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PREFACE

'

At the.time that the Curriculum Resources Group of the Institute for
Services to Education held itsfirst summer conference for the teachers of
the Thirteen Colleges Curriculém Program in the summer of 1967, there was ,
a feeling among the member institutions that they could turn out better
students, students more able to meet the competition for jobs needed for ‘
survival. There has been a gap between the’ academic attainment of many high
school graduates, especially those from rural areas, and the expected levels
for such graduates that is actually a tradition. The black college, in parti-
cular, has for decades found that it has had to engage in "gap-closing" acti-
vities injorder to produce college graduates who could tontinue to meet the
competition for jobs. Of course, as in any human endeavor, *they were not |
able to achieve this 100%, nor did they feel that they were going about it in
100% the right way. It was a period, too, when the Civil Rights movement was
spurring integration, including more widespread Integration of public elemen-
tary and, secondary schools as well as colleges in the south. , The future of
black colleges was being weighed, perhaps even without their permission. Some
colleges realized that it would be very desiraple to improve the auality
of their graduates. .
At the same time, although it may not have been admittedly a very direct

cause, there was an increasing demand heard from students in colleges all over
. America. As the 1960's dawned, the '"silent *generation" became a militant . :

‘generation with confrontation politics its usual tool sinstead of debates in
impotent student councile. Although there was only a vocal minority of
students voicing protestations about teaching practices in American colleges, ,
including the predominantly black colleges,. their points of view were aooarent-
1y shared by the great "silent majority" of the other students. These students
were not content’'just to sit and listen to the opinions of their teachers nor
to the recitation of facts without the opportunity to ask questions about the
application and relevance of points of view to the life that these students
perceived as being theirs. There was an increasing restlessness about admini-
strative procedures as well and a growing insistence that the student be
allowed ‘to have a larger participation in the formulation of his educational
plans so that his attendance atﬂpollege would contribute more and more to his
personal and career goals. Theé@ goals were being shifted from that of mere
personal achievement to an enlarged participationnin‘the 1lifa of the community
as evidenced by students' responses to opportunities for work in the Peace Corps,
the Civil Rights movement and the Black Community as put forth by various ad- .
vocates of Black Powerrf“?he Thirteen College Curriculum Program in part re-
presents a respcnse tojand recognition of the legitimacy of these protestations
as well as the recognition by the colleges that the materials and methods of
teaching thi's generation of students would represent an almost-.xadical depar-
ture from the traditional means and aims of higher education in the United
States. Furthermore, students in predominantly black colleges were béing
faced with increasing competition for.the,jobs available to college graduates.
A growing national population, a rapidly expanding technology, the burgeoning
of the value of the gross national product, and other factors,nindicated\ghat*~
the quality of education of the black college graduate had to be improved
in order for these young people to gain and keep the jobs) that mean economic
survival for their generation. % !
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On the other side of the coin the high mobility of the American population,
the pictorial presentation of 1life in the United States and around the world
on television programs brlngs home to young people a kind of futility about a
vigurous preparation for the future. Born in the era of the atomic bomb, the
occupation of territories won in World War II), ihe rHorean conflict, and the .
; long, escalated and deadly war in Viet Nam, they are torn between becoming !

usefully educated and the uselessnéss of becoming educated.if their end is%

3 to lie dead in some far-off jungle. Yet, amid their’ torment and despair over B A
these clrcumstances, young men who can af.ord to go to college ecan do so with
+ the hope that they may escape the fate that awaits the less peCUnious and . -

intellectually-prepared of their generativn. These young men cSuld’ look
forward to deferments from military.service as long as their college grades

were acteptable to their local selrcrive service boards, but no more.

These conditions tend to marshall the demands of students around the

ideas that if they must study, in fact just to stay alive, (much less contri- .
bute to the solution of the non-military problems of our time) their educaticn L
.must be able to help them survive today It cannot be highly abstract--some-
thing that they would take out into the real world and test and then finally

. gain experience and perhaps success. They see success depicted on television, .
they hear the great ideas of our time, they see the personalities that shape
the néws in politics, business, education, science, and all other areas of N
11v1dg Yet, in making the college experiences of students relevant to thelr .
lives the probedﬁre must still remain "education' .as compared with "training.'
The technology of our time advances too rapidly to concentrate solely on how
to do practical things. The nature of the problems facing our society must
still be understood and the methods-by which successful solutions have been

) evolved in the past must still be communicated if indeed the college experlence

. will be relevant for the present generation.

L
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The present volume has been written and compiled as an aid to teachers
of introductory biology who feel a commitment to provide the best education
in this area for their students. There is nothing magic about the materials,
for they mgy be used in ways not intended by the authors. Their strength
is that they not only permit, but usually require, inductive teaching methods.
Also, since these materials are not related to a single book, but many books,
there is great flexibility, permitting the tedcher to use them at the level
of the highest abilities of his students. They also reflect the view that
it is better to teach some topics well than many topics poorly. Therefore, i
the topics selected are those in each area of -greatest ipterest to students, .
teachers and the development staff. This means some important tgpics have .- ‘
not been included, but also that better understanding in addition to memory
is sought. Of equal importance is the aim of having students become familiar
with the way scientists gather information and reason about it so that they
may live freer of fear about natural biological phenomena in relation to .
themselves personally and as members of society. :
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ABOUT THE INSTITUTE, ¥OR SERVICES TO EDUCATION

h

The Institute for Services to Education was incorporated as a non-profit |
organization in 1965 and received a basic grant from the Carnegié Corporation
of New York. The organization is founded on the principle that education today
requires a fresh examination of what is worth teaching and how to teach it.
ISE undertakes a variety of educational tasks, working cooperatively with .
othér educational institutions, under grants from government agencies and
private. foundations. ISE is a catalyst @or change. It does not just produce
educational materials .or techniques that are innovative; 1t develops, in
cooperation with tﬁdbherb and administrators, procedures for effective in-
stallation of successful materials and techniques in the colleges. - .

ISE is headed by Dr. Elias Bl.ke, Jr., a former teacher and is staffed
by college teachers with experience in working with disadvantaged youth and
Black youth in educational settings both in predominantly Black and predominantly
white colleges and schools. A
ISE's Board of Directors consists of persons in the higher education .
system with histories of invclvement in curriculum change.’ The Board members
are: '

Vernon Alden Chairman of the Board, The Boston Company, Boston,
Massachusetts - :
Herman Branson President, Lincoln University
" Kingman Brewster, Jr. President, Yale University ‘
Donald Brown ' The Center for Research,on Learning and Teaching,
University of Michigan '
Arthur P. Davis Graduate Professor in English, How¢rd University
Carl J. Dolce ) Dean, School of Education, North Carolina State University
Alexander Heard : Chancellor, Vanderbilt University
Vivian Henderson President, Clark College Y
Martin Jenkins Director, Urban Affairs, ACE ~
Samuel Nabrit " Executive Director, Southern Fellowship Fund, Atlanta, Georgiz
Arthur Singer Vice Pregident, Sloan Foundation, New York,'New York™
Otis Singletary President, University of Kentucky
C. Vann Woodward Professor of History, Yale University - v
Stephen Wright Consultant to President of CEEB '
Jerrold, Zacharias Professor of Physics, Massachusetts Institute of Technology

ABOUT THE THIRTEEN-COLLEGE CURRICULUM PROGRAM _ :

