contemporary science teaching are
attributable to the gap between scholars in the forefront of
investigation and thought and those who design or present
courses and books for elementary and secondary schools. At
the present speed of scientific discovery, reconstruction of
conceptual frameworks, and application of scientific knowl-
edge, those on the frontier cannot avoid increased responsi-
bility for the effective dissemination of biological knowledge
through formal courses and popular media, to young people
and adults, to students directly and to their teachers."

6. "The rapidity of increase in knowledge requires both as
much school as can be provided while not keeping youth
from productive contributions any Imager than is absolutely
necessary, and continuing effort to find ways to condense and
select what is taught so that the term of studentship is not
extended indefinitely. Effort is needed to determine how
some things now taught at more advanced levels can be
learned at more elementary levels."

7. There is a need to recognize that biology has certain special
problems. "Its objects are more difficult and elusive to study
than some of those of other sciences," and the field is highly
diversified. Biological education requires more coordination
of special interests and programs than has typically occurred
in the past.

The discussants felt that the following issues should be con-
sidered in devising an action program:

I. "The first task is to determine what biological knowledge
can and should be learned at each school level; to define ob-
jectives and content."

111
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2. "Account should be taken of differing capacities of slow,
average and bright students; differing education goals; dif-
fering interests and enthusiasms of competent teachers, and
differing local situations."

3. "The proportIbn of time that can fairly be claimed for sci-
ence, and, within science, for biology at each level should be
ascertained, taking account of time need for other subjects,
ability and goals The sequential relationships of science
topics and areas should also be defined."

4. "After the shape of oche biology teaching job at each schooi
level is determined, needed instructional materials should
be devaloped."

5. "These endeavors should pool the talents of different people
and organizations." Professional associates, scientists, teach-
ers, school administrators and others working in teams or
singly should be involved according to the different cora-
petences required.

6. "Instructional programs and materials should be tested in
selected schools, revised according to experience, tested and
revised several times, if need be, and finally made available
for general use by schools and in teacher education."

The committee proposed a specific program of biological edu-
cation to serve as a basis for further deliberation by interested
and qualified persons. The program identified the following
series of projects for biological education in elementary and
secondary schools:

1. A syllabus and study guide in biology for elementary
teachers.

2. The development of a handbook on essential biology which
students should obtain in high school, covering basic prin-
ciples, concepts, facts, illustrative examples, documentation
of ideas, and implications.

3. "The writing of short booklets on special topics in biology
to supply background information fcr teachers on certain
fields unfamiliar to many (genetics, cellular biology, etc.) or
about applications and other special topics (biology of crop
plants and cultivation, etc.), or booklets for students in ad-
vanced courses and other special situations."
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4. The production of more laboratory and field studies for
secondary school biology, along the line of those in Labora-
tory and Field Studies in Biology: A Sourcebook for Second-
ary Schools.

5. A study of equipment and materials important for the study
of modern biology.

6. The production of filon and television presentations that may
serve to broaden student experiences in some phases of biol-
ogy and save teaching time in outer instances.

7. A study of the use of terminology in biology both to clarify
terms and to reduce the unnecessary vocabulary.

In 1955 an Education and Professional Recruitment Commit-
tee was appointed by the American Institute of Biological Sci-
ences and charged with the development of a program of bio-
logical education at all school levels. It was proposed that a
comprehensive curriculum project be developed to include new
course content, laboratory manuals, and teacher aids; the pro-
duction of films, film strips, charts and models; a study of pres-
tat in-service training of teachers; and the possible production
of pamphlets, booklets, and other publications that may serve
to increase the effectiveness of biological education. Oswald
Tippo, Colorado University, was chairman of the AIBS Educa-
tion Committee.

The steering committee for the various projects was com-
posed of research biologists, high school biology teachers, edu-
cators and school administrators. H. Bentley Glass of Johns Hop-
kins University was chairman of the steering committee and
Arnold B. Grobrnan, Florida State Museum, was appointed di-
rector of the Biological Sciences Curriculum Study. John A.
Moore, Columbia University, was chairman of the Committee
on the Content of the Curriculum and Addison E. Lee, Uni-
versity of Texas, chairman of the Committee on Innovations in
Laboratory Instruction.

At the onset of the AIBS project the point of view was that re-
source materials to assist teachers should be produced rather than
a definitive course of study. The ultimate purpose of the project
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Ivo a biology program "which would, ideally, impart to the stu-
dents those major biological principles which every educated
person should know." The committee assumed that whatever
curriculum materials were to be produced should result from
the cooperative efforts of biologists, biology teachers, educators
and school administrators with tbe assistance of those specially
competent for a particular project.

The AIBS education programs were formulated with the fol-
lowing objectives in mind:

1. knowledge of science is an important aspect of the think-
ing and philosophy of individuals.

2. The teaching of biology should include the intellectual ac-
tivities of the science itself.

3. Instruction in biology should:
a. Develop an appreciation of the discipline.
b. Acquaint students with career potentialities.
c. Lead to an understanding of basic principles.
d. Orient the student "in proper perspective with and in re-

lationship to the other fundamental disciplines."
4. The presentation of biology must be in terms of the student-

citizen and "what he must know to be able to lead a satisfy-
ing and productive life."

At this time (1960) the educational projects of AIBS are in
varying stages oLP progress, none have reached the projected dates
for completion. The following descriptions of each program
represent a stage of development somewhat beyond preliminary
planning:

The Committee on the Content of the Curriculum of the Bio-
logical Sciences Curriculum Study planned several biology
courses around the following statements of objectives:

1. "Most curricular objectives of the study are those which have
traditionally guided the teaching of biology in the American
school." These may be summarized "as conveying to the
student an appropriate private understanding of his own
body, of the dive.sities and commonalities of organisms in
general of their relations to the environment, of the means
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by which we and they are cared for and conserved, and of the
organized structures of fact and concept through which biol-
ogy organizes and guides its inquiries.

2. The materials and organizations developed to serve these
aims are also to serve an additional purpose. Through time,
we hope to convey a conception of biological science by
which the student may identify vocational and avocational
interests and master a literate discipline which will render
reports of future scientific progress accessible to him. This
means that the materials .of classroom and laboratory will
present biology as a science which is an ongoing, self-correct-
ing and revisionary process as well as a body of currently
warranted fact and theory" (78).

3. The specific objectives for biology teaching which have been
tentatively accepted to serve as a guide in preparing the pre-
liminary courses of study were (54):
a. An understanding of man's own place in the scheme of na-

ture; namely, that he is a living organism and has much in
common with all living organisms.

b. An understanding of his own body; its structure and func-
tion.

c. An understanding of the diversity of life and of the inter-
relations of all creatures,

d. An understanding of what man presently knows and be-
lieves regarding the basic biological problems of evolution,
development, and inheritance.

e. An understanding of the biological basis of many of the
problems and procedures in medicine, public health, agri-
culture and conservation.

f. An appreciation of the beauty, drama, and tragedy of the
living world.

g. An understanding of the historical development and ex-
amples of some of the concepts of biology to show that
these are dependent on the contemporary techniques, tech-
nology, and the nature of society.

h. An understanding of the nature of scientific inquiry; that
science is an open-ended intellectual activity and what is
presently 'known' or believed is subject to 'change without
notice'; ',hat the scientist in his work strives to be honest,
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exact, and part of a community devoted to the pursuit of
truth; that his methods are increasingly exact and the pro-
cedures themselves are increasingly self-correcting."

During the summer of 1960 sixty writers, including high
school biology teachers, research biologists, and educators wrote
three versions of a general biology course including textbooks,
laboratory manuals and teachers' guides. Three course versions
of biology were produced because it was felt that within the
context of the objectives there could be several approaches to the
subject. Each version was organized around a conceptual theme
intended to provide a balanced introduction to the study of
biology. This approach was in contrast to many of the existing
textbooks where there was an absence of integrative concepts
that would give the student an understanding of the science of
biology. In each text an effort was made to present the content
in a manner that would lead young people to an understanding
of the nature and value of science. Biology as a process of in-
quiry was emphasized rather than as an inventory of the conclu-
sions of research.

The three experimental textbooks produced in the summer of
1960 at the BSCS writing conference were identified as the
versions "green", "yellow" and "blue". While similar topics
were often' presented in each text the biological approach to
them differed (3), (4), (2).

The Green Version of the biology textbooks was developed
from an ecological point of view. It took the individual organism
as the primary unit of study. "It is concerned with how these in-
dividuals are organized into populations, species, and communi-
ties; with what organisms do and how they do it. The volume
starts with cycles of energy and materials in the biosphere. It
turns, then, to such structural units as individuals, populations
and communities. Populationsare recognized as including a great
diversity of differmt kinds of animals, plants and microorgan-
isms, which we briefly survey in the next three chapters.

"After describing this taxonomic diversity, we look at eco-
logical diversity, at the different kinds of communities on land,
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in fresh water, and in the seas. Geographical diversity, differ-
ences among the continents and oceans, is next considered. Then
we go back in time to look at the history of life, at the interpre-
tation of the record of the xocks: which faces us with the problem
of evolution.

"The problem of evolution brings us to the cellular structure
of organisms and then to genetics. The following chapters treat
the physiology and development of plants and animals. Animal
physiology leads directly to animal behaviorthe relations of
the parts to the functioning of the whole organism. We end by
a look at the human animal in the perspective of his biological
setting.

"The laboratory exercises have much more of an ecological
approach than the other versions."

The Green Version of the biology textbook is divided into
the following chapters:

1. The World About Us
2. Individuals, Populations and Communities
3. Animal Diversity
4. Plant Diversity
5. Microscopic Life
6. Life on Land
7. Life in Inland Waters
8. Life in the Seas
9. The Geography of Life

10. The History of Life
11. The Cell
IZ Genetics
13. Plant Physiology and Development
14. Animal Physiology and Development
15. Animal Behavior
16. Man in Nature

"Since the classification of organisms is dealt with in a rather
unsystematic way in the text" a synopsis of the major groups or
organisms is given in an appendix under the title, The Cata-
logue of Nature. The production of the Green Version was un-
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der the supervision of Marston Bates of the University of Michi-
gan.

The Yellow Version begins, as does the Green, with the
whole csganism but a genetic-evolution theme is used through-
out the text. "This starting point is emphasized by its second
and third chapters. Chapter 2 treats man as exemplar of the
animal, treating him from a functional point of view and with
a minimum of fine detail. The traditional major functions are
treated system by system, rarely going below the organ level.
Chapter 3 performs a similar service for the green plant, though
with much more detail and variety of examples. By means of
the variety of examples, it is also able to emphasize notions of
evolution and adaptation as these are seen in the various ex-
amples."

"Chapter 4 departs abruptly from the levels of organism and
organ to confront the student with the fundamental chemistry
and dynamics of the living cell. Its detail does not consist, how-
ever, of a multiplication of names or of diverse examples of the
subjects treated. Rather, it consists of the details of chemical
action without which an understanding of 'being alive' is likely
to be emptily verbal." The intricacies of DNA and RNA and
ATP and so on, are presented with this idea in mind.

The content and emphasis of the remaining chapters is suffi-
ciently clear from the Table of Contents:

1. A Preview of Biological Problems
2. The Biology of ManAn Introduction to the Animal
3. Biology of the Green Plant
4. Matter, Energy and Life
5. Microbiology
Ct. Diversity in the Animal Kingdom
7. Diversity in the Plant Kingdom
8. Genetics
9. Reproduction and Development

10. Evolution
11. Selected Topics in Biology

In the final chapter of the Yellow Version is found a discus-

*
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sion of biologic4 problems of special importance to man, such

as, population, resources, behavior, disease, race. John Moore

of Columbia University supervised the writing team of the
Yellow Vernon.

The Blue Version prepared under the guidance of Ingrith
Deyrup of Barnard, uses a "linear" approach and organization

to the study of biology. "It begins (after the introductory ma-

terial) with the basis of life in the properties and organization

of matter. It moves from there to the activities of these organ-

isms as seen in the capture and use of energy. (Sections IV and
V). From here, it moves to the organ level (Section VI) and from

the organ level to the level of the whole organism and of popu-

lations. The climax consists of a treatment of certain open-ended

biological problems which face man himself as a citizen of a
socially organized community.

"The outstanding characteristic of the Blue Version lies in its

concern for a consistent level of difficulty. Much attention has
been given to simplicity of presentation and to the elimination
of detail considered unnecessary for the kind of understanding
to be expected of the young student whose primary interest does

not lie in biology. The effort to maintain a consistent level of

simplicity and generality has been entirely successful in almost

all sections and chapters. Only in the treatment of genetics and

evolution is there a demand on the student which might be con-

sidered above the demand required by other chapters. However,

it is the subject matter itself, rather than the treatment of it,

that is largely responsible."
The laboratory exercises for the Biue Version have an empha-

sis on scientific inquiry with experimental approaches. The lab-

oratory is more sophisticated than it is in the other versions.

The table of contents for the experimental version of the
Blue text was:

141

PART 1
SECTION I. Chapter 1. THE BIOLOGIST LOOKS

AT THE WORLD



*I*

142

'f!

BIOLOGICAL EDUCATION-COMMITTEE REPORTS

SECTION II.

SECTION III.

SECTION IV.

SECTION V.

PART 2

SECTION VI.

SECTION VII.

ON BEING ALIVE
Chapter 2. The Pattern of Life
Chapter 3. The Origin of Life
THE COMPOSITION AND ORGANI-
ZATION OF LIVING THINGS
Chapter 4. Matter and Energy
Chapter 5. Molecules of Living Organ-

ism
Chapter 6. Structure in Living Organisms
THE QUEST FOR ENERGY
Chapter 7. Introduction to Photosynthe-

sis
Chapter 8. Mechanism of Photosynthesis
Chapter 9. Fermentation and Respiration
THE USES OF ENERGY
Chapter 10. Ways of Using Energy
Chapter 11. Exchanges of Energy Among

Living Organisms

FUNCTION
OF MAN
Chapter 12.

Chapter 13.
Chapter 14.

Chapter 15.

Chapter 16.
GENETICS
Chapter 17.
Chapter 18.

Chapter 19.
Chapter 20.

Chapter 21.

AND ORGANIZATION

Introduction to the Study of
Man
The Body Fluids
The Skeleton, Muscles and
Skin
Nutrition,
Respiration
Integration

Excretion and

Introduction to Genetics
The Cellular and r.lemical
Bases of Heredity
Patterns of Heredity
The Chromdsome Theory of
Heredity
The Basis of Genetic Variety
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Chapter 22. The Ways in Which Genes
Act

Chapter 23. Genetics and Popuilations
SECTION VIII. REPRODUCTION AND DEVELOP-

MENT
Chapter 24. Methods of Animal Repro-

duction
Chapter 25. Comparisons of Reproduc-

tive Specializations in Ani-
male

Chapter 26. Development
Chapter 27. Ways of Development

PART 3
SECTION IX.

SECTION X.

SECTION XI.

EVOLUTION
Chapter 28. Introduction: History of the

Theory of Evolution
Chapter 29. Mechanisms of Evolution
Chapter 30. Differences Among Organ-

isnis
Chapter 31. Patterns of Evolutionary

Change
VARIETY AMONG LIVING ORGAN-
ISMS
THE BIOLOGICAL PROBLEMS OF
MAN

The Committee on Innovation in Laboratory Instruction was
made two committees in the summer of 1960. The oil-sinal
committee, under the chairmanship of Addison E. Lee, Uni-
versity of Texas, concentrated upon the refinement of the
"block" laboratory program. The second committee gave its at-
tention to the development of laboratory materials to accom-
pany each of the three versions of the BSCS text. H. Bentley
Glass, Johns Hopkins University, was chairman of this commit-
tee.

Laboratory work in biology teaching had been under severe
criticism for over a half-century. The Committee on Innovation
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in Laboratory Instruction sought a new perspective to the
proper function of laboratory instruction in biology. The point
of view adopted was written to be read by high school stu-
dents. The statement follows:

"There are two major aims in undying any natural science.
One aim, the lesser in importance, is to become acquainted with
the significant scientific facts upon which rest the major concepts
and theories of science. These the ideas that have so pro-
foundly altered our views of man's place in nature and have so
tremendously enlarged human powers over the forces and re-
sources-of nature. In biology, this objective also includes a first-
hand acquaintance with living organisms and the outstanding
features of their lives.

"The other aim is indispensable to young scientists and non-
seentists aliketo everyone who hopes to participate intern-
get: tly in the life of a scientific age which so constantly demands

iilkult decisions and real wisdom. This second objective is to
ki ow what science really isto recognize its spirit and to ap-
predate its methods. Science is not magic, and a scientific civili-
zation surely will not endure if most people of intelligence re-
gard science as a sort of magic. It is a wayor a composite of
many waysof finding out reliable, confirmed knowledge about
all natural phenomena. It is compounded of the observations of
the human senses and the inferences and deductions that can
be derived from such experitnce.:. It is generated by inextin-
guishable human curiosity, and has no necessary connection with
efforts to improve the circumstances of human life, although
such fruits do arise from scientific labor more generally than in
any other way. Honesty and integrity are also indispensable in
the fabric of science.

"In former days, when modern science was getting under way,
much scientific work was done in the field, where nature can be
observed at firsthandand indeed, much biological work must
still be done in the field. However, as time passed, it became
more and more apparent that more precise measurements and
more accurate observations can be made in the laboratory, be-
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cause the scientific worker can then so control conditions that a
comparison can be made between situations that differ in only
one significant respect. That was the beginning of experiment
(the experiment of the single variable), which made possible
such logical certainty in drawing a conchision that it has become
the preferred method of science, wherever possible. In the broad

sense, wherever this method is employed, whether indoors or out-

doors, tz- e. is the scientist's laboratory.
,,sci is social, resting upon the labors of many men di-

rected at a common problem. Where some fail, otl rs succeed.
Together they accomplish far more than even a genius working
in lonely isolation is likely to achieve. What is more, any sci-

entist today can build on the earlier as well as contemporary in-

vestigations of men of other races, tongues, and kinds of insight.
This is because a spirit of free communication permeates sci-

ence. But for communication 'to be effective in such matters, it

must be clear and precise, no matter what language it is spoken

or written in; and for communication to be permanent, it must

of course be given form in printing, drawing, or the like, and

published and circulated.
"All these things amount to saying one thing of prime sig-

nificance. The laboratory is where the work of science is done,
where its spirit lives within those who work there, where its

methods are transmitted from one generation to the next. One
does not really learn science from books, one learns science by

asking nature the right questions. And the laboratory is the
place where one learns most readily what questions can be asked
fruitfully, and how they must be put. It is where one learns why
science insists on precise measurements, accurate observations,
and conciseness and clarity in communication.

"When used for teaching, the laboratOry should reflect both
of these primary aims, the illustrative and the investigatory, as
they might be called. The first function was probably the prin-

cipal one in mind when Thomas Henry Huxley and Louis
Agassiz introduced the teaching laboratory in biology. Their in-
sight was a simple one: seeing is believing. In teaching science
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one must appeal not to the authority of a teacher or a book; one
looks squarely at the facts, at the infinitely varied phenomena of
nature. The first function of the laboratory in teaching is to
present the evidence from nature to illustrate the basis of our
biologicil concepts. Now this function has been heavily empha-
sized in the past, to such an extent that students have come to
spend most of their time watching demonstrations, looking
through a microscope, dissecting animals or plants, learning
names, labeling drawingsbut rarely doing an experiment, in
the sense of really investigating a problem, the answer to which
is unknown. To give a proper emphasis to the second, or in-
vestigatory, side of the study of science, something entirely dif-
ferent is neededthe active participation of the learner in some
real scientific investigation, and in som _ depth. To accomplish
this, time is needed, and that time can only come from a reduc-
tion in the purely illustrative side of the work. However, some
time can be saved if we attempt to learn scientific skills only
when they are directly needed for the work at hand. This is
what a working scientist does. If he needs to use radioisotopes in
his investigations, he learns how to use them; if his problem does
not clearly require the development of skill in the use of radio-
isotopes, he doesn't, for the present, concern himself about them.
He remains confident that whenever he needs to use a certain
skill in his work he can proceed to acquire it.

