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The purposes of this study were threefold: (1) to formulate a

current list of biological principles to use as a checklist in this study;

(2) to utilize the formulated checklist in identifying those principles

required for reading comprehension of news articles concerning the

various areas of biology or biology-related social problems; and,

(3) to survey the new curricula "process-oriented" BSCS textbooks

to determine whether the biological principles identified in the public

press occurred and to what degree.

The review of the literature concentrated on research in the two

areas of concern in this study: (a) studies which sought to determine

significant course content through an analysis of biological items ap-

pearing in newspapers and widely read magazines, and (b) those stud-

ies that were stimulated by the principles concept put forth by the



NSSE Thirty-first Yearbook in 1932.

A checklist consisting of 195 current biological principles from

the areas of ecology, physiology, morphology, genetics, evolution

and applied biology was prepared with the aid of past lists and a jury

of practicing biologists. This checklist was used in the analysis of

principles appearing in 1346 biology and biology-related articles from

671 issues of 15 publications for the year 1967. The publications were

selected to represent all segments of society.

Data concerning articles, principles, biology-related social

problems, and biology topics were analyzed by means of frequencies

and descriptive percentages and are summarized as follows:

1. All the publications surveyed were found to contain biology or

biology-related articles.

2. One hundred ninety-one of the 195 biological principles in the

checklist appeared in the articles surveyed. Twenty-two ap-

peared 100 times or more, fifteen appeared 70-99 times, and

fifteen 50-69 times.

3. The greatest frequency of 435 was noted for the principle,

"Plant and animal diseases are caused by numerous physical

and chemical factors and by various parasitic organisms."

4. Of the six areas of biology represented in the checklist, the

46 principles of ecology received the greatest emphasis in the

news with 45.9 percent and morphology the least with 2.5 per-

cent.



5. Eleven biology-related social problems were identified in 460

of the news articles. Ecology principles received 66.6 percent

of the emphasis and physiology 22.7 percent.

6. News articles other than those concerning biology-related so-

cial problems were grouped under nine biology topics or clas-

sifications. Those receiving greatest emphasis were applied

biology (predominantly health and disease) with 331 or 30.9

percent of the articles and animal life (predominantly mam-

mals and birds) with 217 or 20.3 percent.

7. The BSCS texts were analyzed for the presence, location, and

emphasis of the biological principles appearing most frequently

in the public press. None of the principles were omitted in the

three texts. The Yellow and Green versions gave the 100 most

frequent principles in the news the most emphasis.

The following conclusions were drawn from this study: (1) The

public press does include many biology and biology-related articles

which contain many of the basic principles of biology; and (2) There

is a close relationship between biological principles found in articles

of the public press and those stressed in the modern type introductory

biology texts surveyed in this study.
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DETERMINATION AND COMPARISON OF BIOLOGICAL
PRINCIPLES IN THE PUBLIC PRESS

AND THE BSCS TEXTS

I INTRODUCTION

Few things have been more characteristic of the present decade

than a recognition of the importance of the biological problems facing

modern man. Problems pertaining to population control, wise use of

natural resources, waste disposal, pollution of atmosphere and water

are but a few demanding the best thought of all concerned citizens.

Obourn has said: "The science curriculum in the schools offers

one of the most practicable means for preparing people to cope with

life problems which have their antecedents in science and technology"

(64, p. 211). Carleton (17) and many others have pointed out that even

though a large proportion of our population has been exposed to science

in the schools, there is still an appalling amount of scientific illiter-

acy in the public mind. Among the reasons for this, in relation to the

study of biology, may be those stated by Glass (27):

The problem is this: In many high schools today, biology
consists of primarily either hygiene or animal biology
presented in terms of invertebrate or vertebrate anatomy.
Often the emphasis is on memorizing of long lists of sci-
entific names. And even more often, biology is presented
as a crystallized science--one in which all the answers are
known.

In addition, Hurd (34, p. 191) points out that the content of biology

courses has been subject to influence by special interest groups
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(political, social custom, religious) more than other high school sci-

ence courses. This has brought about many omissions and inclusions

that have been detrimental.

Selection of Content of the Introductory
General Biology Course

Upon what bases can the content of the introductory general

education biology course in high school or college be selected so

that it may prepare people to cope with the biological problems fac-

ing them and to better enable them to understand the science informa-

tion that will confront them throughout their lives? This has been a

major question in the minds of curriculum workers for some time.

Almost from its inception the biology course, perhaps more

than any other, has posed many problems in the selection of content.

The diversity of fields making up biological science, the influence of

special interest groups, the conflict between "practical" vs. college

preparation, and more recently, the accelerated increase in available

knowledge have all contributed to the problem; consequently, "what

should be taught?" has been subject to much discussion, disagreement,

and debate.

Hankins states, "To date, no unanimous agreement or complete

satisfactory solution to the content problem has been found for a gerl-

eral education course in the biological sciences" (29, p. 40).
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According to Hurd (34, p. 183) there have been several ap-

proaches to the development of course content in biology:

1) the use of "objective procedures to isolate the knowl-
edge according to an assumed criteria (for example, fre-
quency of biological items in the public press); 2.) the es-
tablishment of certain philosophical assumptions which
may serve as a unifying theme (meeting the per sonal-
social needs of young people); 3) importance in understand-
ing the discipline (using the opinions of leading scientists);
4) a combination of these approaches.

In 1932, in an effort to direct science teaching toward the larger

ideas of science expressed as principles or generalizations and away

from an inventory of discrete facts, the thirty-first yearbook com-

mittee of the National Society for the Study of Education (57, p. 24)

recommended that ". . . the general biology course of all levels of

education . . be organized about the laws and principles that con-

stitute the important generalizations of the field." The committee

(p. 43) further stated that the " . principles and generalizations

that ramify most widely into human affairs may be stated as the ob-

jectives of science education."

That pupils should acquire a useful command of science concepts

and principles is now a well established objective of science education.

Since the 31 st yearbook this same objective has also been stated in

the 46th (59), and 59th (58) National Society for the Study of Education

Yearbooks, by leading science educators such as Richardson (69),

and most recently by new curriculum groups. Only the means by
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which the pupil acquires these principles has been changed in recent

years and not the objective itself. The 46th Yearbook of the NSSE

contends that, ". . . Principles provide focal points for the organ-

ization of instructional material and they constitute the generaliza-

tions toward the formulation of which most work in science is direct-

ed" (59, p. 31). In discussing the planning of the Biological Sciences

Curriculum Study texts, the BSCS Biology Teachers Handbook (3)

states that the new curricula were not to be confined to elementary

facts and simple generalizations about those facts, but " . they

were to constitute something broader and larger--a reflection of the

principles and emphases of the science as a whole" (3, p. 8).

The New Curricula in Biology

In January 1959, the American Institute of Biological Sciences,

a professional society representing 85, 000 biologists, established

the Biological Sciences Curriculum Study as "a means of contributing

to the improvement of secondary school biology" (3). The BSCS found

early in the planning conferences that because the biological sciences

in both viewpoint and methodology were so diverse, there was no

single "best way" to organize a high school course in biology. This

resulted in the emergence of three separate sets of materials each

with a different approach. These were identified as the Green Version

(ecological approach), the Yellow Version (developmental-evolutionary
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approach) and the Blue Version (physiological-bio-chemical approach)

and have retained that designation in their present hardback textbook

form.

Perhaps the most significant feature in the development of the

curricula was the cooperation between research biologists, high

school. teachers, and science educators in planning and writing; thus,

the BSCS materials are the product of large writing teams rather than

single author s or teams of two or three individuals. Such teams were

not only able to introduce information from recent research and pro-

duce materials that reflect the structure of biology as that science

now exists, but were also able to consider the needs and conditions

of teaching and learning. The materials were written, tried out in

a large number of schools involving many teachers and comprehensive

samples of students, evaluated, and rewritten. They were also criti-

cally examined by special committees representing organized pro-

fessional groups in biology and science education. As a result of

careful examination and criticism by teachers, students, and pro-

fessional groups they were rewritten three times in the course of

final preparation. They first appeared in the final hardback textbook

form in 1963. After four years of use as textbooks they again under-

went extensive revision in 1966-1967 which resulted in the appearance

of the revised editions in 1968 (5, 6, 7).

Because men of different interests and points of view have
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worked on the various versions, a diversity is reflected in the texts

themselves in their emphasis on different levels of biological organ-

ization, in differences of style, and in different treatments of subjects

within the field. While traditional texts are primarily centered on

the organ and tissue level of biological organization, the Blue Version

emphasizes the molecular level, the Yellow Version the cellular level,

and the Green Version the community and world biome levels; how-

ever, all levels are dealt with to some extent in each version. Unity

is obtained through organization around nine basic "themes" that are

woven in and throughout each version forming a series of unifying

threads. The nine basic themes are:

1. Change of living things through timeevolution

2. Diversity of type and unity of pattern of living things

3. Genetic continuity of life

4. Complementarity of organism and environment

5. The biological roots of behavior

6. Complementarity of structure and function

7. Regulation and homeostasis: the maintenance of life in the

face of change

8. Science as inquiry

9. The intellectual history of biological concepts (3)

The BSCS curricula center on the laboratory and consider all

other course experiences as contributory to it. This has been termed
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"the process-oriented approach."

Van de Venter reported (76, p. 93):

If we are teaching for understanding, and using facts
as tools, for getting at these rather than as ends in them-
selves, then the BSCS themes are the kind of thing we need
to drive for.

The organization of textual and laboratory material
around ideas in this fashion is something new, not only
for high school teaching materials but for teaching mater-
ials in biology at any level.

Utilization of Principles

Educational psychology has shown that where principles are

taught, transfer of learning does occur (13) and that general principles

and other meaningful material may be retained with little loss (42).

Many studies have supported the conclusion that principles and gener-

alizations are well suited as focal points for the organization of con-

tent in science. Among them are those of Tyler (75), Freud and

Cheromis (24), and of Frutchey (26).

According to Martin (46, p. 2), for a statement to be a principle:

1. It must be a comprehensive generalization which sum-
marizes the widest possible range of facts within the
domain of facts with which it is directly concerned.

2. It must be scientifically true:
A. It must be verifiable; i.e., it must be stated so

that it suggests, either directly or indirectly, a
definite operation of observation or experiment
whereby its truth can be tested or verified.

B. It must be consistent with the body of accepted
scientific knowledge, and, except for a few
limiting or singular exceptions, with all the
data (facts) relevant to it.
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Identification and Selection of Important
Biological Principles

If we are to have an enlightened population capable of under-

standing and solving the biological problems facing modern man,

some knowledge of biological principles appears to be a necessity;

however, in this age of rapid accumulation of knowledge just what

the choice of principles should be poses a formidable question.

Today the greatest portion of the general public gets its infor-

mation from the mass media, Newspapers, most of the news maga-

zines, and many other magazines of more general interest carry

regular science articles. Frequent science articles are also car-

ried by household, farm, business, and literary type magazines.

These written media include those publications through which the

people get most of their information and are the media through which

today's high school students will get most of their future science in-

formation for coping with the life problems referred to by Obourn.

A national survey conducted by the Survey Research Center,

University of Michigan, for the National Association of Science Writ-

ers and New York University, showed that the general public does

read science news and that much science information does get through

and is remembered. While those who had less than a college educa-

tion got most of their information from newspapers, those who had
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some college relied primarily on magazines (56).

Among the more urgent biological problems facing modern man

are water and air pollution, drug abuse, overpopulation, and harmful

effects of pesticides. Will the general public realize the fundamental

scientific principles underlying these and other issues at hand? Are

they sufficiently prepared to gauge the merit of mass media informa-

tion they receive before making decisions based upon that information?

This should be one area of concern for biology curriculum workers.

Another question considered should be: Will the general public have

the background for comprehending articles on recent developments in

science so that they can continue to learn and thus can continue to

grow with the growth in science and technology? Hankins brings out

that, Each new and important discovery is not a mere addition to our

knowledge; it throws our established beliefs into question, to whatever

degree, and forces us to constant reappraisal" (29, p. 1). If the stu-

dent in his brief exposure to science could learn those principles of

science (in this case biology) which enable him, among, other things,

to comprehend the science news and science-related articles he will

encounter in the newspapers and magazines, it should help prepare

him to face and solve intelligently science-related life problems of

the present and future.



The Problem

Statement of the Problem

10

To (a) determine the biological principles practicing biologists

consider to be of sufficient importance to include in a list of intro-

ductory biological principles, (b) identify those principles which ap-

pear most frequently in biology and biology-related articles in select-

ed national news media, and (c) compare the identified biological

principles with those appearing in the new biology curricula.

Importance of the Study

Curriculum workers today, indeed, have a major problem in

deciding what principles should be included in the brief exposure most

students have to science--the exposure which must count for the rest

of their lives. If we are to have an enlightened population capable of

making intelligent decisions regarding scientific issues that have

social implications, it is necessary that people be able to read with

comprehension the biology and biology-related articles that appear

in the printed national news media--the media through which the

general public receives most of its current information. There is,

therefore, a need for (a) the identification of biological principles

appearing in the printed news media for possible use as an aid in
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curriculum construction, and (b) an evaluation of the modern process-

oriented biology curricula in terms of the appearance of the identified

principles.

Purposes of the Study

1. Numerous studies have been undertaken to define science

principles and many lists have resulted. These have constituted an

important source for curriculum workers in the development of sci-

ence curricula. The list based upon Martin's study (45) in 1944 and

published by the U. S. Office of Education (46) is the list most readily

available for use; however, it is based upon the biological knowledge

of 1944. It shall be the first purpose of this study to formulate a

current list of biological principles to serve as a checklist. This list

will be formulated with the aid of past lists, research studies, and

scientists in the field.

Z. It shall be the second purpose of this study to utilize the

formulated check list in identifying those principles required for

reading comprehension of current news articles concerning the vari-

ous areas of biology or biology-related social problems.

3. A survey of the new curricula "process-oriented" BSCS

textbooks for inclusion of the biological principles identified in the

public press by this study will give an indication of whether these

principles are actually being stressed by curriculum workers at
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present. It shall be the third purpose of this study to determine

whether the biological principles identified in the public press oc-

cur, and to what degree, in the revised BSCS Blue, Green, and

Yellow version textbooks.

Possible Outcomes

Data from the study should provide answers to the following

questions:

1. Do all the types of publications surveyed in this study include

biology and biology-related articles and what degree of empha-

sis do they receive?

2. What principles do practicing biologists consider to be of suffi-

cient importance to be included in the biological principles

checklist formulated for this study?

3. How many of the biological principles appearing on the checklist

formulated by the jury of biologists appeared in the public press

in 1967 and what is the frequency of appearance of each prin-

ciple?

4. What frequency and percentage of emphasis have the principles

in each area of biology represented in the checklist received?

5. What biological principles in the checklist do not appear in the

publications surveyed in this study?

6. What biology-related social problems were discussed in the news
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in 1967? What biological principles were related to each of

the problems and with what frequency?

7. What percentage of emphasis has each biology-related social

problem received in the news? What publications discussed the

greatest number of problems?

8. Under what topics or classification groups can most of the biol-

ogy news articles be classified. What publications covered

the widest range of topics? What percentage of emphasis has

each topic received?

9. What treatment do the biological principles occurring most

frequently in the news receive in each of the BSCS texts ?

a. Which are omitted entirely from the textbooks?

b. Which receive only slight emphasis in the textbooks ?

c. Which receive major emphasis in the textbooks ?

10. What treatment do biological principles appearing in the check-

list but not in the news receive in each of the BSCS texts?

11. What treatment do biological principles appearing most fre-

quently in the biology-related social problem articles receive

in the BSCS texts?

12. Do the BSCS texts meet the need as a study aid in promoting

reading comprehension of biology news and biology-related

articles and which of the versions appear to be the best suited

for this purpose?
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Limitations of the Study

The proposed study is subjected to the following limitations:

1. The sources of biology principles are limited to readily avail-

able research studies, published lists, and a jury of experts.

2. The sources of science news articles are limited to two national

newspapers and thirteen magazines for a period of one year (Janu-

ary 1, 1967 to December 31, 1967) selected on a national dis-

tribution basis and available indexes.

3. The BSCS texts are the only texts used for comparative pur-

poses.

Assumptions

Assumptions related to this study are:

1. The biology principles lists and research studies utilized are

representative of all such lists and studies.

2. The BSCS biology texts (second edition, 1968) represent the

latest in biology content.

3. The printed news media selected for this study are representa-

tive of all such publications.

4. The publishers and editors realize the importance of science

in our society and include representative science articles in

their publications.
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5. The general public does read science news and related articles

appearing in the newspapers and magazines and is influenced

by them.

6. There is a carry over of science concepts, principles, and

method learned in school years to solution of science-related

problems faced by the general public.

Definition of Terms

Biology Articles

Those articles concerned with some topic normally included in

the study of biological science.

Biology-related Articles

Those articles not concerned with science directly but which

require a knowledge of underlying biological principles for complete

comprehension.

Biology -r elated Social Problems

Those problems and issues discussed in the printed media re-

quiring some knowledge of biological principles for adequate under-

standing.
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II BACKGROUND AND RELATED LITERATURE

Introduction

An analysis of research studies and related course patterns by

Hankins (29) revealed that during the past 50 years, eight basic ap-

proaches have been used in the selection of biology course content

designed to serve general education goals. They were:

1. Newspaper and magazine analysis

2. Selection of principles

3. Determination of misconceptions and superstitions

4. Basic concepts

5. Textbook and courses of study as indices

6. Consideration of student interests

7. Historical perspective

8. Use of "expert" advice

This review will concentrate on research in the two areas of

concern in this study: (a) those studies which sought to determine

significant course content through an analysis of biological items

appearing in newspapers and widely read magazines, and (b) those

studies that were stimulated by the principles concept put forth by

the NSSE Thirty-first Yearbook in 1932; however, the other approach

es will be reviewed briefly.
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Analyses of Newspaper and Magazine Articles

The 1920's spawned the greatest amount of research on the de-

termination of biology content through analysis of newspaper and

magazine articles. This examination of the biology curriculum was

apparently stimulated by the appearance of the Cardinal Principles

of Secondary Education as defined by the Commission on the Reorgan-

ization of Secondary Education in 1918 and the work of the related

committee on the Reorganization of Science in 19 20.

In 19 23, Finley and Caldwell (23) in an examination of 13,796

pages of eleven prominent newspapers for biological content found

3,061 articles on biology with 897 concerning health, 755, animals;

660 plants; 533 food; 81 organization of producers, 74 nature, 47

evolution, and 14 fictitious.