L 4

4 From 1967 to the present, ISE has been working QOOperatively with the Thirteen-
College Cornsortium in developing the Thirteen-College Curriculum Program. The
Thirteen-College Curriculum Prggram is an educational experiment that includes
developing new curricular materials for the entire freshman year of college in the
areas of English, mathematics, social science, physical science, and biology and -
two sophomore year courses, humanities and philosophy. The program is designed
to reduce .the attrition rate of gentering freshmen through well thought-out, new
curricular materials, new teaching styles, and new faculty arrangements for in-
struction. 1In addition, the program seeks to alter the educational pattern of the
institutions involved by changing blocks of courses rather than by developinb \
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single courses. In this sense, the Thirteen-College Curriculum.Program is viewed
not, only as a curriculum program with a consistent set, of achdemic goals for the
separate tourses, but also as a vehiclg to produce new and pertinent educational
. changes within the consortium institutions. At ISE, the program is directed by
Dr. Frederick S..Humphries, Vice-President. The curricular developments for the
specific courses and evaluation of the program are provided by the following

persotis: : ) r \, s
Course - ISE STAYF
" English ) MiSo Joan Murrell, Senlor Program Associate . . \
’ ‘ Miss Carolyn Fitchett, Program Associate
‘“ ) Mr. $loan Williams, Program Associate

Miss Tiveeda Williams, Research Assistant
Miss Ernestine Brown, Secretary

Social Science Dr. George King, Senior Program Associate -
Dr. William J. Massie, Jr., Prograp Associate -
Miss Nancy SerourQ Research Assistant :

: Miss Gloria Lowe, Sechtary ‘

Mathematics Dr. Beauregard Stubblefield, Senior Program Ascociate

' N ! ' Mr. Bernis Barnes, Program Associate
Dr. Phillip McNeil, Program Associate

Dr. Walter Talbot, Consultant > Y
- . Mrs. Debrah Johnson, Secretary
Physical Science Dr. Leroy Colquitt, Senior Program Associate T
Dr. Ralph Turner, Consultant ™ . R
: . Mrs. Cynthia Paige, Secretary A
IXHology ) , Dr. CHarXes Goolsby, Senior Program Associate )

Dr. Daniel Obasun, Program Assoclate \
-Dr.kPaul Brown, anSultant )

’ ;N-& [ !
Humanities ‘ . Mr. iéifford Johnsofl, Senior Program Kssociate "
. ) Miss Marguerite Willett,.Secretary —

Philosophy : Dr. Conrad Snowden, Senior Program Associate
- 4 Dr. Henry Olela; Program Associate .
4 e Miss Valerie Simms; Program Associate ' N
: Miss Judith Burke, Regeatrch Assistant (
\ Migs Faith Halper, Secretary . &~ . )
-Evaluation ’ " Dr. Thomas Parmeter, Senior Research Asscciate . L
. Dr. Joseph Turner, Senior Research Associate
Mr. John Faxio, Research Assistant
Mri: Judith Rogers, Secretary TN
7 5 )
» In addition, Miss Patricia Parrish serves as general editor of the
curriculum materials as well as an Administrative Assistant to the Directors
* Mrs. Joan Cooke is Secretary to the Director. i

The curriculum staff 1s assisted in the generation of new edticational
ideas and teaching .strategiés by teacpers in the participatthg collegs and
outside consultants. Each of che curriculum areas has its own advisory committee, .
with members drawn from distinguished scholars in the field but outside the
- program.

N [

1 PN O

ix




. LR .
[y ‘ { H
.
.

The number of colleges participating in the ;rogram has grown from the
original thirteen of 1967 to nineteeh in 1970. The original ‘thirteen colleges

are: '
Alabama A and M University Huntsville, Alabama
Bennett College . Greensboro, North Carolina
Bishop College Dallas, Texas !
Clark College i Atlanta, Georgia
Florida A and M University Tallahassee, Florida ‘
" Jackson State College * Jackson, Mississippi
' Lincoln University * Lincoln Univérsity, Pennsylvanla
Norfolk State College Norfolk, Virginia .
‘North Carolina A and T State e Y
University . Greensboro, North Carolina
’ . " Southern University - . Baton Rouge, Louisiana
. Talladega College Talladega, Alaoama
X " Tennessee State’University Nashville, Tennessee
’ Voorhees College Denmark, South Carolina (t
A fourteenth college joined this consortium in 1968, although ic is
still called the Thirteen-College Consortium. The fourteenth member is
Mary Holmes Junio?‘eollege West Point, Mississippi *
In 971, five more colleges joined the effort although linking up as
a separate consortium. The members of the Five-College Consortium are:
Elizabeth City State .University . Elizabeth City, North Carolina,
Langston University Langston;yOklahoma 1
Southern Unive ity at Shreveport " Shreveport, Louisiana ‘ '
~Saint Augusti e's College . Raleigh, North Carolina’ - ; .
Texas Sbuthern University Holston, Texas o \\’-
. The Thirteep~College Curriculum Program has been supported by grants
a from: i . N .
The Office of Education, Title III,.Division of College Support
The Office of Education, Bureau of Research
The National Science Foundation, Division of the Undergraduate
Education . {
' The Ford Foundation N
* The Carnegie Corporation
The ESSO Foundation ‘/ . -
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. CHAPTER 1 -~ CURRICULUM PLANNING FOR EXCELLENCE IN EDUCATION
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Imagine, if you will, two stone-age families. One is headed by a
Mr. Chipsland the other by Mr. Block. Both make stone axe heads, but
Mr. Chips makes a sharper edge on his blades than does Mr. Block. The
result is that Mrs. Chips can cut the firewood more easily than can Mrs.
Block and she more easily skins the game Chips brings home. ‘
In addition, Chips seems to be more confident that he will survive
his encounters with bears or whatever he meets in the forest. He also
seems to have more ~ime for sitting around his fire sucking on the bones -
“of his last barbecue,telling of his 'exploits (probably a bit boastfully and
with considerable exaggeration), or strengthening the defénses of his
domicile. :

Block might reasonably consider Chips to have a better iife tharf his,
and upon further mulling over of the idea, probably conclades that if he
could make his axes sharper, perhaps, he might enjoy the same benefits as

» his neighbor. He, thus, senses the need for education, that is, to learn
how to do something he apparently doesn't know how tprdo at the time. So,
in his highly motivated state for lzarning, he persuades Chips to show him \
how to make a better axe. Chips agrees, but on the condition that Block
pay him a hundred rabbits. Thus, a professional school is born. More
neighbors come, and Chips finds that he gets so much -game from his
students that he doesn't négﬁ'to go hunting anymore--he has become a
professional educator. .

Part’ of the process for making sharp stone axes consists of heating a

stone in the fire and dousing it with cold water before striking it with

- another unheated rock. While carrying out this process, two students of
axe-smithing discover that the rocks give up metals--gold or copper. One
takes to making axes of gold and becomes known as Mr. Goldsmith, and the
other'makes axes of copper and becomes known as Mr. Coppersmith. Their
axes are good, but expensive.' They are sharper than stone a...s, but are :
somewhat @asily dented and dulled when they hit hard objects, like a skull.
However, {it is egsier to resharpen them.

w

. Mr. Chips, not being very good at all at making axes of gold or copper,
takes to the social persuasion of his friends to the view that stone axes are
superior to the new-fangled metal ones. He forms his stone-axe students into
4 club or guild for the production and sale of stone axes and begins to
recruit more students to stone axe-smithing so that he will not have to
go back to the life of the hunter. Goldsmith counters by diversifying his
production to include ornamental dodads for decorating wives and sweet-
hearts and Coppersmith moves to meet competition by producing cups, pots
and kitchen knives.