"In short, this manual has a dual purpose: both to see what
should be seen, and also to learn how to investigate quite a
variety of biological problems. The manual contains 'Exei-.
cises.' Some of these are studies in seeing nature. Some are prob-
lems to be solved. Still ethers are real experiments, true intro-
ductions to the scientific investigation of problems. A fewnot
many, because it is difficult to run before you learn to walkare
what. a scientist calls 'research.' These are the investigations of
problems the answers to which nobody knowsneither your
teacher, nor the college professors, nor the writers of this or airy
other science books. In grappling with this last sort of 'exercise'
you may be disappointed, for nature is a hard master and re-

ti *
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veals her secrets only to those who are patient and careful, per-
sistent to the point of obstinacy, and willing to spend time and
energy without reckoning the cost. But if you succeed, you will
experience one of life's prize momentsa mixture of the joy of
creation, like that of a composer who has just put the last note
upon his score, together with the exuberance of the explorer,
who from his jungle peak looks over a vast ocean, never seen be-
fore, sparkling in the sun below and beyond.

"No matter how much you learn about the facts of science,
you will never quite understand what makes science the force
it is in human history, or the scientists the sorts of people they
are, until you have shared with them such an experience.

"The laboratory is the scientist's workshop. Much reading
and discussion are essential in science work, but it is in the lab-
oratory that hypotheses are tested.

"During your study of biology you will spend considerable
time in the laboratory. You will learn to use biological appara-
tus such as the microscope, the manometer, the incubator, the
centrifuge, the autoclave (or a pressure cooker), and the balance.
In some experiments you may work with small animals such as
mice or guinea pigs, with microorganisms, or with plants, and
you will need to learn the care of these organisms" (5).

,..The Committee on Innovation in Laboratory Instruction
recognized the need for "something entirely different" in high
school laboratory work if students were to acquire an under-
standing of the investigatory function of science (50). The con-
cept of the "block approach" was developed. It seemed clear that
the investigatory function of science as an objective of biology
teaching would require active participation of the student "in
real scientific investigation, and in some depth."

At the present time we have no definite knowledge of how
long a period of .work is needed to achieve this aim. In any case,
we should forego our effort to parallel all lectures and class
discussions by formal laboratory exercises on every aspect of the
course, and should trouble ,ourselves to learn scientific skills
only when they are directly needed for the work at hand. This
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is what a working scientist does. If he needs to use radioisotopes
in his investigation, he learns how to use them; if his problem
does not clearly require the development of a skill in the use of
radioisotopes, he doesn't concern himself with them for the
present.. He remains confident that if.he needs to use a certain
skill in his work le can acquire it when it becomes necessary.

It is true that this type of experimental approach has never
been entirely neglected in our laboratory teaching. The best
teachers and planners have always done what they could to in-
clude a truly experimental approach to the sciences in their
laboratory teaching. Such efforts have floundered on the practi-
cal difficulty of compressing an experimental approach to a
problem into the confines of a single laboratory period, or at
best a short sequence. For the very essence of the experimental
approach is that it continues to press toward a solution of a
problem until results are obtained, whether this requires weeks
or 'months. The very nature of the attack is 'open ended.'
Properly to pursue this objective we therefore need a block of
uninterrupted, consecutive time of considerable magnitudea
period when the students can press forward their investigations
without interruption by extraneous assignments, discussion of
other topics, tests, and other sorts of conventional study.

From such reasoning we have arrived at the concept of labora-
tory experience organized into 'blocks,' each of several weeks'
duration, and each dealing with a specific biological prolAm,
such as photosynthesis in green plants or the genetics of a sex-
ually reproducing organism, the composition of a community
or the systematic relations of a particular group of organisms.
For to achieve this objective we are no longer concerned about
a student's general knowledge of our science, but rather with a
reasonably penetrating exploration of one selected problem, in
order to advance as rapidly as may be to the frontiers of existing
knowledge. We purpose to concentrate on just those skills, and
only those skills, that are necessary for this purpose. We propose
to lead the student swiftly but surely to the exploration of true
unknowns. During the 5 to 6-week period occupied by a 'block'
no other work will be scheduled in the course.

What is envisaged is definitely not individual project work
such as students prepare for science fairs, but rather irplanned
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as group study with standard-sized classes having the usual vari-
ance in ability. One might begin with an adaptation of the his-
torical approadi, the "case history" study advocated by James
Bryant Conant for the sciences. A few classic experiments might
disclose the parameters of the problem and acquaint students
with the basic techniques necessary for the planned experimen-
tal attack. Time would have to be spent to teach the need for
careful, quantitative observations and for accurate perceptions
of relationships of form to function. Applications of inductive
and deductive reasoning to the problem would be quite as im-
portant as the development of needed skills of manipulation.
The importance of experimental controls would be demon-
strated in practice. By working in teams, replicating a given ex-
periment, and in groups of teams performing the same experi-
ment with one condition changed at a time, the class will learn
how to cooperate in scientific endeavor and to pool their results.
They will learn what is meant by the validity and' reliability of
scientific conclusions in the face of variability in results. They
will learn why scientific conclusions are always tentative, best
expressed as probabilities, not certainties. They will learn to
prize suspended judgment, 'the .greatest triumph of the scien-
tific mind.'

They will find out, only too dearly, how the failure of one
person or team to do a good job to some extent spoils the results
of the whole class. When two or more classes are doing the same
experiments independently, a nice rivalry can develop between
them in the effort to secure good data. Eventually, well within
the five or six weeks of allotted time, the students would arrive
at the frontiers of knowledge in the area of their problem, at
least in regard to some particulars, and can begin to develop
their own hypotheses and to devise experiments to test them.
Each student receiving such training would participate in the
thrill of the Scientific Revolution that is reshaping modern life,
would come to distinguish science from superstition, and as fu-
ture citizen would be 'prepared to act intelligently in the nu-
merous ways in which a scientific attitude is needed.

We have assurance that this type of approach can be devel-
oped effectively in the high school and even at elementary grade
levels. Certainly in the high school it can be tried out. More-
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over, since it may well prove that a single such 'block' will suf-

fice to achieve the aim of acquainting the student with the na-
ture of scientific investigation and to provide the feeling of
being a participant in it, it may be possible to assign different
classes of students to different blocks, conducted at different
times during the school term. With the predicted floods of stu-
dents upon us, and the diminishing supply of qualified teachers,

some administrators are already urging that science courses (at

least for non-majors) be planned without any laboratory work

at all. The yield to such pleas of expediency may end in foisting

upon the public the very misconceptions about the nature of sci-

ence we most desire to avoid. Here at least, in the form of the

new "block" plan, lies a way out of the difficulty. Let us separate
the illustrative and the investigatory functions of laboratory
programs, leave the first to the classroom and informal 'open'
laboratory, and emphasize the essential place of the second.
Granting that a year-long, extensive acquaintance with the na-

ture of scientific investigation might be better than a single,

brief experiencethe latter may nevertheless be invaluable and,

under the circumstances, all that we can reasonably provide for

the great generality of students. At least, the educational experi-

ment seems worth making.

The BSCS Committee on Gifted Students, under the chair-
manship of Paul F. Brandwein, The Conservation Foundation,
was concerned with the development of (14):

1. A 'paper' on the nature of the environment which fosters

creative work in the secondary school.
2. A bibliography of papers on the nature of giftedness and

creativity in science, with special attention to biology.
3. Summaries on promising programs for development of able

students in biology.
4. A collection of research problems in biology for gifted stu-

dents.

The point of view of the committee was "that inspired course

work is not enough; we believe the creative student of high

school biology needs to be under the gentle burden of inde-

$
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pendent resenth so that he learns that answers are not always
available in textbooks. He needs to see biology not only as a
body of tested knowledge but as a way of increasing man's
knowledge." To implement this program the committee ob-
tained from several hundred research biologists a "prospectus
for a piece of research that a very able high school student might
accomplish in two to three years of work," During the summer
of 1960 the Gifted Student Committee selected one hundred of
the research prospectuses and prepared them for publication.
Each was identified by a title and the name of the biologist who
submitted it. The majority were organized as follows: a) back-
ground to the problem: b) statement of the problem; c) sug-
gested approach; and d) useful references. Special techniques,
possible pitfalls and related problems were also included in many
of the research descriptions. The precise statement of the prob-
lem, a hypothesis and the design of the experiment were respon-
sibilities given the student as well as the paper describing his in-
vestigation.

A Teacher Preparation Committee, with Joseph J. Schwab,
University of Chicago, as ciairman, was responsible for the de-
velopment of plans for the pre-service and in-service training of
biology teachers ;:alto would teach the new BSCS courses. During
the summer of 1960 the committee produced a Teacher's Com-
mentary (6) to accompany the three versions of the biology texts
produced in the BSCS writing conference.

The Teacher's Commentary was developed with four ideas in
mind:

1. It should contribute to the teacher's own effort to enlarge his
conception of science and biokgy.

2. It should contribute to the teacher's knowledge of new de-
velopments in his field.

3. It should contribute to growth in our working conception
of the aims and processes of science education.

4. It should provide suggestions and stimuli to devise and ex-
periment with new ways of meeting day to day challenges of
the classroom.
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A significant innovation in this commentary was the attention
given to the development of concepts about the nature and
processes of science. It was assumed that for the best teaching of
biology the teacher must have a clear understanding of what is
meant by science and more particularly the science of biology.
The first part of the commentary is therefore an essay on the
nature of biological enquiry.

A series of "invitations to enquiry" were developed for use
with students. The committee had in mind that:

An ideal 'invitation to enquiry' is any individual or collective
enterprise which engages the student himself in one of the criti-
cal or investigative activities which constitute scientific enquiry.
There are many starting points and many aims for such an invi-
tation. It may begin with a conclusion already known and try to
build the kind of experimental investigation which would jus-
tify it. It might start with a conclusion and its supporting ex-
periments and set out to discern the weakness, the doubts or the
inevitable assumptions which are involved. It might start with
a problem rather than a conclusion and try to construct an ex-
perimental design to solve it. It might be a much smaller under-
taking, such as one which starts with data already collected and
moves from them to a conclusion or interpretation.

The titles of some of the "invitations" developed were: "The
Meaning of Classification"; "A Case of Conflicting Evidence";
"Cause and Cori elation "; "A Pattern of Experimental Enquiry"
and "On the Role of Assumption in Science."

The BSCS Committee on Publication, with Hiden T. Cox,
Executive Director, American Institute of Biological Sciences,
as chairman, has planned (1960) a series of pamphlets for use
in biological education. It was anticipated that the pamphlets
created would 1) assist teachers to keep current with new devel-
opments in biology, 2) provide authoritative readings on bio-
logical topics for the general public and 8) serve as a resource
library in the schools. A single pamphlet would consider a spe-
cific biological topic, concept or summary of research.

In 1957 the Education Committee of the AIBS recommended
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making a series of biological films for use in the secondary
schools. A steering committee of fifteen members was appointed
with representation from research biologists, high school biol-
ogy teachers, science educators and school administrators. Os-
wald Tippo, Colorado University, was ex officio chairman of the
committee. H. Burr Roney, University of 'Houston, was ap-
pointed director of the Secondary School Biological Sciencei
Film Series (77). Over 200 consultants, mostly professional biol-
ogists and high school biology teachers, participated in creating
and evaluating the 120 films in the series.

The film project was designed to present a course in biology
at* the tenth grade level through a series of 30-minute lecture-
demonstration films. The content of the course was designed to
treat ten major topics of biology with twelve films planned on
each of the following topics:

1. Cell biology
2. Microbiology
3. Multicellular plants
4. Multicellular animals
5. Reproduction, growth and development
6. Genetics
7. The diversity of plants
8. The diversity of animals
9. Ecology

10. Life, time d change

The various topics were brought into a degree of unity
through the use of continuing integrative themes, which were,
1) homeostasis; 2) evolution; 3) ecology; 4) the complemen-
tarity of structure and function; 5) man's role in nature (bio-
logical problems); 6) methods (the process of "sciencing" as a
human activity; and 7) behavior as a biological phenomenon,
with adaptive significance.

A Teacher's Manual and a Study Guide were developed to
assist in relating classwork and the film series. The Teacher's
Manual included "background material to aid the teacher, ref-
=nee sources, topic outlines of the films, including possible
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film stop points, and suggested discriiion subjects for those
points and others, suggestions for field and lab work, etc."

Many efforts to improve the teaching of biology as a whole or
in particular aspects were made during the 1950-1960 decade.
Professional societies, educational groups, foundations and or-
ganizations of biology teachers produced Curriculum and re-
source materials for use in the high school.

The Committee on Education of the Society of American
Bacteriologists prepared descriptive course materials, laboratory
experiments, audio-visual aids, and student and teacher bibliog-
raphies for use in teaching microbiology in the high school (7).

The Science Manpower Project of Teachers College, Colum-
bia 'University developed and published in 1959 a course on
Modern High School Biology (81). Thecourse was designed spe-
cifically to fit into a sequence of science offerings extending from
the junior high school through the senior high school, and with
the intent of avoiding the many duplicationi in content usually
found in general science and biology. By moving simpler bib-
logical materials into general science, a more substantial course
at the tenth grade level was found to be possible.

The National Association of Biology Teachers prepared a
comprehensive Handbook for Teaching Conservation and Re-
source-Use Education (83). The project was supported by the
American Nature Association and developed by the National
Conservation Committee of the National Association of Biology
Teachers. Richard L. Weaver, University of Michigan, was
chairman of the committee and project leader. The handbook
was designed not as a text but as a guide "to some of the out-
standing examples of good conservation teaching in the United
States. The Handbook contains many examples and illustrates
the great variety of useful and successful methods and tech-
niques available to the teacher of conservation and resource-
use."

In 1959, the National Association of Biology Teachers pre-
pared a Manual for Outdoor Laboratories (84). This publica
don contains suggestions and examples for "the development
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and use of eschcr& grounds as outdoor laboratories for teaching
science and cow: -vation."

The Conservation Foundation through its Editorial Board for
Teaching Science Through Conservation, sponsored the publi-
cation of a textbook on Teaching Science Through Conserva-
tion (56). The authors of the text, Martha E. Munzer al. Paul.
E. Brandwein, were members of The Conservation Foundation
Staff. While the publication was described as a textbook it was
the intention of the foundation not to consider conservation as
a separate subject, "but rather as an integral part of science
teaching." The approach is one that "emphasizes the interrela-
tionship between conservation and the many branches of science
general science, biology, chemistry, and physics."

The participants of the National Conference for High-School
Biology Teachers held at the University of Chicago, November
24-28,1959, developed a pamphlet considering the teaching of
evolution in the .high school (53). "The conference Was an out-
growth of the planning for the Darwin Centennial Celebration
and was designed to enable outstanding high-school science
teachers to think together with outstanding scientists about the
improvement of high-school instruction in science" particu-
larly in regard to "the broad relevance of the concept of evolu-
tion in modern thinking. It led also to a clearer realization of
the problems involved in incorporating modern concepts into
the teaching of high-school biology." Using Modern Knowledge
to Teach Evolution in High School is a summary of the thoughts
of the participants in the conference, and was prepared by John
C. Mayfield, University of Chicago.

During the last half of the 1950-1960 decade there was much
local school activity in producing new biology curricula. Par-
ticular interest was shown in the development of advanced
courses for those students with a special interest in biology.
Characteristically, the advanced work included more biochem-
istry, radiochemistry, and biophysics than elementary courses.
A first year college textbook in general biology was usually the
basis for the actual course taught. Elementary biology, chemis-
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try and sometimes physics were made prerequisites for the ad-
vanced course.

Another curriculum pattern that found favor was the senior
seminar" or "junior research" program. Here the student car-
ried on a minor research study for an extended period of time,
sometimes for a year on a single problem. Whether the problem
was biological in nature was dependent upon the interests of the
student. The "seminar" arrangement was particularly suited to
smaller schools where the enrollment for advanced work in sci-
ence justified only a single general course. Research biologists
were frequently used as consultants in these programs.

A few schools moved the tenth grade biology course into the
ninth grade. The course content remained that of the tenth
grade offering, but at the ninth grade level the subject became
an "advanced biology." The rationale for the movement was to
make it possible for science-interested students to carry four
years of college preparatory science in high school.

Summary 1950-1960

The educational controversies of the fifties reflected the sci-
entific revolution, characterized by an "explosion of knowl-
edge", and the changes in the larger scheme of cultural values
in America. Demands for scientific and technically trained man-
power found a serious imbalance in the supply-demand ratio
of scientists. Pressures were then brought to bear for a rethink-
ing of the goals of education in the sciences. The plea was for
"quality", "excellence" or "rigor" in high school science courses.
Precise definitions of what those attributes meant for the cur-
riculum in science were lacking.

The literature on science teaching for this periol was exten-
sive and controversial. A representative bibliography on the
major issues and problems is listed at the end of this chapter. In
the selection of references, preference was given to symposia,
committee and commission reports. The Committee on Edu-
cational Policies of the Division of Biology and Agriculture of
the National Academy of SciencesNational Research Council,
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in 1957, published a comprehensive survey of the literature on
biological education, including reports on conferences, insti-
tutes, committees, and special studies. This bibliography is a
selection of published articles covering the period from 1920
to 1955. The reader with an interest in the modern movements
in secondary school science education will find these two bib-
liographies of special value.

The first high school course to be reorganized during the 1950-
1960 period was physics, followed next by chemistry. The cur-
riculum committees sought to remove much of the technologi-
cal, add more "science", reduce the number and update con-
cepts in the courses. New laboratory experiments were devised
that were more in terms of the nature of science. These courses
were designed for the fraction of the high school population
that ordinarily elect physics and chemistry.

The biology curriculum committees developed their courses
for the typical tenth grader. Their efforts were to develop a
more integrated course built around an interpretative theme,
,,,ch as ecology, evolution, or energy exchange. The "atomic
era' and the "space age" had an influence on the high school
biology course. Teaching units on "radiation biology" and
"space biology" were added to biology textbooks and courses of
study. Conservation education had a renewed emphasis. Ad-
vanced biology, a second year of biology, was popular in the
larger schools. Frequently "advanced course" meant using a col-
lege biology textbook in high school.

The need to improve the laboratory work in biology received
much attention. Most of the recommendations were for a more
experimental approach to the study of biology. This was in
contrast to the passive observation of non-living organisms so
typical of biology teaching. The plea for more field work and
the study of living organisms continued in much the same vein
as that made by biology curriculum committees for the past half
century. The difference was that the more recent committees de-
vised and published examples of improved experiments.

Teaching resources, such as films, pamphlets and booklets
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were produced to assist in the improvement of science teaching.
The extent to which these resources will be used can be only
postulated at this time.

Possibly the most conspicuous educational activity of the past
five. years has been the willingness of the research scientist to
work on instructional materials at the pre-college level. From
1890 to 1920 the university biologists were active members, and
usually in the majority, on practically all national and regional
curriculum committees. Although individual biologists have
since acted as textbook consultants, respondents to curriculum
questionnaires and as teacher institute speakeri, they have had
little direct involvement in the improvement of high school bio-
logical education.

Special interest has been shown in the development of teach-
ing materials better suited to the gifted student or rapid learner.
Mostly these have been in the nature of "research" projects that
would provide the student with an intellectual challenge.

The National Defense Education Act passed by Congress in
1958 made it possible for elementary and secondary schools to
purchase additional laboratory equipment and reference books.
The American Association for the Advancement of Science es-
tablished a plan for providing, on loan, complete science li-
braries to schools. Lists of inexpensive science books were also
published. The Atomic Energy Commission established a travel-
ing-science-teacher program to give demonstrations and lectures
in the smaller high schools. The American Institute of Biologi-
cal Sciences made it possible for research biologists from uni-
versities to visit secondary schools. Nearly all the professional
scientific societies published career bulletins for use in high
school classes. Summer, year-long and in-service teacher educa-
tion programs were sponsored by the National Science Founda-
tion in various colleges and universities. Similar plans were
supported by private foundations and industry. Science fairs
and seminars were used to stimulate interest in science and to
bring high school students into direct contact with scientists.
Teachers were employed by universities and in industrial re-
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search laboratories to provide them with experience in research.
These activities are illustrative of the massive effort made to
improve the teaching of science in the schools between 1950

and 1960.
There was considerable activity in the development of new

teacher training programs in science. The appropriateness of
the training needed to teach a modern course in high school
biology was explored. Experimental teacher education programs
were designed to evaluate some of the many suggestions. It is
too early to be able to report the significance of these studies.
Major unresolved problems were the scarcity of young people
who wish to make high school science teaching a career and the
number who leave the profession each year.

The 1960-1970 decade began with a series of new biology
courses, laboratory experiments and teaching resources. During
the school year 1960-1961 over 14,000 students in 110 high
schools were experimenting with a new biology course devel-
oped by the Biological Sciences Curriculum Study. Some pre-
liminary work was under way to study the place of biology i
the curriculum from the first grade through hie. chool. While
new courses had been developed by 1961 in each of the science.;
biology, chemistry, and physicsbut little attention had been
given to a correlated plan of education in the sciences at the high
school level.