Curtis (18) in 19 24 examined 5, 566 newspaper articles and

found that only 13.7 percent required no scientific background for

understanding. He found 962 scientific terms in the articles. Less

than two percent of these were defined in the article. 41.4 percent

of the articles were on biological science. Based upon the frequency

of biological articles and biological vocabulary in the newspapers,

Curtis concluded that courses in general science (the topic of his

study) need to devote more space to the biological sciences.

Hopkins (33) in 1924, analyzed four local newspapers and eight
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popular magazines to see what scientific information a person needed

to know in order to read intelligently the daily newspapers and maga-

zines. A month's issue of the newspapers and six issues of each of

the following magazines were examined: Popular Mechanics, Sci-

entific American, Ladies Home Journal, Good Housekeeping, Satur-

day Evening Post, Literary Digest, Country Gentleman, and Farm

Journal. In the 532 articles found in the newspapers, 60 percent of

them or 63 percent of the space was given to biology. In the 2, 238

magazine articles 16 percent of the articles or 27 percent of the

space was given to biology. The biology was found to be distributed

very evenly throughout all of the magazines, whereas in the case of

chemistry and physics 98 percent of the articles and space came

from Popular Mechanics and the Scientific American. In the vari-

ous newspapers all sciences were distributed rather evenly. The

biology topics found to be of major importance were: public health,

knowledge of plant and animal life, foods, natural resources, and

evolution.

Searles and Ruch (72) in a ten year review (1914-1923) of The

Literary Digest, The American, The Review of Reviews, Current

Opinion, The Saturday Evening Post, The National Geographic, The

Atlantic, Scribner s, The Worlds Week, Science, and Scientific

Monthly found articles on physics, agriculture, chemistry, and biol-

ogy with some falling into a general category. They found that 62.2
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percent were about biology with an additional 2.4 percent on agricul-

ture. The articles in each subject were classified into topical groups

found in high school textbooks. A few of those in biology were: man,

17.1; mammals, 10.5; health, 9. 2; insects, 8. 2; disease, 7. 2; and

food, 6.7. Summarized into groups similar to those in other studies

the total of all the biological topics would be equivalent to: animals,

31.3 percent; man, 1 7.1; health and disease, 16.4; higher and lower

plants, 1 0.1; physiology, 8.3; food, 6.7; conservation, 2.9; evolu-

tion, 2. 5; miscellaneous, 3. 0.

In 1928, Merrill (49) undertook an investigation to determine:

1) the objectives and materials for a high school course in botany as

determined by social needs; 2) to ascertain how nearly the materials

presented in twelve widely used high school textbooks compare with

the materials discovered in the social fields; and 3) to obtain data

that would adequately serve as a basis for organizing a high school

course in botany to meet social needs as they appear from the fields

of human activities performed in society. Publications were chosen

which represented the most important phases of society and varied

human interest and represented the areas of general reading, general

science, agriculture, horticulture, forestry, home economics, phar-

macy, and miscellaneous. Over 20 publications were examined for

the years 191 0-19 23. Data was tabulated and then compared with

material in 12 widely used botanical textbooks. Among his findings
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were these: 1) the writers of periodical literature emphasized the

food producing groups of plants devoting 29 percent of the space to

these groups while the textbook writers devoted only four percent of

their book space to these groups. 2) Textbooks devoted 20.6 percent

of space to a discussion of the lower forms of plant life, including

bacteria and fungi, while periodical literature devoted only 6. 2 per-

cent to them, the major part of their discussion being devoted to the

lower forms in relation to health and disease of the higher plants,

animals, and man. 3) The periodicals examined devoted 43.7 percent

of space to the economic phases of plant life (uses, culture, varieties,

distribution and control of disease) while textbooks devoted only six

percent of space to these phases. The author concluded that a course

of study in botany for general training must emphasize the economic

phases of plant life. In light of the data, he felt there was need for

shifting the emphasis in plant studies in courses designated for gener-

al training from the lower to the higher forms of plant life and for

discussing these forms in their relations to human welfare.

Hill (3 2) compared the biological content of general periodical

literature with that of the Kansas High School course of study. He

investigated the content of 591 issues of American Magazine, Atlantic

Monthly, Harpers Magazine, Literary Digest, McClures Magazine,

Scribners Magazine, Worlds Work, Saturday Evening Post, and

Cosmopolitan for the years 19 21 -1 9 25. He found that animal biology
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took up 52.4 percent of the space devoted to science and consisted

primarily of descriptions of the appearances, habits, etc. of wild

animals. Human biology (primarily health) occupied 28..62 percent,

general biology 12.69 percent (evolution, heredity, agricultural

biology, etc.) and plant biology 6.09 percent. Hill concluded that

if students were taught only that biology included in the Kansas Course

of Study for general biology (which was similar to that taught in most

high schools in the country): (1) they are prepared to read easily

about 89 percent of the biology found in general purpose magazines;

(2) they are prepared to read with difficulty about 11 percent of the

biology found in general purpose magazines. He indicated that the

Kansas High School Course could be improved by the addition of top-

ics explaining the meaning and nature of eugenics, genetics, and

evolution; and topics treating more fully nature study of animals.

DeLoach (19) studied a year's publication of the weekly maga-

zine, Life, for the year 1940. He found a total of 56 scientific arti-

cles for the year. Of those that could be easily classified, 14 dealt

with the physical sciences and 41 with the biological sciences of which

17 were in medicine and ten in zoology.

Novak (63) in 1942 analyzed 1, 461 issues of the New York Times

for the years 1930, 1933, 1936, and 1939. The completed analysis

resulted in a total of 185 topics. These were then grouped into 15

major topics for purposes of study and comparison. Those in biology
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and the percentage of space devoted to them were: Health and Med-

icine, 20.1; Animal Life, 8.1; Man and Behavior, 7.4; Gardening and

Agriculture, 6.9; Conservation, 4.2; Plant Life, 3.8; altogether bi-

ological science topics were found to occupy 50.5 percent of the news-

paper space in science. The remaining nine group headings com-

prised the physical science portion which occupied 49.5 percent of the

newspaper space in science.

Irish (36) attempted to select and organize from periodical liter-

ature, materials of soil conservation suitable for integration into

courses of high school science for general education. The periodicals

used consisted of a month's issue of four newspapers and a year's

issue of three magazines. Irish concluded from his study that per-

iodical literature of the types used in his investigation contains much

material dealing with soil conservation much of it having positive

values for integration into courses of high school science for general

education.

In summary, a review of the studies dealing with analyses of

newspaper and magazine science articles show that biology items

usually comprised the greater percentage. The topics found to be

of major importance were animal life and human biology with the

latter emphasizing health. Some of the findings were used for evalu-

ative purposes of various curricula, others were used to help develop

course content.
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Studies Relating to Principles

As has been noted, many research studies were stimulated by

the "principles" concept in learning emphasized by the Thirty-first

Yearbook of the National Society for the Study of. Education. The

following survey deals only with those relating to the high school or

introductory college courses in biology.

One of the first research attempts in this area concerned biology

generalizations and was made by a student of one of the writers of

the 31st Yearbook five years before its publication. Menzies (48),

under the direction of Downing, determined the percentage of word

space devoted by college textbooks to various generalizations and to

the application of these generalizations to practical life situations.

Forty-one important biological generalizations were found. To each

of these, the authors of the textbooks had devoted more than 5000

words.

In 1932, Downing (21) published a synthesis of the results of four

unpublished studies made under his direction which were concerned

with a determination of the biological principles that appeared in the

articles of a weekly magazine, in scientific books written for the lay

reader, and in government bulletins. A list of 28 principles of impor-

tance to daily life were derived. This list was later used by Bentley

(4), in 1934 in his study to determine the biological principles needed
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for an understanding of articles appearing in the public press.

Bentley's investigation selected those articles for which a

knowledge of biological principles was necessary in order to under-

stand their content clearly. A total of 1,111 articles in 180 issues

of the papers were found to require a knowledge of biological prin-

ciples for understanding. Almost all the principles in Downing's

list appeared at least once in the newspapers.

Nelson (60) in 1935 determined the problems, generalizations,

and concepts basic to a secondary science program. An analysis was

made of four physical science survey books and four biological sci-

ence. Five hundred three generalizations were found in the biolog-

ical science books and 155 in the physical science books.

In 1936, Olds (65) conducted an investigation to determine a list

of biological principles that could be used in a secondary-school biol-

ogy course. Principles from Robertson's (70) list for elementary

school science were combined with those obtained from an analysis of

six college biology textbooks and then presented to five college science

instructors for their constructive criticism. The list of 100 prin-

ciples was then presented to 21 high school and college instructors

in biology for rating as to suitability as ultimate goals of instruction

in secondary school biology. Ninety-eight major and subsidiary bio-

logical principles were derived from this study.

Weid (83) in 1940 sought (a) to determine what biological
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principles were emphasized in our public conservation policy--the

conservation program of the United States Biological Survey--by a

search of certain of their publications, and (b) to find concrete illus-

trations of principles taught and accepted as being of importance in

a high school program. Comparison of six studies showed that the

following principles were apparently more important than the study of

biological problems; (1) All organisms must be adapted to environ-

ment, (2),,Food, oxygen, certain optimal conditions of temperature,

moisture and light essential to life of most living things, (3) All life

from previously existing life, (4) Animals and plants are not distribut-

ed uniformly, but are found in definite zones and in local societies.

In 18 Biological Survey publications No. 1 above was mentioned in 17 of

them, No. 2 in 16 of them, No. 3 in 18 of then;i, and No. 4 in 11 of them.

By far the most comprehensive study concerning principles was

done by Martin (45) in 1944 and consisted of three parts: Part one

concerned the preparation of a tentative list of biological principles

from those found in three junior college textbooks, three high school

textbooks, a survey series of the biological sciences for the general

reader, and in the reports of five research studies. These were sub-

mitted to subject matter specialists who were asked to define the

statements, and to judge whether each was scientifically true. This

produced a master list of 300 major principles. In the second part

of the study, an analysis of the scientific material appearing in
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selected magazines and newspapers was made to determine which

principles were necessary for an understanding of these materials.

The principles were then ranked in descending order on the basis of

frequency of appearance. In the third part of the study each principle

was evaluated on a five point scale by selected teachers and laymen

as to its suitability for use in a program of general education. The

principles were then ranked in descending order on the basis of the

values assigned by the evaluators. It is this list of 300 principles

with their rank order that has been published by the U. S. Office of

Education for use by curriculum workers, and it is this list that is

the major source of principles for this study (46).

The purpose of Washton's project (81) in 1950 was to produce

a syllabus in college biology for general education based upon previ-

ous investigations on principles and upon current judgements of vari-

ous leaders in the areas of general education, and biology. The prob-

lems investigated were: (1) the criteria or guiding principles for

general education; (2) the significant principles of biology; and (3) the

principles of biology that have important applications to specific

purposes of general education. A list of 42 biology principles was

derived from consolidation of those in previous studies and were

approved by eight college biology teachers. The judgement of 30

experienced teachers of college biology was then utilized to deter-

mine which of the principles were "most important," "important, "
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or "unimportant" in applying them to the criteria of general educa-

tion. This information was utilized in production of the syllabus.

McKibben (43) in 1953 derived 100 principles of importance to

ninth and tenth grade biology from Martin's study by sending a check-

list to a qualified jury of experts of 32 people. These 100 principles

were then utilized in deriving experiments and activities for such a

course.

Fribourgh in 1957 searched for principles and generalizations

for an introductory biology course in the junior college. The purpose

of his study was:

(1) to determine the biological principles and generalizations
that are considered to be essential: (a) as preparation for
further study in the field of biology, and (b) for an educated
layman in keeping abreast of current developments and in
understanding and solving everyday problems involving
biology; (2) to determine which of these principles and
generalizations are appropriate for students at the junior
college level of maturity; (3) to combine the solutions of
problems (1) and (2) into a single list of recommended
principles and generalizations for an introductory course
in biology in the junior college; and (4) to construct a
course of study which embodies the recommended prin-
ciples and generalizations (25, p. 34).

Sixty-one principles and generalizations were procured by an-

alysis of eight college-level general biology textbooks and were sub-

mitted in the form of a rating sheet to recognized authorities in biol-

ogy. They first determined the validity of the statement and then

evaluated it as "essential," "desirable, " or "neither essential or

desirable" for either college preparation or terminal students. The
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principles list was also sent to a select group of junior college biology

teachers for rating. The investigation culminated in a list of 50 rec-

ommended principles and generalizations for an introductory course

in the junior college. Next, a course of study was developed in which

the recommended principles and generalizations were incorporated

into a one year sequence in introductory biology.

Rabb (68) reported on the selection of principles regarded by

persons involved in teaching and learning as fundamental for tenth

grade general biology. He modified and consolidated Martin's list

of principles with respect to the findings of recent research. His

revised list of 65 principles was then incorporated into a checklist

and rated by four sample groups: 42 college biology science educa-

tors, 134 secondary biology teachers, 77 recent alumni of three

selected high schools, and 164 college students. The principles were

then ranked in order of their importance as rated by each of the

groups. Rabb found that major emphasis was given to principles

under the following topic headings (in order of emphasis): (1) re-

production; (2) protoplasm and cells; (3) physiology and morphology;

(4) organization, energy and matter; (6) ecology; (7) genetics.

The most recent study on biological principles was done by

Dessel (20) in 1961. His purpose was to determine biological prin-

ciples deemed essential to the first course in biology at a large

midwestern high school as judged by a jury of experts in biology
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and by past students of the high school. The 61 principles procured

from analysis of research were reduced to a list of 45 principles and

generalizations judged to be essential. The 1959-1960 biology stu-

dents at the high school were examined to determine the degree of

achievement of each of the 45 principles and 17 of them were found

to be inadequately achieved in the usual course of study.

In summary, many research studies were stimulated by the

"principle" concept in learning emphasized by the National Society

for Education Thirty-first Yearbook. This survey dealt only with

those relating to the high school and introductory college courses in

biology. Most of the studies were an effort to identify the more sig-

nificant biological principles around which to build the introductory

biology course. Many of the studies related to the high school course,

and a few concerned the introductory junior college or college course.

The most common procedure was to establish criteria for selecting

the principles from various biological literature and/or research

studies and then to ask competent biologists and biology teachers

to verify the accuracy of the statements and to rate or rank them as

to their importance in biology. The principles were then organized

according to their importance for general education, for their suita-

bility for a particular grade level or for their teachability. Several

functional lists, biology syllabi, and related activities lists have

resulted for the use of educators.
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Determination of Misconceptions and Superstitions

Such investigations as those by Vinal in 1927 (79), by Mailer

and Lundeen in 1933 (44), and by Caldwell and Lundeen in 1939 (16)

attempted to determine the common misconception of young people

about biological topics and assumed that a proper course of instruc-

tion in biology should include content appropriate to changing these

erroneous beliefs. Vinal concluded that students depend more on

hearsay about biological topics than on observation or thinking and

that biological ignorance was widespread. Caldwell and Lundeen, in

a series of studies on unfounded beliefs, concluded that: (a) specific

instruction can change unfounded beliefs as most of them seem to be

due to a lack of correct information; (b) unfounded beliefs are wide-

spread; and (c) education and experience tend to reduce the number

of superstitions among students.

Basic Concepts

Hankins (29) found that many courses on the college level have

been aimed at helping the student develop an understanding of the

operation of biological systems through acquaintance with a broad

range of concepts common throughout the discipline (survey-type

courses), or an examination in depth of a few selected topics. Prior

to the past decade, Bullington in 1950 and 1952 (15, 14), Van Deventer
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in 1946 (77), Lawson in 1953 (40) and Miller in 1953 (50) found that

the survey of common basic concepts covering the plant and animal

kingdoms was the most commonly used approach. This type course

has been severely criticized during the past 1ecade as attempting too

much breadth and not providing enough in depth study to give a true

picture of scientific endeavor. More recently (1965-1967), studies

by Vanable (78), by Monace (51), by Roos (71), by Novak (62),

Grobstein (28), and Hutto (35) have described or designed courses

with fewer selected concepts such as the origin and structure of life;

energy relationships; reproduction, heredity, and evolution that pro-

vide greater in depth study of a few main areas.

Textbooks and Courses of Study as Indices

Since textbooks and courses of study represent considered judge-

ment by one or more persons experienced in teaching biology, they

have been the subject of analysis and synthesis to develop "better"

biology courses. A survey by Martin (47) in 1952 showed that over

90% of the biology teachers used a single textbook; the textbook then

became the criterion for the selection of course content. A 1967

survey by Hankins (29) confirmed that a single text had been adopted

by approximately 2,745 American colleges and universities that teach

general education courses. It appears that the textbook, indeed, to

some extent has influenced the selection of course content.
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Blanc (10) analyzed ten high school biology textbooks published

since 1951 to determine the major emphasis given to the various con-

tent areas and topics. The areas emphasized the most were: (a) con-

servation and natural resources; (b) study of the human body; (c) study

of the flowering plant; (d) genetics and eugenics. Hankins (29) found

that in eight introductory biology textbooks designed primarily for

non-science majors, the areas receiving the greatest percentage of

space were: (a) reproduction and development, 13.8%; (b) syste-

matics, 13.6; (c) history-philosophy-methodology, 10.4; and ener-

getics and metabolism, 9.5.

Consideration of Student Interests

Another approach to curriculum development has been to con-

sider the interests and preferences of pupils. Klise and Oliver (37)

found that the popularity of topics as judged by students varied with

different teachers. Henderson (31) in a study of the interests of

pupils related to human physiology found that they were of a "prac-

tical nature" but differed from those thought to be most worthwhile

by physicians. Blanc (9) in a study of interests of students who had

taken high school biology found that heredity, evolution, nervous

system, disease, reproduction, to name but a few, were of high

interest. Of low interest were structure and function of plants, and

classification.
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A number of studies have been made to determine biological

interests of college students: Leader (41), Zim (86), Black and

Glidden (8), and Brown (12). In general, these studies have shown

that students were most interested in those phases of science that

were of personal concern to them: health, disease, human reproduc-

tion, and similar topics.

Historical Approach

The historical approach is that which relates biological discov-

ery to other aspects of man's intellectual life--his history, his values,

his art, his inconsistencies, and his successes (29). This type course

has been described and evaluated in studies by Nesbitt and Hart (61),

Hatch (30), and the Commission on Undergraduate Education in the

Biological Sciences (39).