1

X1

A whole néw technology is created, a new business situation is generated,
and the need for more and more specialists for the making of stone axes, gold
jewelry and copper pots increases. Different kinds of schools are needed—-




one for training smiths, another for accounting for the raw materials,
production and payment of workers, the evaluation of profits, and still others
for training musicians, dancers, artists, writers, and the like, to provide
entertairdment, not only for the now affluent, but also for the common man

as well. The generalized Mr. Chips and Mr. Block beccme superceded by a
complex, interdependent group of specialized {ndividuals differentiated into

a soctety, a culture, a community...and at the heart of it all is the school.

In the above parable we note that as technology changed the society and
created newer and better ways of doing things, that there were conservative
forces acting to retain that which was old, tried and true-~-the old stone
axes--reliable, but quite useless for the finef work. and more sensitive
aesthetic '‘needs of a more refined culture. American education is a- N
far cry from the stone-aged school, but the purposes of the school and its
position in the culture remain at-the heart of the system. The" school 1is
not only a place to learn how to do things, but a place to learn about
solving problems, real and theoretical, as well as a place to discover things
that are useful to mankind {for both good and bad social purposes). The
"goodness" or "badness" of education, then must revolve about its ability to
prepare people (of whatever age) to do something useful and desirable in the
society. Frequently in America this purpose has been captured and controlled
by individuals and special interest, groups to produce a preponderance of
graduates with a particular skill, point of view, orientation, or motivation
toward, their own personal gain, and the exploitation of individuals for the
beneflt of the special interest. In effect American education has had at
various times its numerous' stone axe' advocates pulling against the strlvings
in education for newer ideas and techniques. 1In order to keep from slipping -
too far back, schools plan curricula that are as forward-looking as liberal
educators are. permitted to make them, and which contain compromises with the
"stone axes" in our system of schools.  Because of this, there has to be careful
planning for progress. Good planning does not assure a good program of educa-
‘tion, but no planning is almost assured of resulting in the individual school
returning to-a ground state of "stone axes."

Ml

4 ’
AN OUTLOOK ON CURRICULUM PLANNING ..

1. What is "good" education? Some economists would like for it to produce both
worke¥s and managers. Some national planners wouwld like for it to generate
people with imagination and new ideas for the solution of the socio-political
problems on vne hand, and a large mass of unquestioning followers oun the other.
For many teachers it means sharing with the younger generation what they have
found to te useful and workable‘in their experiences (as a rule). For

students in America it means an education that helps them to fit into the
.schemes laid out by their elders on one hand, and the ability to forge ahead
into new areas of endeavor and concept (not yet fully accepted by most of

the preceding generation) on the other hand.

There is much discussion about the generation gap. It does exist. Many
people believe it is a characteristic of adjacent generations (of an average

by}




- tion. That is to say;}the change taking place in the viewpoints of 1l6-year

age difference of gbout ten years), when most of what they observe are the
the progressive differences between three or four or more decades of separa-

olds is gradual over a 10-year period buc radical over a 30 or 40-year period.
The gap is reduced by the degree to which adults have moved with the changes
in the technology’ and society, so that most 20-year olds may find that they have
little difficulty with the. genzration gap when dealing with their college
teachers who are either only slightly older, or 40 years older (provided that
those teachers ‘have not been assiduous conservatives clinging to their "old
stone axes'). Because teachers must communicate -wfth their students most
academicians find it necessary to constantly broaden their experiences along
with those of young people they teach. The-result is that at 70 they under-
stand the 20-year old's experience, but with the advantage that they may
evaluate it in the light of a considerable evolution and history.

We feel~that the best education'is one in which:

‘Teachers make fresh examinations and assessments of the teaching
materials as to what is important, interesting and relevant,

the curriculum includqs items that are attractive and. 1nteresting
to the student, and in which

there is an effort made to fit these two things together.
]
In this way the experience‘tlzachers can be used to observe the éha;lges
occurring over a span of time and perhaps see some directions of development.
Unfortunately, human endeavors frequently do not follow the expected, so that
there .is no guarantee that the more experienced and gven more knowledgeable
adults will make accurate forecasts about what will be the most important or '°
useful things at some future time. The problems are many, however, so that
if a student has an interest in any problem area (discipline), teachers can
help develop skill, thinking and information about that problem area
in students. In this set the ways of thinking are important for the solutions
to problems may not sometimes be found by traditional methods. However, some
traditional skills and endeavors are necessary in oxder to live in a society
in which a good proportion of,the membexs belong to the older, more experienced
group that make current policy and. regulate current practice. For example,
one must use traditional banking practices, but may use the money he has in
very untraditiond) ways. ] A
In our view, than, a '"good" educatiom (or a quality education) is one

in which the above things are accomplished. 'Poor" education, or '"poor
quality' edutation, tries to fit students into fixed patterns of behavior
and does not take their interests and aspirations into corsideration. *

2. The curriculum must be flexible and able to change to meet new demands
and needs in our society. The changes in technology, in the interests of
students, and what the culture makes important to people are features to
which college curricula respond. A curriculum should not be considered good
for several years, but, instead, should be revised periodically. In fact,
there should be continual study of what should be added and what should be
dropped from the curriculum. This does not mean that things must be .changed

/
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just for the sake of changing them. However, where there are alternatives, it
does add variety and change of pace to use different choices at different
times. Very often curriculum workers make changes in curriculum under the
guise of "innovation" when, in fact, they are merely using materials that
have been previously dropped or are in an alternate, .unused category.

. An example of curriculum change d:e to chdanged interests conceras
space. American and Russian exploration ofthe.moon has created a
lot of intefest in the moon, its origin, composition, and the technology of
space- travel. These then become new areas for inclusion in curricula. But
since most courses _are limited by time, that is, the time in an academic
quarter or semester, it means that some other topics must be considered in less
detail or dropped if space reseavch is added. An example of curriculum change
because of a change in’ 1nformation would be those dealing with our ideas on
the states of matter. For some years it has “DPeen taught that water going
from ice to water to steam does not undergo chemical changes. Now (1970)
there have been several research articles dealing with the amount of hydrogen
bonding in water at various temperatures and its effect on the heats of
fusion and vaporization, surface tension, and ability to hold solutes in
solution that depend upon chemical changes (hydrogen bonding). .
3. No master plan will serve all situations adequately. In designing curricula
for the college, we recognlze that colleges tend to feel that they are
autonomous bodies. Through consortium arrangements, they come to feel
support for some ideas and actions. Quite apart from what the higher administra-
.tion wgnts in colleges, department chairmen and teaching faculties tend to
want t\ do their favorite things (which may include some '"stone axes'"). 1In
the ISE~gponsored types of curriculum the interests of students is a paramount
consideration and these interests vary.from school to school. The present
solution lies in providing a curriculum broad enough to permit selection of
a course that can be varied within the tested materials in order to meet these
varying student and teacher interests.