There is no real way to judge the extent to which the bioiogy
curriculum committees, for the seventy-year period covered by
this study, were effective in bringing about changes in either
the content or conduct of biology courses. It is apparent that the
ideas for the improvement of biology teaching being discussed
today are quite similar to many of those suggested before the
turn of the century. One would find it difficult to date or to
place in sequence the committee efforts of the past if they were
not identified by year of publication or membership. Yet, there
have been changes in biology teaching. Only a small fraCtion
of these, however, directly reflect the specific recommendations
of an identifiable committee. Sometimes the suggestions of a
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committee didinot appear to bear fruit until a half century la-
ter; witness the consistent efforts to make laboratory work "a
study of living organisms," and to have courses focus on the sig-
nificant concepts of biology. Nearly every committee recom-
mended that more attention be given the nature of science in
biology teaching, but there is little of this to be found even to-
day in textbooks or classrooms.

An analysis of the factors involved in getting curriculum re-
forms into the educational stream and to the point where they
have an impact on the education of the student is sorely needed.
Several hypotheses may be made ?bout the ineffectiveness of
biology curriculum committees in the past. There are limita-
tions on the extent to which these can be analyzed for the pur-
poses of this study, but these are some of the components of the
problem:

1. The educational and social concepts underlying the need for
a curriculum change were never made clear by recommend-
ing committees. Therefore, the classroom teacher was placed
in the position of accepting a change without an adequate
explanation of its necessity. In other words, there was an ab-
sence of theory' to give meaning to the new program. It is
paradoxical that a committee of scientists would find no need
for theory to direct or interpret the initiation of an experi-
mental program.

2. The new courses were simply outlined in a few pages and the
teaching content was not developed to a point where the
teacher could take over.

3. There was a failure to consider the entire teaching process
curriculum, class techniques, evaluation, laboratory work,
and teacher education. An adequate theory of learning was
rarely considered and the research on learning was not uti-
lized in curriculum development. The result was that the
"new" curriculum was nearly always no more effective than
the old.

4. University biology departments did not assume the respon-
sibility for the development of a program suitable for the
training of secondary school biology teachers, nor did the
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faculty counsel the better students toward a career in high
school teaching.

5. The committees were not able to make the results of their
work known to any appreciable number of high school biol-
ogy teachers, university biologists, or school administrators.

6. The curriculum recommendations were usually more suited
to the small minority of students who might continue into
college and become biologists, and were not conceived in
terms of developing a biological literacy on the part of all
young people.

7. None of the committees established a program of educa-
tional research needed to resolve the many problems inherent
in a curriculum reorganization.

The program of the Biological Sciences Curriculum Study of
the American Institute of Biological Sciences was designed to
overcome the majority of the inadequacies of previous commit-
tees.
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IX

Books on the Teaching of Secondary
School' Biology

THE REPORTS of curriculum committees represent one effort to
improve the teaching of high school biology. A few biologists
have taken the teaching of the subject as a problem for study and
investigation. Typically these men have sought to summarize
the current thinking. and investigations on biology teaching, ant
then, in light of their own teaching experience, to suggest pro
cedures and techniques for presenting biology to students. Then
books are primarily addressed to beginning teachers.

Comparatively few books have been written specifically on the
teaching of biology. Books published early in this century advo
cated the values of a particular biological science, such as, Wil
Ham F. Ganong's, The Teaching Botanist, published in 1899.
with a second edition in 1910; and F. E. Lloyd and M. A. Bige-
low's The Teaching of Biology in the Secondary School, pub-
lished in 1904. Lloyd and Bigelow's book was divided into two
sections, the first part on the teaching of botany and nature
study, and the second part on the teaching of zoology including
human physiology. Neither book attempted to present a unified
picture of biology, but then this was not a widely accepted point
of view at that time.

Between 1934 and 1939 four books on the teaching of biology
were published. Since that time there have been books on the
teaching of conservation and laboratory sourcebooks for general
biology courses but none that attempted to present a comprehen-
sive view of biological education. In high school science methods
books a separate chapter may sometimes be found on the special
problems of biology teaching.

A purpose for considering the works of individual authors is
that they endeavor to consider the teaching of biology in all
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of its aspects; purposes, curriculum, laboratory work, teaching
procedures, learning resources and evaluation. The reports of
committees, on the other hand, are more likely to consider only
one phase of teaching, typically curriculum content.

In the selections that follow the major ideas of the writers
who have published books on biology teaching are summarized
and categorized.' The books represented are:

1. Cole, William' E. 1934. The Teaching of Biology. D. Apple-
ton-Century Co. New York. 252 p.

2. Kinsey, Alfred C. 1937. Methods in Biology. J. P. Lippincott
Co., Chicago. 279 p.

3. Miller, David F. and Blaydes, Glenn W. 1938. Methods andMaterials for Teaching Biological Sciences. McGraw-Hill Co.,
Inc. 435 p.

4. Wells, Harrington. 1936. The Teaching of Nature and the
Biological Sciences. The Christopher Publishing House. Bos-
ton. 342 p.

The authors had areas of agreement and disagreement onevery phase of high school biology teaching.

A. On the purposes for teaching biology.
1. There was unanimous agreement that:

a. Secondary school biology must place its emphasis upon ef-
fective Eying in contemporary society.

b. Biology should be taught as a method of thinking as well as
an accumulation of knowledge.

c. Biology teaching should place a greater emphasis upon the
social implications of science and the impact of science
upon social change.

d. The teaching of biology should provide a background of
knowledge that will enable the student to think on the
subject.

2. Half of the writers agreed that:
a. Biology teaching should change to meet changes in society,

educational thinking and new developments in biology.
b. Biology teaching should be oriented toward better. citizen-

ship.
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c. Biology teaching should be of a practical nature with an
emphasis upon the consumer aspects of the subject.

3. Only one author subscribed to each of the following purposes:
a. Biology teaching should relate to the broad problems of

everyday living with the course content drawn from the
other sciences as needed to understand the problem.

b. Biology teaching should focus on the Cardinal Principles
of Education.

c. Biology teaching should prepare students for both imme-
diate and future living.

The position of the authors with regard to "why teach biology"
varied between a concept of liberal education and education for
the specialist. Most agreed that one value in studying biology
is to learn something of the methodology of science. There was
unanimous recognition that the student should develop da un-
derstanding of biology in relation to social and economic prob-
lems. However, it was apparent that the authors did not want
high school biology to be either a "social biology" or a "human
biology."

B. The learning of biology.
1. There was a general agreement that the following principles

of learning were important in the study of biology:
a. The teacher should utilize student interests to maximize

learning.
b. Some logical organization of the course is essential foi ef-

fective learning.
c. Learning material should be of sufficient variety to provide

for in idual differences.
d. The learning situations should be similar to those found in

everyday life.
e. The effectiveness of learning is indicated by the student's

ability to use his knowledge for solving problems found in
everyday living.

f. Learning is understanding and not an accumulation of
facts.

g. Learning depends upon the organization of facts until a re-
lationship is seen an:'' understood.

h. Accurate learning depends upon accurate observation.
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There was agreement among the biologists that "applications to
daily living" improve the learning of biology. While all of the
writers agreed that the real measure of effectiveness in learning
is indicated by the student's ability to use his knowledge, and
that facts alone would not accomplish this result, the idea of
concepts and principles as outcomes of instruction was not clearly
supported. Student motivation was recognized to be important
and was assumed to be inherent in the nature of course content.
In terms of what was generally known about learning theory
at the time these books were written, suggestions for teaching
were frequently in contradiction to the research in the field.

C. The specific objectives for teaching biology.
1. There was unanimous agreement on the following objectives:

a. To develop an understanding of the methods of science and
the ability to use these methods in the solutions of prob-
lems.

b. To develop those scientific attitudes or habits of thinking
which will contribute to a better adjustment of the individ-
ual.

c. To promote the acquisition of worthwhile information.
2. For each of the following objectives, three out of four of the

books were in agreemant:
a. To develop an understanding of the nature and organiza-

tion of the environment.
b. To develop interests which will lead to leisure time ac-

tivities.
c. To develop an understanding of the principles of science

which may function directly in the life ©f the student.

The biologists saw the major outcome of biology teaching to
be a knowledge of biological phenomena. They would place less
emphasis upon such topics as health, conservation, and biology
in world affairs. All of the authors were in agreement that the
"methods of science" should be emphasized in teaching biology.

D. The content of the biology course.
1. The following criteria for the selection of course content were

accepted by all of the authors:
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a. The content should appeal to the interests of the students.
b. The content should be related to the local community.
c. The content should-contribue to the aims of science teach-

ing.
2. Three out of four of the books cited the following criteria:

a. The content selected should be of a nature that firsthand
learning activities can be utilized.

b. The content should represent a proper distribution of the
subject fields of biology.

The biologists disagreed tzi using the following criteria for
the selection of course content: material of wide human or social
value; materials related to the specific needs of students; ma-
terials useful simply for the purpose of developing new interests;
and materials that might be useful to coordinate or integrate all
the sciences. Some of the authors considered these criteria of
secondary importance. Biologists tend to stress the importance
of getting a "proper distribution" of subject content in high
school biology courses. Essentially this means a balance of con-
tent from the botanical and zoological fields.

E. The organization of course content.
1. The biologists were in agreement that students should not

participate in the organization of the course.
2. Most of the authors would like to have the biology course or-

ganized around problems.
3. Half of the writers saw the possibility of organizing the course

around the major principles of biology.
4. Some authors wanted the biology course to parallel related

content in the social studies.
5. None were of the opinion that a textbook should be the sole

guide to the organization of a course.

It is evident that there was little agreement about the proper
way to organize a high school biology course. The emphasis upon
an organization around problems or principles implies a search
for an integrative theme to provide a biological unity to the
content.

F. The methods of teaching high school biology.

1
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1. The biologists were in agreement that:
a. There is no one method that is suitable for all teaching

situations.
b. The method should depend upon the objective sought

2. The majority agreed that:
a. Field trips and excursions, well-planned as to purpose, are

valuable teaching procedures.
b. Much class time should be spent in the application of bio-

logical principles to new situations.
3. Half of the authors were of the opinion that:

a. A wide variety of reading references should be used in the
biology course.

b. Demonstrations should be used more frequently.
c. A problem solving approach is an effective way of teaching.
d. Students should seek information from a variety of source,

including museums, zoos, resource speakers, etc.

In contradiction to the educational trends of the time the
biologists were not enthusiastic about the following teaching
procedures:

1. Supervised study.
2. The use of films.
3. Student self-directive learning procedures.

There was little agreement as to how biology laboratory work
should be organized; only half of the authors supported any
single idea.

G. The nature of biology laboratory work.
1. The most frequently mentioned ideas were that the work in

the laboratory should:
a. Have an experimental aspect to it.
b. Be closely related to class activities.
c. Relate to the objectives of biology teaching.
d. Require analytical rather than representative drawings.
e. Cultivate habits of accurate observation.
f. Use laboratory drawings to fix in the minds of the students

the facts to be learned.
g. Provide training in the skills essential for good experi-

mentation.
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h. Be planned and organized by the teacher.
i. Require orderliness and cleanliness.
j. Require laboratory notebooks to hold pupils properly re-

sponsible for k ooratory work.

The writers were not particularly concerned with the ways
in which the results of laboratory work would be used, the nature
of the "write-ups", or the length of the laboratory period.

H. The nature of testing and evaluation in biology courses.
1. The following items had the strongest support:

a. Tests should indicate the extent to which the objectives of
science teaching are achieved.

b. Tests should help to diagnose the educational strengths and
weaknesses of students.

c. Tests can serve as a motivating device.
d. Tests should require students to select, analyze, and or-

ganize data.
e. Tests should be short and administered frequently.

Only one of the four books recommended the use of tests to
indicate: 1) the student's understanding and ability to apply the
principles of biology; 2) the application of biological knowledge
to specific problems; 3) the status of laboratory achievement; 4)
the student's growth in the achievement of "scientific attitudes."
While there was agreement that tests should measure achieve-
ment in the objectives of a course, any specific suggestions for
evaluating particular objectives were lacking.

Summary

There is not extensive agreement among the authors of text-
books on biology teaching about the purposes or methods of
teaching high school biology. Each writer analyzed the problems,
made an interpmation and formulated recommendations that
seemed appropriate to him. The disagreements among the
authors and the frequent inconsistency of a writer with his own
assumptions suggest that the place of biology in a liberal educa-
tion is not clearly defined. Objectives were stated that could not

fr,
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be achieved by the teaching procedures that were outlined and
motivating devices were recommended that have not proved suc-
cessful.

The question of how biology as a science might be presented
in a course for high school students was not made clear. The
biologists, judging from the authors reviewed, had difficulty in
synthesizing the field sufficiently to develop a year course for
high school students that wo,,. id represent the biological sciences
or encompass the nature of living substances. The biologists were
inclined to view the sr lect in terms of naming parts, associating
functions, and identifying species. They were not inclined to
consider student or adult interests in course development. More
attention was given to the logic of the subject matter and a
balance of content among the various fields of biology.

As a group the biologists rejected the idea that biology should
be an accumulation of isolated facts; but at the same time they
did not support a conceptual organization of biology courses in
terms of principles, concepts, laws or other integrating themes.
They accepted in general the organization of a course around
biological problems, but not if these meant problems of an "ap-
plied" nature, such as conservation, health, or improving agri-
culture. There seemed to be little awareness of the research on
the nature of learning, the investigations on science teaching, or
the recommendations of professional scientific societies that
were, nterested in the improvement of science teaching.

No books reviewing biologicai education as a whole have been
published since 1938, although there have been sourcebooks and
handbooks on biology laboratory work and several works on the
teaching of conservation. The most recent work on the teaching
of biology, although still in an experimental form, is the Teach-
er's Commentary for the various text versions of the Biological
Scienczs Curriculum Study.

f



Investigations on the Objectives of
High School Biology

THE nvantovEtamfr of the biology curriculum in high schools
depends upon the development of a point of view consistent with
the functions of secondary school education and the contribu-
tions of science to a liberal education. It must also be assumed
that biology instruction has value for all young people. Then, for
a smaller number of students there should be special opportu-
nities. The work of the biology committees described in the
earlier chapters of this study comprise efforts to establish these
perspectives.

The selection of course content, with its management and
presentation, has been the subject of research directed toward
maximizing the teaching and learning processes of biology.
Once the objectives for science teaching are established the
problem becomes that of finding teaching practices that are ef-
fective, efficient and economical in terms of the learning out-
comes that are sought. These problems represent the majority of
the investigations on the teaching of science. Most of the re-
search results have application to the teaching of biology, physics,
or chemistry. In this study the majority of investigations cited
were selected specifically for their pertinence to biology teaching
and for their significance in curriculum development. Studies on
course enrollments, local resources for biology teaching, teacher
education, atypical student populations, and development of
special resource units (conservation, health, anthropology and
others), supervision of instruction and administration of science
programs have been omitted.

Approximately 900 investigations on science teaching were
examined and half were eliminated after a cursory examination
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for a lack of specificity to biology teaching. A total of 360 studies
were abstracted; 100 studies with some likelihood of relevance
were unobtainable. The studies reportedwere selected to provide
a "picture" of curriculum research in the biological sciences. The
paucity of studies on a particular problem is representative of the
available research in this category.

Educational research like research in most fields is subject
to fashions; this is illustrated by the high concentration of studies
on a particular problem for a limited period of time, without
later reference. It could also mean the questions appear to have
been answered within present theory, or the techniques for ob-
taining further refinements are not available.

Studies on the Objectives for Teaching Biology
The question of objectives for the teaching of science is central

to curriculum planning. Hurd (1954), in a sample of 3.133 state-
ments written by high school science teachers over a fifty-year
period (1901-1951), found that the objectives were their greatest
concern. Educational objectives serve as hypotheses by means of
which a biology teacher makes decisions about the curriculum,
its organization and the selection of teaching procedures. Good
teachers have reasons for the ways in which they work; these
reasons are expressed in terms of educational objectives.

The concept of education in the sciences is influenced by new
developments in biological knowledge; changes in learning the-
ory; social, cultural, and economic developments; and public
whims. A continuous rethinking of educational therify in the
light of these developments is essential for the best kind ofscience
education. To the same degree that progress in science is judged
by its development of new theory in the light of new knowledge
and increased understanding, the improvement of the educa-
tional enterprise demands a continuous restructuring of its
philosophical assumptions.

The reports of the committees cited in the first part of this
study give the thinking of different groups about the purposes
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for teaching biological science. Investigative studies on objectives

are summarized in this section of the report.
The historical development of biology teaching objectives is

reviewed in studies by Stout (1921); Finley (1926); Nelson (1920;
Fay (1930); Christy (1936); Hurd (1949); Rosen (1955) and
(1959). These investigations, using a variety of data, show modi-
fications in the objectives for the teaching of biological subjects
over the past century. Studies upon the objectives accepted by
science teachers have been frequent. Hunter (1910) surveyed 276
high schools representing 34 states to determine the direction of
emphasis teachers actually gave to their courses. He found this
to be in the following areas of biology: human physiology, 178;
morphology, 139; human welfare, 138; ecology, 136; natural 1s-
tory, 106; taxonomy, 19. This survey revealed a decided emphasis
on health and human biology. Hunter (1932) continued his study
of objectives for science teaching with a sampling of 393 widely
distributed high schools. His results were expressed in terms of
total percent of teachers stressing each obective: 1) propaedeutic
functions, 19%; 2) to give information, 12%; 3) to master sci-
entific method, 11%; 4) to understand the environment, 10%;
5) to develop skill in doing useful tasks, 10%; 6) to establish
habits of scientific thinking, 9%; 7) to arouse interest in science,
7%; 8) to develop a scientific attitude towal d all problems, 5%;
9) to gain a knowledge of the environment, 3%; 10) to appreci-
ate value of health, 3%; 11) to explore pupils' interests, 3%; 12)
to develop powers, 2%; 13) to arouse interest in environment,
2%; 14) to develop an appreciation of the work of scientists, 2%;
15) to explore the field of science, 1%; 16) miscellaneous, 3%.
These percentages were estimated from Hunter's graphs. In 1947,
Hunter published two surveys, one using replies from 665 schools
and obtained in 1940 and the second utilizing data from 408
schools gathered in 1947. In these studies the statements of ob-
jectives were placed in rank order in terms of frequency of
teacher response; only the higher ranking objectives are listed

here.
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;940 Rank 1947 Rank

Objectives 3 schools) (408 schools)

Scientific method 3 1

Worthwhile ideals and habits 4 2

Understanding the environment 2 3

Understanding personal health needs 1 4

Knowledge of the environment 6 5

Develop the power of observation 5 6
Withhold conclusions until facts secured.. 10 7

Information useful in solving life problems. 11 8

Appreciation of the environment 9 9

Attitude free from dogma and superstition. 7 10

Evaluate and interpret data 8 11

Hunter noted a growing emphasis upon the methodology of
science as an objective for high school science teaching. These
studies show a changing emphasis in the teaching of secondary
school science and in turn reveal the objectives subscribed to
by the high school teacher.

Noll (1939) examined 130 sets of science objectives from
various source, (committee reports, articles in periodicals, text-
books in science education, state and national agencies) and
compiled a common list ranked in terms of percentage of men-
tion. His results were: 1) knowledge of the principles and ap-
plications of science, 34.7%; 2) interest in science, 7.9%; 3) ap-

preciation of the beauties of nature, and of the commonplace,
6.9%; 4) appreciation of the work of scientists, 6.9%; 5) ability

to use the scientific method, 6.9%; 6) knowledge leading to an
understanding of the nature and organization of the environ-
ment, 6.4%; 7) preparation for further work in science and for
college entrance, 6.4%; 8) desirable habits of work and study,
6.4%; 9) ability to do useful tasks, 5.4%; 10) scientific attitude,

4.9%; 11) exploration to acquaint the pupil with science and to
help hit., to orient himself with respect to the different sciences,

4.0%; 12) habits of healthful living, 1.5%. Noll found the great-
est emphasis to be upon knowledge aims (51.5%), with appreci-
ations (18.8%) and abilities (12.3%) ranking second and third in
importance. Reusser (1923) obtained replies from 212 high
schools on the aims of biology teaching. He found the "most

S
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common aims" to be: 1) to broaden the pupil's knowledge of his
own body through the study of plants and animals; and 2) to
make good citizens through a knowledge of good food, health
and living conditions. "Less important aims" for biology teach-
ing were: I) accurate observations; 2) to think clearly and form
logical conclusions based on facts; -and 3) develop an interest in
life and environment. He also found that 70% of the teachers
considered human biology the most important division of the
course.