Use of Expert Advice

Another method utilized often for selecting content of biology

courses has been the use of "expert" advice from a qualified commitee

of teachers, research biologists, and educators. In the various com-

mittees the proportional representation from each group has varied

but has rarely been equal (34). Some of the more recent committees

and the reports prominent in the modern development of biology cours-

es are the following;
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1954 Southeastern Conference on Biology Teaching (11)

Their report of 1955 suggested the following goals for teaching

secondary school biology: 1) an understanding of the basic principles

of biology; 2) an understanding of man and of human life; 3) an under-

standing 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 biology course; 6) a positive approach to physical and mental

health; 7) avocational interests and appreciations related to living

things.

1955 North Central Conference on Biology Teaching (2)

Their report of 1956 recommended: 1) There should be a year

of biology, preferably at the tenth grade; 2) the course should be de-

signed for all students but must provide for individual differences;

3) special opportunities should be provided for capable students and

for those who plan to become biologists; 4) the high school program

should be directed toward understanding the methods, approaches

and attitudes of science and how these differ from the non-sciences;

5) current scientific developments and social trends should influence

the content of biology courses; 6) course adjustments are needed to
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meet the problems of urbanization; 7) the whole biology course needs

to be up-graded in intellectual content.

1954 Committee on Educational Policies of the Division
of Biology and Agriculture, National Academy of
Sciences--National Research Council (54)

The committee believed that a basic knowledge of biology should

be a part of everybody's education and that:

The high school course should be designed to give stu-
dents an appreciation of biology as an open and growing
field, full of unresolved problems, 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 organism$, including themselves, and make
them aware of the significance of biological occupations
and advocations.

Eight reports were issued by the Committee on Educational Policies

and its various subcommittees from 1955 through 1958.

1955 Educational and Professional Recruitment Committee
of the American Institute of Biological Sciences (34)

This committee was appointed to initiate the development of a

program of biological education at all school levels. It was proposed

that a comprehensive curriculum project be developed to include:

1) new course content, laboratory manuals, and teacher aids;

2) the production of films, filmstrips, charts, and mgctels;

3) a study of present in-service training of teachers;
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4) the possible production of pamphlets, booklets, and other pub-

lications that would serve to increase the effectiveness of bio-

logical education.

The ultimate purpose of the project was a biology program which

would impart to the student those major biological principles which

every educated person should know. The AIBS education programs

were formulated with the following objectives in mind:

1. A knowledge of science is an important aspect of the thinking

and philosophy of individuals.

2. The teaching of biology should include the intellectual activities

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 rela-

tionship 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 satisfying

and productive life".

In January 1959 (as has been described in chapter I) the AIBS initi-

ated the Biological Sciences Curriculum Study Project.
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1962 The Commission on Undergraduate Education
in the Biological Sciences (CUEBS)

This commission initiated under the auspices of the AIBS, was

one of eight similar groups that were established in 1960-1965 to

serve as planning and coordinating groups for the improvement of

college and university education in the sciences and mathematics.

The commissions were designed to study the problems
of undergraduate education; help in the exchange of infor-
mation among those engaged in the improvement of instruc-
tion; cooperate with the individual faculty members, insti-
tutions, society education committees, and the other com-
missions; coordinate efforts; provide advice, stimulation,
and encouragement; and make recommendations (1, p. 1).

They had no desire to prescribe any sort of national program nor

write textbooks.

The primary concern of CUEBS was to help close the gap be

tween the recent major advances in biological research and the con-

tent of undergraduate courses in biology. The activities of the vari-

ous panels have been focused on ways and means of improving the

effectiveness of instructional programs. In addition to producing the

CUEBS News and a series of publications aimed toward catalyzing

innovation in both course content and curriculum organization, they

have supplied consulting services to aid in improving all dimensions

of college biology. This has included standards of teacher training,

facilities planning, and materials development.



38

Summary

An analysis of research studies and related course patterns has

revealed that eight basic approaches have been used in the selection

of content for the introductory biology course. Newspaper and mag-

azine analysis, selection of basic concepts and principles, determina-

tion of misconceptions and superstitions, textbooks and courses of

study, pupil preferences, and expert advice all have been used as a

basis for selection of content. Topics have been developed histor-

ically, focused on specific problem situations, or developed around

unifying themes.

To date, no completely satisfactory solution to the content prob-

lem has been found for the introductory course in the biological sci-

ences; hence, the need for continuing studies on this problem.
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Formulation of a Current List of
Biological Principles

Introduction
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It was the primary purpose of this study to identify the prin-

ciples in biology which most frequently appeared in selected publica-

tions of the public press. To do this, it was necessary to have an

up-to-date list of biological principles to serve as a checklist. The

only available list for use was out of date since it was derived from

Martin's study in 1944. To formulate a checklist of current prin-

ciples, a working list was extracted from the work of Martin (46),

Fribourgh (25), Rabb (68), and Dessel (20). There was considerable

duplication and overlapping of content in the statements of the prin-

ciples of the four lists so duplicates were discarded and many other

principles consolidated or refined. Several current biology books

were then examined for additional recent principles which were

added to the list. This resulted in a total of 243 principles. These

were then examined by a jury of six scientists (p. 43) for further

additions, deletions and refinement and resulted in a list of 195 cur-

rent biological principles. These 195 principles were used as the

checklist for this study.
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Biological Principles of Martin,
Fribourgh, Rabb, and Dessel

In doctoral-level studies, Martin in 1944, Fribourgh in 1957,

Rabb in 1959, and Dessel in 1961 derived lists of biology principles

from various sources. Martin derived a list of 300 biological prin-

ciples suitable for general education from college and high school

textbooks, a biology survey series, five research studies, and a jury

of experts. This list was printed by the United States Office of Edu-

cation and distributed in the form of a circular in 1948 (46). The

bibliography was updated and the circular again distributed in 1962,

but no change was made in the principles. Fribourgh's principles

were derived from college level biology textbooks and scientists in

the field and after revision by a jury of experts emerged as a list

suitable for the junior college level. Rabb's list of 65 resulted from

consolidation and revision of Martin's list. Dessel's list was extract-

ed from the work of Fribourgh, Martin, and Washton (81). Additions,

deletions, and refinements were made by two zoologists and two botan-

ists resulting in a list of 69 principles.

Preliminary Selection, Consolidation,
and Revision of Principles

In the preliminary selection of principles for this study, the four

lists were reviewed and were found to have much duplication and
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overlapping. The lists were closely compared and the principles that

had been consolidated, revised, and up-dated by Rabb or Dessel were

crossed off the other two lists as were duplications of Fribourgh.

Further consolidation of the remaining lists was undertaken; in some

instances two or more statements from the same or different lists

were combined in order to elicit a broader or more comprehensive

principle. The original 450 principles were thus reduced to approxi-

mately 200.

Since the most recent of the studies was reported in 1961, it was

felt that areas not covered in the four lists and now considered to be

a part of the introductory biology should be added. With this view in

mind, several textbooks and other biology books were examined for

principles in additional areas such as ecology (populations and com-

munities), evolution, and radiation genetics as well as other recent

material that had not been covered in the four lists. For this purpose,

copies of two high school texts: Otto and Towle, Modern Biology (66)

and the BSCS Blue Version (6); two college texts: Weisz, Biology

(84) and Simpson, Life (73); and the supplementary text: Radiation,

Genes, and Man by Wallace and Dobzhansky (80) were reviewed.

Each principle from the total compiled list was then examined

and classified according to the biology area and subtopic to which it

most directly pertained. For ease of reference, the principles were

divided into sub-groups under six major areas of study:
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(I) Ecology: (a) Energy, Matter, and Life (b) Environment (c) Adapta-

tions (d) Interdependence (e) Geographical Distribution (f) Populations

(g) Communities (h) Soil; (II) Physiology: (a) Protoplasm and Cells

(b) Physical and Chemical Aspects (c) Life Processes (d) Nutrition

and Digestion (e) Photosynthesis (f) Respiration (g) Growth (h) Inte-

gration of Activities (i) Reproduction and Development; (III) Morphol-

ogy (anatomy and taxonomy); (IV) Genetics: (a) Heredity (b) Chromo-

somes (c) Genes (d) Mendelian Laws (e) Genetics and Radiation; (V)

Evolution; and (VI) Applied Biology (a) disease (b) decomposition

process.

On this basis, the total principles selected comprised a list of

243. This was sent to the jury of experts for further refinement and

additions. From the jury emerged a revised list of 195 principles

(Appendix, p. 121 ).

Selection and Function of Jury of Biology Experts

Jury members were selected who had a broad general knowledge

in the various divisions of general biology. They were: Dr. Charles

Howell, University of Redlands, professor of biology (general zoology

and physiology); Dr. John Lyford, Oregon State University, assistant

professor of biology (general biology and ecology); Dr. Austin

Pritchard, Oregon State University, professor of zoology (general

zoology and physiology; Dr. Henry Van Dyke, Oregon State University,
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associate professor of biology (general biology and genetics); Dr.

Robert Wright, University of Redlands, assistant professor of biol-

ogy (general botany and ecology).

Assistance was also given in certain specific areas by Dr.

Donald Humphrey, Oregon State University, Head, department of

general science (genetics); Dr. Robert Hampton, Oregon State Uni-

versity, associate professor of botany and plant pathology (botany);

and Dr. Norman Bishop, Oregon State University, professor of plant

physiology (plant physiology).

The function of the jury was to (1) suggest further consolidation

of any principle or principles that could be stated equally well as but

a single principle, (2) add any principles from their field of special-

ization that were not included in the original list, (3) delete or revise,

in the light of new knowledge, any principles that were no longer cur-

rent, (4) eliminate any principle that was too advanced or otherwise

unsuited for inclusion in an introductory course. From the jury's

suggestions and recommendations, a revised list of 200 principles

was made. Each division of the revised list was then reviewed by the

two members of the jury who were specialists in that area of biology

as a check on the validity of the revisions. The final revised list of

195 principles of biology was used as a checklist in this study.
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Each of the periodicals and newspapers selected to serve as a

source of science news articles for this study was chosen because it

met the following criteria: (a) it had a national circulation and avail-

able indexes, and (b) it represented the reading of a particular seg-

ment of society (homemakers, business men, executives, farmers,

etc. ) so that through the total selection all facets of society would be

represented.

The selections were as follows:

Newspapers:

1. Sunday edition of the New York Times

2. The Christian Science Monitor

Both of the newspapers selected have a wide mail circulation and can

considered to be nationally read newspapers. Both of them have been

consistently listed among the six leading newspapers in the nation in

polls of editors, publishers, and journalism professors.

Magazines:

Monthly:

1. Atlantic Monthly - circulation 300, 818; Monthly; $8.50

(1875) -- a magazine of general interest devoted to
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politics, current events, literature, science, and art.

2. Farm Journal - circulation 3, 063, 500; Monthly; $4. 00

(1877) -- covers all aspects of the business of farming

and farm living.

3. Fortune Magazine - circulation 457, 294; Monthly; $1 2

(1930) -- for professional management men. Providing

evaluated information on all subjects of current interest

bearing on the management of U. S. business from eco-

nomic forecasting to science and technology, from man-

agement problems to finance, from marketing to produc-

tion.

4. Harpers Magazine circulation 289, 900; Monthly; $7

(1850) -- a general interest periodical containing articles

on politics, science, personalities, literary matters, the

arts, entertainment, finance, and business.

5. Ladies Home Journal - circulation 6,9 29, 734; Monthly;

$3 (1883) -- general women's magazine.

6. McCalls Magazine - circulation 8,567, 495; Monthly; $3

(1870) -- for the American woman and her family; sophis -

ticated material.

7. Readers Digest - circulation 17, 104, 119; Monthly; $2.97

(1922) -- selective condensations from a broad spectrum

of magazines and current books.
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Biweekly:

8. Look - circulation 8, 214 303; Biweekly; $4.00 (1936)

pictures, news, information and features of universal

interest.

9. Saturday Evening Post - circulation 6, 747, 424; Biweekly;

$6 (1728) -- balances entertainment and information.

Weekly:

10. Business Week - circulation 535, 529; Weekly; $7 (1929) --

reports and interprets the week's news about all phases

of business: production, labor, finance, marketing, re-

search, economics, exports, transportation, labor rela-

tions, and new products.

11. Life - circulation 7,417,71 2; Weekly; $7.74 (1936) -- a

weekly magazine of pictures, news, information, and

features of universal interest, attempts to instruct as

well as to entertain.

1 2. Parade - circulation 1 2, 61 2, 913; (1941) Weekly; --news-

paper magazine supplement; stresses strong family ap-

peal; includes articles dealing with family, finance, edu-

cation, sports, religion, science, health and medicine,

child care and family relations.

13. Time - circulation 3, 710, 574; Weekly; $9 (19 23) -- inci-

sive reporting of international and local events; gives a
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comprehensive view of developments in: business, edu-

cation, politics, sports, religion, science, medicine, as

well as others.

Collection and Treatment of Data

The selected publications were collected for a period of one

year, January 1, 1967 - December 31, 1967. An inspection of each

page was made and articles including material from the biological

sciences or requiring some biology knowledge for full comprehension

in the judgment of the investigator were identified. Each was clipped

or copied, dated and marked with the name of the magazine or news-

paper, and a card made for each article with the following informa-

tion recorded: Science or medicine, biology category or problem,

title of article, name and date of publication, length of article. Every

news item was read carefully and any word or phrase requiring a

knowledge of biology for understanding was analyzed to identify the

related biological principles needed by the reader to fully compre-

hend their meaning. The principles identified were listed on the

card for each article. Frequencies of principles were then tabulat-

ed for the articles. Each article involving some biology-related social

problem was classified according to problem. A separate tabulation

of principles was then made for each problem. The remaining arti-

cles were then classified under the following topics or groups:
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Animal Life, Plant Life, Ecology-Nature, Physiology, Reproduction,

Exobiology, Genetics-Evolution-Paleontology, Applied Biology, and

Biology-related articles.

The three BSCS texts were read, the principles that had ap-

peared in the news most frequently were identified in each version,

and the relative amount of emphasis each had received in the texts

was determined according to the following formula:

major emphasis = 4 or more pages of consecutive information
or 10 or more pages of scattered information.

minor emphasis = 2 1/2-3 1/2 pages consecutive or less than 10
pages of scattered information.

slight emphasis = 2 pages or less consecutive or scattered
information.

Comparisons

Each of the following were tabulated as to degree of appearance

in each of the BSCS texts:

1. The principles appearing 100 or more times in the articles

surveyed in this study.

2. The principles in the checklist that did not appear in the articles

surveyed.

3. The principles appearing most frequently in each of the biology-

related social problems discussed in the publications surveyed

in this study.
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By means of tables it was shown whether each of the principles in the

groups above received major emphasis, minor emphasis, or slight

emphasis in the Yellow, Green, and Blue versions of the BSCS texts.

The location and total pages of information concerning the biology

area of the most frequent principles in the news was also tabulated

for use as an aid in evaluating the texts.

Summary

A working list of biological principles was extracted from the

doctoral studies of Martin, Fribourgh, Rabb, and Des sel and several

current biology books. These were then sent to a jury of experts for

refinement, revision, and updating. Jury members consisted of sci-

entists who had a broad general knowledge in the various divisions

of general biology. From the jury's suggestions and recommenda-

tions a revised list of 195 biological principles emerged.

A year's issues of 13 national periodicals and two nationally

circulated newspapers were examined for biology and biology-related

articles. Articles were recorded on cards and the biological prin-

ciples necessary for their comprehension were listed for each article.

Articles were classified according to biology topic or biology-related

social problem. Total frequency, frequency by checklist heading, and

frequency by biology-related social problem was then tabulated for

each principle.
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The three BSCS texts were read, the principles most often ap-

pearing in the news and those not appearing in the news but on the

checklist were identified in each version, and the relative amount of

emphasis received by each principle determined for each version,
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IV PRESENTATION AND INTERPRETATION OF FINDINGS

Introduction

The primary objective of this study was to determine the biolog-

ical principles appearing in printed news media for possible use in

curriculum construction and evaluation. Toward this objective, the

investigation first established a list of current biological principles

to use as a checklist in surveying the selected publications. Biology

and biology-related articles in 15 publications representing 671 issues

were then surveyed for the principles appearing in them. In addition,

the biology topics discussed by the articles were ascertained. Biol-

ogy-related social problem areas were identified and an individual

survey of principles made for each problem. Finally, the three ver-

sions of the Biological Sciences Curriculum Study textbooks (Biolog-

ical Science--An Inquiry Into Life (Yellow Version), 2nd ed. Harcourt,

Brace, and World; Biological Science--Molecules to Man (Blue Ver-

sion), 2nd ed. Houghton, Mifflin Company; High School Biology (Green

Version), 2nd ed. Rand McNally) were examined to see to what extent

the biological principles appearing most often in the news articles

were emphasized in each of the texts.
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Analysis of Biology Articles

Analysis of Publications

Of the 15 publications selected for this study, seven were month-

ly magazines, two biweekly, four weekly magazines, one a comprehen-

sive Sunday-edition newspaper, and one a daily (except Sunday) news-

paper. A total of 264 articles appeared in the seven monthly mag-

azines, 30 in the two biweekly magazines, 358 in the four weekly

magazines, and 694 in the two newspapers. As summarized in Table

1, magazine articles totaled 652 in the 338 issues of magazines ex-

amined. A grand total of 1346 articles appeared in the 671 issues of

magazines and newspapers surveyed in this study.

Table 1. Total news articles and publication issues by type of publication.

Type Number of Total Total
Publication Publications Issues Articles

Monthly
Magazines 7 84 264

Biweekly
Magazines 2 52 30

Weekly
Magazines 4 202 358

Total: 13 338 652

Newspapers 2 333 694

Grand Total: 15 671 1346
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All the publications, which had been selected to represent all

segments of society, were found to contain biology or biology-related

articles. Some of the magazines had many short articles of one-half

page or less with only a few major articles of one to three pages in

length. These were the Farm Journal, Business Week, Time and

Parade. Others were the exact opposite with primarily long articles

of two or more pages and only a few pages of short articles. These

were Life, Look, Ladies Home Journal, Mc Calls, and Readers Digest.

A few were composed of longer articles almost entirely. These were

the Atlantic, Fortune, Harpers, and Saturday Evening Post. The num-

ber and average length of articles by publication is given in Table 2.

Life and Look articles were well illustrated with photographs,

others used them only sparingly and very few or none appeared in the

Atlantic, Harpers, and Readers Digest.

The newspaper articles varied in length from several columns to

two inches of one column. Most were not illustrated, but a few were

composed primarily of pictures with captions of several lines' length.