4. A curriculum is the result of many groups working together. Curriculum
development is a process that takes into consideration the 'interests of
stude#ts, of teachers, of,curriculum planners, and of the private and public
funding agencies that support the project. If the result is to be useful, it
requires the honest participation of all of these groups. New curricula mean
new opportunities to eliminate student boredom from dull or uninteresting
aspects of subjects being introduced. There is no such thing as useless informa-
tion, so what does it matter if the topic seems ''not important' to the teacher.
If the student thinks that it is important. or relevant, thea it is. The
experienced teachet also knows, however,that there are some "basic" ideas and
techniques that students need to know if they are going to succeced, and if there
is to be contact with present reality as students go off into the wild, wild
blue of their own interests. College teachers seem to want (in the main) to
teach the more specialized advanced courses or to teach that which they learned
long ago as "fundamentals." It is best to begin within the experlence area of
the student. He must then be coached by teachers to expand the horizons of his
perceptions and knowledge in order for him to have the broad viewpoints which
will provide flexibility and adaptability in ‘the kind of society that he




finally comes to work within. Curriculum workers and specialists must keep
in touch with the reality of student thought and aspiration. They must also
be aware of the general tendencies of teachers to be sympathetic toward
change as well.,as their inability to' overcome the inertia of exchanging “_
their favorite ideas. and favorite methods (no matter how much of a ‘'stone —
axe' they may be) in favor of the more refined and more sensitive teaching
techniques, and the latest confirmed information. " .

N / ) . . . ;
While the contributions of each of the mentioned groups is needed, curriculum
development is not the exclusive property of any one of these groups.

N .

SOME DEFINITIONS . -

We have been using the word "curriculum'" as though it was universally
understood in the same ways that we will be using it.
'

The curriculum encompasses all of the teaching or of the learning
opportunities provided by the teacher, and, as such, includes the course
content, the technical teaching apparatus, and the teaching method or style.

v

\
\
‘ ' The amount of materials offéred by the teacher is greater than individual
students usually assimilate, so that they get graded accordingly. The term ﬁ
"learning opportunities" reflects the idea that it, is the studgnts' responsibility ‘
to recognize and take advantage of the reading, discussions, and other |
experiences offered. A complement of this, idea of the school is as a place
where teaching takes place.’. We will elaborate upon the differences between
didactic and inductive teaching later, but in general, teaching is used here |
R to mean that someone helped tha student to arrive at understanding about |
the topics being considered. The teaching presented represents the curriculum ‘
" had. If the student was inattentive, absent, or couldn't see or hear, then
he will not have participated in part of the "curriculum had," so what he
ends up with is the curriculum experienced. Curriculum planners develop/a
curriculum planned, but there are opportunities for losses due to entropy
(disorganized energy) between it and the curriculum experienced by the
student. Perhaps more impbrtant is the fact that curriculum planning results
in the kind of curriculum provided. For example, in college the course of
lectures appears to have great efficiency for the teacher but not for the student
so that the well-planned lecture course may still be one with great entropy and,
therefore, with great inefficiency. The student perceives a per cent, say 10
per cent, of what is said, so that by piling 1000 items of information on him he
may learn 100 of them. Curricula designed around inductive teaching is more
efficient for arriving at understanding so that only about 500 items of
information, for example, is needed to bring learning up to 100 items. The
entropy in inductive teaching methcds is found in the amountsof information that
can be transferred per unit of time, but other kinds of factors, such as
better perception, more detailed or complete information transfer, and the
"ability to think" may make this a more valuable method in the end.
|
\
|

[y

A curriculum plan is the arrhngement in advance of teaching-learning
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situations for a particular group of students. The curriculum is the same

as the program of the course, so that the curriculum plan is the intended .
structure for the course. The ISE courses are planned out of the available
units of study. These have been tested for their general interest to students.. .

The ISE units are then usable in a variety of orders but the teacher should,
and in most cases is asked to, have a curriculum plan before the term begins.
At the consortium level, curriculum decisions are made during the summer
conference as to the content, teaching aids, laboratory work and the like.

A curriculum guide or teacher's guide is a written curriculum plan.
Actually, these terms Liave broad interpretations. Such guides will contain
statements of curriculum scope, objectives, content, resources, and the like,
supplemented by newsletters and bulletins. - )

i

Facters Affecting Curriculum Development

. There are_éeveral determinants affecting the structure of the curriculum--
the students. Among these we may include:

-

the aims of the college,
the nature of knowledge,
the process of learning, and .

‘the impact of the society.
. ~
These determinants serve as guides to curriculum planners which will
include the concerns of professional educators, such as the ISE staff,
academic administrators, and' teachers, students} and funding grantors. All
of these participate in curriculum decisions as to the characteristics of .
a good curriculum, organization and selection of content, the style and
method of instruction, and what parts will be left to the planning of teachers
for particular classes. These decisions result in curriculum plans for the
instruction to be offered by the teacher and shared in by the student.’

What dre the Forces Affecting Curriculum Decisions?

The dec&sions about what goes into a curriculum are finally influenced by
several forces. These include:

Traditions
The Federal Government
Foundations

Secondary Education .

Accreditation

~ h




Teachers

Téstiné Programs

Educational Research
H

Public }nteregf

Special Interest Groups .
Authors and PUGEishérs ' ) ¢
Critics of American Education

, Tradition is important in education because it reflects the important methods
by which the young have been educated (well and poorly) in the past. The array
of methods is the range of methdds whereby groups of young people have responded
well to educAtion. In some cases they succeeded in spite of the method used.

In general thé methods can be divided into the traditional (those that '"show
me") and liberal (those that encourage thinking-through and problem-solving).
Some milesténe educators in the liberal tradition are listed in Chapter 2. 1In
general the liberal educators maintain that there are better wavs to organize
learning experiences so that learning is faster, less painful, more thorough,
and so forth. - \ . . )

In the United States there is a strong tradition favoring public education.
There were about 20 college graduates in the pilgrim group of 1620 that ‘
founded the Massachusetts Bay Colony. It was there that John Bridge founded the.
first public school, there the first American university was founded, and there
the first high school was organized. Curriculum has betome more complex as
thé nation has grown and its technological demands have increased. It has
been varied to make education an effective force in the democratic process,
and the open socio-economic system in America.

On the negative side, tradition operates to hold back progress. The
first objection many teachers (and even laymen) make to a-new curriculum
proposal is !'We've never done that. We've seen what we have work— why do
we have to change?" In reviewing what is '"best” one is not evaluating what
s 'oldest" or '"newest."

The Federal Government does not operate a public education system, but
that does not mean that it does not have an influence upon what happens in
the public schools and, indeed, what happens in colleges, universities and
research institutions. The National Defense Education Act of 1958, and
additions to the Act to 1964, provided for special financial assistance to
simprove instruction in science, mathematics and modern languages, and to
improve guidance and counselling services. The National Defense Education
Act Amendments of 1964 broadened the scope of the Act €6 include "other
critical subjects" in Title III (equipment and materials): history, civics,
geography, English and read}ng, and to provide for teacher institutes

L
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(Title XI) in history, geography, modern foreign languages, reading, and
English, as well as for .teachers of disadvantaged youth, and for library
personnel and educational media specialists. It can be argued that
Federal agencies do not really control curriculdm planning since colleges .
do not have to accept grants for special purposes, and, therefore, do not
have to meet whatever requirements or controls the grants stipulate. But
the colleges and universities have usually been eager to take advantage of
any financial aid possible, so that to the extent requirements are stipulated
and met, there are forces on curriculum planning emanating from the Federal
governmental structure. The requirements of the granting agencies are not
usually considered to be unreasonablé, but rany educators, especially in
.the public school systems, consider the system of Federal grants to favor
certain curriculum areas. In 1964 the Educational Policies Commission of the
NEA recommended that "in view of the failure of the Congress to establish
general nation-wide Federal aid to education" that "education leadership
devote immediate and detailed attention to the improvement and spread of
categorical aids."'1 The Educa®ion Act of 1965 broadened the scope of aid.