Hurd (1949) analyzed nine of the most widely used high school
textbooks of biology published between 1938 and 1948 for the
authors' statements of objectives. Those most frequently men-
tioned were:

1. To aid students to work with problems that are real to them.
(8)

2. To develop competence in the use of the scientific method of
thinking. (7)

3. To develop a functional understanding of the principles and
generalizations of biology. (7)

4. To develop, through understanding, a desire to use the sci-
entific attitudes toward the solution of problems. (6)

5. To help students develop the intellectual competence and
proper attitudes that are essential to their adjustment to the
world about them. (6)

6. To develop an understanding and the attitudes which will
lead to constructive action on social and economic problems
of wide concern. (6)

7. To aid students in the development of worthy leisure time
activities. (5)

8. To acquaint students with vocational possibilities in the
biological fields. (4)

9. To instill in students a recognition of science as a way of
seeking knowledge rather than as a set of facts or an organiza-
tion of knowledge. (3)

McKibben (1947) analyzed 150 sources for statements of gen-
eral education biology objectives to determine any changes in
thinking that may have taken place in a twenty-year period. She
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compared statements published from 1926 to 1935 with those re-
ported in the period 1936-1945. She then determined a relative
ranking of the objectives for the two periods:

Objectives

A. Intellectual objectives:
1. A study of biology should develop

in the pupil a proficiency in the use
of the scientific method.

2. The study of biology should create
certain desirable scientific attitudes
in the pupil.

3. The study of biology should equip
the pupil with the knowledge of bi-
ological facts and principles.

4. The study of biology should increase
the pupil's interest in living things.

B. Practical objectives:
5. The study of biology should enable

the pupil to make the proper social
adjustments.

6. The study of biology should have
certain economic value for the pupil.

7. The study of biology should enable
the pupils to make wise vocational
selections.

8. The study of biology should help a
pupil make better use of leisure time.

9. The biology course should prepare a
pupil for further study toward a
career.

10. The study of biology should direct a
pupil to more healthful living.

11., The study of biology should make life
more enjoyable and more meaning-
ful.

12. The study of biology should develop
a more ethical character.

13. General applications.
14. Miscellaneous applications.

1926-35 1936-45

14% 10%

7% 7%

24% 20%

5% 7%

4% 7%

9% 13%

2% 4%

3% 5%

4% 3%

9% 8%

5% 4%

3% 0 %
8% 10%
2% 2%
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Brandwein, Watson, and Blackwood (1958) studied the trend in
expected outcomes from high school biology teaching from an
analysis of the "10 best-selling textbooks in 1935 and in 1955;
also from a study of curriculums in 72 varied school systems,
small and large, rural and urban." They found that the trend in
teaching biology was "toward dealing with the concepts of biol-
ogy which will help students to understand themselves as organ-
isms and their environments in terms of the interrelationship of
the organism and the environment." They further pointed out
that in a modern biology course all students might F.,1:

"1. A sufficient uncl-rstanding of the concepts of biology to en-
able those who will not become doctors, nurses, veterinarians,
farmers, or other agents of public health or biological pro-
duction to cooperate intelligently with those who are.

2. The opportunities for a practical _understanding of the
method of the biologist which will give them the confidence,
in consultation with experts, to attempt the solution of prob-
lems which they have to face in their individual and social
lives.

3. The incentive to become biologists (scientists with special in-
terest in biology) or experts in applying the concepts of biol-
ogy (e.g., doctors, nurses).'

Summary

The purposes for the teaching of biology which are accepted
by the uassroom teacher and which in turn guide the writing of
textbooks are more likely to describe the actual directions of
biology teaching than those postulated by national curriculum
committees. However, in both instances there are likely to be dis-
crepancies between the teacher's stated objectives and class and
laboratory practices. Although teaching of the "scientific
method" typically ranks first as an objective of biology teaching,
teaching practices that might accomplish this goal are seldom
found. Textbooks frequently contain an introductory chapter de-
scribing the methods of biology but afterwards little reference is
made to the topic. Studies on testing and evaluation fail to show
that growth in the ability "to solve problems scientifically" re-
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ceives serious consideration when teachers judge student achieve-

ment. On the other hand, to assume that the objectives of science

teaching can be achieved from unstructured teaching as a con-
comitant result of learning the facts of the science does not seem

to 13: supported by psychological research or the intuitive judg-

ment of research scientists.
Both the investigations and committee reports on objectives

illustrate changes in emphasis and the emergence of new ob-
jectives for biology teaching. This should be expected if the
characteristics of a liberal education are to be closely related to
changing cultural patterns. The recent criticisms of science
teaching in the high school have been in the nature of disagree-
ment with the current objectives and their inconsistency with
the educational demands of contemporary society. The national
curriculum studies now in progress have proposed new directions

for the teaching of high school biology, directions which place

more emphasis upon the processes of science.

.4"



XI

Investigations of Criteria for the
Selection of Course Content

CENTRAL TO CURRICULUM DEVELOPMENT is the determination of
appropriate course content. The accelerated increase in avail-
able knowledge makes the selecting of the significant knowledge
from a discipline for a high school course of 160-180 hours' dura-
tion a greater problem than ever. In addition, the selection must
be comprehensible to non-college bound students, the majority,
with further consideration for the student who can profit from
advanced training.

There are several approaches to the development of course
content in biology: 1) the use of "objective" procedures to iso-
late the knowledge according to an assumed criteria (for ex-
ample, frequency of biological items in the public press); 2) the
establishment of certain philosophical assumptions which may
serve as a unifying theme (meeting the personal-social needs of
young people); 5) importance in understanding the discipline
(using the opinions of leading scientists); or 4) a combination of
these approaches.

Hurd (1954) found that a major concern of high school science
teachers was the question of what to teach. Ark examination of
1,373 articles on the teaching of science published during the
fifty years prior to 1951 showed that the majority of teachers
used the following criteria to select the content for their science
courses: the knowledge is interesting to the majority of students;
it is practical; it is related to everyday living; it has reference to
the local community and has wide social and economic signifi-
cance.

Several investigators sought to determine significant course
content through an analysis of biological items appearing in
newspapers and widely read magazines. The assumption under-
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lying these investigations was that the study of biology should
enable the student to read intelligently those publications he
would normally read throughout his lifetime. Finley and Cald-
well (1923) analyzed 13,796 pages of newspapers, representing
issues from 11 prominent newspapers, for biological content.
They found 3,061 articles on biology distributed according to
the following categories: 1) health, 897; 2) animals, 755; 3)
plants, 660; 4) food, 533; 5) organization of producers, 81; 6)
nature, 74; 7) evolution, 47; 8) fictitious, 14. The articles first
in frequency were also first in the quantity of material.

Curtis (1924) examined a total of 5,566 articles appearing in
the public press and found that only 13.7% required no scien-
tific background for understanding. A total of 962 scientific
terms were found in the articles of which less than two percent
were defined in the news items. Curtis concluded that courses in
general science need to devote more space to the biological sci-
ences based upon the frequency of biological articles and bio-
logical vocabulary in the public press.

Searle and Ruch (1926) studied a sample -1 the science arti-
cles in a number of magazines covering a ten-year period. Rep-
resentative magazines used in the investigation were Science,
Scientific Monthly, Saturday Evening Post, The Atlantic
Monthly, The Literary Digest, The American and others. They
found that 62.2% of the science articles were about biology plus
an additional 2.4% on agriculture. The highest ranking articles
by biological topics were: 1) man, 17.1%; 2) mammals, 10.5%;
3) health, 9.2%; 4) insects, 8.2%; 5) disease, 7.2%; 6) food, 6.7%;
7) respiration, 5.0%.

Hill (1930) investigated the content of 591 issues of non-
specialized magazines, including The American, The Atlantic,
Harpers, Scribners, and The Saturday Evening Post, for the
amount of space devoted to science. He found that the most
commonly discussed biological topics in terms of the percent of
space devoted to them, and which could be easily read by stu-
dents who had had the Kansas biology course, were: 1) animal
biology, 52.4%; 2) human biology, 28.6% (mostly on health);
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3) plant biology, 6.0%; and 4) general biology, 2.69%. Eleven
percent of the articles were considered too difficult to under-
stand for a student who had completed the Kansas biology
course.

Merrill (1929) sought an objective procedure to develop the
content of a high school botany course to meet social needs as
they appear in human activities. He' analyzed and compared the
space devoted to articles on botany in popular periodical maga-
zines with the percent of space devoted to the same topic in bot-
any textbooks. Among his findings were these: 1) textbooks de-
vote three times more space to lower forms of plants, twice as
much space to descriptions of plants, seven times more space to
plant structure, and three times more space to the function of
parts; 2) periodicals devote seven times more space to food pro-
ducing plants, ten times as much space to plant culture, five
times as much space to the control of plant diseases and twice as
much space to conservation.

Novak (1942) analyzed 1,461 issues of the New York Times
and found that of 15 major science topics appearing in this news-
paper, 6 were biological in nature; namely: health and medicine;
animal life; man and behavior; gardening and agriculture; con-
servation, and plant life. Of the total science articles in the
75,000 newspaper pages examined, 50.5% of the space was de-
voted to biology. DeLoach (1941) studied a year's issue of Life
magazine and found that of 56 science articles 41 dealt with the
biological sciences. Medicine accounted for 17 articles and zool-
ogy was next in frequency with 10 articles.

Another approach to the selection of course content has been
to determine the common misconceptions and superstitions of
young people about biological topics and assume that a proper
course of instruction in biology should incorporate content ap-
propriate to changing these erroneous beliefs. Vinal (1922) stud-
ied the mistaken ideas of young people in 14 different classes
ranging from junior high school through college. He found that
"old sayings" which are untrue and acquired in the early grades
are long remembered. Vinal concluded that students depend
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more on hearsay about biological topics than on observation or
thinking and that biological ignorance was widespread.

Mailer and Lundeen (1933) investigated the sources of super-
stitious beliefs and factors that contribute toward the learning
and unlearning of unfounded ideas. They found that most su-
perstitious beliefs came from friends. The second greatest influ-
ence was the home. Third, were such sources as books, news-
papers, school and church. Direct observation was found to
contribute least to the development of superstitious beliefs and
was also the best way for correcting them. Students who pre-
ferred to read books on science and invention showed fewer
superstitions than those preferring books of fiction, adventure,
and mystery.

Salt (1936) investigated the prevalence of health misconcep-
tions and superstitions possessed by students at several grade
levels and in relation to their sex, race, socio-economic status
and geographical location. He found pupils in the lower grades
had more health misconceptions than pupils in the upper grades,
and that negro students had more misconceptions than white
students of the same grade. Socio-economic status of the student
had little relationship to tne number of their misconceptions
about health.

Caldwell and Lundeen (1939) in a series of studies oil un-
founded beliefs concluded that: 1) specific instruction can
change unfounded ideas as most of them seem to be due to a lack
of correct information; 2) unfounded ideas are wide-spread; and
3) education and experience tend to reduce the number of super-
stitions among students.

Textbooks and courses of study, since they represent the con-
sidered judgment of one or more persons presumably experi-
enced in teaching biology, have been the subject of analysis and
synthesis to develop "better" biology courses. Meier (1927)
analyzed a number of high school textbooks in biology and
found that nearly 50% of the content consisted of health mater-
ials. The more common topics "included the structure, func-
tions, and hygiene of the human body, the relations of plants and

4*.
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animals to human welfare, particularly with reference to food

and disease and problems pertaining to public health."
Chappelear (1929) investigated the amount of health content

in: 1) five high school textbooks of biology; 2) JO recent courses

of study in biology; 3) 13 sets of College Entrance Board ques-
tions; and 4) 20 sets of New York State Regent questions in biol-

ogy. He then secured answers from 50 teachers of biology as to

the amount of time they devoted to various health topics. He

found that: 1) the content of biology textbooks varied between

33% and 40% on health materials; 2) 38.8% of the content of

biology syllabi was on health; 3) 32.2% of the questions on the

biology college entrance examinations were on health; and 4)

on the Regent Examinations in biology, 31.9% of the questions

were on health. Chappelear pointed out that, based upon his

analysis, a typical biology course of 36 weeks' duration would
have 13 weeks devoted to the study of health. He noted a con-

siderable overlapping between the health content of general

science and biology textbooks. Furthermore, that many teachers

not only utilized the health topics of the textbooks and courses

of study but selected additional health material for their biology

courses.
Webb and Vinal (1934) analyzed the content of 13 courses of

study in biology, none of which were over three years old. They

found that great emphasis was given to the social and economic

aspects of biology; however, 11 of the 13 courses of study did

touch upon heredity, environment and evolution. The major

topics of biology usually considered: 1) classification of living

things; 2) cellscell structure and protoplasm; 3) lower plant

life; 4) the living plantstructure and function of major parts;

5) plant ecology; 6) forestryconservation practices; 7) ani-

malsstructures and functions and from simple to complex
forms with an emphasis upon insects; 8) the human body
structure and functions with related hygiene; 9) foodor-

. __A around a balanced diet; 10) alcohol, narcotics and food

adulteration; 11) interrelationship of organisms; 12) f-eredity,
environment and evolution; and 13) miscellaneous topics (niog-



188 BIOLOGICAL EDUCATION-RESEARCH STUDIES

raphies, scientific progress). In four courses of study the "be-
havior of living things" was considered, three mentioned the
"methods of science" and one the "value of studying biology."

Caldwell and Weller (1932) obtained the opinions of 30 col-
lege biologists about the factual and topical content found in
11 of the most widely used high school biology textbooks. Each
of the 30 college biologists checked the topics he felt should be
included in a high school course and was also asked to comment
on his selection of topics and his omissions, and to suggest addi-
tional topics. Between two-thirds and three-fourths of the college
biologists would increase the emphasis upon the following sub-
divisions of biology: ecology, taxonomy, morphology, genetics,
embryology, anatomy and physiology. It was felt that the clas-
sification of plants and animals should receive slightly less at-
tention, even though the textbooks already devoted little space
to the topic. Four-fifths of the biologists would include a brief
study of elements, compounds, energy, physical and chemical
change in the biology course. Human behavior and mental
hygiene were rated low although most of the judges would in-
clude the topics. Few would either omit man or make man the
leading feature of the course, but almost all would include care
of the human structures, public health, and the study of foods.
Strongly recommended by the biologists was a consideration of
geographic dibeibution of plants and animals, their economic
value, insect pest control, conservation of wild life and biog-
raphies of a dozen or so biologists. While 90% of the texts con-
tained material on alcohol, tobacco and drugs, less than two-
thirds of the judges would include these topics and then only
with minor emphasis. The college biologists felt that heredity
and environment should be included in high school biology but
would not give much space to the topic and recommended only
scant attention to the theories of evolution.

The authors of A Program for Teaching Science, Thirty-first
Yearbook, Part I, National Society for the Study of Education
(1932) recommended that course content should be selected in
terms of the significant principles of science "that ramify most
widely into human affairs." This recommendation was an effort



CRITERIA FOR SELECTION OF COURSE CONTENT 189

to direct science teaching toward the larger ideas of science ex-
pressed as principles or generalizations, and away from an in-
ventory of discrete facts. The research on retention of learning
provided considerable justification for focusing course content
on the principles of biology.

The "principles" concept stimulated many research studies
during the next twenty-five years in an effort to identify the
more significant biological principles around which to build
the high school biology course. Various techniques were used to
attack the problem. The usual procedure was first to establish
educational criteria for selecting the principles from authori-
tative biological literature. Competent research biologists were
then asked to rate or rank the principles for their importance in
the discipline and to verify the accuracy of statement. The
principles were then organized according to their importance for
general education, suitability for a grade level, or their teach-
ability.

Among the studies on the identification of principles of
biology were: Menzies (1927), Bent ly (1934), Moyer (1936), Olds
(106), Weid (1940), Martin (1945), Blanchet (1946), Washton
(1951), McKibben (1955), Friborough (1957), and Rabb (1960).
Other studies which have identified principles useful in plan-
ning biology curricula are: Bergman (1947), entomology; Irish
(1949), soil conservation; Glidden (1956), conservation; Mallin-
son (1949), consumer science; Leone lli (1947), O'Connor (1950),
and Smith (1951), general science. Studies of a similar nature
have been carried out in the physical sciences and for elemen-
tary science. The number of biotogical principles identified in
these studies run into the hundreds, the following are repre-
sentative:

1. "Reproduction is a fundamental biological process that pro-
vides for the continuance of life on the earth by providing
new individuals." (McKibben)

2. "All living organisms (except viruses and bacteriophage)
carry on the common life processes; reproduction, growth,
nutrition, excreti." respiration, and irritability." (Martin)

3. "Since plants alone have the power to use solar energy for
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the manufacture of food materials, all other living things
depend on the green plant." (Menzies)

Curriculum workers have felt that a useful approach to the
selection of course content in biology was to use the judgment
of experienced high school teachers. Le Master (1952) compared
the subject matter of 12 city and state courses of study in biol-
ogy with the content recommended by 36 successful high school
biology teachers. He found agreemew on the following topics:
1) classification of plants and animals; 2) genetics; 3) ecology;
4) reproduction; 5) obtaining and using food; 6) structure and
organization of living things; 7) conservation. The teachers
would place a greater emphasis on: 1) behavioral reactions; 2)
modern control of disease; 3) biology and atomic energy; and
4) biology of flight. They would place less emphasis on paleon-
tology than outlined in the courses of study. Tyrell (1958) ob-
tained 931 replies from biology teachers who were members of
the National Association of Biology Teachers as to the one area
of instruction they felt was the most important for high school
students. The following topics were judged to be the most sig-
nificant: 1) biological principles; 2) conservation and natural
resources; 3) essential life processes; and 4) human physiology.
A. W. Hurd (1934) obtained opinions from members of the Na-
tional Association for Research in Science Teaching, the Central
Association of Science and Mathematics Teachers, and from 50
teachers in colleges, universities and departments of education
regarding criteria for developing high schoo! science courses.
The most frequently listed criteria were those which: 1) explain
scientific attitudes and show their effect on man's thinking; 2)
explain the methods of science; 3) appeal to the immediate in-
terests and sustain pupil interests; 4) encourage the bel;r.f in,
and practice of desirable social ideals involving science; 5) are
of direct use to pupils in their everyday living; 6) explain the
local environment; 7) are within the capacities of the pupils;
8) make a direct and immediate contribution to the welfare of
the social order; 9) stimulate the discussion of science problems

I
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found in the news of the day; and 10) provide unity and co-
herence to biology as a science.

A procedure for selecting the content of courses has been the
use of "expert" advice from a "qualified" committee of high
school teachers, research biologists, and educators. The propor-
tional representation from each group has varied but has rarely
been equal. The reports outlined in the earlier chapters of this
study illustrate the product of these committees.

More than other high school science courses the content of
biology courses has been subject to influence by special interest
groups. There is no real way to judge the extent of this influence
except to note the content of high school biology textbooks and
curricula for omissions and inclusions which the research bi-
ologist could only view with suspicion. Topics which for one
reason or another (political, social custom, religious) have been
minimized or maximized in the curriculum to a greater extent
than biologists would support are: evolution; narcotics and to-
bacco; health topics and practices; conservation; eugenics and
sex instruction. Limitations on the use of living organisms in
high school biology have restricted the best biology teaching
in several cities. Even the professional biologist has at times
brought about an imbalance in the curriculum through efforts
to maximize his field in the curriculum. The growing body of
biologi...al knowledge and the changing emphasis among the di-
verse fields, snake the choice of content for a high school course
an increasing problem.

Traditions and fashions, both in biology and education, are
reflected in the secondary school biology curriculum. The edu-
cator wants the biology content to be useful for all students;
the biologist emphasizes the content useful to biologists. New
theories and discoveries in biology enter the curriculum only
after a considerable time lag and then seldom replace any topics.

The degree to which research studies and committee reports
influence the high school biology curriculum is a matter of de-
bate. It would perhaps be accurate to state that they determine
the curriculum to the extent they influence the authors of bi-
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ology textbooks. Martin's (1952) survey showed that over 90%
of the biology teachers used a single textbook; the textbook then
becomes the criterion for the selection of course content.