Only 45 issues of the weekly magazine Business Week were

available for examination; however, these contained a total of 99

articles, 46 of them major articles from one to three pages in length

and 54 of them one-half page or less in length.

Only 280 issues of the western edition of the Christian Science

Monitor, a daily newspaper, were available for examination. Micro-

filmed copies were available for the eastern edition, but it was found

that in many instances certain articles were printed on different days
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Table 2. Number and length of articles by publication.

Publication Total
Issues
Exam-
fined

Total
Articles

Average
Articles

per
Issue

Average
Length

of
Articles

Number
of Major
Articles

Length
of Major
Articles

MONTHLY

Atlantic 12 8 .66 6 pp 7 5-8 pp

Farm Journal 12 116 9. 66 1/2 p 35 1-3 pp

Fortune 12 7 .58 5 pp 6 4 1/2-8 pp

Harpers 12 6 .50 5 pp 6 4-5 pp

Ladies Home
Journal 12 36 3.00 1/2 p 4 2-8 pp

McCalls 12 18 1.50 1 1/2 pp 4 2-4 pp

Readers Digest 12 73 6.08 3 1/2 pp 39 4-7 pp

BIWEEKLY

Look 26 16 .61 4 pp 6 4-16 pp

Saturday Evening
Post 26 14 .54 4 pp 7 4-11 pp

WEEKLY

Business Week 45 100 2. 22 2/3 p 46 1-3 pp

Life 52 33 .63 3 pp 9 5-17 pp

Parade 53 62 1. 17 1/3 p 3 1-3 pp

Time 52 163 3.13 2/3 p 1 2-13 pp

NEWSPAPERS

Christian Science
Monitor 280 398 1.4

New York Times 53 296 3. 7
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in the two editions, making the eastern edition an inadequate substi-

tute for a missing western edition copy.

The monthly and biweekly magazines with the longer articles

tended to have an average of less than one article per issue. The

monthly and weekly magazines containing several to many pages of

short articles had an average of 1.2 to 9.6 articles per issue. These

data are summarized in Table 2.

Biology Principles Checklist

As described in Chapter III, a jury of biologists was asked to go

over the list of 245 principles derived from various lists, research

studies, and current textbooks to make any corrections, additions,

and deletions necessary to formulate a checklist of current biological

principles. The changes, additions and corrections in particular

areas of biology were then resubmitted to the two jury members with

specializations in the particular area for confirmation. From this

emerged a current list of 195 biological principles. (See Appendix,

p. 1 21. ) These were retained under the originally designated head-

ings and sub-headings of Martin but were numbered consecutively for

ease of recording. (Two principles that had been omitted by mistake

were designated 11 2A and 1 Z5A.) One new principle was added to the

list when it was found to appear several times in the news in articles

concerning recent findings in biology; however, this was the only

case where the checklist did not prove adequate in covering infor-

mation discussed on biology except in very specialized areas.
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Table 3 gives the number of principles under each heading of

the checklist. Only a very few of the principles in the checklist did

not appear to some extent in the printed news media surveyed in this

study. They were: two from the area of physiology and two from

morphology. In the publications selected for this study (15 publica-

tions represented by 671 issues), biological principles from the check-

list were mentioned or alluded to 8776 times. Principles listed under

the heading of ecology were most frequent, appearing 4029 times or

45.9 percent of the total. Physiology was next in frequency with 2716

or 30.9 percent, followed by applied biology with 869 or 9.9 percent.

Those least frequent were under the heading of morphology with 224

times or 2.5 percent.

Under the heading of ecology, principles under the subtopic

environment appeared 1635 times in the publications reviewed. This

amounted to 40.5 percent of the 4029 appearances of ecology prin-

ciples. As indicated in Table 4, no other subtopics approached this

frequency of use.

As stated before, principles under the heading of physiology

received 30.9 percent of the total use of the 196 principles in the

checklist. The subtopic reproduction and development accounted

for 623 of the 2716 times physiology principles appeared. This

amounted to 22.9 percent of physiology principles used. The sub-

topic life processes followed rather closely with 581 times or 21.4
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Table 3. Number and frequency of biological principles by checklist headings.

Topic Number of
Principles
in Checklist

Number
Utilized

in
Articles

Total Times
Appearing in

Articles

Percentages of
Total Use

Ecology 46 46 4029 45.9

Physiology 75 73 2716 30, 9

Morphology 15 13 224 2. 5

Genetics 33 33 612 6. 9

Evolution 18 18 326 3, 7

Applied
Biology 9 9 869 9.9

196 192 8776 100.0

Table 4. Frequency of ecological principles by subtopics of checklist.

Subtopic Number of
Principles
under this
Subtopic

Total Times
Appearing
in Articles

Percentage of
Ecology Use

Energy, Matter, and
Life 9 312 7. 74

Environment 9 1635 40. 58

Adaptation 4 472 11.72

Interdependence 5 282 7. 00

Geographical
Distribution 5 396 9.83

Populations 6 437 10.84

Communities 6 455 11.30

Soil 2 40 .99=
46 4029 100.00



58

percent, Next in frequency was the subtopic Integration of activities with

462 times or 17.0 percent of physiology use. The least emphasis was

received by principles under the subheadings of photosynthesis with

96 times or 3.5 percent, and protoplasm and cells 118 times or 4.3

percent. This information is summarized in Table 5.

The 15 principles under the checklist heading, morphology,

were not divided into subtopics. The two most frequently used prin-

ciples were those concerning classification of organisms. (See Ap-

pendix, p. 1 21 ).

The subtopic, genes, accounted for 29.9 percent of the 612

times genetics-related principles appeared in the news. As is re-

vealed in Table 6, this was followed closely by heredity with 29.6

percent of the emphasis. Genetics and radiation was third with 19.9

percent of the emphasis.

The 18 principles listed under the heading, evolution, were

not divided into subtopics. [The one principle receiving the most use

was No. 170, "Plants and animals in the course of generations are

changed; the individuals and types best adapted to their life situations

are the ones most apt to survive." It had a frequency of 40. ]

In applied biology, the principles under the heading, disease,

accounted for 97.5 percent of the use since it contained eight of the

nine principles in this section of the checklist. As indicated in Table

7, the one principle, under the subtopic decomposition processes,



Table 5. Frequency of physiological principles by subtopics of checklist.

Subtopic Number of Total Times Percentage of
Principles
under Subtopic

Appearing in
Articles

Physiology Use

Protoplasm and Cells 11 118 4.3
Physical and Chemical

Aspects 8 185 6.8
Life Processes 11 581 21.4
Nutrition and Digestion 6 259 9.5
Photosynthesis 3 96 3.5
Respiration 5 245 9.0
Growth 6 147 5.4
Integration of Activities 8 462 17.0
Reproduction and

Development 17 623 22.9
=.71' 11=11=1

75 2716 100.0
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Table 6. Frequency of genetics-related principles by subtopics of checklist.

Subtopic Number of
Principles
under Subtopic

Total Times
Appearing in
Articles

Percentage of
Genetics Use

Heredity 7 181 29.6
Chromosomes 6 63 10.3
Genes 9 183 29.9
Mendelian Laws 8 63 10.3
Genetics and

Radiation 3 122 19.9

33 612 100.0

Table 7. Frequency of applied biology principles by subtopics of checklist.

Subtopic Number of Total Times Percentage of
Principles Appearing in Applied Biology
under Subtopic Articles Use

Disease 8 847 97.5

Decomposition
Processes 1 22 2.5=1=

9 869 100.0
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received the remaining 2.5 percent of emphasis.

Analysis of Biology Principles

The entire biological principles checklist is reproduced in the

Appendix with the frequency of appearance in the news for each prin-

ciple indicated. Of the 195 principles appearing on the final check-

list, only four never appeared in the news, and only 22 appeared less

than five times. The four that never appeared were Nos. 51 and 52

of the physiological principles and Nos. 1 22 and 1 24 of the morpho-

logical principles. They are stated in Table 8. The lack of appear-

ance of physiological principles No. 51 and No. 52 probably reflects

the current interest and knowledge of the substructure of the cell

and the present tendency to speak of the cell contents in terms of

the nucleus and cytoplasmic structures rather than by the inclusive

term protoplasm.

Table 8. Principles never appearing in the articles surveyed.

Topic Principle

#51 Physiology

#52 Physiology

#122 Morphology

#124 Morphology

The physical and chemical properties of plant and
animal protoplasm are similar.

Protoplasm has the faculty of responding to outside
conditions (irritability) and is capable of conduction
and contraction.

The size of cells bears no constant relation to the size
of the animals or plants in which they are found.

The bodies of most animals exhibit some degree of
spherical, radial, or bilateral symmetry.
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Twenty-two principles each appeared 100 times or more, 15

between 70 and 99, and 15 between 50 and 69 times. Those appear-

ing 100 times or more are listed in Table 9.

By far the greatest frequency was that of principle No. 186 on

the checklist under the heading applied biology-disease: "Plant and

animal diseases are caused by numerous physical and chemical fac-

tors and by various parasitic organisms." It appeared in 435 of the

1346 articles surveyed. The next most frequent, appearing in 313

articles, was No. 15 on the checklist under the topic ecology-environ-

ment: "Food, oxygen, certain optimal conditions of temperature,

moisture, and light are essential to the lives of most living things."

Four other ecological principles appeared in 200-250 of the articles.

These were principles Nos. 14, 18, 29, and 41. Table 9 states each

of these. Of the remaining 16 principles appearing over 100 times,

11 of them were under the heading ecology (Nos. 10, 11, 12, 13, 16,

19, 20, 21, 23, 36, 39), four of them under the heading physiology

(Nos. 66, 67, 80, 88), and one of them (No. 191) under applied biol-

ogy-diseases all of which are stated in Table 9.

Analysis by Biology-related Social Problems

The biology-related social problems were those problems and

issues of society discussed in the printed media that required some

knowledge of biological principles for adequate understanding. These



Table 9. Biological principles appearing over 100 times in news articles.
11110

62

Topic Principle Frequency Rank

#186 Applied Plant and animal diseases are caused by numerous
physical and chemical factors and by various para-
sitic organisms.

#15 Ecology Food, oxygen, certain optimal conditions of tempera-
ture, and light are essential to the life of most living
things.

#14 Ecology The physical character of a given locale will influence
the types of plants that will aggregate there, and the
vegetation together with the physical factors has a selec-
tive effect on the types of animals that might successfully
live in a given region.

#29 Ecology

#41 Ecology

Living things are not distributed uniformly or at random
over the surface of the earth, but are found in definite
zones and local regions where conditions are favorable to
their survival.

Each species of plant and animal has its kind of place in
which it usually occurs, called the habitat of the species,
and a role to play within that habitat called the niche of
the species.

#18 Ecology Many species have been profoundly and even critically
affected by the alterations that man has brought about in
the environment.

#12 Ecology Species not fitted to the conditions about them do not
thrive and therefore must adapt, find new conditions, or
ultimately become extinct.

#11 Ecology All living things are continually engaged in an exacting
struggle with their environments.

#66 Physiology All organisms perform various activities that may be
grouped into two broad categories of functions: metabol-
ism, which comprises the functions of nutrition, respiration,
and synthesis and all processes associated with these; and
(2) self-perpetuation which includes steady-state control,
reproduction, and adaptation. Abnormalities may be pro-
duced by numerous physical and chemical factors.

#19 Ecology Success of adaptation concerns the suitability of the struc-
ture and functioning of an organism to the particular condi-
tions under which it lives.

435 1

313 2

248 3

242 4

232 5

218 6

196 7

186 8

184 9

180 10
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Topic Principle Frequency Rank

#36 Ecology

#23 Ecology

For most species of organisms, factors limiting increase
in numbers are: limited space, predators, disease, and
competition with other organisms for food and other ne-
cessities of life. 179 11

A balance in nature is maintained through interrelations
of plants and animals with each other and with their
physical environment. 163 12

#13 Ecology The surface of the earth and the atmosphere surrounding
the earth are undergoing constant changes. In order to sur-
vive such changes organisms must migrate, hibernate, aes-
tivate, build artificial shelters, or otherwise become adapt-
ed to these changes. 141 13

#10 Ecology There exists a complex interrelationship between all factors
of the physical and biological environments which com-
pose the ecosystem. 140 14

#21 Ecology The more highly specialized an organism is, the less likely
it will be adaptable when its environment changes dras-
tically. 132 15

#20 Ecology Each species of living organism is adapted to or is in the
process of becoming better adapted to live where it is found;
however, probably no organism is perfectly adapted to any
environment. 122 16

#16 Ecology The struggle for existence is a competition for the necessi-
ties of life of which the supply may be quite limited. 121 17

#191 Applied Measures which control parasitic organisms may be those that
prevent infection and those that eliminate the parasite after
infection has occurred. 113 18

#67 Physiology Enzymes, hormones and vitamins aid in the acceleration or
inhibition of metabolic reactions. 111 19

#88 Physiology Most organisms are aerobic, dependent upon atmospheric
oxygen for the completion of their oxidative reactions; others
are anaerobic and can do without free oxygen; some are facu-
lative anaerobes and can use oxygen when available. 106 20

#39 Ecology Within a biological community the species populations are
spatially arranged in an orderly pattern both horizontally and
vertically within which energy and essential nutrients are dis-
tributed and circulated. 101 21

#80 Physiology The minimum nutrient supplies to an animal cell must in-
clude at least seven types of materials: water, minerals,
organic carbon, organic nitrogen, vitamins, essential amino
acids, and essential fatty acids. Green plants take in only
the raw materials carbon dioxide, water, and minerals and
build all other materials from these. 100 22
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were: Conservation (wildlife, wilderness, natural areas and parks);

Land Pollution (pesticides, herbicides, waste, general, biological

control); Air pollution, Water pollution, Noise pollution; Water Sup-

ply; Food Supply; Food Drug Residues; Population; Illicit Drug Use;

and Alcohol. Articles concerning such problems were found to com-

prise 460 of the 1346 articles surveyed in the study or about one-third

of the total.

The greatest number of articles concerned the various areas of

conservation with 87 or 18.9 percent. Two-thirds of them were news-

paper articles. Land pollution by pesticides, herbicides, litter and

waste, and attempts at biological control of pests were the topics of

75 articles or 16 percent. Almost half of these were in the Farm

Journal and the majority of the remainder in the newspapers. Articles

concerning pesticides received the most mention in magazines.

Of all the other problems, air pollution received the greatest

emphasis with 69 articles or 15 percent, followed by water pollution

and population growth each with 57 articles or 12 percent each, illicit

drug use with 49 or 10. 6 percent, and food supply with 37 or 8 percent

of the total 460 articles. All of these but illicit drug use received

greatest attention in the newspapers. This information is summar-

ized in Table 10.

Under the problem of conservation, articles were segregated

into three areas: wildlife, wilderness, and natural areas and parks.
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Table 10. Articles on biology-related social problems by publication.

0
4J
cd

(i)
0
U

0
0
U

<4

Atlantic

Farm Journal

2

1

1

35

2

2

2

1 1 2 3

Fortune 1 - - - 1

Harpers 1 - 1 - - - 2

Ladies Home
Journal 1 1 1

McCalls - - - - - - 3 -

Readers Digest 4 1 1 2 1 1 1 2

Look 1 - - - 1 - 1 1

Saturday Evening
Post 5 1 2 1 1

Business Week 8 11 6 1 3 2 1 2 1

Life 7 - -

Parade 3 9 4 3

Time 2 - 2 1 - 1 7 11 1

Subtotal 23 47 19 14 1 2 13 3 26 26 5

Christian Science
Monitor 30 14 25 22 7 14 17 11 2

New York Times 34 14 25 21 2 5 10 2 14 12

Subtotal 64 28 50 43 2 12 24 2 31 23 2

Total Articles 87 75 69 57 3 14 37 5 57 49 7

Percent Problem
Articles 18.9 16 15 12 .6 3 8 1. 12 10.6 1.5
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The greatest number of articles came under natural areas and parks

with 47 articles. This was 10.2 percent of the total 460 problem ar-

ticles. Thirty-nine of these articles were in the newspapers. Table

11 summarizes the articles in the various areas of conservation.

Table 11. Articles in the sub-areas of conservation.

Magazine Newspaper Total Percent
Articles Articles Articles problem

articles

Wildlife 10 21 31 6.7

Wilderness 5 4 9 1.9

Natural Areas
and Parks 8 39 47 10. 2

Land pollution was the only other problem divided into several

areas. These areas were pesticides, herbicides, waste and litter,

general articles (concerning several areas) and biological control of

pests. Magazines carried most of the articles on pesticides, herbi-

cides, and biological control. The number of articles in each area

are given in Table 12.

Table 12. Articles in the sub-areas of land pollution.

Magazine Newspaper Total Percent
Articles Articles Articles problem

articles

Pesticides 20 10 30 6. 5

Herbicides 11 2 13 2. 8

Waste 5 10 15 3. 3

General 2 4 6 1.3

Biological
Control 9 2 11 2.4
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Analysis of Principles in Biology-related
Social Problems

A total of 4024 principles appeared in the 460 biology-related

social problem articles. As with the general articles, the topic of

ecology contained the greatest number of 2680 or 66.6 percent of the

total. This was followed by physiology with 913 or 22.7 percent and

applied biology with 206 or 5.1 percent. Table 13 lists the frequency

and percentage of appearance of principles by each heading of the check-

list.

Table 13. Frequency of principles by checklist headings in biology-related social problems.

Heading Frequency Percent

Ecology 2680 66. 6

Physiology 913 22.7

Morphology 52 1.0

Genetics 100 2.5

Evolution 73 1.8

Applied
Biology 206 5.1

4024 99.7
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Ecological principles made up the greater portion of those ap-

pearing in seven of the 11 social problems. Physiological principles

appeared more often in the other four. Morphological principles ap-

peared least frequently in the 11 social problems with 52 principles

(1.0 percent) appearing in only four of the problems. Table 14 sum-

marizes the number and percentage for each problem by biology area.

The specific principles appearing most often in articles con-

cerning each of the 11 problems are stated in Tables 15 to 22.

Conservation articles, summarized in Table 15, most often

contained the ecology principle No. 18. This appeared in 66 of the

87 articles concerning some phase of conservation or in 75.8 percent

of them. This was followed by No. 14 with 71.3 percent and No. 29

with 70.1 percent.