~ N -

The participation of the Federal Government in educational reform
has grown steadily. 1In his Message on Education Reform to the Congress
(March 3, 1970), President Nixor indicated that "...cthe 1971 budget increases
funds for educational research by.$67 million to a total of $312 million."

' Other branches of the federal government spend considerable amounts for
education. Figures for 1968 are as follows: ' ‘
|

Expenditure Equivalent
Area in $ billions Man-years -
‘I'
Education .190 ) 4,500
Health . _ 2.400 59,000
R]
Agriculture .800 26,000

.

Foundations and other private philanthropic organizations have supported
a large number of improvements in education. In general they have chosen to .
support projects which have not been adequately funded by government agencies. |
While founcations expect that recipients of their funds will use them for. the =
agreed-upon purposes, it is usually easier to change directions if a fruitful S
course of action is indicated. Recent tax laws have been written to
change the tax-exempt gstatus ¢f foundations under certain circumstances. The
effect of these laws, then, has been to make foundations want more assurance
that their funds will not be expended in ways that will make them lose their.
tax-exempt status. ‘While Foundations and other philanthropy have supported

]The Educational Policies Commissioh, Education Responsibilities of the |

Federal Government (Washington, D. C.: National Education Association, 1964) |

. 18. , .
: 2AASA Committee on Foundations (Roy M. Hall, Chairman) Private philanthropy : |
and public purposes, Washington, D. C., American Association of School
Q  Administrators, 1963, p v. L : :
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operating expenses for some educational endeavors, their greatest significance

lies in the fact that the' have funded some projects of an experimental nature
*which later became accepted. } oo L]

A report by the Committee on Foundations of the American Associatian of

School” Administrators (1963)2 says that there are more than 15,000 private
philanthropic foundations with total assets of around $12- billion, from which

grants amounting to about $700 million are made each yedr. The private founda-
tions, however, do not have to repart to a L@gislative body like Federal agencies
eventually have to, so they do not feel the need to control curriculum projects
which they support. The AASA report went.on to say: . )

"Hopefully, the foundations, in cooperation with school administrators
e ~ and other educational leaders, will develop a more detailed set of ,
+ ‘standards, £0r’professional practices to be follcwed by the donors’
and the recipients of grants, Such cPiteria would do much to ensure,
insofar as is possible, that today's best practice becomes tomorrow s .
* ‘common practice. (If such criterla or ethics are- faithfully observed, .
new truths may be found, more and better educational resultg secured,
and the objectives ‘of a free society more ‘readily sé%eéuarded " .

Harold Monson (197095 has reviewed the situation since l93§, saying:

"Since 1963 several factors have entéred the picture to sharply change the |
current role of Foundations in the field of public‘éducation and, to give - ‘ |
school administrators, Boards of Education, schools of education, and |
governmental agencies responsible for the financing and operation of }

\

public education, additional urgenty in examining both the role of the ! |
foundations and the role of the schgol administration in their relationship _
to such philanthropy," ) o oL
. . i
< >

. Monson cites these factors:
5 i .

1. The continued growth of both the number and the assets of the foundations. -

1
-

"By the end of 1968 there were more than 30,000 such crganizations in
existence in the U. 8. possessing assets ranging in estimated-value of . |
from 40 to 50 billion dollars, and expending annually in excess. of $1.5 ‘
billion for programs and related expenses.'6’

- N .

|
|

2. The increasing cost of public education and the search on the part of local,
state and Federal governments for greater tax bases and tax income to support |

the increasing demand for better schools and services. . .

|

|

|

|

3. The recent entry into the field of more active support of education by the
Federal Goverpment,, exemplified by

0 The supply to regional centers and the U. S. Office of Education of
h )

|
large sums of money for developing innovations and research in education, §
,\ ) . evaluation of current and new practices, and various forms of
. corpensatory education' and the. dissemination of information derived
! *from all of these. . '

o Specilal emphasis on the improvement of education for the disadvantaged.
* This has taken the pressure off foundations for experimental support
5ut the increased costs of operation have shifted the burden to that

area.
0" A sharp change in the role and priorities of -the purposes and nature
L . of the grants given by the larger foundations, which -generally

IA.A

adjust their giving according to their own concepts of the needs of
tHe society they serve. . y _;J
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Secondary Schools interact with cqllegés, tending to provide courses that are
requijred for college entrance. f Conversely, most of the national ¢urriculum
projects through the 1960's have centered upon the secondary schools, so that
they have a variety of innovative, modern courses in science, mathematics,
and other areas. This increases the spread of backgrounds brought to college
by entering freshmen, with rural youth generally lagging in their preparations
while eity youth are more advanced, having bzen exposed to many topics in
traditional freshman courses, including biology courses, where the curriculum
improVement programs have operated. This places some resgonsibility on
curriculum planners to evaluate what is "freshman", level in the light of the

" kinds of curriculum students have been ‘exposed to'inlseconda schools. Such
an examination would almost certainly lead to revision of frgshman experiences
to’ include some normally in the exposure of upperclassmen. This revision °
downward leaves the college faculty upset and irritated because some of their .
favorite topics are being discussed znd some of their more interesting exercises
are being done at the freshman level and they must find some new topics and
experiments to do.

.
'

Accreditation by either state or regional agencies has done a lot to .
raise and keep higher standards in the secondary schools and in colleges and
universities. During the first half of the centlry they did good work. .There
is some question now as to whether they examine themselves often enough to
keep up with the fast pace of change in the society, The more generalized
apprbach to courses and subject matter, sucz/és in the ISE courses, runs
across sofffe of these ''requirements." Sta require "U. S. History to 1865"
& Dbut that may not be a relevant course toddy for f eshmen, Similar situations

exist with English literature and composition. The sciences are luckier, but
there are problems with a half—year of biology or a half-year of physical
science.

.

Teachers are a definite force in curriculum planning. Klohr and Frymier
(1963) vand others have observed that "significant progress in curkiculum
develdpment may not be possible until there is a general strengthening of the
. teaching profession’ through shifts in the power structure. Clearly; research
in the dynamies of curriculum change must cope with this kind of problem,
*no matter ‘how complex it is."3

Testing Prc;.dms may have an influence on curriculum planning. ‘There !
are two views to be considered. One 1s that the testing program should not )
have any effect upon the curriculum, but rather should be structured to survey
curricula offered. Testing agencies make available questions from old tests
but, in general,’ they do not reveal the content of the current test, so that
courses wil) be presented in such a way that they will teach about 1life and
the world, and not be constructed to pass the national, standard tests. The
tests most likely to be taken by college students are the National Teachers
Examination and the Graduate Record Examination, These are basically ashievement-
type tests. They are similar to the College Entrance Examination Board (CEES)
examinations and the Scholastic Aptitude Tést (SAT) taken by secondary school

v

3K1lohr, Paul R. and Jack R. Frymeir Curriculum development: Dynamics of
change. Review of Education Research, 33:318 (June, 1963).
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students. Bécgz;e of the competition for acceptance to collegéd, a number of .
high schools are known to teach courses designed :to  help their studenfs pass
thesetests, under the impression that high scores will aid their acceptance
at a cqllege. S ' ‘-
- i