Tests such as the Regents' Examinations, College Entrance
Board Examinations and other standardized biology tests influ-
ence what is taught in schools. Since many of these tests provide
evidence on only one facet of biological education, the student's
inventory of facts and names, teaching is focused in this direc-
tion. An understanding of the science of biology is minimized
because it is not or cannot be evaluated.

Another approach to curriculum development in biology is
to consider the interests and preferences of pupils. Washton
(1941) found that New York City Students who had taken high
school biology were most interested in man, heredity and evo-
lution. Blanc (1958) in a similar study in the Denver schools
found heredity, evolution, nervous system and control of the
body, disease, reproduction, circulation, alcohol and drugs, bal-
ance of nature, economic importance of mammals to man, and
the structure of mammals to be of major importance. Among
the topics of low interest to students were: structure and func-
tion of plants and animals (exclusive of man), and classification.
Pupils graded "A" and "D" did not differ greatly in their in-
terest patterns except that "A" students were more inclined to
be interested in topics that were emphasized in the textbook.

Relyea (1937) studied the biological interests of high school
sophomore girls before they took biology and found them to be
identified with pets, gardens, flowers, and the familiar plants
and animals. Zim (1942), using several techniques, investigated
the interests of adolescents in biology. He found that 55% GI:
the girls' and 43% of the boys' interests in science could be
identified with biological topics. Zim concludes that: "adoles-
cents are interested in living things around them; biological
interests are specific and most frequently related to health, dis-
ease, physiology, anatomy and animal life; and the interests of
boys and girls in biology are different."

Curtis (1924) found that the interests of pupils and adults
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in cities and good-sized towns were more in the physical sci-
ences than in the biological and that girls and women were more
interested in biology than boys and men. The topics of greatest
biological interest to adults were: animals, flowers, evolution,
plants, diet, gardening, snakes, trees, birds and physiology. The
biological interests of children were: animals, flowers, plants,
fish, snakes, trees, birds, and "germs."

Henderson (1957) studied the interests of pupils related to
human physioltogy and found that they were of a "practical na-
ture", but differed from those thought to be most worthwhile
by physicians. Bunce (1952) had high school graduates who did
not enter college ew,uate their high school science courses. In
general more men than women thought they were of value and
both felt there was a need to make science courses more practi-
cal for everyday livi..lg.

Fitzpatrick (1937) ..iestioned the reliability of student in-
terest studies and the development of subject content from
them. Klise and Oliver ( 1947) found that the popularity of
topics as judged by students varied with different teachers.

These and similar studies in biological education appear to
indicate that young people are primarily interested in those
phases of biology directly and specifically related to man and
his well-being and other topics of a "practical nature."

Summary

The diversity of fields in biology has posed many problems
for the selection of content suitable for a high school course in
biology. Some curriculum makers have sought to make the
course "practical" and "useful" and have, therefore, explored
the interests of students and the biological knowledge valuable
in daily living. The professional biologists have made use of dif-
ferent assumptions for determining course content. Disagree-
ments on the purposes of the secondary school and the function
of science in a liberal education leave the matter of course con-
tent in biology with many unanswered questions.

Most of the curriculum investigators have sought a way for
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determining the content-of courses by a criterion thAt would
define a specific body of significant knowledge. It seems ap-
parent that such procedures are futile in terms of the rapid in-
crease of biological knowledge since mid-century. There is need
for a clear statement of philosophical assumptions to guide the
development of new biology curriculums. These should indicate
the contribution of biology to a liberal education and the de-
velopment_ of a scientific literacy on the part of the typical high
school student.
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Investigations on Biplogy Textbooks

THE BIOLOGY TEXTBOOK in the Atnericam school represents riot
only the content but also the organization for the. majority of
biology courses. There is little question that it strongly influ-
ences the instructional, learning and testing procedures of the
course. Whatever is new in curriculum theory and content
reaches the majority of teachers and the students by way of text-
books. Although frequently criticized, they nevertheless have
been the major guide to whatever is "good" in courses. Much
of the "bad" in science teaching has developed from the im-
proper use of textbooks, for example, the fetish that they must
be "covered" in nine months, or the teacher who feels they rep;
resent all that is important to know in a subject.

Research on textbooks in science is limited. Few studies have
been made on their use as a teaching device. Analyses of the con-
tent of textbooks are common and are used to determine the
"real" curriculum in science courses.

Richards (1923) analyzed the content of six of the most widely
used high school biology texts: He used a word count to indicate
the relative emphasis given to each topic and developed a syn-
thesis to represent "an average biology textbook." The results
of his study are shown in the table on the following page.

Welzin (1933) analyzed five popular textbooks in high school
biology and found little agreement among them as to content or
organization. He noted that not one reference for supplemen-
tary reading was Common to all five texts and that Darwin, Ed-
wards, Lazear and Pasteur were the only biologists mentioned in
each of the five textbooks.

Presson (1930) analyzed the contents of the seven most widely
used textbooks in high school biology and determined the per-
centage of total space devoted to each topic.

195
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The "Average Biology Course" (Richards, 1928)
Rank Topic 1000's of words.

It Vertebrates 68.0
2: Insects 51.8
3. Lower plants 51.2
4. -Publicllealth 47.1
5. Foods and dietetics; alcohol and drugs 39.8
6. Health and Disease 30.1
7. Seeds 26.5
8. Respiration and excretion 25.6
9. Classification 24.0

10. Nervous system and sense organs 22.9
11. Stems 22.6
12. Metazoa 21.2
13. Molluscs 21.2
14. Plants and Human Welfare 20.8
15. Flowers and Work .20.8
16. Blood and Circulaticin 20.5
17. Digestion and absorption 19.5
18. Environment 18.9
19. Roots 17.8
20. Structure and function of living things 15.6
21. Interrelations of plants and animals 14.8
22. Crayfish 14.8
23. Worms 13.9
24. Leaves 13.5
25. Forests and protection of 12.5
26. Evolution 12.2
27. Protozoa 10.0
28. Great men and history 9.6
29. Growth, development, sex 8.5
30. Why study biology 6.1
31. Parasitism 5.7
32. Fruits 4.9
33. Man in general 4.5
34. Higher mental processes 3.6
35. Human machine 3.5

A
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$pace Analysis of Seven Biology Textbooks (Presson, 1930)

Tapir htenstage of Sir, ayme
Plant biology 30.E

Cells 1.6
Seeds 2:6
Roots 1.5

. Stems 1.9
Forestry 2.5.
Leaves 2.5
Plant physiology' 3.7
Flowers 2.9
Fruits 1.2
Plant breeding 1.1
Bacteria 1.9
Lower forms of plants 1.5
Soil 1.2
Economics of plants 1.8
Classification of- plants .8
Conservation of plants 1.0
Symbiosis 1.0

Animal biology 29.7
Insects 7.0
Crustaceans 1.5
Worms . .8
Molluscs .4
Protoma 1.3
Simple metaroa .7
Amphibians 2.3
Fishes 2.2
Reptiles .6
Birds 3.7
Mammals 2.5
Classification of animals .9
Animal breeding .7
Life processes 3.0
Economics of invertebrates 1.5
Economics of vertebrates .8

Human biology 32.9
Structure 2.2
Foods 5.9
Digestion 2.9
Rapiration 2.4
Circulation 3.1
Nervous system 4.3
Exaction 1.1
Health 9.1
Stimulants, narcotic., and drugs. 1.9

Ifiecellaineous 6.8
Introductory material 3.7
Heredity and evolution 2.6
Biography .6

---lawnCJ13411114111011M
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Christy (1936) analyzed 17 textbooks of high school biology,
published between 1906-1936, to determine the percent of space.
devoted to the_different phases of subject Matter, He found, for
example, that taxonomy and morphology receive less emphasis
in more recent textbooks compared with those published be-
fore 1910. The degree to which particular topics were stressed
varied with the author as well as with the time of publication;
however, the diversity in emphasis was the most typical charac-
teristic of the texts. if

Percentage of Space Devoted to the Different Phases of
Biology TextuE! Material (from Christy)

*Author
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Hunter 1907 16.37 39.99 8.67 9.32 9.05 0.05 1.49 4.62 3.96 6.27
Bailey & C 1908 11.79 39.36 9.50 4.74 8.85 0.55 0.26 5.96 2.67 16.28
Peabody & H 1912 6.90 23.16 6.54 1.29 19.25 1.57 7.09 17.32 2.54 11.08
Hunter 1914 5.33 10.37 2.00 6.26 25.99 4.52 8.76 12.39 3.12 21.16
Hodge & D 1918 12.95 2.23 12.93 0.89 13.26 4.68 14.16 35.98 2.42 0.21
Moon 1926 6.01 27.40 13.28 2.53 13.78 1.76 6.97 9.89 3.71 14.65
Atwood 1922 5.58 22.81 12.58 6.77 8.86 9.76 2.71 16.90 4.85 9.12
Clement 1924 4.73 12.33 8.47 3.74 20.34 3.28 5.12 10.19 4.62 27.13
Gruenberg 1925 6.14 13.59 3.98 4.42 29.00 7.08 6.11 12.91 7.54 13.48
Atwood 1927 9.04 19.91 9.65 7.63 9.14 6.60 9.76 18.84 2.11 7.15
Meier & Meier 1931 11.46 23.29 11.25 4.00 12.16 7.08 8.37 16.08 1.30 8.92
Pieper, B & F 1932 5.94 14.93 13.06 15.15 10.58 3.68 5.46 14.93 5.61 15.9
Wheat 1932 3.63 11.48 9.92 10.72 5.30 11.74 13.44 14.38 4.64 14.80
Kinsey 1933 7.45 8.23 14.40 19.91 8.66 7.86 12.76 9.83 6.43 5.13
Baker & M 1933 4.67 3.73 20.46 9.23, 11.20 7.27 16.28 7.11 2.97 6.93
Mank 1933 6.73 14.30 8.33 9.20 13,94 4.47 7.68 13.23 4.58 17.69
Fitzpatrick & H 1935 5.82 11.79 11.89 10.16 7:23 7.79 8.11 9.66 4.06 17.75

The textbooks even in the table by the author's name are:
Hunter, G.W. 1907. Elements of Botany.
Bailey, L.H., and W.M. Coleman. 1908. First Centre in Biology.
Peabody, J.E., and A.E. Hunt. 1913. Elementary Biology.
Hunter, G.W. 1914. A Civic Biology.
Hodge, C.F. and J. Dawson. 1918. Civic Biology.
Moon, J.T. 1921. Biology for Beginners.
Atwood, W.H. 1922. Civic and Economic Biology.
Clement, A.G. 1924. Living Things.
Greenberg, B.C. 1925. Biology and Hum,' Life.
Atwood, W.H. 1927. Biology.
Meier, W.H.D., and L. Mdier. 1931. Emilia!: of Biology.
Pieper, C J., W.L. Beauchamp, ma O.D. Frank. 1932. Everydoy Problems in Biology.
Wheat, F.M., and E.T. Fitzpatrick. 1932. General Biology.
Kinsey. A: 1935. Mar /xtrorisciisx to Biology.
Mank, H.G. 1933. The Living World.
Fitzpatrick, F.L., and R.E. Horton. 1936. Bisteiy.

\
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Blanc (1957) analyzed ten high school biology textbooks pub-
.lished since 1951 to determine the major -emphasis given-to the
various contencireas and topics.'The areas einphisized the most
were:

1. conservation and natural resources
2 study of the human body
3. study of flowering plants
4. genetics and eugenics

The individual topics receiving the most emphasis were:

Rank Topic
1 structure and function of leaves
1 foods and nutrition*
1 process of digestion

principles of heredity
5 physical factors of the environment
5 inherilance in man
5 evidence of change in evolution
5 conservation of forests
9 sense organs and sensations
9 soil and water conservation
9 conservation of wildlife

Rosen (1959) in his study on the origins of high school general
biology, notes that the course "marks the first successful revolt
by high school science teachers against the domination of biol-
ogy course content and methods by college professors." After
tracing the development of the biology course in high school
Rosen ..ancludes that: "By 1936, it appeared that in biology,
at least, a panacea for the ills of high school science teaching has
been found." Fifty years earlier Dawson (1909) observed: "The
biology, or rather the botany and zoology of our high schools
has been frora the first undifferentiated from the work of the
college. The high school textbooks contain the most modem bi-
ological thought and theory that is advanced in our I-olive/1mi-
ties . . . They are so complete that they form compendiums frcim
which I have seen graduate students studying preparatory to
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taking an examination for the degree of Doctor of Philosophy.
The books Announced that they had been prepared for high
school iexts."

Mallinson, Sturm and Mallinson 1950); using the Flesch
formula, investigated' the veading _difficulty of 26 textbooks in
high school biology. They found that eleven rated eighth grade
or below in difficulty, twelve rated eighth to ninth. grade, and
three ninth grade completed or tenth grade. One of the text-
books had a sixth grade completed reading-level and another ex-
tended well into a college reading level. Kessler (1941) studied
the readability of 35 books on biological subjects published be-
tween 1931-1939 intended for reading by high school students.
He found that 21 out of the 35 books were suitable for tenth-
grade biology students. Major (1955) investigated, using the
Flesch formula, the readability of ten commonly used college
general biology textbooks and the effects of readability elements
on comprehension.. He concluded that the complaint of college
students about the great extent of teclInical terms was apparently
justified.

Pressey (1924) analyzed the techilLal vocabulary found in
high school biology textbooks. She found an average of 1,393
technical terms of which 675 could be classified as "essential
vocabulary" and 677 as "accessory vocabulary" and 41 as "not
necessary." Texts in the other high school sciences had the fol-
lowing vocabulary counts: general science, 1,564; chemistry,
1,297; physics, 1,040; geography, 1,132; and physiology, 866.
There were only 215 words that could be classified as a "com-
mon science list." She concluded that the object of most science
textbooks "seems to be to include the greatest possible assort-
ment of facts." Powers (1925) found that the number of uncom-
mon words in four high school biology textbooks were, respec-
tively, 2,152, 2,270, 2,037, and 1,759. Between 50 and 60%
of the uncommon words were used but once in the text and
15% were used only twice. The Thorndike Teachers Word
List was used as the criterion for "commonness."

t
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Powers (1926) compared the lizt of uncommon words found
in high school science textbooks with the vocabulary in 50
magazine articles ,on scientific subjects; and three popular sci-
entific books. He concluded that: the "authors of textbooks are
using in their books many words children will never see again
after they have finished the required class work."

Cretzinger (1941) studied 54 biology textbooks published in
the period 1800-1933 and found that new biological theories
and concepts move slowly into secondary school textbooks. Com-
menting upon the teaching of evolution, Cretzinger observed
that: "There was no law to prevent the teaching of evolution
in any state until 1925, when Tennessee took the first legal stand
against it," yet little space had been given to the topic in high
school biology textbooks.

Crowell (1937) analyzed 13 high school biology textbooks for
their treatment of the important skills and attitudes related to
the methods of science. He fund that while authors recognized
the need for students to understand scientific inquiry, the aver-
age textbook writer treated the topic poorly and inadequately.
Lampkin (1949) analyzed 12 high school textbooks, three each
in biology, general science, chemistry and physics, for materials
descriptive or explanatory of scientific inquiry. Twelve adult
readers of "high intelligence" read the textbook material to
identify the passages related to certain aspects of scientific in-
quiry. In general the readers were not able to recognize the ma-
terial on scientific inquiry. Christy (1936) found that biology
textbooks and courses of study widely used in the period 1930-
1934 gave the "scientific attitude aim" first priority in the list
of objectives for teaching biology.

Finley (1926) examined the organization of the 17 textbooks
of biology in use in 1926. He found that eleven were organized
around the separate biological sciences, botany, zoology, and
physiology. Six of the biology texts were of the "blended," "syn-
thetic," or "general type," illustrating an effort to present biol-
ogy as a science of living things. Christy (1936) analyzed 32 high

la
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school biology textbooks and found 13 were of the tripartite ar-
rangement And 19 of the "united organization?' No new books
with the tripartite arrangekaent were published between 1929.
and 1936:He found that sever l of the more recent biology texts
were organized "around important problems which involve ex-
periments, among other things, in their solution?! Martin (1952)
in a survey of 736 high schools found that in 499 schools the
biology textbook repfesented the way the course was organized
for instructional purposes.

Martin (1952) found in a sample of 786 high schools which
offered biology that 93.6% of the schools reported the use of a
single basic textbook, while 6.4% reported using several texts
along with magazines, industry-prepared materials, and supple-
mentary references r i various types formulate the course. In
264, or 33.4% of the schools, the basic biology text was selected
from a State-approved list. In 771 out of 786 schools the teacher
was in some way involved in selecting the textbooks, but ap-
parently in no case was this an exclusive prerogative of the
teacher but required at some point the approval of other per-
sons. Barnes (1959) found- that only 5.4 % of all the teachers of
science were dissatisfied with the textbook they were using, but
when teachers of only the larger schools were considered the
number rose to 11.9%. St. Lawrence (1951) found that 59.4%
of 170 biology teachers interviewed disliked the text they were
using, 26.5% were noncommittal and 14.1% liked the text.

St. Lawrence (1951) surveyed the teaching aids found in high
school biology textbooks and then investigated the extent to
which teachers made use of them. The aids corlmonly found
were: 1) references; 2) projects; 3) problems; 4) suggested re-
ports; 5) tests; 6) demonstrations; 7) vocabulary lists; 8) sug-
gested field trip.; 9) experiments; 10) a listing of biological prin-
ciples; 11) sources of visual aids; 12) outlines of summaries; 13)
review questions at the end of a chapter; and 14) guide ques-
tions at the beginning of the chapter. St. Lawrence interviewed
170 biology teachers. regarding their use of these teaching aids
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and found that only three, vocabulary lists, review questions
and outlines or summaries, were commonly used by as many as
fifty percent of the teachers. A second study showed that teach-
ers preferred to -use their own reference lists and wanted stu-
dents to develop their own pr )jects; older experienced teachers
employed fewer of the teaching aids.than younger teachers; and
teachers in the larger high schools used the textbook aids as fre-
quently as teachers in smaller schools.

Stiles (1924)' analyzed the illustrative materials found in ten
widely used high school biology textbooks to determine the
quality and quantity of illustrative material. He found that
about 70% of the illustrations in these books could be
considered good but that there was a wide variation. Most of
the poor pictures either were too small and did not show detail
or failed to draw the attention of the onlooker to the parts the
author wished to stress. The percent of space in biology text-
booki devoted to pictures ranged from 7.1 to 50.3 with an aver-
age of 22.8%. Neal (1940) analyzed eight biology textbooks pub-
lished between 1934-1940 and found that 23.6% of the total
space in the texts was devoted to pictures. He also noted a trend
toward a greater use of representative drawings and away from
analytical drawing's.

Burdick (1960) studied the value of cross-section and perspec-
tive-cutaway drawings in high school science textbocAs in terms
of the contribution they make to reading comprehension con-
trasted to identical passages of text material without drawings.
He found that the drawings make no measurable contribution
to the student's reading comprehension in studying texts.

Summary

There is little in the research studies on biology textbooks to
suggest better ways of preparing a textbook. Their authoritarian
nature has been a subject of criticism but changes needed to
make them less so are seldom mentioned. The basic function
of a textbook in a science course is not dear. Is it a learning
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guide or a summary of useful knowledge determined by some
criterion? The text versions of the AIBS Biological Sciences
Curriculum Study have each been organized around a central
theme to provide a stronger continuity and integration of sub-
ject content than is typically found in the majority of textbooks.

The science textbook as a learning resource is one of the un-
explored areas of educational research.

it
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The Learning of Biology

,or

A MEASURE of successful teaching is the extent to which the stu-
dents achieve the expectations defined by the objectives of the
course. Lessons are structured and teaching techniques are used
that give promise of obtaining the stated goal. If it is to learn
the parts of an earthworm or flower in order to duplicate these
on a test, there are ways to teach that will effect this result. On
the other hand to develop an understanding of the "inter-rela-
tions of all creatures" or a concept of science as an "intellectual
activity" requires quite different teaching procedures. An ina-
bility to relate course objectives to principles of learning and to
teaching techniques has been a major cause of failure in the at-
tempts to improve education in the sciences.