In articles concerning the problem of land pollution, applied

biology principle No. 186 appeared most frequently or in 48 percent

of the 75 articles in this problem area. Because of the diversity of

articles included under this problem, no one principle appeared in

more than 48 percent of the articles. The next most frequent prin-

ciple was No. 18 in 27 articles or 35.9 percent of them, followed

by the physiology principle No. 66 in 26 articles or 34.7 percent.

The four leading principles for the problem of land pollution are stat-

ed in Table 16.

Principle No. 18 is again first in frequency in the 67 articles



Table 14. Frequency and percent of principles appearing in each biology-related social problem.

Conservation Land Pollution Air Pollution Water Pollution Population Illicit Drugs

Fre-
quency

Per-
cent

Fre-
quency

Per-
cent

Fre-
quency

Per-
cent

Fre-
quency

Per-
cent

Fre-
quency

Per-
cent

Fre-
quency

Per -
cent

Ecology 878 89.8 271 52.6 608 71.9 557 86.6 142 33.9 1 0.9

Physiology 45 4.6 142 27.6 189 22.3 41 6.4 249 59.4 45 42.8

Morphology 28 2. 9 11 2. 1 3 0.7

Genetics 1 0.1 18 3.4 3 0.3 3 0.5 12 2.9 37 35.2

Evolution 21 2.1 22 4.3 - 4 0.6 6 1.4 1 0.9

Applied
Biology 4 0.4 51 9.9 46 5.4 38 5.9 7 1.7 21 20.0

Totals 977 100% 515 100% 846 100% 643 100% 419 100% 105 100%



Table 14. (Continued)

Food Supply Water Supply Alcohol Food Drug Residue Noise Pollution

Fre-
quency

Per-
cent

Fre-
quency

Per-
cent

Fre- Per-
quency cent

Fre-
quency

Per-
cent

Fre-
quency

Per-
cent

Ecology 133 39.6 55 58.5 22 39.3 13 59. 1

Physiology 147 43.7 30 31.9 6 54.5 14 25, 0 5 22.7

Morphology 10 2.9

Genetics 26 7.7

Evolution 5 1. 5 5 5. 3 9 16. 1

Applied
Biology 15 4 . 4 4 4.2 5 45.4 11 19.6 4 18.2

Total 336 100% 94 100% 11 100% 56 100% 22 100%
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Table 15. Principles appearing most often in articles concerning the problem of conservation.

Leading Principles

#18 Many species have been profoundly and even critically
affected by the alterations that man has brought about
in the environment.

#14 The physical character of a given locale will influence
the types of plants that will aggregate there, and the
vegetation together with the physical factors has a selec-
tive effect on the types of animals that might successfully
live in a given region.

#29 Living things are not distributed uniformly or at random
over the surface of the earth, but are found in definite .

zones and local regions where conditions are favorable to
their survival.

#41 Each species of plant and animal has its kind of place in
which it usually occurs, called the habitat of the species,
and a role to play within that habitat called the niche of
the species.

Frequency Percent

66 75.8

62 71.3

61 70.1

56 64.4

Table 16. Principles appearing most often in articles concerning the problem of land pollution.

Leading Principles Frequency Percent

#186 Plant and animal diseases are caused by numerous physical
and chemical factors and by various parasitic organisms.

#18 Many species have been profoundly and even critically
affected by the alterations that man has brought about in
the environment.

#66 All organisms perform various activities that may be grouped
into two broad categories of functions: (1) metabolism, which
comprises the functions of nutrition, respiration, and synthesis
and all processes associated with these; and (2) self-perpetuation
which includes steady-state control, reproduction, and adapta-
tion. Abnormalities may be produced by numerous chemical
and physical factors.

#23 A balance in nature is maintained through interrelations of
plants and animals with each other and with their physical
environment.

36 48.0

27 36.0

26 34.7

19 25.3
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on air pollution. It appeared in 91.0 percent of the articles. Another

ecology principle No. 15 was second with 59 articles and a physiology

principle third with 54 articles. They comprised 88 and 81 percent of

the articles respectively. Table 17 summarizes the data on Air pollu-

tion.

Again, principle No. 18 is the leading principle in the problem

of Water pollution. It appeared in 51 or 76.1 percent of the articles

concerning this problem. The four leading principles listed for this

problem in Table 18 are all ecological.

The problem of population growth is treated in Table 19. Of

the 57 articles in this area, 34 or 59.6 percent of them contained

the physiology principle No. 11 2A; 29 or 50.8 percent of them the

ecology principle No. 36; and 28 of them the physiology principle No.

105.

The Illicit Drug Use problem was the only one that had a great

many articles with no principles on the checklist appearing in them.

Twenty-one of the 49 articles contained no principles on the check-

list. The applied biology principle No. 186 appeared most frequently

in the remaining 28 articles with 18 times or 36.7 percent of the total

articles. The physiology principles No. 66 and No. 118 were next

with 18 and 11 or 36.7 and 22.4 percent, respectively. These prin-

ciples are listed in Table 20.

The food supply and hunger problem had 37 articles appearing
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Table 17. Principles appearing most often in articles concerning the problem of air pollution.

Leading Principles

#18 Many species have been profoundly and even critically
affected by the alterations that man has brought about
in the environment.

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

#88 Most organisms are aerobic, dependent upon atmospheric
oxygen for the completion of their oxidative reactions;
others are anaerobic and can do without free oxygen; some
are faculative anaerobes and can use oxygen when it is
available.

#12 Species not fitted to the conditions about them do not thrive
and therefore must adapt, find new conditions, or ultimately
become extinct.

Frequency Percent

61 91.0

59 88.0

54 81.0

51 76.0

Table 18. Principles appearing most often in articles concerning the problem of water pollution.

#23

Leading Principles Frequency Percent

(see Table 17) 51 76.1

(see Table 17) 39 58.2

(see Table 17) 39 58.2

A balance in nature is maintained through inter-
relations of plants and animals with each other and
with their physical environment 39 58.2
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Table 19, Principles appearing most often in articles concerning the problem of population growth.

Leading Principles Frequency Percent

#112A In sexual reproduction a male cell (sperm) from one parent
unites with a female cell (egg) from the other parent to
produce the zygote (except in the few cases of self-fertiliza-
tion). 34 59.6

#36 For most species of organisms factors limiting increase in
numbers are limited space, predators, disease, and compe-
tition with other organisms for food and other necessities of
life.

#105 The fundamental role of reproduction is perpetuation of the
species.

#106 All living things are able in one way or another to produce
new living things like, or nearly like, themselves,

29 50. 8

28 49. 1

26 45, 6

Table 20. Principles appearing most often in articles-concerning the problem of illicit drug use.

Leading Principles Frequency Percent

No principles on the checklist

#186 Plant and animal diseases are caused by numerous physical and
chemical factors and by various parasitic organisms.

#66 All organisms perform various activities that may be grouped
into two broad categories of functions; (1) metabolism, which
comprises the functions of nutrition, respiration, and synthesis
and all processes associated with these; and (2) self-perpetuation
which includes steady-state control, reproduction, and adaptation.
Abnormalities may be produced by numerous chemical and phys-
ical factors.

#118 Development may be influenced by both internal and external
factors which may cause abnormalities of various kinds.

21 42.8

18 36.7

18 36. 7

11 22.4
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in the news. Of the four leading principles, three of them were physi-

ological principles and one an ecological principle. They were all

concerned with the food requirements of organisms and all appeared

in over 50 percent of the articles on this problem. The most frequent

was No. 77 in 25 or 67. 6 percent of the articles followed by No. 80 in

24 articles and No. 7 in 23 articles. The food supply problem prin-

ciples are given in Table 21.

The remaining four problems: water supply, alcohol and food

drug residue, and noise pollution had less than 29 articles between

them and so are all grouped in Table 22 with the most frequent prin-

ciple appearing in each. For the problem of water supply the most

frequent was ecological principle No. 15 in 12 of the 14 articles or

85.7 percent; for the alcohol problem the most frequent was applied

biology principle No. 186 in five of the seven articles or 71.4 percent;

in the five articles on the food drug residue problem, the most fre-

quent was also applied biology principle No. 186. The same principle

was also most frequent in the three articles on noise pollution.
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Table 21. Principles appearing most often in articles concerning the problem of food supply and
hunger.

Leading Principles

#77 An organism must have certain materials for its life processes
and each organism must secure the required materials that it
cannot build for itself.

#80 The minimum nutrient supplies to an animal cell must include
at least seven types of materials: water, minerals, organic
carbon, organic nitrogen, vitamins, essential amino acids,
and essential fatty acids. Plants take in only the raw mater-
ials carbon dioxide, water and minerals and build all other
materials from these.

#7 Carbohydrates, fats and proteins are produced by plants
(producers) and it is upon these primarily that all animals
(consumers) depend for food.

#78 Within the living system, food is a source of both energy
and matter,

Frequency Percent

25 67.6

24 64.9

23 62.2

19 51.3

Table 22. Principles appearing most often in articles concerning the problems of water supply,
alcohol, food drug residue, and noise pollution.

Leading Principles Frequency Percent

WATER SUPPLY PROBLEM

#15 Food, oxygen, certain optimal conditions of temperature,
moisture, and light are essential to the life of most living
things. 12 85.7

ALCOHOL PROBLEM

#186 Plant and animal diseases are caused by numerous physical
and chemical factors and by various parasitic organisms. 5 71.4

FOOD DRUG RESIDUE PROBLEM

#186 (see above) 5 100

NOISE POLLUTION PROBLEM

#186 (see above) 3 100
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Analysis of Biology News Articles by Topic

A way was sought to classify the biological science articles and

biology-related articles that did not concern social problems. An

attempt was made first to group them under the areas of biology used

to classify the principles in the checklist; however, many of the arti-

cles were of a more generalized nature and did not fit into those

areas. After several revisions, the following topics or classifica-

tion groups were adopted: Animal Life; Plant Life; Ecology-Nature;

Physiology; Reproduction; Exobiology; Genetics-Evolution-Paleontol-

ogy; Applied Biology; Biology-related.

It was then observed that many of the biology-related social

problem articles fit also under one of the biology topics. Some of

the articles on pollution, for example, were decidedly ecological in

nature, others were health oriented, and so could also be included

under ecology or applied biology; consequently, no separate analysis

of principles was made for these articles because of the overlapping

content. All had previously been included in the overall analysis

discussed in part 2 of this chapter. The investigator felt, however,

that it would be of interest to know what biology topics were being

emphasized in the news and to what extent.

The number of categories (total nine) covered by the articles

is noted in Table 23. All groups were covered in the two newspapers,
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Table 23. Articles on the various biology topics by publication.

0
0
ti

a,

boo
0
0
co

Atlantic - 2 1

Farm Journal 24 4 3 21 7 11 -

Fortune

Harpers 1 1 1

Ladies Home
Journal 1 3 5 1

Mc Calls 1 1 6 1

Readers Digest 14 7 2 3 1

Look 2 2 2

Saturday Evening
Post 1 3 1 1 1

Business Week 1 2 1 11 3

Life 15 4 4 1

Parade 7 - 11 7 2 1

Time 7 1 2 16 13 20 5

Christian Science
Monitor 111 22 62 7 1 6 16

New York
Times 32 8 23 17 9 10 6

Total: 217 37 108 97 54 58 28

7:14
C44

4-4

1:44)

Total
Number
of Topics
Included

1 2 4

36 3 8

1 3 2

- 3

24 5

7 - 5

38 3 7

4 3

1 1 7

45 15 7

4 3 6

24 1 7

75 11 9

18 55 9

53 38 9

331 138
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but only one magazine, the Weekly Time, covered all of them. Farm

Journal covered all but one. Parade, Readers Digest, and Saturday

Evening Post each covered seven categories. These were followed by

Life with six and Mc Calls, Ladies Home Journal, and Look with five

each. The number of articles representing each category in each

publication is also given in Table 23.

Table 24 breaks the number of articles down into each classifi-

cation group by type of publication. The greatest number of articles

in the monthly, biweekly, and weekly magazines were in the area of

applied biology. Newspapers had their greatest number of biology

articles in the area of animal life. When considering the total articles

in both newspapers and magazines, the topics receiving greatest

emphasis were applied biology with 331 or 30.9 percent of the arti-

cles, animal life with 21 7 or 20.3 percent, biology-related with 138

or 12.9 percent, ecology-nature with 1 08 articles or 10.1 percent,

and physiology with 97 articles or 9.1 percent.

Biology-related articles were a miscellaneous group in which

the emphasis was on some topic outside of biology but which needed

some biology knowledge for complete comprehension. They did not

include those in the biology-related problem areas discussed in the

preceding section.

As with the biology-related articles, the ecology-nature articles

did not include those in the ecology-related problem areas such as
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Table 24. Articles on the various biology topics by type of publication.

Cd

bin
0
0

boo
0
o -0 TS

gill
a).. a)4,

oI 784
Cd

,;4')

Monthly
Magazines 41 4 13 28 21 14 107

Biweekly
Magazines 3 3 3 3 1 5

Weekly
Magazines 30 3 7 42 20 26 6 148

Total: 74 7 23 73 44 42 6 260

Newspapers 143 30 85 24 10 16 22 71

Percent of
Magazine
Articles 12.8 1.2 4.0 12.7 7. 6 7.3 1.1 45.2

Percent of
Newspaper
Articles 28.9 6.0 17.2 4.8 2.0 3.2 4.4 14.3

Total
Articles 217 37 108 97 54 58 28 331

Percent of
Total
Articles 20.3 3.5 10.1 9.1 5.0 5.4 2.6 30.9

11

1

30

45 = 574

93 = 494

7.8

18.8

138 = 1068

12.9
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pollution and conservation discussed previously.

Reproduction received such emphasis with 54 articles that, even

though it is part of physiology, it was listed as a separate topic. The

great majority of reproduction articles (44) were in the magazines.

In the area of animal life, mammals received the greatest

emphasis with 83 articles or 38. 2 percent of those on animal life,

birds were next with 60 or 27.6 percent, and insects third with 15.6

percent. As is revealed by Table 25, the greater number of articles

on animals and birds appeared in the newspapers and those on insects

in the Farm Journal.

Table 26 gives the numbers of articles by ecology- nature sub-

areas. Sixty-five percent of these articles concerned information

more in the area of nature study and appreciation than in ecology in

its strictest sense. Of these, the majority were in the Christian Sci-

ence Monitor.

Of the 97 physiology articles, 83 or 85.5 percent of them were

in human and animal physiology and only 14 in plant physiology. All

but two of the latter were in the Farm Journal. This information is

related in Table 27.

The number of articles in each evolution-genetics-paleontology

sub-area is listed by publication in Table 28. Sixty-four percent of

the articles were in the sub-area of genetics with most of them found

in the Farm Journal and Time magazine. The majority of those in the
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Table 25. Articles on animal life sub-topics by publication.

2
ca. :-i .

,.0 4,04-0 ta.

4.4
.14 g <

$.4
a)

5

Atlantic

Farm Journal 1 4 1 18

Fortune

Harpers 1

Ladies Home
Journal 1

Mc Calls 1

Readers Digest 6 2 1 2 3

Look 1 1

Saturday Evening
Post 1

Business Week 1

Life 13 2

Parade 4 1 2

Time 1 2 1 3

Christian Science
Monitor 49 41 5 8 5 3 -

New York Times 5 7 3 5 6 3 3

Total: 83 60 11 15 34 8 6

Percent of
Area Articles 38. 2 27.6 5.0 6.9 15. 6 3.7 2.8
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Table 26. Articles in ecology-nature sub-areas by publication.

Publication Ecology Nature
Articles Articles

Atlantic 1 1

Farm Journal 2 1

Fortune

Harpers 1

Ladies Home Journal

Mc Calls

Readers Digest 1 6

Look

Saturday Evening Post 3

Business Week 1

Life 1 3

Parade --

Time 2

Christian Science Monitor 18 44

New York Times 8 15
=.7

Total: 38 70

Percent of
Area Articles 35.2 64.8



84

Table 27. Articles in physiology sub-areas by publication.

Publication Animal Plant
Physiology Physiology

Atlantic 1

Farm Journal 10 11

Fortune

Harpers

Ladies Home Journal 3 --

McCalls 1

Readers Digest 2

BIWEEKLY

Look

Saturday Evening Post

2

1

WEEKLY

Business Week 9

Life 4

Parade 11

Time 15

NEWSPAPERS

Christian Science Monitor 7

New York Times 17

Total:

Percent of
Physiology Articles

2

1

83 14

85.5 14.4
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Table 28. Articles in evolution-genetics-paleontology sub-areas by publication.

Publication Evolution
Articles

Genetics
Articles

Paleontology
Articles

MONTHLY

Atlantic

Farm Journal 11

Fortune

Harpers 1

Ladies Home Journal 1

Mc Calls 1

Readers Digest 1

BIWEEKLY

Look

Saturday Evening Post 1

WEEKLY

Business Week 3

Life 1 1

Parade 2

Time 6 10 4

NEWSPAPERS

Christian Science Monitor 2 3 1

New York Times 1 5 4

Total: 11 38 10

Percent of
Area Articles 18.2 64.4 16.9
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Farm Journal related to new hybrids or new varieties of plants being

developed for crop use. Eleven articles occurred in the evolution sub-

area and only ten in paleontology.

Health and Medicine with 197 articles was the dominant sub-

topic in applied biology. Fifty-nine percent of the applied biology

articles came under this sub-topic. Human disease was second with

29 percent of the articles. The majority of the health and disease

articles appeared in the magazines, particularly in Time and Business

Week. In the monthly magazines, Readers Digest and Ladies Home

Journal were the leaders. The sub-group, "disease, other, " includ-

ed articles concerning plant and animal diseases. These were found

almost entirely in the Farm Journal since articles on gardening were

not included in this study. Table 19 relates this information.

A summary of the total frequencies and percentages from

Tables 25-29 concerning the articles in each sub-group of the divided

categories is given in Table 30.

Comparison of Biological Principles in the Printed
News Media and Those in the BSCS Texts

The three BSCS texts were read, those principles that had ap-

peared in the news most frequently and those that had not appeared

at all were identified in each version, and the relative amount of

emphasis each had received in the texts was determined as described
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Table 29. Articles on applied biology sub-topics by publication.