The other view is that‘testing programs should have an effect upon the

- curriculum. By wérking .closely with ‘testing agencies, it is very possible

to work out® programs for this general purpose. Also, tezting agencies will
make available the bases vf the validity of ,the tests and also provide
current materials for study pdrposes by .faculty and curriculum developers so
that the educational purpose¥ og institutions will ‘be strengthened. This, J
view is held to be important for certain groups of students. What is taken

on a test shopld have been taught. Since it'is totally impossible to teach

all of a field of knowledge, why not teach those concrete principles or

fadtors which relate to the vealistic world in which one. lives. This does

not refer to specific items, but Black students should be prepared to pass

nationdl tests at high levels. Unless a young person is able to compete in

a competitive world using the same approaches that others use, they begin at

a disadvantagf which is imposed on them by those individuals who should be

helping them. . . » A ~

-

learning and the effect of teaching methodology on learning. These results
are largely derived from investigation of primary and secondary schoegl situs

i Educational research has made coﬂsidefaﬁ}é headway in the psychology of |

+ations dnd are seldom for the college level. However, the principles

operating for post-puberal high school youth are also applicable to college.
Yet, virtually no college teachers outside of the College of Education have
ever heard of these findings. College teaching ié‘traditionally done by
imitating one'e favorite professor, who was pfobably a great researcher but
a poor teacher himself. The construction of contemporary college curricula,
however, must take into consideration the theories of learning as well as |
modern teaching methods in the development of such 4 program. Because these |
procedures are not generally ‘followed in college, the applicability of modern
edugational researc¢h to the college‘gppulations has only. just begun, but no ; N
doubt will be a najdr component in the development of future curricular g )
materials. '

' A ' *

N~ ’

Public interest also is a factor in planning gollege curricula. Public N
interest in the environment has brought to the fore somd ecology, and environ-
mental education courses which previously students”had to be réquired to take
in order to "rpund them out." The same.is true of, the public inferest in
drug addiction, mental health, the. training of scientists and engineers, and the
like. Since studénts are also part of the publik, sensitivity to this gector
constitutes an influence of the society on the curricular structure.

4 v :
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ZBrantiey. E. J. (personal communication) '
Monson, H., 1970 "The role of foumdations in public education: To xhat
dégree de they make policy or determine school programs andleadership?” Address tg
the 102nd Ann. Conv., Ametr. Assoc. of School Administrators, Atlantic City, N. J.,
Feb. 18, 1970. : . '
6Congressiona} Digest, May, 1%69. .o




Special interest groups have affected the ‘curriculum-and will continue
to do so——partly Jbecause they provide money to carry out the programs and
partlv Because there is some basic worth in many of their ideas. For example,
high school students, physically able to do so, are taught safe driving in ‘
school. Teachers in many states take some course which provides "alcohol and
tobacco education.'. Civil defense education is also w1despread in colleges,
as is the Reserve 6}f1cers Traiming Corps.

-c‘\‘ , f’ ' 7

Authors and publishers (or should it be publishers and authors) have a L
decided effect upon curriculum plannlng Amerlcangpublishers expend a lot
of money on the research and writing. of textbooks, programmed materials,
teaching machines, and many Lybes of audiovisual aids. Most of these materials
are excellent for the lecture course in college. - However, there is very little
in the way of textbooks and other reading. resources which make inductive
teaching more easily done at the college level. The authors and their publishers,
therefore, are generally on the side of traditiop, but this does not mean that
they would not change if they thought that inductive teaching was the direction
in which the educatioﬁpl system was headed. !

N ; /
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Critics of education have been with us for 8 long time. No doubt -
"Mr. Chips,"” wentioned in the parable at the beginning of this chapter, had.
hi's crifics. Since the Russians put Sputnik I into orbit in 1957, American
education has had a larger number of critics than before that time, with-”such
welP-known individuals as Vice Admiral Hymann Rickover, James B. Conant and
Spiro Agnew flinging down their gauntlets. Perhaps not so widely heard, but
criticisms just as sound and true, are those raised by the leaders of the
"Institute for Services to Educatiod: Dr. Samuel Proctor, Dr. Hermap Branson,
'and Dr. Eiias Blake, Jr. _In fact, the ISE is not only a critic of American
education but a catalytic agent for bringing about institutional reform and \
teaching reform in a group-of colleges and universities.

- 14

The Results of Curriculum Planning

At least four'qhiﬁgs are developed by curriculum planning. These are
curriculum plans, curriculum guides, changes in practices, and changes in
people.” The immediate aim of curriculum planning and curriculum guides is to
help bring about changes in school and classroom practices. The most important .
changes are those brought about by the teacher as he or she carries out the '
plans. and activities in the curriculum guide for the teaching of the class.
The change may be small or large. Whether or not the new practice is better
for that teacher or class than the old practice is a matter for evaluation,
but the result of the gurriculum change--a difference in course content and/or
a change in teaching mgthods will be recognized by both teachers and students.

Changes in the behavior of the student (learning) is the ultimate goal
of curriculum planning. Effective change from didactic to inductive teaching
methods requires, in the end, a change in teachers. That is, not just a
change on paper. Teachers who are themselves becoming more knowledgeable,
more skillful, and more dynamic, can serve increasingly effectively ,as agents
ot change for their students. Therefore, changes in students and teachers
are intimately related.as ultimate products of the process of curriculum
planning. '

3

U Aa




2

WHAT_KINDﬁ'OF CONCERNS SHOULD ‘DETERMINE WHAT GRES INTO THE CURRICULUM?

?

, . When curriculum planners meet to make curriculum decisions and curriculum
plans, one of the kinds of questions that certainly reflect their concerns
about what should go into a curriculum are:
N the #®inds of students for which they are trying to plan educational
‘ experiences, and ’ '

«
-

what kinds of issues are considered important by the society at
"that particular time.. ’

13

This raises such questions as, how can these concerns be integrated with the
ultimate aims of the school, and of education in the United States, and with

the results of education research? The student and society and their concerns ’

are considered to be so relevant to the curricylum planning process that
these are customarily referred to as determinants of the curriculum.

L

7
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The Student as a Determinant of the Curriculum

- "The fundamental factors in the educative process are an immature,
undeveloped human being, and certain social laims, meanings, and
values incarnate in the matured experience of the adult. The
educative process is the,due interaction of ‘these forces. Such a
conception of pach in relation to the other as facilitates completest
and freest interaction is the essence’ of educational theory."

(John Dewey, 1902) ‘ ’ h

This statement is a classic (by definition, that which does not have
to be changed). Fven today, students are the primary object of the )
educational process. But why must the curriculum planner take account og
students? Why not impose the values incarnate in the matured experience
of the adulf upon the learner?

Schooling (education) is at the heart of our democratic society,ggor
without an informed and literate constituency it cannot survive polit&cgl% ,
economicgfﬁy or socially. Therefore, a freely structured, broad, educatiopn
which will permit the maximum development of each individual is essential éﬁf"
national and individual progress and individual flexibility and freedom.

Schooling must permit the individual to identify and develop his
talents and capabilities as fully as that can be done for him in order for
him to be fully educated. Therefore, the school must not impose.a fixed ~
curriculum of classical topics on the younger generation. Rather, it provides
means for exploring possibilities without condemnation for failing to
discover,” and by giving social support to' intellectual efforts in different
and new directions. Education means the process of "leading out" (of iBnorance)
to enlightenment, and thus into freedom.

By developing fully the potentialities of each individual the whole

~
»
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soclety will be improved. As higher percentages of the society become-
better educated, the technical ability of the group to lead lives of more
eniightened social 1living, better physical and mental health, and in the
fuller pursuit of happiness are realized.