A few studies have been made to determine just what a stu-
dent does remember after completing a course in biology. Tyler
(1930) found that high school biology students forget facts with
great rapidity. On the contrary there was little or no loss (after
eight months) in the ability to explain everyday phenomena and
to generalize from given facts: Tyler (1933) studied the perma-
nence of student learning following a course in elementary col-
lege zoology. After a 15-month period it was found that specific
information, represented by naming animal structures, was the
must quickly forgotten; there was little loss in the ability to ap-
ply zoological principles to new situations or to interpret data
obtained from experiments. Wert (1937) studied the perma-
nence of learning from elementary college zoology one, two
and three years after completion of the course. He found that
after a three-year period students would receive a failing grade
if they were required to retake the examination given at the
time they completed the course, if the same standards were used.
However in the ability to apply principles of zoology to new
situations he found no loss over the three-year period.

205
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Weissman (1946) used six high school biology classes as an
experimental group and six other classes as a control. He found
that with the proper methods students could be taught to inter-
pret biological data and to think critically, but to obtain these
results a course must be organized around problems and class
activities of a problem-solving nature used. Pupils in the experi-
mental class learned more facts and biological principles than
the students taught in the conventional manner (a course de-
veloped within the logical organization .of the subject). Weiss-
man concluded that "the direct teaching of interpretation of
data is considerably more effective than teaching that regards
this objective as merely concomitant."

Owens (1949) investigated, using experimental and control
high school biology classes, the relationships between the ability
of students to recognize scientific principles in test situations
and the ability to apply these principles to problematic situa-
tions. He found that students in classes where specific instruc-
tion on the applications of principles to new situations is given
show increased ability in this respect compared with students
in classes where the instruction is not so directed.

Downing (1933 and 1936) found that "skill in scientific think-
ing" is not a by-prodtict .of the study of scientific subjects as
courses are ordinarily taught. Higgins (1942) explored the edu-
cability of high school biology students in situations calling for
the use of inductive methods. The experiment was conducted by
instruction on the "scientific method" with special considera-
tion given to the factors which are involved in formulation of
hypotheses and generalizations. The instructional material con-
sisted of 30 biology experiments selected from scientiti jour-
nals. He found that the instruction resulted in meaningful gains
in the "ability to classify conclusions, to write more complete
conclusions, to write with less rationalization, to make fewer
statements directly contradicted by the data and to sense pat-
terns in the data."

Crall (1950) in a controlled experiment with high school bi-
ology students, found that students taught through a procedure
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which required them to apply principles made greater growth
in this regard than students taught by the ordinary classroom
methods. The investigator notes that both groups made im-
provements in the ability to apply biological principles but that
the direct approach (experimental group) was more effective.

Caldwell and Lundeen (1930) noted that high school students
possess many unfounded beliefs about science. They found that
specific instruction directed toward the correction of certain un-
founded beliefs associated with heredity resulted in a more de-
sirable attitude. The permanence of the changed attitude was
not determined. The investigators felt that many science mis-
conceptions exist simply because there has not been instruction
that would inform pupils otherwise.

Bingham (1939), using equated high school biology classes,
sought to determine the effectiveness of two procedures in teach-
ing nutrition. The experimental classes were taught nutrition
principles with specific application to man's well-being and the
use of the knowledge in intelligent action. The control classes
were taught nutrition principles without any conscious teaching
emphasis on the application of these principles. A variety of
test measures were used including tests a year following the com-
pletion of the courses. The data favored the experimental group
and indicated that teaching could be directed to enable students
to apply their knowledge of nutrition.

Bond (1940) used college freshman classes in genetics to study
the effectiveness of a teaching procedure stressing the applica-
tion of principles of genetics. Experimental and control classes
were established. The experimental group was taught with par-
ticular attention to the practical applications of the principles
of heredity and the control class was taught in the traditional
manner. Tests were constructed to measure student progress in
the attainment of facts about genetics, the ability to apply the
principles of genetics and the ability to use scientific methods
of thinking. The control group surpassed the experimental
group in one area of subject matter; the experimental group
rated higher in the ability to apply their knowledge to practical

4.0
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problems. The results imply that students in general education
courses in genetics can be taught so as to effect changes in their
thinking and, indirectly, their attitudes.

Urban (1944) used experimental and control classes in high
school biology to study behavioral changes resulting from a
study of communicable diseases. He found that ignorance about
communicable diseases and unsanitary behaviors can be over-
come through proper instruction. Also that changes in overt be-
havior can be attained. Urban concludes that, while there may
be a loss in information, over a period of time the changes in
the direction of desirable behaviors seem to be more permanent.

Subarsky (1948) compared the relative effectiveness of an ex-
perimental and conventional procedure for administering high
school biology and social studies classes with reference to the
development of desirable attitudes regarding discriminatory so-
cial practices. Biology and social studies classes met together
to consider biologically and historically valid concepts and to
provide a better opportunity to integrate the physical and cul-
tural aspects of human relations. He found, by means of tests,
that there was a significant positive change in attitude in the
combined classes which was not present when biology and social
studies classes were taught separately. Solomon and Braun-
schneider (1950) using control groups of cortege level biology
students sought to determine if attitudes related to ethnic, racial,
religious and nationality groups would shift as a result of teach-
ing structured to apply the methods of science to such prej-
udicial attitudes. They found that instruction designed to ap-
ply the "scientific method" to problems at prejudice did not
produce a positive effect on social attitudes of the kinds inves-
tigated.

Mohler (1950) developed a special mental hygiene unit of
instruction to be used in biology classes. The experimental unit
was built around the needs and desires expressed by biology
students in the field of mental hygiene. Isses were taught the
unit using regular group instructional techniques. He found
that the students' faulty knowledge was corrected and that they
gained new insights into their behavior.
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A number of investigations have been carried out to deter-
mine better ways of organizing the content of biology courses
to obtain improved learning. Gilbert (1910) studied two meth-
ods of presenting a beginning course in college zoology; an
"economic" and a "pure science" approach. His measures of
achievement were: 1) assimilation of zoological knowledge; 2)

ability to experiment and to interpret the results; and 3) student
interest in the course. He found a slight advantage on all meas-
ures, particularly student interests, favorable to the " economic"
approach.

Winier (1951) in a study on the organization of college biol-
ogy courses came to the conclusion that it was easier to justify
a course developed around personal-social needs than to defend
a strictly logical course in terms of subject-matter.

Hunter (1921) explored three methods of presenting high
school biology using a rotation technique with the classes. The
procedures tested were 1) the lecture method; 2) the textbook
method; 3) and a developmental method (an experimental or
problem technique applied orally in the classroom). Measures
of achievement were: immediate recall of content, retention,
and the development of power to answer thought questions.
The developmental method, where students had more freedom
to define and discuss problems, seemed to give the best result
both with respect to retention and the ability to handle thought
questions. The lecture method was most effective for immediate
recall, the developmental method was next and the textbook
method showed the greatest loss in retention. Hunter found that
a teacher's preference for a particular method generally pro-
duced better results with that method.

Laton (1929) conducted a controlled experiment in teaching
high school biology in which she consciously applied principles
of learning psychology to the arrangement of class procedures.
She found that the effectiveness of student learning was greatest
in those classes where the teaching methods had been planned
in terms of established psychological procedures.

Wrightstone (1934) reviewed the theories of curriculum de-
velopment, circa 1930, and found two viewpoints: 1) a. conven-



210 BIOLOGICAL EDUCATION--RESEARCH STUDIES

tionai procedureconsisting of the presentation of topical and
logically organized minimum essentials of knowledge and skills
from a discipline; 2) a newer viewpointproviding for an inte-
gration or synthesis of topics to encourage an expansion of the
present interests and experiences of pupils. Wrightstone used
two paired groups of biology students equated on a number of
factors to test experimentally the two curricular theories. The
conventional class was taught by the usual lecture-textbook-reci-
tation technique, visual aids were used, but most of the work
was from the textbook. In the experimental class (newer view-
point) student work was centered around individualized prob-
lems or projects, the use of museums, botanical gardens, field
studies and current biological literature. In measurable out-
comes (standardized biology tests wens) the experimental group
was statistically better. The experimental group developed a
greater ability to use library resources, current periodical litera-
ture and did more writing and illustrating.

Anderson, Montgomery and Ridgway (1951) conducted a pilot
study to discover the relative value of various multisensory
methods for teaching high school biology. Four teaching groups
were established: 1) a control group, taught by traditional meth-
ods; 2) a film group, taught mostly by films but with no labora-
tory work and minimum use of demonstrations; 3) a laboratory
group, taught by the use of specimens and many dissections, but
without films; and 4) a combined film-laboratory group. A stand-
ardized biology test was used to measure achievement differences
between the groups at the conclusion of the investigation. The
combined film-laboratory group was significantly superior in
achievement; the difference between the other groups was not
significant.

Simon (1953) studied the teaching methods used by high
school biology teachers and found that among 77 teachers, dem-
onstration-discussion techniques, lectures, and test-recitation
were the most often cited methods. Laboratory work was not
considered a primary method for teaching biology; only 3%
of the teachers stated the method was frequently used, while

S
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34% classify it as a less commonly used technique. Individual-
ized methods, projects and research-problem approaches we
used by 1% of the teachers. Older experienced teachers were
more inclined to lecture and teachers rated as conservative by a
jury spent two-thirds of their teaching time in a lecture-text-
book-recitation routine. Teachers rated progressive by a jury
spent 69% of their teaching time in laboratory work, projects,
or demonstrations and also had more students entering science

fairs. Simon noted that the methods rated as the most effective
by teachers were not the methods they actually used most com-
monly.

Newman (1957) compared she effectiveness of three methods
of teaching high school biology: 1) a lecture-discussion and out-
side reading assignments method; 2) lecture-discussion and in-
class reading assignments; 3) lecture-discussion and no reading
assignments. None of these methods were found statistically
superior, either for bright or slow students. Students with a low
I.Q. and low in reading ability were more successful in the
group where lecture-discussion and in-class reading were used.

Magruder (1936) sought to determine whether the idea of
photosynthesis could be taught if the structural detail of the leaf
was considered at a separate time. She found that whether struc-
tural detail preceded or followed the study of photosynthesis
made no difference in the student's learning as measured by the
test used,

Downing (1931) attempted to determine the length of time
needed to teach certain principles of biology to the point of
mastery under ordinary classroom conditions. It would appear
that it takes about four weeks to develop a principle to the
point that a student can make applications from it.

Friedenberg (1949) investigated the feasibility of developing
with college biology students an insight into the differences be-
tween the content and structure of the discipline. He found
that instruction could be managed to foster the student's in-
sight into the organization and viewpoint of the biological sci-
ences.

4
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Hr-d (1954) analyzed 1,373 articles written by-science teach-
ers on problems of teaching and found that little use appears
to be made of established principles of learning in the teaching
of science. The teachers were most cognizant of 1) individual
d.,:erences; 2) the relation of student interest to learning; and
3) the importance of direct nractice in developing problem-
solving skills.

Summary
The objectives of a liberal education in biology at both the

high school and college levels include an expectation that the
students' attitudes toward social and personal problems and
toward science will be modified as a result of instruction. The
research seems to indicate that: 1) instruction in biology can
change student attitudes in a pre-determined direction provided
the teaching material and classroom methods are designed spe-
cifically to achieve the particular attitude, and 2) a favorable
attitude is not a concomitant result of instruction in thc, related
subject content.

The research on teaching methods is limited and inconclusive
for valid recommendations about specific techniques. Few of
the studies make clear the objectives sought for and in other in-
stances the investigator confined his judgment of achievement to
"facts" accumulated, or a limited interpretation of the outcomes
of science teaching. The following hypotheses about science
teaching appear to have support:

1. Methods which most actively involve the learner appear to
be the most effective for the acquisition and retention of learn-
ing.

2. The logical organization of biology courses in terms of the
historical development of its conclusions does not seem to re-
sult in the most effective learning.

3. The permanence of student learning in biology courses is
dependent to some degree upon the extent to which he is able
to conceptualize his knowledge.

a



XIV

Instructional Resources for Teaching
Biology

SCIENCE TEACHERS have assumed that laboratory work is an es-
sential part of biology instruction, and that a non-laboratory
course is not really a science course. School administrators haw
questioned the educational returns from laboratory work in
terms of the extra costs in both time and money. Most of the lit-
erature on biology laboratory work is of the "how-to-do-it type"
with very little on "why-do-it." It has been repeatedly suggested
that films, slicks, charts, models and teacher demonstrations could
effectively replace laboratory work in biology, since it is not of
an investigatory nature as now taught.

Martin (1952) in a survey of 768 high schools found that in
97.7% of the schools the biology courses required laboratory
work of some kind. The procedures most often used in con-
ducting the work were: 1) small group experiments, 26.2%; 2)
individual laboratory work, 20.2%; 3) pupils paired for experi-
ments, 19.0%; 4) teacher demonstrations, 15.5%; 5) pupil obser-
vation in classroom, 5.9%; 6) pupil demonstrations, 2.2%; and
7) other, 1%. In 39.7% of 768 high schools the biology experi-
ments were pupil-teacher planned; in 28.8% the experiments
found in a workbook or manual were used; in 19.8% of the
schools teacher-prepared guides were used; 5% of the teachers
used experiments found in the textbooks; 5% reported a prob-
lem-solving approach and 1.7% used some other source.

Martin (1952) found that 36.6% of the schools had a regularly
scheduled period fir biology laboratory work; 35.2% used an
integrated laboratory-recitation period and 28.2% reported a
flexible laboratory schedule. Only 88 of 768 high schools had a
double period for biology laboratory work. In Barnes' (1959)
surrey of 1,876 high schools it was found that 25.8% of the schools

213
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had double laboratory periods for science courses; biology classes
were not reptnted separately.

Martin (1952) obtained responses from 637 high schools on
percent of time devoted to biology laboratory work, and found
it to be approximately 26.4% with a range from 2% to 75% of
total class time. Johnson's (1950) survey of 531 high schools
showed that 331 of 62.5% reported scheduled time for labora-
tory work.

Richardson (1945) in a review of problems faced by beginning
science teachers found that most have a very limited conception
of the function of the laboratory in the learningsituation. Littrell
(1950) investigated the laboratory practices and the objectives
of high school biology in Nebraska. He found that while most
teachers thought laboratory work was an important part of
instruction they were unable to relate the teaching objectives
to the activities of the laboratory.

Cunningham (1934) found that students who had individual
laboratory work in h'sh school biology did superior work in
college botany but there seemed to be no effect on their per-
formance in zoology courses.

In a survey of student reactions to high school biology, Klise
and Oliver (1947) found that the students wished they had more
field trips and experiments in their biology course.

Cooprider (1926) conducted an experiment to determine the
effectiveness of biology laboratory exercises when demonstrated
by the teacher and when demonstrated by the pupil. He found
that: 1) the pupils' average test scores favored teachk.i demonstra-
tions; 2) students preferred teacher demonstrations; 3) well super-
vised pupil demonstrations were about as effective as the teach-
ers'; and 4) exercises requiring much explanatory discussion were
better done by the teacher. Murray (1950) designed a series of
demonstrations for high school biology courses based upon bio-
logical principles. Smith (1952) found that biology teachers
in one county used demoastrations more frequently than individ-
ual laboratory procedures.

Atkins (1936) using three pairs of equated groups of high
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school biology students conducted a controlled experiment to de-
termine whether an increase in factual knowledge and interest in
laboratory work are better obtained through conventional labo-
ratory procedures than laboratory methods involving a consider-
able measure of student self-direction. The conventional group
(control) did teacher assigned experiments from mimeographed
laboratory directions and recorded their drawings and experi-
mental results in notebooks. The self - direr' 1 (experimental)
group worked under a plan of teacher-pupil planning of individ-
ual projects for which the student assumed most of the responsi-
bility for his own investigative procedures and selected his own
sources for reference. The findings were: 1) students in the ex-
perimental group learned as much factual knowledge as those
in the control group; and 2) the self-directed group also read
more widely, were more enthusiastic and had a greater curiosity.
Atkins noted that high school students need to be given careful
training in working on their own before they are allowed to
proceed on a self-direction plan.

There are about forty investigations comparing the effective-
ness of individual laboratory work versus lecture demonstrations
in terms of various learning outcomes from science instruction.
Only a limited number of these studies were in biology. Cun-
ningham (1920), in a controlled experiment, found that students
in high school botany learned 7% more from laboratory demon-
strations than from individual laboratory. He also found that
the demonstration method saved 30% of class time over the in-
dividual method. Cunningham (1924) repeated his experiments
and found that the results favored the lecture-demonstration
method both in economy of time and immediate recall of facts.
The data showed that results were not consistent for all experi-
ments or for all students. He concluded that generalizations can-
not be made about a best type of laboratory teaching.

Cooprider (1923) studied four methods of conducting high
school biology laboratory work: 1) demonstrations with oral
instructions; 2) demonstrations with written instructions; 3)
individual work with oral instructions; and 4) individual work
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with written instructions. His measure of student achievement
was a delayed recall test, He found that 1) oral instructions pro-
duced somewhat better results than written for both individual
and demonstration work; 2) "individual work with instruction
is more efficient than demonstration work with oral instruction"
3) "demonstration work with written instructions is more effici-
ent than individual work with written instructions"; 4) demon-
etration work was slightly better than individual experiments; 5)
*ndividual experiments consumed twice as much class time and
were more costly than demonstration wor'. Cooprider notes that
the usual procedures for presenting biology laboratory work
contribute little to teaching the student to reason scientifically.

Johnson (1928) equated classes in high school biology and
experimented with different methods of laboratory instruction.
He used three laboratory procedures: 1) lecture-demonstration;
2) group laboratoryfour or five students working together; and
3) individual laboratory. Johnson concludes that, although it
cannot be conclusively stated the demonstration method is su-
perior, it does yield returns equal in primary learning when
compared with a group taught by the individual method.

In 1946, Cunningham summarized 37 research studies on lec-
ture demonstration versus individual laboratory work in science
teaching. The summary includes eight studies on biology teach-
ing; the others are in the physical sciences. The biology investi-
gators are not separated in Cunningham's summary but they
are not in contradiction to the results for the physical sciences.
The summary given here is briefed from Cunningham's complete
report. He first revi -.wed and evaluated the reliability of the 37
studies, the research techniques used, the appropriateness of the
controls, the adequacy of data, the measures of achievement, the
investigator's interpretation of his results, and the reactions of
critics to the various studies. Following this analysis he developed
the following hypotheses regarding laboratory procedures in sci-
ence instructian;

(1) When ordinary written information tests are to be used in
the evaluation of the results of teaching and when all other important
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factors in the teaching situation are, or can be made, favorable,
consider the use of the lecture demonstration method if: the learning
involved in connection with the exercises is complicated and difficult;
the apparatus used is complicated, difficult to manipulate, or expen-
sive; the apparatus used is sufficiently large to be seen at a distance;
the pupils are likely to make mistakes when working alone in de-
termining and interpreting the results after an exercise has been
completed; a large amount of subject matter must be covered in a
limited time.

(2) When ordinary written information tests are to be used in the
evaluation of the teaching results and when all other important
factors in the teaching situation are, or can be made, favorable,
consider the use of individual laboratory work if: the exercises are
short and easynot complicated as to learning involved or apparatus
used; caring for individual differences seems especially desirable; the
results can be easily seen and interpreted, by the pupils working
alone, after the exercise has been performed. There are some data
which indicate that the individual laboratory method may have merit
4n easy laboratory exercises even though they extend over a rather
long timeespecially if several observations must be made over a
period of days. A few data were found which indicate that girls made
a little better use of the individual laboratory method than boys.

(3) Teachers should consider doing a high proportion of the lab-
oratory exercises by the individual laboratory method if one im-
portant objective is the development of laboratory skills.

(4) Teachers should consider doing a high proportion of the
hboratory work by the individual laboratory method, without spe-
cific directions, if one important objective is the devlopment of abil-
ity to solve laboratory problems.

(5) Teachers should consider doing a high proportion of the
laboratory work by the individual laboratory method when one im-
portant objective is the development of laboratory resourcefulness.

(6) The use of both methods in a science course will make for
greater variety of experiences and therefore increased interest on
the part of pupils.

('i) General ability in scientific thinking is so complicatedmade
up of so many different steps with certain safeguards necessarily
surrounding each stepthat both methods can probably be used to
advantage in its development. Much more analytical work is neces-
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sary in order to determine the points in the complicated procedure
at which a particular method can make the greater contribution.

Hunter. (1922a) investigated the relative values of a visual
and an oral instruction method in demonstration and experi-
mental work in elementary biology. In the visual method the
teacher avoided oral work, writing all instructions on the board.
In the oral method the teacher developed the problem by asking
questions and through discussion. Slow learning students bene-
fited most by the oral method and all student; were benefited
more by the oral than the visual procedure. Hunter (1922b)
sought to determine the relative values of: 1) oral questioning
and discussion combined with demonstrations; and 2) a method
in which the problem is worked out individually, guided solely
by directions in the manual. "Based on comparative marks, the
oral laboratory lesson was far superior to the laboratory manual
lesson."