Publication Health and
Medicine

Disease,
Human

Disease,
Other

Miscellaneous

MONTHLY

Atlantic 1

Farm Journal 1 4 25 6

Fortune 1

Harpers --
Ladies Home

Journal 10 14

Mc Calls 1 6

Readers Digest 30 8

BIWEEKLY

Look 4

Saturday Evening
Post 1

WEEKLY

Business Week 30 12 1 2

Life 4

Parade 20 4

Time 56 19

NEWSPAPERS

Christian Science
Monitor 14 4

New York Times 28 24 1

Total: 197 95 27 12

Percent of
Area Articles 59.5 28.7 8.1 3. 6



Table 30. Frequency and percent of articles on the various biology sub-topics. 88

Frequency Percent of
Group

Articles

Animal Life

Mammals 83 38. 2

Birds 60 27. 6

Fish 11 5.0

Reptiles and
Amphibians 15 6.9

Insects 34 15. 6

Other Invertebrates 8 3. 7

Miscellaneous 6 2. 8

217 100

Ecology-Nature

Ecology 38 35. 2

Nature 70 64.8

108 100

Evolution- Genetics - Paleontology

Evolution 11 18. 2

Genetics 38 64. 4

Paleontology 10 16.9

59 100

Physiology

Animal 83 85.5

Plant 14 14.4

97 100

Applied Biology

Health and Medicine 197 59. 5

Disease, Human 95 28. 7

Disease, Other 27 8. 1

Miscellaneous 12 3. 6

331 100
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in Chapter III (p. 48 ). This proved to be rather difficult in cases,

since the information underlying each principle was often of wide

scope and discussed under many headings in the texts. In other cas-

es, the principle was stated only by implication in the texts but still

seemed to be the major emphasis of a chapter or section and so was

designated major or minor emphasis accordingly.

Comparison : Most Frequent Principles in the News

The 22 principles that had appeared in the news 100 times or

more (see Table 9) were tabulated as to degree of emphasis received

in each of the BSCS texts. This information is recorded in Table 31.

Major emphasis was given to all but one of the leading principles in

the Yellow Version, to all but three in the Green Version, and to all

but six in the Blue Version. In the Green Version the three not re-

ceiving major emphasis did receive minor emphasis, but in the Blue

Version three of the six only received slight emphasis with less

than two pages of consecutive or scattered discussion. Of the four

top ranking principles, all received major emphasis in the Yellow

and Green Versions but only one did in the Blue Version. In the lat-

ter version the first and second ranking principles received minor

emphasis, the third major emphasis, and the fourth ranking principle

in the news only slight emphasis.

The location of the biology areas for these principles in each
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Table 31. Degree of emphasis in the three BSC$ texts of the most frequent principles in the printed
news media.

Rank Prin-
ciple

Frequency Area
Version Emphasis

Yellow Green Blue

1 #186 435 Applied Major Major Minor

2 #15 313 Ecology Major Major Minor

3 #14 248 Ecology Major Major Major

4 #29 242 Ecology Major Major Slight

5 #41 232 Ecology Major Major Major

6 #18 218 Ecology Major Major Major

7 #12 196 Ecology Major Major Major

8 #11 186 Ecology Major Major Major

9 #66 184 Physiology Major Major Major

10 #19 180 Ecology Major Major Major

11 #36 179 Ecology Major Major Major

12 #23 163 Ecology Major Major Major

13 #13 141 Ecology Major Major Slight

14 #10 140 Ecology Major Major Major

15 #21 132 Ecology Major Minor Minor

16 #20 122 Ecology Major Major Major

17 #16 121 Ecology Slight Major Minor

18 #191 113 Applied Major Major Slight

19 #67 111 Physiology Major Major Major

20 #88 106 Physiology Major Minor Major

21 #39 101 Ecology Major Major Major

22 #80 100 Physiology Major Minor Major
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version and the number of chapters and pages devoted to each area

are summarized in Table 32. All but one of the 16 ecology principles

received major emphasis in the Yellow Version; however, the three

ecology chapters (77 pages) containing these principles are the last

in the text and unlikely to be reached in a typical classroom study.

The Blue Version with major emphasis given to 11 of the 16 ecology

principles also placed its two ecology chapters of 47 pages at the end

of the text. The Green Version which stressed an ecological approach

has nine ecology chapters of 279 pages throughout the first, second

and fourth quarters of the text.

Disease was discussed in two chapters of the first quarter of

the Yellow Version along with scattered appearances in the second

and fourth quarters for a total of 31 pages. In the Green Version it

was concentrated in one chapter in the second quarter of the text with

some appearance in the third and comprised 31 pages. The Blue Ver-

sion placed little stress on disease except for short scattered discus-

sion totaling three pages in the second, third, and fourth quarters of

the text.

Physiology, the topic of only four of the most frequently ap-

pearing principles occupied 13 chapters or 230 pages in the Yellow

Version. These were found in the first, second, and third quarters.

Seventeen chapters or 421 pages in the Blue Version were devoted to

physiology and were found in all four quarters of the text. The Green

Version devoted five chapters of 168 pages to the topic in the second

and third quarters of the text.
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Table 32. Location and amount of information in the BSCS texts concerning the topic heading of
the most frequent principles in the news.

Topic Location by Chapter Location by Position

Yellow Version (840 pages)

Ecology

Disease

Physiology

Chaps. 36, 37, 38 (77 pp. ) End of book

Chaps. 1, 11, scattered (31 pp. ) 1st quarter, scattered

Chaps. 4-6, 15, 20-28 (230 pp. ) 1st, 2nd, 3rd quarters

Green Version (823 pages)

Ecology Chaps. 1-3, 7-10, 19, 20 1st, 2nd, 4th quarters
(279 pp. )

Disease Chaps. 7, scattered (31 pp. ) 2nd quarter, scattered

Physiology Chaps. 11-15 (168 pp. ) 2nd and 3rd quarters

Blue Version (840 pages)

Ecology Chaps. 27, 29 (47 pp. ) End of book

Disease Scattered (3 pp. ) Scattered 2nd-4th quarters

Physiology Chaps. 6-14, 18-25 (421 pp. ) 1st, 2nd, 3rd, 4th quarters

Comparison II: Principles Not Mentioned in the News

As related in Table 8, four principles on the biologicalprinciples

checklist did not appear in any of the news articles. As a matter of

interest these were also identified in the BSCS texts and the amount
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of emphasis determined. This information appears in Table 33. The

substance of only one of these principles received major emphasis in

the three text books. This was No. 51 - "The physical and chemical

properties of plant and animal protoplasm are similar." However,

no mention was made of the term protoplasm in the three texts.

Properties were spoken of, rather, in terms of the specific organelles

exhibiting the properties. No. 122 was not mentioned in any of the

texts. The remaining two were also omitted from the Blue Version,

but were mentioned in a paragraph or two in the Yellow and Green

Versions.

Table 33. Degree of emphasis in the three BSCS texts of those principles not mentioned in the news.

Principle Area Version Emphasis
Yellow Green Blue

#51 Physiology Major Major Major

#52 Physiology Slight Slight Omitted

#122 Morphology Omitted Omitted Omitted

#124 Morphology Slight Slight Omitted

Comparison III: Most Frequent Principles in
Biology-related Social Problems

The third comparison concerned the highest ranking principles

in each of the biology-related social problems and is recorded in
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Table 34. Only three of the principles, 112A, 105, and 106, were not

among the 22 most frequently appearing principles in the news as re-

lated in Table 9.

Of the seven problems listing three or four leading principles

(see Tables 15-22), the Yellow Version BSCS text gave emphasis to

all of them in four cases: conservation, land pollution, air pollu-

tion, and water pollution. In the remaining three cases, it gave

minor emphasis to one leading principle under illicit drug use and

to one under food supply, and slight emphasis to two leading prin-

ciples under population. The Green Version gave major emphasis to

all the leading principles listed for the seven problems in three cas-

es: conservation, land pollution, and water pollution. In the remain-

ing four cases, it gave minor emphasis to one principle under air

pollution, illicit drug use, and food supply; and slight emphasis to

one principle under population. The Blue Version gave major empha-

sis to all the listed principles in only one case - -food supply. It gave

minor emphasis to one principle under land pollution, air pollution,

water pollution, and illicit drugs. It gave slight emphasis to one

principle under conservation and to two principles under population.

With the four problems listing only one leading principle, both

the Yellow and Green Version gave it major emphasis and the Blue

Version gave it minor emphasis.

When the one leading principle in all 11 problems is considered,
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Table 34. Emphasis in the three BSCS texts of the most frequent principles in the biology-related
social problems.

Principle Area
Yellow

BSCS Text Emphasis
Green Blue

CONSERVATION

#18 Ecology Major Major Maj or

#14 Ecology Major Major Major
#29 Ecology Major Major Slight
#41 Ecology Major Major Major

LAND POLLUTION

#186 Applied Major Major Minor

#18 Ecology Maj or Major Major
#66 Physiology Major Major Major
#23 Ecology Major Major Major

AIR POLLUTION

#18 Ecology Major Major Major
#15 Ecology Maj or Major Minor
#88 Physiology Maj or Minor Major
#12 Ecology Major Major Maj or

WATER POLLUTION

#18 Ecology Major Maj or Major
#12 Ecology Major Major Major
#15 Ecology Major Maj or Minor
#23 Ecology Major Major Major

POPULATION

#112A Physiology Major Maj or Major
#36 Ecology Major Maj or Major
#105 Physiology Slight Slight Slight
#106 Physiology Slight Major Slight

ILLICIT DRUG USE

#186 Applied Maj or Major Minor
#66 Physiology Major Major Major
#118 Physiology Minor Minor Maj or

FOOD SUPPLY

#77 Physiology Minor Major Major

#80 Physiology Maj or Minor Major

#7 Ecology Major Maj or Major

#78 Physiology Major Major Major

WATER SUPPLY

#15 Ecology Major Major Minor

FOOD DRUG RESIDUE; ALCOHOL; NOISE POLLUTION

#186 Applied Major Major Minor
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the Green Version was the only text giving it major emphasis iri every

case. The Yellow Version gave it major emphasis in ten of the 11

problems and the Blue Version in only five of the 11 problems.

When it is taken into consideration that some of the principles

are repeated in several of the problems a somewhat different picture

is obtained as is illustrated in Table 35. Table 35 lists the 18 differ-

ent principles listed among the leading principles in the 11 problem

areas. This arrangement shows that both the Yellow and Green Ver-

sions gave major emphasis to 15 principles or 83 percent of the

leading principles and the Blue Version to 13 or 72 percent of them.

The Yellow Version gave minor emphasis to one and slight emphasis

to two, the Green Version gave minor emphasis to two and slight

emphasis to one, and the Blue Version minor emphasis to two and

slight emphasis to three.

Half of the 18 most frequent principles in the social problems

were in the area of ecology. All of these received major emphasis

in both the Yellow and Green Versions and seven did in the Blue Ver-

sion. Of the eight physiology principles, six of them received major

emphasis in the Blue Version and five of them did in the Green and

Yellow Versions. The one principle under applied biology-disease,

received major emphasis in the Green and Yellow Versions and minor

emphasis in the Blue Version. This one principle was the leading

principle in five of the problems.
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Table 35. BSCS emphasis by area of principles listed as those leading in frequency in the 11
social problem areas.

Principle
Number

Area BSCS Text Emphasis
Yellow Green Blue

#7 Ecology Major Major Major

#12 Ecology Major Major Major

#14 Ecology Major Major Major

#15 Ecology Major Major Minor

#18 Ecology Major Major Major

#23 Ecology Major Major Major

#29 Ecology Major Major Slight

#36 Ecology Major Major Major

#41 Ecology Major Major Major

Ecology Emphasis Summary: 9 major 9 major 7 major
1 minor
1 slight

#66 Physiology Major Major Major

#77 Physiology Minor Major Major

#78 Physiology Major Major Major

#80 Physiology Major Minor Major
#88 Physiology Major Minor Major

#105 Physiology Slight Slight Slight

#106 Physiology Slight Major Slight
#112A Physiology Major Major Major

Physiology Emphasis Summary: 5 major 5 major 6 major
1 minor 2 minor
2 slight 1 slight 2 slight

#186 Applied Major Major Minor

Summary: 1 major 1 major 1 minor
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V SUMMARY, OUTCOMES OF THE STUDY, CONCLUSIONS
AND RECOMMENDATIONS

Summary

The three purposes of this study were (1) to formulate a current

list of biological principles to use as a checklist from past lists, re-

search studies, and scientists in the field; (2) to utilize the formulated

checklist to identify the biological principles required for reading

comprehension of news articles concerning various areas of biology

or biology-related social problems; and (3) to survey the new curricu-

la "process-oriented" BSCS textbooks to determine whether the bio-

logical principles identified in the public press were included and to

what degree.

The review of the literature concentrated on research in the

two areas of concern in this study: (a) studies which sought to deter-

mine significant course content through an analysis of biological items

appearing in newspapers and widely read magazines, and (b) those

studies that were stimulated by the principles concept put forth by

the NSSE Thirty-first Yearbook in 1932. Six other basic approaches

used in the selection of biology course content were reviewed briefly:

determination of misconceptions and superstitions of students; deter-

mination of basic biological concepts, textbooks and courses of study

as indices, consideration of student interest, the historical approach,
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use of "expert" advice.

A checklist consisting of 195 current biological principles from

the areas of ecology, physiology, morphology, genetics, evolution

and applied biology was formulated with the aid of a jury of practicing

biologists. This checklist was used in the analysis of principles

appearing in 1346 biology and biology-related articles from 671 is-

sues of 15 publications for the year 1967. The publications were

selected to represent all walks of life and included seven monthly

magazines, two biweekly magazines, five weekly magazines, one

comprehensive Sunday-edition newspaper, and one daily (except

Sunday) newspaper. Every article was read carefully to identify

the related biological principles needed by the reader to fully com-

prehend the meaning and implications of the article.

Data concerning articles, principles, biology-related social

problems, and biology topics was analyzed by means of frequencies

and descriptive percentages.

Outcomes of the Study

Answers to the questions posed in chapter I have been provided

by the data gathered in this study. This information may be summar-

ized as follows:

Question #1: Did all the types of publications surveyed in this

study include biology and biology-related articles and what emphasis



100

did they receive?

All 15 publications surveyed in this study were found to contain

biology or biology-related articles. The monthly and biweekly mag-

azines with the longer articles tended to have an average of less than

one article per issue. Of the issues examined of this type magazines,

50-66 percent of them were found to contain biology or biology-related

articles. Examples of these were the Atlantic, Fortune, Harpers,

Look and Saturday Evening Post. The monthly and weekly magazines

containing several to many pages of short articles had an average of

1.2 to 9.6 articles per issue. Examples of these were the Farm Jour-

nal (average 9.6 articles), Readers Digest (average 6.1) and Time

(average 3.1). The 280 issues of the Christian Science Monitor had

an average of 1.4 articles per issue and the 53 Sunday issues of the

New York Times an average of 3.7 articles per issue.

Question #2: What principles did practicing biologists consider

to be of sufficient importance to be included in the biological prin-

ciples checklist formulated for this study?

After additions, deletions, and refinement by the jury of six

biologists, the 243 principles extracted from previous lists and cur-

rent biology books were formulated into a current list of 195 biolog-

ical principles. These 195 principles constituted the checklist used

in this study and are found in the Appendix.

Question #3: How many of the biological principles appearing
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in the checklist formulated by the jury of biologists appeared in the

printed national news media in 1967 and what is the frequency of ap-

pearance of each principle?

One hundred ninety-one of the 195 biological principles in the

checklist appeared in the news during 1967. Twenty-two appeared 100

times or more. These are listed on pages 62-63. Fifteen principles

appeared 70-100 times, and 15 50-69 times. The greatest frequency

was noted for principle No. 186: "Plant and animal diseases are

caused by numerous physical and chemical factors and by various

parasitic organisms." It appeared in 435 of the 1346 articles sur-

veyed. The next most frequent, appearing in 313 articles, was No.

15: "Food, oxygen and certain optimal conditions of temperature,

moisture, and light are essential to the lives of most living things."

The frequency of appearance is given for each principle in the check-

list as reproduced in the Appendix.

Question #4: What frequency and percentage of emphasis have

the principles in each area of biology represented in the checklist

received in the news articles?

Six areas of biology were represented by the biological prin-

ciples in the checklist. The 46 principles of ecology received 45. 9

percent of the emphasis in the news with a frequency of 4029. Physi-

ology was next receiving 30.9 percent of the emphasis with a fre-

quency of 2716 followed by applied biology (primarily. disease)
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9.9 percent, frequency 869; genetics 6.9 percent, frequency 61 2;

evolution 3.7 percent, frequency 326. Least emphasis was given to

the principles of morphology. They received only 2.5 percent of the

emphasis with a frequency of 224.

Question #5: What biological principles in the checklist did not

appear in the publications surveyed in this study?

Only four principles in the checklist did not appear in the news:

physiological principle No. 51 - "The physical and chemical proper-

ties of plant and animal protoplasm are similar"; physiological prin-

ciple No. 52 - "protoplasm has the faculty of responding to outside

conditions (irritability) and is capable of conduction and contraction";

morphological principle No. 1 22 - "The size of cells bears no con-

stant relation to the size of the animals or plants in which they are

found"; and morphological principle No. 1 24 - "The bodies of most

animals exhibit some degree of spherical, radial, or bilateral sym-

metry."

Question #6. What biology-related social problems were dis-

cussed in the news in 1967? What biological principles were related

to each of the problems and with what frequency?

Eleven biology-related social problems were identified in the

671 issues of the 15 publications surveyed in this study. These were

conservation (wildlife, wilderness, natural areas and parks); land

pollution (pesticides, herbicides, waste, general, biological control);
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air pollution; water pollution; population growth; illicit drug use; food

supply and hunger; water supply; alcohol; food drug residue; and noise

pollution.

In the area of conservation, principles appeared 977 times in

the 87 articles. Those from the area of ecology predominated, com-

prising almost 90 percent of the principles appearing with a frequency

of 878. Of these, No. 18 led with a frequency of 66. No. 14 was next

with a frequency of 62, followed by No. 29 with 61 and No. 41 with 56.

These four leading principles were all from the area of ecology.

In the 75 articles on land pollution, biological principles ap-

peared 515 times. Fifty-three percent were from the area of ecol-

ogy and 28 percent from physiology. The four leading principles were

No. 186 from the area of applied biology-disease, 36 times; No. 18

from the area of ecology, 27 times; No. 66 from the area of physi-

ology, 26 times; and No. 23 from the area of ecology, 19 times.

Air pollution was discussed in 69 articles with principles appear-

ing 846 times. Seventy-two percent of them were from the area of

ecology and 22 percent of them from the area of physiology. Leading

ecological principles and their frequencies were: No. 18-61; No. 15-

59 and No. 12-51. The fourth leading principle was from the area of

physiology, No. 88 with a frequency of 54.