Today's gtudents will be the operative members of the society in the
near future. If they are to maintain the level of living attained by the
present adults, they will have to acquire present levels of skill and even
surpass the presently available skills, knowledge, insights, and moral
character of contemporary society.

The motivational sSyndromes which characterizes the college student--
nis needs, his drives, his self-concepts, his perceptions, his aspirations
and his excitations--constitutes foundation stones for selection and
sequencing of 1ea§ning experiences in the college curriculum.

Planning the college course, and arranging the learning cxperiences
presented to students, ought to reflect something of what college students
think will be important to them as they perceive their sorld, linked with
the matured experience of the more adult. 1In so doing, the maturity,
capacities and abilities of the learners should not be underestimated nor
overestimated. Evaluation of the growth and development shown by .students
should not be measured against some such standard as the teacher's ability
and experience, but against that which was possible, taking into considera-
tion the potential development and growth and the amount of his own effort
he put into reaching his maximum development and growth. .

The student should not come out of college being a passive spectator
of what is happening around and to him. He should have a good understauding
of his political, social, economic and biological environments, and be-
prepared to participate in an enlightened way in the life of his community,
state and nation. When the educational topics. are relevant to him, he will
respond with much more enthusiasm and with more participation in his own
educational development. Therefore, the student should not be so manipu-
lated by authoritarian control that his .needs, wants and desires are ignored.
This does not mean either that he should dominate or control all that he is
tatight.

§9c1a1 Influences on the Curriculum

It has been shrewdly observed that, the school always educates students,
but it does so in a social situation at a particular time in a particular
society and at a particular pertod in its development or state. Since
education prepares young people to live and to make a living in association with
other members of the social group, education must be looked upon as a social
undertaking. Since every society has its own culture, we can recognize
several cultural bases for: the curriculum.

Teachers are members of society and participate in it as citizens,
workers or parents. They are arbiters of the culture as well as directors
of the educational activities of students. They usually have been thoroughly

22t
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acculturated to the group for whom the curriculum is planned, and, therefore,
are concerned with what the social group (be it national, ethnic, economic,
religious, or other kinds of social groupings) thinks has been good for the
society and ought to be conserved by including it in the education of

¢ students. .

.+ The schools educate students to live in the present soclety. Because
society does not have a static culture? teachers must reexamine current
. problems and be willing to explore the possibilities for the near ‘and distant
future with students so that they will be prepared for enlightened living
under circumstances not yet expérienced by either the teacher or the student.

The culture influences the development and personality of the student
and, therefore, determines what he will consider relevant in his education,
and indeed, what is relevant, The enlightenment. of understanding may (e
necessary to determine whether he has the perception of what is apparég\iy
relevant and what is actually relevant. Teachers can be the mediating Iigpk
between these two conditions. In the end the relative importance of the
knowledge, concepts, and understandings to be learned are determined by the
culture, that is, by the society. Therefore, the curriculum planning must

take 1into account the social as well as the natural motivation of students.
. .

v




o~

1-16

GUIDES FOR CURRICULUM PLANNING

Just as the student and society are determinants of the curriculum, other
structures provide guidelines because they are part of the educative process.
« Two fundamental determinants of the educative process are the social group
which has established the school and the learners that attend it. The
functions, aims and purposes of the school as well as knowledge and theories
of learning form important guides for curriculum planning.

Relation of Functions, Alms and Purposes to Curriculum Planning

When one examines the jobs the school must do, one is drawn to the view - ‘
that teaching is 1ts most important function. This is a rather general . |
description which is a composite of the aims, objectives or goals which the |
school sets out to achieve. The purposes include both the functions and the |
aims.

: An aim of the school may be to oversee the objective of developing the
intellec’ual capacities of its student. The aim then has a desired outcome.

A function (or duty) may be to provide good quality educations to all
of the students admitted. A purpose could then be to carry out an intention,
such as making it possible for each student to develop his potentialities |
and talents to their fullest extent at his age. |

An important statement of the functions of schools in America, if for |
no other reason than that it has survived so long, buat actually important |
because it does reflect the function of the school in American society, was |
made by Charles A. Beard of the Educational Pclicies Commission of the National |
Education Association (1937). It says, in part: l

"The primary business of education in effecting the promises of
. American democracy, is to guard, cherish, advance, and make
available in che 1ife of coming generations the funded and
growing wisdom, knowledge, and aspirations of the race. This
involves the dissemination of knowledge, the liberation of mind:
the development of skills, the promotion of free inquiries, the
encouragement of the creative or inventive spirit, and the est~biish-
ment of sholesome attitudes toward order and change . . ." (Educational
Policies Commission, The Unique Function of Education in American
Democracy, Washington, D. C. NEA, 1937 pp. 77-78) N
The ultimate aim of the schools in the United States has been codified
by various groups.

The Education Policies Commission, NEA, 1938, also felt that,

"The general end of education in America at the present time is the
fullest possible development of the individual within the framework
of our present industrialized democratic society."




A group of educational reformers in more recent years have taken the
position that:

- +
-

cannot shirk without disaster and may not sacrifice to any other aim
however worthy, is its responsibility for providing jntellectual
training." (Arthur E. Bestor, The Restoration of Learning, N. Y.
Random House, Inc., 1955 p. 33)

\
"The over-riding responsibility of the school, the responsibility it

|

|

John W. Gardner (1961), President of the Carnegie Foundation for
Advancement of Teaching, wrote that the American people should accept as an
all-encompassing goal:

"The furtherance of individual growth and learning at every age,
in every significant situation, in every conceivable way."
John W. ‘Gardner, Excellence, N. Y., Harper & Rowe, Publisher,
Inc., 1961 pp. 142-143)

Saylor and Alexander (1966) believe that: .

"In'America, in the latter part of the twentieth century, the basic
all pervasive aim of the schools is the fullest possible development
in socially approved directions of each individual."

Phrases such as "attitudes toward order and change," "in socially-
approved directions," "within the framework of our present industrialized
society," place limitations on the "maximum development" contained in some
of these statements.

On the poritive side they recognize that the schoodl is established by
social groups for developing students toward the ideal social group member
and not toward the opposite, that is, an anti-social group member or
criminal. Other Interpretations might be that these phrases tend to say that
the school teaches students to accept the status quo for social sub-groups.
The former interpretation seems more in line with the altruistic ethics of

. most leading American educators; the latter dppearg to be a political fact.

¥ . Y

The Institute for Services to Education seeks to help colleges carry
out their aim, function and purpose of providing the highest development of -
the individual student so that he will be the most productive as a member of
our social and cultural group.

The Use of Knowledge in Curriculum Planning

has a content. That 18, students read printed and written material, look at

pictures and analyze them, work with models and model systems, view demonstra-

tions, films, pictures and displays, discuss topics, give reports and )
expound ideas, solve problems, make things, write about a variety of things, .
talk with their teachers and fellow students about things and ideas, and

\
|
1
It is self-evident that currieula for both the major and the tourse ‘
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engage in other types of activities that result in learning of some kind--
knowledge, attitudes, skills, behavioral patterns, or ideals aimed toward
desired outcomes. All curricula, then, have content. The content is the
planned information which will be the basis of the knowledge to be gained by
students. Information and its mentally stored form, knowledge, then are as
important a determinant of the curriculum as are learners and the society.
This gives it a definite place in the curriculum because:

Knowledge is essential for rational action. Decisions can be no bettey~
than the information upon which they are based., . }

Man has a thirst for knowledge because man is by nature ‘curious about
his real and potential environment.