Anderson (1950), in a survey of the practices of 58 Minnesota
high school biology teachers, found that in 65% of the cases
laboratory work paralleled classwork and in 5% of the cases
laboratory instruction preceded equivalent classwork. Fifty-five
percent of the biology teachers followed a laboratory manual or
workbook. Only 11% of the teachers used laboratory experi
ments to illustrate or to provide practice in the use of the methods
of science.

Anderson (1949) examined the achievement scores of 1,980
biology students and found that they achieved more in biology
when the number of laboratory hours was in the upper quartile
of the state distribution. Whether the laboratory instruction
preceded, accompanied, or followed class discussion was not
significant in pupil achievement in biology.

Laboratory war% in biology has been CIL subject. of criticism by
most of the curriculum committees reporting on the teaching
of biology. In the popular literature more articles are written
by teachers about laboratory work than any other topic. The
research appeats to indicate that the assumed values of labora-
tory work in biology, such as: 1) increasing the powers of ob-
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nervation; 2) acquiring factual information; and 3) clarifying
the understanding of structures through visualization, are ob-
tained equally well, and often more economically, by other
techniques than individual laboiatory methods.

New biology laboratory exercises and experiments have been
produced in recent years which provide resources for modifying
and extending laboratory opportunities in biology. These are re-
ported in the following publications:

1. Morholt, Evelyn, Brandwein, Paul F., and Alexander, Joseph.
1958. Teaching High School Science: A Sourcebook for the
Biological Sciences. Harcourt, Brace and Company. New
York. 506 p.

2. Munzer, Martha E., and Brandwein, Paul F. The Conserva-
tion Foundation. 1960. Teaching Science' Through Conserva-
tion. McGraw-Hill Book Company, Inc. 470 p.

3. National Academy of SciencesNational Research Council.
1960. Laboratory and Field Studies in Biology. Holt, Rine-
hart and Winston, Inc. New York. 281 p.

4. National Academy of Sciences. 1960. Laboratory and Field
Studies in Biology (Teacher Edition). Holt, Rinehart and
Winston, Inc. New York. 499 p.

5. Weaver, Richard L., Project Leader. 1955. The National As-
sociation of Biology Teachers. Handbook for Teaching of
Conservation and Resource-Use. Interstate Printers and Pub-
lishers, Inc. Danville, Illinois. 499 p.

6. Weaver, Richard L., Editor. 1959. The National Association
of Biology Teachers. Manual for Outdoor Laboratories: The
Development and Use of Schoolgrounds As Outdoor Labora-
tories for Teaching Science and Conservation. Interstate
Printers and Publishers, Inc. Danville, Minnie. 21 p.

The Biological Sciences Curriculum Study developed a
"block".approach in laboratory teaching which provides oppor-
tunities for young people to learn the skills and processes of sci-
ence through active participation in scientific investigation with
some depth. New experiments were also devised that require a
wider use of living organisms.

A good laboratory program requires suitable facilities and

a
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equipment. Martin (1952), in a survey of 558 schools, found that
in 95 schools out of 100 where biology is taught one can expect
to find running water, sinks, electric outlets and a gas supply.
A demonstration table and storage cases were available in most
schools. Pupil laboratory tables were found in 361 out of 439 high
schools. Barnes (1959) found from *a survey that: of 1,876 high
schools offering biology, 84.9% had a teacher demonstration
table; 59.5% had student taWies fitted with services; 30% had
wall counters with services; 85.9% had -storage cabinets; 74.3%
had gas; 87.9% had water; 85.7% had alternating current and
27.7% had direct current.

Both Martin (1952) and Barnes (1959) gathered data from
high schools on the availability of compound microscopes and
microprojectors. Martin found that 91% of the schools teaching
biology had compomid microscopes available for the course. The
number available was in direct relation to the size of the high
school. His data suggest that the number of microscopes even
in the larger schools was far from adequate. Barnes, using a stand-
ard of one microscope for each two students, found 6 in 10 high
schools do not meet the standard in any biology classroom. He
found that 47.2% of the large high schools did meet the standard.
Microprojectors were available for all rooms in 60.5% of the
small high schools and in at least 70.0% of all schools there is a
microprojector in at least some room. Martin's survey showed
that 78% of the schools had hand lenses for use in biology classes.

Martin's study (1952) included a survey of projection equip-
ment owned by biology departments: 67% were found to own
sound film projectors; 58.2%, slide projectors; and 29.5% had
silent film projectors. He also found that film strips were used
regularly by more teachers than either motion picture or 2" x 2"
slides, approximately two-thirds of all teachers used some motion
pictures in biology instruction; but only 37.8% of the large
schools, compared with 84.3% of the small high schools, used
them regularly. More than 70% of the biology teachers made
regular use of: charts, preserved specimens, microscope slides,
posters and pictures, and living specimens as part of the instruc-
tion.
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The development and design of laboratory facilities has been
studied by Munch (1952), Hurd (1954), Richardson (1954), and
Johnson (1956).

The Council of Chief State School Officers (1959) developed
a listing of biology equipment suitable for secondary school
courses. Barnes (1935) sought to determine the standards, factors
or criteria which control the selection of special equipment, sup-
plies, apparatus, specimens, and other materials used in the
teaching of biology and other sciences. After compiling the opin-
ions of 120 specialists in science education the following cri-
teria for the selection of science teaching materials were con-
sidered important by at least 60% of the specialists: 1) its
contribution to the attainment of the objectives of science in-
struction; 2) its suitability for studying science principles; 3) its
appropriateness for the type of laboratory work used--delnon-
stration or individual experiments; 4) its cost; 5) its suitability
for student use; 6) its relation to the requirements of the course
and experiments done.

There are many resources outside of the classroom valuable for
teaching of biology. The availability and use of these resources
has been studied by several investigators. Bailey(1950) found that
biology teachers made somewhat more use of community re-
sources than teachers of chemistry and physics. Science teachers,
however, made little use of visiting scientists, student interviews
with scientists or surveys of the community. Hibbs (1956) stud-
ied the use of outdoor laboratories in teaching natural resources
and conservation, and found them to be unequaled in learning
opportunities for these topics. Peterson (1962) studied the re-
sonic= of a ;rah water stream as an outd,;..;r laboratory to present
principles encompassed in pre-college science and conservation
programs. Hollenbeck (1958) in a stratified random sampling
of high school seniors, found that few had had an opportunity
for outdoor science experiments.

Coady (1950) found that 60% of the national parks and 87%
of the municipal, state and county parks surveyed had nature
trails. She also found that nature trails were on the decline due
to vandalism. Martin (1952) found that among 769 high schools
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66 (8.4%) had a nature trail; 60 (7.6%) a school forest; 53 (6.7%)
a school museum; 47 (6.0%) a school farm; 38 (4.8%) a garden;
11(1.4%) a camp; and 69 schools had other resources for biology
teaching, such as, a small lake, an enclosed court with growing
plants or a large. vivarium. Barnes (1959) obtained replies from
1,876 secondary schools concerning teaching resources for biol-
ogy. He found that supplementary resources were available in
the following percent of schools: a nature preserve, 12.8%; a
school forest, 9.8%; a school farm, 8.1%; a school camp, 1.3%;
a garden plot, 14.3%; and a science museum, 11.7%. A third to
a half of the schools appear to have none of these facilities, and
he larger high schools had a wider variety of facilities, with the

exception of school forests, farms, preserves and gardens, than
small schools. These outdoor teaching areas are more likely to be
found available in junior high schools than in senior high
schools.

Martin (1952) obtained replies from 485 schools regarding the
use of field trips and excursions. A total of 61.7% of the schools
reported that field tripe were a regular part of the biology in-
struction. The average number of trips was 5.2% and was
about the same for small or large schools. However, when the
average number of trips taken annually by the biology classes in
schools of different sizes was compared with the average number
of sections of general biology, the number of trips was inversely
proportional to the size of the school. Schools with 1-99 enroll-
ment took 5.1 trips per section, in large schools of 500 or more
pupils the average number of trips was 0.6 per section. In 38%
of the schools it was reported that no !meld trips were taken by
biology classes.

Johnson and Kerwean (1952) surveyed 49 eastern high schools
about the availability of greenhouses for teaching high school
biology. They found 19 of the schools had a greenhouse, but
seldom was it equipped with temperature, humidity or light
controls. Martin (1952) in a survey of 769 high schools found that
70 or 8.9% had a greenhouse available for instructional purposes,
however, the percentage was 17.9 in the Urger high schools.
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Barnes (1959) found in a sample of 1,876 high schools that 10.3%

had a greenhouse, but that among the larger high schools the

percentage was 30.9.
A much discussed question in biology teaching has been the

educational value of student-made drawings in terms of the
amount of time required to produce them. Ayer (1916) studied

retention and other psychological values with reference to lab-

oratory drawings in high school. He concluded that laboratory

drawings did not contribute to analytical study but tended to

encourage bad habits of thinking. The excessive use of repre-

sentative drawings created a distaste for science, produced copy-
ists and failed to aid the memory. Cooprider (1925) found that

high school biology students who finished their drawings in ink

did somewhat better on examinations (52.1%) covering the ex-

ercise than those who used pencil (46.8%). The extra time re-

quired for inking appeared to be the only argument against ink-

ing. Alpern (1936) compared the effectiveness of student-made

rid prepared drawings in college biology classes. He found that

the labeling of prepared drawings and the procedure of making

original drawings were equally effective with regard to the stu-

dent? acquisition and retention of the factual information de-

rived from laboratory work. The time saved by the use of pre-

pared dr-wings would rate it the more efficient procedure.

Tobler (1945) found that high school biology students who were

required to label prepared drawings made better scores on ex-
aminations of factual learning than equated groups of students

who prepared and labeled their own drawings. Ballew (1928)

investigated the learning effectiveness of two laboratory pro-
ceduYet; in high school zoology. One group of students were
required to make representative drawings of structures observed

while a second group simply located the same structures on the

specimen without drawing them. The data showed that the con-
struction of representative drawings does not aid the pupil in

making analytical observations nor did it contribute to re-

membering the observations made in the laboratory, either upon
immediate or delayed testing.
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Wallin (1954) investigated the teaching values of commercially
prepared versus original laboratory drawings. He found that
students who labeled and used commercially printed drawings
equaled or surpassed the achievement gain in factual knowledge
made by students who completed and labeled detailed free-hand
drawings.

Heubner (1929) studied the relative effectiveness of models,
charts and teachers' drawings as aids in learning botanical struc-
tures by high school students. She found that students, both
bright and slow, made greater gains in factual knowledge with
the aid of models and teachers' drawings than with charts. Richter
(1956) attempted to determine whether certain personality com-
ponents of the student influenced the extent of their learning
from drawings. She found a small, but significant, correlation
between "goodness" of drawings and the quality of learning of
biological subject matter.

Kiely (1951) compared the learning value of student-made
drawings and photomicrographs' in pre-professional biology
courses. He found that students, both low and high I.Q., learned
and retained more factual information and could identify ac-
curately more structures from laboratory work when photo-
micrographs were used.

Stathers (1933) compared the use of the microprojector with
the individual microsrope ar. a learning aid in high school biol-
ogy. His results showed that when identical materials were pre-
sented by the two methods the students who had been taught
with the microprojector made higher scores, both in correct an-
swers to questions and in the labeling of test drawings, than those
who had used microscopes. Stathers concludes that a saving of
50 to 75% of laboratory time can be effected by the use of
the microprojector compared with the individual microscope.
Brechbill (1940) in a similar study found no statistically signifi-
cant differences in student learning between those using the
microscope and those instructed with a microprojector, although
the microprojector group made higher scores on the tests. The
majority of students favored the microprojector over the micro-
scope.
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The use of films as instructional aids in teaching has been

extensively studied; however, the number of studies referring

specifically to the use of biology films is limited. Rulon (1933)

studied the use of sound films in science teaching; some of his

films included biological materials. He found that the teaching

effectiveness in science.could be increased as much as twenty

percent, measured in terms of learning retention, when Cans

were used in combination with modern teaching methods. Kees-

lar (1945) studied the extent to which a number of films con-

tributed to the major objectives of secondary school science: 1)

understanding of scientific principles; 2) understanding of the

elements of the scientific method; and 3) development of scien-

tific attitudes. He found that only five percent of the scenes in

the films examined contributed to any of the three selected ob-

jectives.
Knowlton (1948) surveyed 24 of the largest public. school sys-

tems in the country regarding the use of teaching films. He found

science teachers were having difficulty using films and were par-

ticularly critical of the content of science films.

Wise (1949) found that when biology films were used in an

appropriate manner and in a reasonable number, and when the

content was closely related to the course they did not detract from

normal school accomplishments.
Smith (1949) investigated the relationship between intelli-

gence and the learning which results from the use of educational

sound motion pictures. He found that films did not produce

superior learning with either bright or dull students. Smith and

Anderson (1958) found that films increased the learning of bio-

logical principles more than facts. Anderson et al (1956) found

that "a choice of films in harmony with the objectives of instruc-

tion in a particular academic area is capable of yielding superior

results in learning if the proper choice of films is accompanied

by realistic film utilization with selected objectives of instruction

in an academic area." The investigators stressed the need for

films produced in harmony with the objectives of biology teach-

ing.
Mallinson (1952) found that biology teachers appear to use
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films to a greater extent than teachers in other fields. Their great-
est problem was obtaining the films when they were needed.
Twenty-nine percent of the teachers criticized the films in biol-
ogy for errors and many felt that the vocabulary' used was too
advanced for tle typical high school pupil.

Most science educators are of the opinion thr the teaching of
biology could be improved through the use of more supplemen-
tary reading materials. Anderson (1949) surveyed the reading ma-
terials of the 56 Minnesota high schools and found the median
number of scientific magazines available to students was less than
two. Twenty-six percent of the teachers felt they had an adequate
supply of books. Martin (1952) found in a sampling of 786 high
schools that the smaller schools had approximately three science
magazines available for pupil use and the typical large high
school, five. From a total of 105 schools, 13.3% reported they
had no magazines available for pupil use; 9.7% of these were
large high schools and 15.5% were schools under 500 enrollment.

Stafford (1952), using equated clues in high school biology,
taught one group from a textbook and the other with supple-
mental materials arranged in the same order as the topics in the
textbooks. He found that neither group was superior to the other
3n du. examinations used.

Clubs, project work and other student activities are presumed
to be of value in learning science. The extent of these activi-
ties has been studied but their contribution to learning has
had little attention. Martin (1952) found that 33.5% of 786 sec-
ondary schools offering general biology had science clubs but
only 27 schools reported clubs which were exclusively "biologi-
cal" in nature. He also found that among the 531 high schools
where projects were used that in 29.4% of the schools they were
a required part of the class work but were optional in the re-
maining schools. Martin's survey showed that 67.2% of 777 high
schools made use of some method of supplementing instruction
in biology, such as, participation in: 1) science exhibits, 42.0%;
2) talent search contests, 33.7%; 3) science fairs, 24.6%; 4) youth
science congresses, 5.9%; and 5) other, 6.1%.

Beck's (1957) survey showed that biological exhibits in science

II
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fairs were less frequent than those in physical science. Martin

(1952) found that 70.2% of the biology students in 528 high

schools visted scien1/42 fairs.

Summary

The interpretation of the studies on individual laboratory

work versus laboratory demonstrations is dependent upon the

assumptions one makes about the purposes of laboratory instruc-

tion. If an exercise is simply to acquire a knowledge of facts or

to reinforce their retention one procedure is as good as the other.

The choice of a particular method, an individual experiment or

a demonstration, is a question of economy either in time or cost.

Economy favors the use of laboratory demonstrations more than

individual work.
On the other ,hand, if it is assumed that a student learns to

understand the nature of science through "sciencing," then in-

tuitively it seems necessary that the student be involved in an

investigative or research activity. Under these conditions he is

engaged in planning experiments, collecting and managing data,

formulating results, interpreting his "conclusions" and subject-

ing these to further verification or criticism. The success of the

student and the effectiveatos of the experimem are judged in

terms of how effective was the exercise in developing critical

thinking and providing experience in the "ways" of science.

Measures of this sort were not generally used ire comparing in-

dividual laboratory work with teacher demonstrations, although

some researchers were cognizant of them. One is forced to con-

clude from the research on laboratory work in biology courses

that if the objectives are to understand science, or to acquire

knowledge the usual observational exercises, drawings, and

"cookhook-type experiments" have produced disappointing re-

sults.
The teaching facilities for biology classes in high school leave

something to be desired. Speculations about needed improve-

ments should be accompanied by studies of the extent to which

present resources are being used.
Much of the data in this chapter reveals the kind and extent
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of the teaching tools a biology ieacher has available. More studies
are needed to determine the extent to which these teaching re-
sources are used, for what educational purposes and how effective
they are in terms of student learning. The results of these studies
would also suggest some of the responsibilities of a teacher
education program.

II

4



Unresolved Problems in Biological

Education

AT VARIOUS TIMZS during the past sixty years science commit-

tees 'with a membership of high school teachers, educators and

scientists have made recommendations for the improvement of

high school biology teaching. At no time does it appear that any

committee had more than limited or local influence on either

course content or teaching practices. Throughout the past two

decades and more sharply in the past five years, there has again

been serious criticism of the science offerings in the secondary

school. New committees have been established to explore the

problems and to develop modern courses and materials for the

teaching of biology.
Generally, the criticism of American secondary school science

has been that it is "anti-intellectual," "soft," "behind the times,"

"tap much oriented toward the student" (life adjustment), that

it vfaib to teach real science," and that it does not meet the de-

mands of a scientifically and technologically oriented society.

Suggestions for the improvement of education in the sciences

are that it be made "more rigorous," that it must "be up-dated,"

and develop a better understanding and an appreciation of the

scientific enterprise.
The educational crisis of the fifties stimulated many sugges-

tions for curriculum improvement in science and some experi-

mentation. A few critics would look to the European secondary

schools for a solution to the curriculum problems of American

high schools. Others seek a solution in the educational patterns

of the "good old days."
There are those who feel that if science teachers were better

trained the problems of science education would be solved. This

statement was also made by the science committees of the 189f
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1900 period; the recommendation then was that they should be
"as well-trained as mathematics and history teachers." There
seems to be no valid explanation of why biology teachers should
be considered more poorly trained than other teachers when all
are subject to the same general types of training programs. Not
a few biologists have stated flatly that the problem results from
the "overwhelming number of education method courses re-
quired leaving no time for training in science content." Bt' the
national average and median of professional courses for the
training of science teachers in 1960 was 18 semester units out
of the 120-122 required for graduation with a third of the edu-
cation units granted for teaching biology as an intern teacher.
It also appears from the data available that less than half of the
biology teachers have had a course in the methods and tech-
niques of science teaching.

Other critics have suggested that it is the quality of the science
courses given teachers that is at fault. Yet close to 70% of all
biology teachers are graduates of liberal arts colleges and uni-
versities and less than 10% are graduates of normal schools.
Those biology teachers who graduate from state colleges in most
instances have had their biology from instructors who obtained
their doctorates in the biology departments of universities. It
is disappointing however that in the majority of colleges and
universities the most distinguished research scientiststhe men
who know science bestare the most inaccessible for the train-
ing of high school teachers of biology.

Another assumption has been that teachers of biology are sim-
ply not upto-date in their field and therefore the best kind of
science teaching is not possible. Hundreds of institute programs
have been developed in the past decade to bring them up to
date. Frequently teachers have found difficulty in relating the
very latest in scientific achievement to courses for high school
students, few of whom will seek careers in science. Then again,
"frontiers in knowledge" are generally the most difficult even
for the research scientists and the special value for high school
teachers is not always apparent. The results of recent scientific
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research are always available in the literature should teachers
or textbook writers desire to use it.

Cons;zkrable data have been amassed to show that many
teachers of, biology did not major in the subject and have had
little training.. This is true, and represents a weakness in state
certification laws or a laxity in school administration policies.
If a person is assigned to teach a subject for which he lacks train-
ing the fault lies with the local school administrator and the
school board members. Frequently, however, their only alterna-
tive, with the present shortage of science teachers, is either to
abandon the biology courses or accept an unqualified teacher.
The development of teaching films in biology and Federal as-
sistance to provide science supervisors and to support in-service
training programs represent stop-gap measures to do the best
that is possible short of dropping the course from the curricu-
lum.