Water pollution was discussed by 57 articles in which principles

appeared 643 times. Eighty-seven percent of them were from the
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area of ecology. All of the four leading principles were from this

area. The four principles and their frequencies were: No. 18 with

51 and Nos. 12, 15, and 23 all with 39.

Population growth was also discussed in 57 articles with prin-

ciples mentioned 419 times. Fifty-nine percent of the principles were

from the area of physiology and 34 percent from the area of ecology.

The leading principles were all from the area of physiology except one,

No. 36, that was from the area of ecology. They were: No. 112a with

a frequency of 34, No. 36 with 29, No. 105 with 28 and No. 106 with 26.

The Illicit Drug problem received the next greatest emphasis

with 49 articles. Principles appeared 105 times. It was the only

problem that had a great many articles with no principles on the check-

list appearing in them. Twenty-one of the articles were of this type.

The applied biology principle, No 186._appeared most frequently in the

remaining 28 articles with a frequency of 18. The other two leading

principles were No. 66 and No. 1.18 from the area of physiology with

frequencies of 18 and 11, respectively.

The problem of Food Supply and Hunger was represented by 37

articles with principles appearing 336 times. Of the four leading

principles, three of them were from the area of physiology and one

from ecology. They were all concerned with the food requirements of

organisms and all appeared in over 50 percent of the articles on this

probleth. They were No. 77 with a frequency of 25, No. 80 with
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24, No. 7 with 23 and No. 78 with 19.

Principle No. 15 from the area of ecology was the leading prin-

ciple in the articles concerning the problem of water supply discussed

in 14 articles with 94 principles.

Principle No. 186 from the area of applied biology-disease was

the leading principle in the remaining three problems. It appeared

five times in the seven articles on the alcohol problem; in the Food

Drug Residue problem articles, it appeared in all five articles; and in

the Noise Pollution problem articles it appeared in all three articles.

Question #7: What percentage of emphasis has each biology-

related problem received in the news? What publications discussed

the greatest number of problems?

The greatest percentage of emphasis in the 460. problem articles

was in the area of conservation with 19 percent of the total problem

articles devoted to this topic. Next was land pollution with 16 percent

followed closely by air pollution with 15 percent. Water pollution and

population both received 12 percent and illicit drug use 11 percent.

Food supply had eight percent and water supply three percent. The

problems of alcohol, food drug residue, and noise pollution received

1. 5, 1, and . 6 per cent respectively.

Ten problems were discussed by the New York Times ; nine

by the Christian Science Monitor and the weekly magazine, Business

Week; eight by the monthly, Reader's Digest; seven by the weekly,
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Time, and the monthly, Farm Journal; and five by the biweekly,

Saturday Evening Post. The remaining publications discussed four or

less. At least one of the problems was discussed in each publication.

Question #8: Under what topics or groups can most of the biol-

ogy news articles be classified. What publications covered the wid-

est range of topics ? What percentage of emphasis has each topic re-

ceived?

The most functional classification groups for the biological sci-

ence news articles proved to be the following: Animal Life, Plant

Life, Ecology-Nature, Physiology, Reproduction, Genetics-Evolution-

Paleontology, Exo-Biology, Applied Biology, and Biology-related.

Biology-related articles were a miscellaneous group in which the

emphasis was on some topic outside of biology but which needed biol-

ogy knowledge for complete comprehension. They did not include

those in the biology-related problem areas discussed in a preceding

question. Applied biology included the articles on health and disease

and decomposition processes. Reproduction received such emphasis

that, even though it is part of physiology, it was listed as a separate

topic.

All of these areas were covered by both newspapers and by the

weekly news magazine, Time. Eight of the areas were covered by the

monthly magazine, Farm Journal, and seven by the monthly, Reader's

Digest, the biweekly, Saturday Evening Post and the weekly, Business
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Week. The topic least covered by the publications was exo-biology

with only the newspapers and two weekly magazines carrying articles.

Plant life articles (gardening excluded) were carried by the two news-

papers, two weekly magazines, and one monthly, the Farm Journal.

All other areas were covered in 66 percent or more of the publica-

tions.

One thousand sixty-eight articles were directly concerned with

the above biology topics. The greatest concentrations were 30.9 per-

cent in applied biology and 20 percent in animal life. All but 1 2 of the

331 articles under applied biology were on health or disease. Plant

life received 3.5 percent of the emphasis, ecology-nature ten percent,

physiology nine percent, reproduction five percent, genetics-evolution-

paleontology five percent, exo-biology 2.6 percent, and biology-re-

lated 1 2.9 per cent.

Question #9: What treatment do the biological principles occur-

ring most frequently in the news receive in each of the BSCS texts ?

None of the 22 biological principles that had appeared in the

news 1 00 times or more were omitted entirely from the BSCS text-

books; however, one, No. 17, received only slight emphasis in the

Yellow Version and three, Nos. 4, 13, and 18, received only slight

emphasis in the Blue Version. This means they received less than

two pages of consecutive or scattered discussion. Of the 22 most

frequent principles, 21 received major emphasis in the Yellow
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Version, 19 received major emphasis in the Green Version, and 15

received major emphasis in the Blue Version by occupying four or

more pages of consecutive discussion or ten or more pages of scat-

tered discussion. The remainder of the 22 most frequent principles

received minor emphasis.

The BSCS text were also analysed for location of biological

principle areas and the number of pages devoted to each area. Six-

teen of the 22 most frequent biological principles in the news were

from the area of ecology; however, both Yellow and Blue versions

placed the ecology chapters (77 pages and 47 pages, respectively) at

the end of the text where they are unlikely to be reached in typical

classroom study. The Green Version, which stresses an ecological

approach, had nine ecology chapters (279 pages) throughout the first,

second, and fourth quarters of the text. Physiology, the topic of

only four of the most frequently appearing principles in the news,

occupied: 13 chapters of 230 pages in the Yellow Version in the first

three quarters of the text, 17 chapters of 421 pages in the Blue Ver-

sion in all four quarters of the text, and five chapters of 168 pages

in the Green Version in the second and third quarters of the text.

Question #10: What treatment do biological principles appearing

in the checklist but not in the news receive in each of the BSCS texts ?

There were four biological principles on the checklist that did

not appear at all in the news articles surveyed in this study. They



109

were: physiology principles Nos. 51 and 52, and morphology prin-

ciples Nos. 1 22 and 1 24 (refer to question No. 5, p 106). The sub-

stance of only one of them (No. 51) received major emphasis in the

three textbooks and one (No. 1 22) was not mentioned in any of the

texts. The remaining two were also omitted from the Blue Version

but were mentioned in a paragraph or two in the Yellow and Green

Versions.

Question ##11 : What treatment do biological principles appear-

ing most frequently in the biology-related social problem articles re-

ceive in the BSCS texts?

When the one leading principle in all 11 biology-related social

problems is considered, the Green Version was the only text giving

it major emphasis in all 11 cases. The Yellow Version gave it major

emphasis in ten of the 11 problems and the Blue Version in only five

of the 11 problems. Of the 18 different principles appearing as the

leading principles in the 11 problem areas both the Yellow and Green

Versions gave major emphasis to 15 principles or to 83 percent of

them ani the Blue Version to 13 or 72 percent of them. Of the re-

mainder, the Green Version gave minor emphasis to two and slight

emphasis to one, the Yellow Version gave minor emphasis to one and

slight emphasis to two, and the Blue Version minor emphasis to two

and slight emphasis to three. None of the leading principles appear-

ing in the biology-related social problem articles were omitted by
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any of the BSCS texts.

Question #12: Do the BSCS texts meet the need as a study aid

in promoting reading comprehension of science news and biology-

related articles and which of the versions appear to be the best suited

for this purpose?

The BSCS texts appear to meet the need as a study aid in pro-

moting reading comprehension of science news and biology-related

articles since none of them omitted any of the biological principles

appearing most frequently in the news. Of the three versions, the

Yellow and Green Versions give the most emphasis to the leading

principles; however, the location of the predominant area of prin-

ciple emphasis, ecology, is at the end of the book in the Yellow Ver-

sion and unlikely to be reached in a typical classroom study.

Conclusions

The following conclusions were drawn from this study:

(1) The public press does include many biology and biology-related

articles which contain many of the basic principles of biology.

(2) There is a close relationship between biological principles found

in articles of the public press and those stressed in the modern

type introductory biology texts surveyed in this study.
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Recommendations

On the basis of the foregoing analyses and outcomes, it is

recommended that:

1. A comparable investigation be done using other widely read

publications as a check on this study.

2. Comparable studies be done periodically for continuing evalua-

tion of currently stressed biology curricula.

3. Comparable studies be done to help determine the degree of

emphasis and placement of the various biology topics in text-

books and courses of study.

4. Similar studies be done concerning other areas of science such

as chemistry, physics, and earth science.

5. Studies be made to determine which basic principles of biology

can effectively be presented at lower grade levels.

6. Studies be made to determine which of the basic principles of

biology are most effectively presented by the modern process-

oriented approach and which are not effectively presented by this

approach.

7. Courses of study be designed using the biology-related social

problems as their focal points of study.
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BIOLOGICAL PRINCIPLES CHECKLIST

ECOLOGY

Energy, Matter and Life

1 21

Frequency

1. There exists a hierarchy of biological systems, each larger or more complex than

the lower ones and each interconnected with the others: the cell, the multicellular

organism, the population, the community, and the ecosystem.

2. The earth's position in relation to the sun is a determining factor of life on the

2

earth. 16

3. The energy of solar radiation is continually working changes in the surface of the

earth and the atmosphere surrounding the earth; all life on the earth is affected

directly or indirectly by these changes.

4. Elements (matter) which enter into the composition of organisms soon pass through

a cycle from inorganic substances in the air and soil and water to plant tissues,

thence to animal tissues, and from either of them by excretion or death and decay

back to the air and soil again.

65

31

5. Energy, unlike matter, is gradually lost to the living world in the form of heat

resulting from transformations in the living organism. This form is not usable by

green plants and so energy is not cycled through the ecosystem. 4

6. Certain chemical elements occur in living matter, certain others do not; but no

elements are unique to living matter. 1

7. Carbohydrates, fats and proteins are produced by plants (producers) and it is upon

these primarily that all animals (consumers) depend for food. 86

8. The energy which makes possible the activity of most living things come initially

from the sun, is incorporated into organic molecules (food) by green plants as

chemical energy, and is released for use by organisms through stepwise degradation

of food within their cells. 56



9. All living organisms compete with other living organisms for the supply of

available energy and other life necessities.

Environment

10. There exists a complex inter-relationship between all factors of the physical

and biological environments which compose the ecosystem.

11. All living things are continually engaged in an exacting struggle with their

environments.

1 22

Frequency

51

140

186

12. Species not fitted to the conditions about them do not thrive and therefore must

adapt, find new conditions, or ultimately become extinct. 196

13. The surface of the earth and the atmosphere surrounding the earth are undergoing

constant changes. In order to survive such changes organisms must migrate,

hibernate, aestivate, build artificial shelters, or otherwise become adapted to

these changes.

14. The physical character of a given locale will influence the types of plants that

will aggregate there, and the vegetation together with the physical factors has

a selective effect on the types of animals that might successfully live in a given

region.

141

248

15. Food, oxygen, certain optimal conditions of temperature, moisture, and light are

essential to the life of most living things. 313

16. The struggle for existence is a competition for the necessities of life of which the

supply may be quite limited. 121

17. In general, the natural flora and fauna of a region is the most luxuriant that it can

support under natural environmental conditions. 72

18. Many species have been profoundly and even critically affected by the alteration that

man has brought about in the environment. 218
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Frequency

Adaptations

19. Success of adaptation concerns the suitability of the structure and functioning of an

organism to the particular conditions under which it lives. 180

20. Each species of living organism is adapted to or is in the process of becoming better

adapted to live where it is found; however, probably no organism is perfectly adapted

to any environment. 122

21. The more highly specialized an organism is, the less likely it will be adaptable when

its environment changes drastically. 132

22. Protective adaptations such as coloration, resemblance, mechanical weapons such

as thorns or antlers, and chemical weapons such as poisons or acids aid survival. 38

Interdependence

23. A balance in nature is maintained through inter-relations of plants and animals with

each other and with their physical environment. 163

24. Saprophytic organisms (decomposers) are responsible for decay by which process the

necessary raw materials for growth of new organisms are released from remnants of

dead organisms or their products.

25. Certain associations of plants and animals are the result of special adaptations; for

example, community or social life, and various forms of symbiosis and commensal-

ism.

26. Many gradations of relationships occur in the associations between organisms from

those which are mutually beneficial to the individuals concerned (mutualism) to

those in which one member secures all the advantage at the expense of the other

(parasitism).

27. The parasite-host relationship is usually specific and requires not only marked

adaptation on the part of the parasite but often also an adjustment on the part

of the host.

31

31

32

25
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Frequency

Geographical Distribution

28. Life exists from the depths of the oceans to the mountain heights. 13

29. Living things are not distributed uniformly or at random over the surface of the earth,

but are found in definite zones and local regions where conditions are favorable to

their survival.

30. Each species or animal or plant tends to extend its range until some physical or

242

biological barrier is encountered. 91

31. Some of the differences between related groups of organisms separated by a geo-

graphical barrier are due to adaptive responses to slightly different environmental

factors.

32. Changes in the earth's crust due to uplift, subsidence, floods, glaciation, and shifts

of climatic zones have affected the distribution of living organisms over the surface

of the earth.

Populations

23

27

33. An organism is part of a population of its own kind. Populations change in response

to their environment and in response to factors operating within the population. 80

34. The population is a functional unit that maintains its identity while its members

are constantly being replaced through the processes of birth and immigration, and

death and emigration. 26

35. By natural selection the population becomes adapted not only to its physical environ-

ment, but also to populations of other kinds of living organisms. 54

36. For most species of organisms factors limiting increase in numbers are limited space,

predators, disease, and competition with other organisms for food and other necessi-

ties of life. 179

37. For any particular population, a balance is reached between its natural tendencies to

increase and the limiting factors of its environment. 92

38. For some species of organisms, periods of great scarcity of individuals alternate with

waves of great abundance, and the peaks of waves may succeed each other in a regu-

lar cycle. 6



Communities

39. Within a biological community the species populations are spatially arranged in

an orderly pattern both horizontally and vertically within which energy and essen-

tial nutrients are distributed and circulated.

1 25

Frequency

101

40. Food webs and food levels are the result of the energy requirements of all the species

populations found within the community. 41

41. Each species of plant and animal has its kind of place in which it usually occurs,

called the habitat of the species, and a role to play within that habitat called the

niche of the species. 232

42. Change in the numbers of organisms in communities may be rapid even though the

environmental conditions apparently alter slowly and gradually. 20

43. Communities undergo a process of succession or the replacement of one community

by another in a given area until a stable or climax community is reached. 24

44. A mature or climax community is made up of species populations that are in balance

with the environment for that particular region and that can reproduce themselves

instead of being replaced by others.

Soil

45. Most plants and animals are directly or indirectly dependent on the soil.

46. All plant and animal life, along with the climate and varying weather, play an

active part in helping to form and to change the soil.

PHYSIOLOGY

Protoplasm and Cells

47. The phenomena of life are associated with a dynamic system of materials collec-

tively called protoplasm.

37

11

Frequency

8
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48. Protoplasm is an unstable system in that it can be maintained only by a continuous

expenditure of energy. Throughout the life of every organism there is a breaking

down of protoplasm with continuing transformations of energy. This process is

known as metabolism. 4

49. Growth and repair are fundamental activities for all protoplasm. 4

50. There are no living chemical compounds; life is a property of the coordinated asso-

ciation of the different organic and inorganic substances which make up protoplasm. 11

51. The physical and chemical properties of plant and animal protoplasm are similar. 0

52. Protoplasm has the faculty of responding to outside conditions (irritability) and is

capable of conduction and contraction. 0

53. Protoplasm grows by the addition of new molecules throughout its network of struc-

tures (intussusception). 2

54. Protoplasm, the physical and chemical basis of life, is found in units called cells.

Each cell usually consists of a well-defined nucleus, a surrounding cytoplasm in which

are suspended variously formed bodies, and an enclosing differentially permeable

membrane. (See also H 121. ) 45

55. The functioning of an organism depends upon the interaction of its individual cells,

yet each cell maintains its own partially independent life. 27

56. The life processes of secretion, excretion, exchange of gases, and diffusion of foods

and other materials are made possible by the selective permeability of cell mem-

branes. 10

57. All cells arise through division of previous cells back to the primitive ancestral cells, 7

Physical and Chemical Aspects

58. Some of the fundamental processes involved in the movement of materials into,

through, and out of cells are: diffusion, imbibition, pinocytosis, osmosis, and

active transport. 5
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59. Due to the catalytic action of certain temperature sensitive protein molecules called

enzymes, most chemical reactions in organisms living today take place within a fairly

narrow range of moderate temperature.

60. The transformations of substances within the cells and the tissues involve either the

synthesis of simpler compounds into ones of greater complexity and usually higher

energy values or decomposition of them into chemically simpler ones usually of

lower energy value.

37

24

61. A. T. P., adenosine tri phosphate, plays an extremely important role as the store of

chemical bond energy in living organisms. 2

62. Life as we know it is dependent upon complex chemical compounds of carbon,

nitrogen, hydrogen, oxygen, and other minor elements. 16

63. Compounds characteristic of living matter are carbohydrates, lipids, proteins,

various metabolites, nucleic acids, various inorganic ions, and water. 69

64. Nucleic acids exhibit two important properties: (1) they function as chemical

information carriers in determining the building of proteins; (2) they are self-

replicating and thus make exact copies of themselves to pass on in cell division.

65. Individuality in an organism is maintained throughout life in spite of the fact that

the actual chemical constitution of the living substances composing it is constantly

changing.

Life Processes

66. All organisms perform various activities that may be grouped into two broad cate-

gories of functions: metabolism, which comprises the functions of nutrition, respi-

ration, and synthesis and all processes associated with these; and (2) self-perpetua-

tion which includes steady-state control, reproduction, and adaptation.

25

7

184

67. Enzymes, hormones and vitamins aid in the acceleration or inhibition of metabolic

reactions. 111

68. Nucleic acids are the molecules that exert primary control over the basic life proc-

esses in all organisms through their control of the synthesis of enzymes. 25
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69. Many of the processes of change in the universe are rhythmic or periodic, and life

processes constitute no exception. 32

70. By their presence, muscles and skeletons in animals produce structural cohesion.

Movement and locomotion may be produced by their interaction. 18

71. All cells produce certain chemical compounds which may be used in the processes

going on within the cell, in cavities adjoining the cells, or at considerable distances

from the cells where they are produced.