Another step for improving education in biology has been to
enlist research biologists to develop new high school courses.
Some of the observations made by scientists about existing
courses have been: 1) there is more content than can be taught
with understanding in the time allowed; 2) there arc concepts
and theories of science more significant that those now being
taught; 3) there is need for more emphasis on science as a proc-
ess of inquiry; 4) there is need for a greater emphasis on develop-
ing an appreciation of the scientific enterprise; 5) the technologi-
cal or applied topics should be illustrative of basic principles
rather than centers of instruction; 6) laboratory work should be
more investigatory and experimental in nature; 7) the course con-
tent could be more interesting; 8) courses need to be more "open-
ended" and less authoritarian, and 9) biology concepts capable
of being taught with understanding at earlier grade levels
should not be duplicated in high school courses. With these
ideas in mind both local and national biological curriculum
committees have sought to invent improved courses.

As the committees for the development of "modern" biology
courses get under way it may be useful to explore some of the
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weaknesses of earlier groups, those between 1895 and 1950.
Sufficient ..ime has passed to give perspective to their work and
to allow an evaluation of the programs they conceived. The fol-
lowing stateme4 represent a consensus of reactions from many
sources and for none of the committees are all the comments
appropriate but all committees are represented.

1. The scientist is interested only in having the high school de-
liver an "embryo" scientist to his freshman course in the university.
While they have seen the need and decry the lack of scientific liter-
acy on the part of the general public, they do not typically outline
courses in science suitable for all the students who make up this
population.

2. The scientist develops high school courses as professional
courses for scientists and condemns existing courses as too voca-
tional and representing only technologies. His stated objectives are
those of a liberal education, the course he produces is more suited
to professional education.

3. Some curriculum workers see the applied aspects of science as
more closely related to the lives of people than "pure" science.
Atomic power, conservation, personal and public health, and the
"population explosion," for example, are of widespread concern
while the processes used by scientists in arriving at the basic causes
underlying these problems seem less generally valuable. It has been
difficult to develop science courses that have appeal and interest for
the typical high school student and which at the same time provide
him with an intellectual understanding of the discipline. A bal-
anced "picture" of the interrelation of science and technology has
not been achieved in secondary school science courses by any cur-
riculum group.

4. While many scientists wish students to know something of the
methods of science and to appreciate it as the "grand adventure,"
they see this as possible only by the "doing of science." Other scien-
tists feel that this cannot be achieved under the artificial conditions
of a high school laboratory or even in undergraduate college courses.
The question is one of whether the typical student can develop some
knowledge and appreciation of the scientific endeavor without en-
gaging in an investigation. In one sense this is equivalent to asking
whether one can understand and appreciate something of good lit-

.4t
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erature and music without being able to write either. In both science
and the arts there are degrees of sophistication and intellectual in-
sight, but curriculum committees in the past- have not accepted this
assumption, nor have they developed teaching materials with this
viewpoint in mind.

5. In the past, science committees have not sought to develop a
science curriculum but have been satisfied to build courses. The
sub-committees on science of the "Committee of Ten," (1893) and
of "The Commission on the Reorganization of Secondary Educa-
tion." (1918) did seek to organize all science courses around a set of
objectives common to secondary education. The "Commission on
Secondary School Curriculum," (1938) came the nearest to defining
a curriculum in science. A biology course has particular contribu-
tions to make to one's education in scienceas well as to his total in-
tellectual development.

6. Major changes in curriculum design and new ways of teaching
science have been proposed by committees without a public state-
ment as to why it was felt new directions were desirable and why a
particular path was chosen. Consequently teachers who were ex-
pected to teach the "new" courses and the school administrators
who had to explain the advantages of the "new" course over the
"old" to the general public were without guidance. To state that the
new objectives are apparent in the content of the proposed course
is not very helpful to those who are inexpert in science curriculum
design. Those preparing new science courses have at times worked
for several years discussing a rationale for their approach and then
overlooked the fact that the classroom teacher has not had the bene-
fit of such discussion and therefore needs a dear and definitive state-
ment of perspectives. This problem has been further intensified by
the divergent points of view about secondary school science teaching
among scientists. Those scientists who publish most widely on "the
value of science in contemporary life," and the various national com-
missions considering science teaching are seldom in sufficient accord
to allow a clear statement of policy. There are scientists who stress
"the social function of science" and "science for responsible citizen-
ship" and others who believe science should be studied for its own
sake and discount the broader social and educational functions. The
majority of curriculum committees have failed to debate this issue suf-
ficiently to define the place of science in the education of the "man on

.
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the street." The "pure" or "basic" scientists and the "applied" scien-
tists or "technologists" have defined the goals for secondary school
science teaching differently. There it ere those who wrote about the
scientific enterprise who felt that any such distinctions were "purely
academic." Then there werethose who would accept only a definition
of "science" that was limited to its intellectual activities. A high
school course in biology would not be of the same character if de-
veloped under one or the other of these points of view. Curriculum
makers in science have so far not been able to compromise these
points of view, nor have they developed courses in either "pure" or
"applied" science. It appears we are now reaping the results of this
confusion, illustrated by erroneous beliefs found in the minds of the
general public about what is science and what is not science. This
also helps to explain the curious hodge-podge of content found in
biology courses.

7. Curriculum planning is best done when the nature of learning
is considered at the time courses are under development. The re-
search in this area is extensive and has much to suggest for curricu-
lum organization. That the majority of committees on biology teach-
ing have not taken advantage of the research on learning is evidenced
by the neglect of integrative themes in course planning, the extensive
array of detailed facts presented without conceptual order, the rou-
tine and sterile nature of the laboratory work suggested.

8. A major weakness in the work of biology curriculum committees
for the past half century, and it is quite possible that this may ac-
count for the limited influence of their efforts, has been a consistent
failure t© directly recognize that the measure of course improvement
is to be found more in improved methods of teaching than in the
re-assortment and, re-alignment of subject content. The "new"
courses outlined by each committee could always be taught in the
same manner as the old although this was seldom the 'Intent of the
planning group. Better teaching has mostly to do with the perform-
ance of the teacher and the ways in which he manages the content
of a course. Teaching science as inquiry, for example, is more a mat-
ter of classroom procedures and the organization of learning than the
selection of the content although the structure of material is of defi-
nite advantage. This is to say that the updating of courses per se
does not assure the improved teaching of biology.
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Summary

Following the close of World War II it was apparent that

secondary school education in America, particularly instruction
in science, was in need of change and should be critically re-
examined. The work of the American Association for the Ad-

vancement of Science, Cooperative Committee; the National
Society for the Study of Education report on Science Education

in American Schools; The Steelman report on Science and Pub-

lic Policy, and the Harvard Committee's statement on General
Education in a Free Society are illustrative of the diverse groups
interested in the problem. These and other reports of the period

were explicit in stating that the scientific-technological culture
in America has progressed to the point where a different educa-

tion in science, one more suitable for modern times, is de-
manded.

In the decade following.these reports, 1950-1960, the emerg-

ing social, economic, political, and technical developments in-
tensified the concerns about the science curriculum. Develop-
ments which initiated the "space age" caused the American
public to view the teaching of science in secondary schools as hav-

ing reached a crisis. The immediate result was the establishment
of a series of national committees sponsored by the National Sci-

ence Foundation and other groups to develop new ends and new

content in science more appropriate to the educational needs of

this generation.
The situation in which the present science committees must

work has dimensions that are different from those of even a few

years ago. Some of these are:

I. Nearly all young people now go to high school and graduation
from high school is seen as the "common school education" in the
minds of the American people. The diversity of interests and abili-
ties among students today is greater than high school teachers have
ever before experienced. Existing curricula in science are unsuited
to many students. The gifted student, the "science prone" and the
slow learner find little challenge ,`:Al the science courses as they are

now organized.
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2. With the rise in secondary school attendance there has been an
increased demand for collegiate education and a third of the high
school graduates now enter college. This is an amount double that of
the previous generation. Only a small fraction of these students will
major in science and technical fieldsa number estimated as being
too small for the demands of a scientific and technically oriented
societybut it does mean that a larger number of students than ever
before will have an opportunity for science courses and at a higher
maturity level. The need to plan the biology curriculum from the
first through the sixteenth year of school is now apparent.

3. The situation described as the "explosion in scientific knowl-
ledge," which can be illustrated by the 50,000 scientific and technical
journals now in print and the publication of over 1,250,000 research
articles per year, complicates the problem of curriculum construc-
tion. There is more knowledge in every field than even a specialist
can digest in a lifetime. The crucial problem is how do we provide
an entrance to this knowledge by the non-specialist? What should
be the sampling of available biological knowledge for the few hours
that a high school science teacher will have with a student? The pro-
ductive life of the young people now in school will extend to past the
year 2000; most of the significant concepts for their life have not ye.
been announced or discovered. Under the impact of science and tech-
nology the world has changed more and faster than in any other
twenty-year period in history. The expectation is that the next twenty
years will witness even greater changes. Planned programs of research
and development have shortened the time between basic discoveries
and their applicition in ways that touch the life of every person. Re-
search in science reaches the layman more quickly than at any other
time in history. The present programs of science education are not
adapted for conditions of rapid change and progress. Curriculum
makers have not had to meet this problem before and innovations in
curriculum design are in demand.

4. There are few who would question the extensive influence
science has had on contemporary intellectual life and thinking. Yet
the intellectual aims of science instruction have to a large extent
been absent in secondary school teaching. The ramifications of sci-
ence into almost every aspect of living and its impact upon the life of
every individual demands that nearly everyone have an intellectual
understanding of the scientific enterprise.
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5. The results of research on human learning indicate that the
teaching of science must provide for more conceptual learning than
it has in the past. The rate at which science information is forgotten
by students suggests that a more efficient and useful approach to the
organization and presentation of science must be found. The com-
munication of science has become a major concern in our society
and poses many problems for a scheme of science education.

The biology courses under development for high school must
be different from those of the past because the student popula-
tion, science and the culture are different. The increasing com-
plexity of science and of society demands more efficient learning
to meet the problems of the future. Science curriculum commit-
tees of the Sixties need to seek innovations both in course con-
struction and in teaching.



XVI

Problems and Issues in Biology Teaching

MANY GROUPS of scientists and educators have explored the prob-
lems of biological education since the turn of the century and
considerable research has been done to find useful procedures
in managing the problems. The renewed efforts to improve bi-
ology teaching indicate that there are many issues and prob-
lems yet to be resolved. Some of these problems are of long stand-
ing, others have emerged only recently. Problems and issues, yet
unrecognized, can be expected to arise as new knowledge and
theories are announced in biology, as the social scene changes
and as the philosophical assumptions underlying science educa-
tion reflect changes in both the scientific and social communi-
ties. Each generation must expect that it has a responsibility to
examine and to modify the purpose and process of education
in the sciences to suit its own time.

The present efforts to improve the "quality" or "excellence"
of science teaching have accentuated the following problems and
issues:

1. How can the process of biological inquiry be taught to high
school students? What chartges would be needed in classroom and
laboratory procedures? The resolution of this problem would seem
to lie primarily in the way biology courses are taught. Teaching and
textbooks which focus almost entirely on the conclusions of science
allow few opportunities for the student to experience the intellectual
aspects of science. Laboratory work that is concentrated on verifica-
tion rather than investigation is also at fault.

2. Now that science has penetrated our culture at nearly every
point and has become imperative in the education of all people there
is need to re-think the theoretical constructs underlying education
in the sciences. Biology teaching has typically been oriented too
much in terms of the needs of biologists rather than for the intellec-
tual understanding it could provide the non-specialists. It may be
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that much knowledge useful to the research biologist is also valuable

for the average citizen but it williribrbilOi the same reasons. Most
curriculum committees in the past have been more aware of the sci-
entist's needs than the citizen's needs. To what extent is it necessary
to develop different kinds of courses in order to provide a satisfactory

education in biology for all students? Should the criteria for the
selection of content for each course differ? What should be the quali-
tative differences in courses for the gifted student? The frequently
used plan of simply providing more work, longer assignments, or
reading from college textbooks would not seem to meet the intellec-
tual standards of work appropriate for a superior student.

3. The varying purposes for the teaching of biology imply special

approaches to learning. Suggestions about the strategy of learning
science are limited and the extent to which use is made of existing
research is negligible. The rote learning now so common in biology

teaching needs to be directed toward learning of a conceptual r? ture
and which leads the student to some understanding of the structure
of the subject. How this may be accompli5hed is in need of much
study and research.

4. What should be the relationship of high school biology to col-
lege biology? Courses at both levels are quite similar and duplicate
each other at many points. The trend toward advanced biology
courses in high school has led many teachers to adopt college general
biology textbooks for these courses. It is questionable whether this is
the best kind of "advanced" training in high school. Little has been
done to define the biological concepts, insights, appreciations or the
thought processes suitable to an advanced high school course. it
to develop a higher level of biological sophistication based on the
typical tenth grade course or an orientation to new topics?

5. Has the sub, 1 field approach to building biology courses, as it

has been practiced, outlived its usefulness? The continual resifting
of the content of the special fields of biology to make high school
courses can only produce progressively shallower courses resulting

from the sheer volume of new knowledge. Can there be a synoptic
approach for the non-specialkts, a "science of life," with topics
chosen and organized in a way to represent the main stream of bio-
logical thought? The building of courses around integrative themes,
represented by the work of the Biological Sciences Curriculum Study,

is one approach to the problem.

/0.
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6. There is the qtrstion of the value of developing a science cur-
riculum in high school without sharp distinctions between biology,
chemistry and physics. This would make it possible, for example, to
include more bio-physics, surface chemistry and biochemistry in the
biology course and more biology in physics and chemistry. One part
of the problem is to bring together the knowledge that belongs to-
gether for understanding biological processes and to eliminate need-
less duplication in high school. The demands for more efficiency in
education and the extent of available knowledge both suggest we
can no longer afford useless repetition between courses.

7. The demand for technicians in every field of science raises the
question as to whether it is the function of the high school to pro-
vide this training. The problem deserves study both in terms of the
need and the suitability of present courses for this purpose whether
the training is done in the secondary school or at a higher level.

8. The problem of obtaining an adequate number of biology
teachers and the question of how they shall be trained remains. The
biological training of teachers at present is more suited for research
than for teaching and is inadequate for either. Then there is the
question of how modern procedures for teaching science, new cur-
riculum development, and research on science teaching can be
brought to the attention of classroom teachers. Much study is needed
on the problem of communication within the field of biological edu-
cation. The trend toward a wider use of science supervisors and con-
sultants provides avenues for the introduction of new curricula
and laboratory materials through in-service programs, There is also
the need to develop college programs for teaching that are specifi-
cally designed to provide a continuing education in biology on a
broad front.

9. The textbook in biology, as an educational tool, is in need of
study. The present efforts to develop biology courses that are less
authoritarian must also be reflected in the textbook since it functions
as the curriculum in most schools. More fundamental is whether the
structure of textbooks, as they are now known, is of the kind that is
most useful in helping young people along the way where the con-
cern in science education is upon intellectual aims.

10. How can the participation of classroom teachers be enlisted to
carry on the professional research required to improve secondary
school science teaching? There is need for studies on the teaching of
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biology carried out under normal classroom conditions by teachers
trained in experimental procedures.

11. There is the problem of developing an integrated program of
biology from kindergarten through the twelfth grade. It appears
logical that the organization should follow a sequence of conceptual
levels representing a deeper understanding of a particular biological
concept as the pupil progresses through the grades. There is need for

considerable research at this point to determine whether there is a
sequence in understanding biological concepts and at what points
of maturity various concepts can be Successfully introduc...d.

12. Usually a student's success in a course is judged largely by his
ability to accumulate and repeat an array of discrete facts. Recent
committees on the teaching of science have recommended that ob-

jectives, such as, "understanding science" and "the nature of inquiry"
be given priority as a measure of achievement in courses. Curriculum
movements in the past lost much of their potential effectiveness be-

cause after setting new goals they provided no means of student eval-

uation beyond that of factual recall, like the committees before them.
Regardless of the emphasis established by successive curriculum
committees, the student had only to continue as usual to pass the
course.

13. A curriculum plan is needed which makes it possible for high
Owe' courses to keep pace with the significant developments in biol-

ogy. Course revisions at intervals of ten to twenty years or "crash"

programs during a time of educational crisis have not produced a
satisfactory curriculum except for the moment. A continuing com-
mittee of research biologists is needed to identify the significant con-
cepts of their field as they are developed. Then a corresponding body

of science educators and teachers experienced in curriculum engi-
neering is needed to develop up-to-date teaching materials as the
need is apparent. The responsibility for a proper biology curriculum
would lie with both groups.

14. There has been some interest in the development of a national
curriculum in biology. The nature of the content of biology and the
local availability of teaching material suggest that a specific course
is not an answer to the problem; however, outlines built around
significant biological concepts and common teaching objectives offer

a promise of commonality without destroying individuality in biol-
ogy teaching. It seems to many educators that there should be some
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reasonable expectations from any student who lists a biology course
successfully passed on his record.

15. The many unanswered questions about effective classroom
teaching procedures suggests a need for a systematic plan of research.
Some of the research problems would be better investigated in the
departments of biology, some in schools of education, and others in
psychology departments. Particularly is there a need for tupport and
coordination for this kind of endeavor. The complicated nature of
problems in learning and teaching requires research projects of con-
siderable magnitude and duration. It i.43 essential that problems of
education in science be attacked with the same vigor and support as
questions of science.

16. Laboratory work has been a distinguishing and highly regarded
feature of biology courses but the educational values have not been
clearly demonstrated. The facilities and equipment of the high
school laboratory were copied from the research laboratories of the
universities but its purposes were omitted. If a laboratory is defined
as a place where scientists "do science," this is seldom its function in
high school. Students do not typically leave the laboratory with a
better understanding of the nature of scientific inquiry or a "feeling
of discovery." The development of the BSCS "block" plan is an in-
novation that promises to restore some measure of the original intent
of laboratory work.

17. It is expected that citizens in a democracy should be capable
of taking intelligent action on socially significant problems. Schools
are expected to provide an understanding and information on these
problems, for example, conservation, population growth, food sup-
ply, health, radiation and others. How should these matters be
handled within the framework of high school biology to enable
young people to become informed?

18. It is assumed that the best kind of biology teaching requires
adequate facilities in terms of library references, laboratory and
demonstration equipment, project and growing areas, audio-visual
materials and other teaching aids. Facilities and equipment need to
be designed in terms of what is done in the high school and for the
purposes which guide high school courses. There has been only lim-
ited study of teaching resources and the particular value of each for
the improvement of learning in biology.

19. It is becoming increasingly apparent that the present organiza-
tion of teaching schedules and the size of high school classes may not
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be the most efficient. A redeployment of time to allow for some peri-
ods:th4t are longer for special laboratory :,Aercises, field trips and
other activities is needed. Fr.ons and certain demonstrations might
well be used with 150 stutonts instead of 30 if class schedules were
more flexible. Trained teacher aides and laboratory assistants would
increase not only the professional services of the teacher but result
in better teaching.

20. Biology teachers generally have available to them a wide range
of community resources for instructional purposes; meadows and va-
cant lots; museums, aquaria and zoos; birds and insects; ponds, rivers
and streams; forests, dunes and deserts; greenhouses and landscaping;
pets and gardens; and a variety of research biologists, agriculturists,
bacteriologists, medical men, and others to use as class speakers and
consultants on projects. The use of these resources and people ap-
pears to be limited and is secondary to preserved materials, models,
charts and pictures. There are many opportunities in biology teach-
ing to have students deepen their understanding of science through
experiments and projects carried on at home. The student's home
and yard can be utilized as an extension of the biology classroom.
The problem is that teachers of biology have not been trained to use
the living resources of the environment for instructional purposes.

Summary
The problem and issues of biology teaching are extensive

possibly more so than a decade or two ago. This does not mean
there has been a lack of progress in biological education but
simply that the conditions in our culture, biology and education
have changed radically in recent years. This is not the world of
the 1940's or even of the 1950's; we should not expect that the
answers to problems in the past decade are entirely pertinent to-
day. The objectives and curriculum for biology teaching in the
Sixties may be quite out-dated by 1970; progress in biological
thinking and discovery will make sections of present courses of
small educative value; they may even be misleading in another
decade.

We must continually seek better definitions for the meaning
of a basic education in the biological sciences. And all that we
know for certain is that the answers are not found in the past
although there are signals that may prove useful.
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