72. Circulation is carried on in all living organisms. With increase in size and complexity

of the body of an organism, there is a corresponding elaboration of a transportation

(circulation) system,

73. An important part of the vital activities of organisms consists of regulating their inter-

nal environment. Materials and substances are added or removed continuously, main-

taining a balanced chemical composition.

74. In organisms, the end products of metabolism are either stored in the cells as insol-

uble crystals; are eliminated in solution by diffusion; or are recombined into food

substances within the organism.

42

39

52

13

75, To solve the problem of getting rid of wastes and excess chemical substances, organ-

isms utilize such processes as filtration, reabsorption, and active excretion. 17

76. In higher animals, the body fluids (namely, blood and lymph) are major controllers

of steady states within tissues and organs; in their turn the body fluids are controlled

by two organ systems, the circulatory system and the excretory system. 48

77. An organism must have certain materials for its life processes and each organism

must secure the required materials that it cannot build for itself. 81

78. Within the living system, food is a source of both energy and matter. 50

79. Plants and animals utilize similar food substances but they are obtained in different

ways. 5
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Frequency

80. The minimum nutrient supplies to an animal cell must incl.' ude at least seven types

of materials: water, minerals, organic carbon, organic nitrogen, vitamins, essen-

tial amino acids, and essential fatty acids. Green plants take in only the raw mater-

ials carbon dioxide, water, and minerals and build all other materials from these. 100

81. Living organisms cannot utilize the many foods that consist of large size molecules

until these molecules have been changed by a process of digestion to smaller soluble

ones capable of passing through cell membranes. Digestive processes which bring

these changes about are essentially the same in all living organisms. 13

82. The process of digestion can be both intracellular and extracellular and is accom-

plished by enzymes which are made by the organisms themselves. 10

Phptosynthesis

83. The work of the chlorophyll of all chlorophyll-bearing plants is essential to all living

things other than a few chemosynthetic organisms. It is through chlorophyll in photo-

synthesis that the free energy needed by living things can be obtained from its source,

the sun. 38

84. With the exception of chemosynthetic organisms, certain products of photosynthesis

serve as the direct or indirect source of food and energy for all living things. 35

85. Photosynthesis is a major source of oxygen for aerobic respiration. 23

Respiration

86. Cellular respiration occurs in all living cells. Both aerobic and anaerobic respiration

is accomplished at ordinary temperature with the aid of special enzymes that occur

either free in the cytoplasm or bound in the mitochondria of the cell.

87. All living things, except a few anaerobes and autotrophic bacteria, secure energy in

the form of ATP by oxidizing food.

88. Most organisms are aerobic, dependent upon atmospheric oxygen for the completion

of their oxidative reactions; others are anaerobic and can do without free oxygen; some

are faculative anaerobes and can use 02 when it is available.

16

27

106
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89. The amount of oxygen consumed by an organism and absorbed by its cells is propor-

tional to the total amount of energy released in the body. 89

90. Oxidation furnishes the essential source of heat in the bodies of warm-blooded an-

imals. 7

Growth

91. All living things grow by assimilation, making over the materials which are taken

into the body into the kind of material of which the body is composed. 33

92. Living organisms, during the growth period, increase the mass of the cell from

within through the ingestion and utilization of food substances. When the cell

reaches a maximum size, mitosis usually results. 40

93. In all living systems, accumulation, enzymatic and template-dependent synthesis,

and self-duplication contribute either to normal molecular replacement within cells

or to molecular additions to cells.

94. When a unit of protoplasm, the cell, has attained a certain size characteristic for a

particular organism or part of an organism, it divides by mitotic division to form two

units (cells) that are usually qualitatively as well as quantitatively alike.

95. Most animals cease growing when they achieve a size that is usually characteristic of

their species, but the size of a plant is limited to a greater extent by external condi-

tions.

96. The capacity for regeneration is general among plants, but among animals it is

usually found in those at the lower levels of evolutionary development, except for

comparatively minor repairs of tissue injuries.

Integration of Activities

97. All living things respond to stimuli in their environment.

98. From the simple to the complex organisms there is an increasingly elaborate co-

ordination of receptivity of stimuli and response to stimuli.

32

21

21

8

42

46
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99. In plants and animals, coordination may be obtained by three methods: (1) one

part of the body may exert direct mechanical action on another; (2) chemical

substances affecting protoplasmic activity may diffuse from cell to cell or may

be carried to all cells of the organism by an internal circulating medium; (3) im-

pulses may be transmitted intracellularly or intercellularly through the organism

from one region of the body to another.

100. The integrated action of the chemical coordinators, the nerves, the muscles, and

the skeleton make it possible for the animal to adjust to changes of the internal and

external environments.

101. Inherent reactions in animals are unlearned, independent of intelligence, and more

or less inflexible in their operation; under natural conditions they are usually bene-

ficial to the individual or the race.

102. The intelligence shown by the members of a phylum of higher animals usually bears

a direct relation to the stage of development of the special sense organs and to the

proportionate size of the brain.

22

38

89

48

103. Much of the behavior of living animals depends on their nervous organization; they

exhibit a great variety of behavior because the nervous organization varies in com-

plexity. 92

104. In animals certain waste products as well as vitamin and endocrine substances exert

regulatory effects on the activities of various organs in the body. 85

Reproduction and Development

105. The fundamental role of reproduction is perpetuation of the species.

106. All living things are able in one way or another to produce new living things like,

or nearly like, themselves.

107. The ways in which plants and animals reproduce are varied but the pattern is similar:

a single cell or group of cells is separated from the parent body and develops into a

new individual.

75

87

75
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108. The fundamental process of reproduction in all organisms whose cells possess nuclei

is mitotic cell division (sometimes combined with meiotic) which results in the pre-

cise distribution of the chromosomes of the nucleus in the daughter cells. 8

109. All the modes of reproduction fall into two general categories, asexual and sexual

reproduction. 6

110. In asexual reproduction there is a division of the parent organism and each part formed

in this way is capable of becoming a new individual. Sexual reproduction involves a

fusion of specialized reproductive cells and/or nuclei to form a new cell which may

become a new individual.

111. Offspring produced asexually are almost always like the parent; they will generally

have the same or similar chromosomes and the same gene complex (unless mutations

have occurred).

112. Sexual reproduction is an almost universal method of reproduction and occurs in repre-

sentatives of every phylum of plants and animals with the exception of the cyanophyta

(blue-green algae).

112a. In sexual reproduction a male cell (sperm) from one parent unites with a female cell

(egg) from the other parent to produce the zygote (except in the few cases of self-

fertilization).

113. Throughout the plant and animal kingdoms there is a general preference for cross-

fertilization and avoidance of the union of eggs with sperm from the same individ-

ual. In those animals and in the great majority of plants which are bisexual, there

are usually precautions to restrain self-fertilization.

114. In organisms which reproduce by sexual means, fertilization serves two functions:

stimulating the egg to develop, and introducing the hereditary properties of the male

parent. The latter increases variability in the species.

115. In many organisms the number of young which are produced bears a definite relation

24

1

14

65

8

42

to the chance of survival; the smaller the chance the more numerous the offspring. 44
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116. The less the amount of parental care given to the offspring the greater is the need

for the animal to be prolific.

117. Animals and plants show many similarities in their developmental patterns.

118. Development may be influenced by both internal and external factors which may

cause abnormalities of various kinds.

119. Embryos generally begin from a fertilized egg cell (zygote) and by repeated mitotic

cell division and differentiation of cells develop into an organism similar to the parent

organism.

120. As a multicellular organism matures, most of its cells specialize in various ways;

37

1

64

47

i. e. , they develop the capacity to carry out particular functions. 25

MORPHOLOGY

Anatom_y and Taxonomy

121. Most living things are composed of cells, the basic unit of structure and function, and

the products of cells. 28

122. The size of cells bears no constant relation to the size of the animals or plants in

which they are found. 0

123. All living things in nature exist in the form of whole, individual organisms some of

which are acellular and some of which are cellular. 3

124. The bodies of most animals exhibit some degree of spherical, radial, or bilateral

symmetry. 0

125. Bilateral symmetry, that exhibited by the majority of phyla of animals, is character-

istic of organisms that move actively about and is associated with a distinction between

anterior and posterior ends of the body and most frequently with the localization of pri-

mary sensory structures near the anterior end. 2

125a. All the more complex organisms have a basic body plan that is related to the activities

of the organism. 2
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126. In general, the plant body reflects a way of life based on photosynthesis and sessil-

ism. It is built for a maximum surface exposure. 7

127. The requirements of locomotion and alimentation affect not only the general shape

and form of animals but also require a number of structural systems not needed in

plants.

128. In living organisms, body form is secured and maintained either by consistency of

tissues and internal pressure of the body fluids, or by the secretion of special sub-

stances which are formed into supporting tissue.

129. From the single-celled organism to the multicellular organism, there is an increas-

ing complexity of structure accompanied by a progressive increase in division of

labor.

4

2

5

130. Specialization in function is usually accompanied by specialization in structure. 11

131. In all organisms, the higher the organization the greater the degree of differentiation

and division of labor and of the dependency of one part upon another. 5

132. Organisms can be classified on the basis of their specializations in structure, function,

development, and evolutionary history, into more or less well-defined divisions and

sub-divisions.

133. In the modern scheme of classification, two kingdoms (sometimes three: are recog-

nized. Within each kingdom, there are main divisions or phyla within which are the

subdivisions of classes, orders, families, genera, species, and varieties. By assign-

ing an organism to a category, the taxonomist is summarizing much of the available

information concerning an animal or plant (or protist).

134. In organisms, the more similar the body structures and their mode of origin, and

59

56

the greater the number of such structures, the closer the relationship of the organisms. 40

GENETICS

Heredity

135. Heredity defines the path an organism will take as it develops in the particular envi-

ronments it encounters during its lifetime. 37
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136, Heredity supplies the native capacities of an organism; environment determines to

a large extent how fully these capacities will be developed. 18

137. The basis of heredity is the same throughout the living world, 9

138. Hereditary potentialities are carried from one generation to the next in the form

of the genes in the chromosomes of the gametes. Changes in heredity only occur

when the genes or chromosomes themselves are changed.

139. The sexual process introduces variability due to the combination of genes contributed

by the two parent cells. Sexuality has adaptive values to the extent that this varia-

bility is advantageous to the species.

140. Just as every cell originates from a cell, every chromosome originates from a chro-

75

11

mosome; every gene from a gene, and every DNA molecule from a DNA molecule. 24

141. As far as is known, the modifications which environment may produce in an animal

or plant during its lifetime have no effect on the potentialities it transmits to the next

generation.

Chromosomes

142. All cells within one multicellular individual, except the gametes and spores, are char-

acterized by the same chromosomal content; they all originated by cell division from

a common cell. (Except for polyploidy, somatic mutation, mosaics, etc. )

143. A given region of a chromosome is concerned primarily with a given physiological

and biochemical process; and in this sense, at least, different regions can be re-

ferred to as units, as genes.

7

15

20

144. Each kind of living thing has its characteristic chromosome number. Different spe-

cies show great diversity in number, size, and form of chromosomes. 12

145. In many organisms, genes on a known sex chromosome or pair of sex chromosomes

are directly concerned with the determination of the sex of the individual. 5

146. In fertilization, the egg and sperm each contribute their half of the specific number

of chromosomes to the zygote thus restoring the diploid number to the offspring. 10
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147. Asexual processes of reproduction (excluding meiotic sporulation and parthenogene-

sis) tend to produce offspring which are genetically identical. As long as the envi-

ronment remains relatively favorable, asexual methods of reproduction are bene-

ficial in that they aid in maintaining the existing pattern of characteristics adapted

to this environment.

Genes

1

148. The hereditary characteristics possessed by any organism depend upon the DNA of the

genes that were transmitted to it in the chromosomes of the reproductive cells re-

ceived from its parents. Their expression, however, is influenced by environment. 61

149. All the genes contained by the chromosomes act together to bring about the develop-

ment of the organism. 5

150. It appears that genes do their work through the control of specific enzymes in that DNA

codes RNA, RNA directs enzyme formation, and enzymes regulate chemical reaction. 32

151. In most cases, a character is not determined by a single gene, but by the interplay of

two or more genes; in this interaction the genes may interfere with, modify, counter-

act, or reinforce each other.

152. Genes that lie in the same chromosome tend to remain together in reduction division

6

(of meiosis) so that the characters which they determine are linked in inheritance. 3

153. The greater the distance two genes lie apart in the chromosome the more often will

they separate and cross over when a chromosome fragments and part of it adheres to

another chromosome.

154. The sex chromosome may carry the genes for a number of characters other than sex.

3

Such characters are sex linked. 4

155. Although DNA molecules duplicate themselves with great accuracy, occasional errors

in the process result in mutations which are permanent changes in the genetic mes-

sages to the cells and may affect any aspect of an organism's development or life. 44

156. New genes which give rise to new hereditary potentialities, arise by random altera-

tions in the DNA. 25
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Mendelian Laws

157. Since the genes of the two parent organisms combine at random during the process

of fertilization, the characteristics which appear in individuals of the following gen-

erations occur in certain predictable ratios. 20

158. In the second and later generations of a hybrid, all combinations of the parent char-

acter occur and in a definite proportion of the individuals. 15

159. When the sex cells of a hybrid are formed, the two parental genes separate unaltered.

Each sex cell contains one gene of the original pair. 2

160. In a pairing of two dissimilar genes where one of the genes is a dominant one, all

progeny in the first generation of hybrids (the F1 generation) will express this domi-

nant character. When neither of the two genes is dominant, the individuals will

express both characters which results in a mixed or blended expression.

161. Some genes, said to be recessive, do not have any obvious effect on the development

of the organism when they are present with a dominant partner gene (allele) but show

up when the allele is also recessive.

162. In a cross of the F1 generation of hybrids, the genes which determine the characters

of the F2 generation are segregated in the gametes so that a certain percent of the F2

offspring possess the dominant character alone, a certain percent the recessive char-

acter alone, while a certain percent are again hybrid in nature.

163. In polyhybrid crossings (F2 individuals with two or more pairs of hereditary characters

being studied) all possible combinations of the parental characters are shown in char-

acteristic ratios (when linkage does not occur).

164. Genes in any one pair of chromosomes are assorted during hereditary transmission inde-

pendently of the genes in other pairs of chromosomes.

Radiation

165. Radiation may affect the body cells of the individual (particularly during normal cell

7

8

7

3

1

division) or may cause mutations in the gametes. 44
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166. Various external agents act to increase the rate of gene mutation, the most effec-

tive among them being high-energy radiation from X-ray machines and radioactive

sources (ionizing radiation).

167. The term mutation can be applied to two rather different occurrences: (1) qualitative

changes in individual genes (gene mutations), and (2) chromosome breakage and re-

construction (chromosome aberrations). Both kinds of mutations occur spontaneously

and both are increased in frequency by high-energy (ionizing) radiations.

EVOLUTION

35

43

168. One of the most "constant" features of natural phenomena is variability. 10

169. Living things, even of the same kind, are never exactly alike, not even with regard

to single traits (characteristics) such as color or shape. 13

170. Plants and animals in the course of generations are changed; the individuals and types

best adapted to their life situations are the ones most apt to survive. 40

171. New types of living things arise through genetic variations in previously existing

kinds. 30

172. Sexual reproduction increases the variety in a species population. The greater the

variety within a species, the greater the chances of adaptation (through natural selec-

tion) to changes in the environment. 9

173. Spontaneous changes called mutations occur at random in the reproductive cells of

organisms. These are inheritable and may be passed on to the offspring in succeed-

ing generations. 28

174. Likenesses to parents will be inherited to the extent that the genes of the offspring

are the same as those of the parents; variation will be inherited to the extent that

mutation, recombination, or both, have changed the genes of the offspring. 33

175. The mechanism of evolution may be described as natural selection acting on the

inheritable variations of a population. 20
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176. Populations may become quite different over long periods of time. This results pri-

marily from the operation of such factors as mutation, selection, migration and iso-

lation.

177. Mutation, recombination, selection, and isolation (barriers to cross breeding) are the

28

principal mechanisms of evolution. 9

178. A new adaptive character may give its possessors a definite advantage over other mem-

bers of the species; so that its frequency may increase in each generation until it be-

comes a characteristic feature of the species. 38

179. Most of the modern species are of relatively recent origin, having evolved from

others in the past and probably continuing to evolve into other species. 18

180. Adult organisms that differ greatly from one another but which show fundamental

similarities in embryological development are believed to have originated from

similar ancestors. 1

181. In organisms inhabiting similar environments evolution has often produced conver-

gence. Animals of diverse origin living among similar surroundings tend to become,

at least superficially, alike and they often develop parts that have the same func-

tion. 1

182. Isolation of a piece of land or a body of water from the rest of the world permits its

animal and plant inhabitants to evolve along their own peculiar lines. Each popula-

teion tends to become more uniform through inbreeding. 17

183. If mating is random, if mutations do not occur, and if the population is large, then

gene frequencies in a population remain constant from generation to generation

(Hardy-Weinberg Law).

184. Evolution consists of (1) appearance of inheritable variations by sexual recombination

and mutation; (2) spreading of these variations through a population by differential

reproduction in successive generations.

6

14

185. The general course of evolution has been toward specialization of generalized struc-

tures and toward specialization of chemical and physical processes. 11
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APPLIED BIOLOGY

186. Plant and animal diseases are caused by numerous physical and chemical factors

and by various parasitic organisms. 435

187. All communicable diseases are caused by microorganisms; for each communicable

disease a specific microbe exists. 8 2

188. Viruses require living cells for their growth and they multiply only within living

cells. 66

189. Organisms possess external and internal defenses against infection. These may be

structural, physiological, or both. 65

190. A parasitic organism harms its host in various ways and to various degrees: by actively

attacking the tissues, by liberating poisons (toxins) which are distributed throughout

the body of the host, by competing with the host for food or even by making reproduc-

tion of the host impossible. 69

191. Measures which control parasites may be those that prevent infection and those that

eliminate the parasitic organism after infection has occurred. 113

192. Certain one-celled organisms escape adverse conditions by forming highly resistant

spores which often survive until conditions are again favorable. 11

193. Fermentation, souring, and putrefaction are brought about by living micro-

organisms. 22

194. After prolonged use of certain drugs some disease producing bacteria develop a

resistance which can be passed on to other bacteria.