Knowledge begets knowledge.
Knowledge gives meaning to life itself.

The welfare and progress of a people depends upon the rational action
of its members.

S

Organizing Knowledge for Teathing

All of our sensory experiences are recorded. Much of it, however, is
relegated to the subconscious. When information is received in the brain, ¢
it passes through circuits for discriminating (probably by impulse frequency)
and switching so that these impulses are interpreted and classified as facts,
data, observations, sensations, perceptions, and sensibilities. Thes«
constitute the basic elements from which knowledge is, derived. This
classification operation involves processes which form the basic rules or
definitions for the determination.of what falls within or without unique
domains of knowledge.

Neisser (1966) has recently reviewed theoretical considerations in the
cognitive approach to memory and thought. The concept of memory is associated
by psychologists with traces, ideas, associations, schemata, clusters, hcbit-
family, hierarchies and response strengths. . .

¥

Perhaps the simplest and lomgest-standing accounts of memory were formulated
by the English empirical philosophers, Hobbs, Hume, J. S. Mill and Locke--who
assumed that one retains slightly faded copies of sensory experiences lying |
dormant in the brain cells. These are associated in time and are called up
by association with other experiential traces, one or a few at a time. This
view is no longer acceptable to most psychologists. However, these ideas have
a long history in psychology and Neisser considers them to constitute .
Reappearance Hypothesis, since it implies that the same memory or other
cognitive structures can disappear and be aroused over and over again. What

A

is natural, on the contrary, is not to recall exactly but with variations
adapted to the interests and values of the recaller at the time.

. 4 ¢

- . -
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The Utilization Hypothejis emphasizes the use of traces of prior processes
of construction (thought, re:all, attention and perception). They are not stored
copies that reappear but rather images constructed of bits stored in memory.
It may be likened to bones of an incomplete dinosaur skeleton (or even a
modern animal skeleton) which becomes a framework for reconstructing the shape
of the animal. However, the finished reconstruction need not contain the bones.
They are the structure that created and supported the living animal and give
directions for its reconstruction to the animal morphologist. Cognitive
structures (knowledge) play an important part in further learning and ‘
remembering and are frequeritly called "schemata.":

.In the cognitive approach to memory and thought, recall and problem-
solving are constructive acts based upon information remaining from earlier
acts. The use of that information depends upon its relation to the organiza-
tion of the previous acts. This suggests that the higher méntal processes
are closely related to skilled motor behavior. For example, the ability to
describe an experience through speech or writing is impaired if one is not a

R careful observer, '"organizing" the various sensory inputs about the experience.
The vividness of recall is enhanced by the number of different types of
sensory inputs (seeing, hearing, feeling, etc.) perceived during the experience.
Similarly, the way one plays tennis, or other games, where decisions about the
stroke, placement of the ball, etc., have.to be made in relatioa to conditions

at the moment, depends upon previous experience recorded in memory.

There are a number of mechanisms which might carry out such tasks. It
is hard to imagine one, however, that dées not distinguish between a memory
in which thelists are stored, and a processor which somehow makes use of it.
+ The notion of a separate processor or executive is only indirectly admitted
by classical psychological theories as "the higher mental processes," e.g.,
Freud's "ego," "superego'" and "censorship" (although he was more interested
in what they suppressed instead of what they produéed). The contept of mind
is closely related to the executive. A model for these-ideas is found in
many computers. The computer program consists largely of calling on .
independent parts or subroutines, so that the program may read like the one
on page 1-20. .

Here the commard CALL shifts controf to the subrcutine named, and
RETURN- sends control back to the executive or main program. It involves an
executive decision about the value of the mean and determines what to do

" next with it. ®

.

} Neisser is led to the notion of an executive by Bartlett's analogy
between thought and purposeful action. Thought is certainly random most of
the time rather than directed toward purposeful goals. It is true that "I"
may construct an image during a train of thought but more often the image "just
comes" as if "I1," at least, had not constructed it. The idea of "logical" or
"rational" suggests that each idea, image or action is sensibly related to
the preceding one, making its appearance only as necessary for .achieving the
aimed-for goal.

[}

Parallel programs, on the other hand, carry out many'activities simul-

taneously, or at least independently. This-is the chief characteristic of
"primary procgpsing" as it appears in dreams, "slips of the. tongue," "free
and many other types of disorder.

associatlon,"
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FGRTRAN PRUGRAM ‘ INTERPRETATION
DIMENSION‘A (10) Set aside 10 paces in memory (storage)
) ~ location A (The computer will find it.)
1 pg 2 (1), I=1,10 ' . Do the steps to 2 ten times.
2 READ A(I) | Read Zhe next’number and put into storage -
3 CALL MEAN ' Tr::sf;r control to Subroutlne MEAN 1
IF (MEAN) 6,6,4" Decision. If the mean is negative or

. zero, go to 6; if positive. %o to 4.
4  PRINT N, MEAN

6o TP 1
6 ST@P Stop operations.
END Terminate the program.

SUBR@GUTINE MEAN ] .

N = 0. Initialize. Return the register td 0.

SUMX = 0. Initialize. .Return the register ¢o O.
101 D¢ 103, I =1; 10 Repeat steps to 103 ten times. o
102 A(I) ‘ Take the next number from storage in

Dimension A |
N=N+1, . Count the number of items by adding 1
‘ each time a number passes here,

103 SUMX = SUMX + A(T) ’ Add the number X to the previous sum

MEAN = SUMX/N , After all numbers have been added, divide

by.-the number of items to get the mean.

104 RBTURN Transfer control back to the main program
and make computagions available to it.

END

What one sees n this example is that at address 3, control is transferred
to the Subroutine MEAN; where the numbers are counted, added and the mean
derived. The.subroutine can even be in a different computer. In effect, the
executive (main program) does not see the operations involved in getting the
mean, it only asks for ahd receives the number of items (N) and th¢ mean from
the subroutine.

At address 4 the computation is used--pr1nted¥or otherwise recorded. The
direction GP TP 1 causes the main program to be repeated until there are no more

bers (mean = 0)., Then the IF statement sends the operations to termination.
EKC JdJ »




. ' . ‘ 1-21

This kind of multiple processing goes on in dreams, schizophrenia, eto.,
but it is also normal for many thoughts (hundreds? of them) to come and go
dven when we are engaged primarily in purposeful activity. Their ability to
interrupt the main train of thought, however, varies with the individual.

The constructive processes themselves never appear in consciouspéggf only
their products. That is, we may only see the reconstructed dinosaur, not the
bones. Thus, £0 construct something atteptively is to "see" it clearly, i.e.,
to understand it. Such objects can then be remembered, and they can be
reconstructed as visual images. They can also be represented in other
modalities if an appropriate coding system exists. Particularly common is
verbal recoding, which has the effect of re-storing relevant information in
auditory memory where it is more easily available for later use.

Rational thought, then is "secondary" in the sense that it works with
objects already formed mentally by a "primary" process. The associations in.
memory of knowledge-generating bits constitute the unique domains mentioned,
earlier and these domains make up the educational disciplines.

A discipline is an organized body of knowledge about a unique domain of
things or events, for which basic rules are formulated and for which a ~
recognized structuré exists for organizing the body of knowledge, of ‘
incorporating new 'knowledge into the discipline, and for undertaking the

‘, discovery of knowledge essential to the extension, refinement, and calibra-

tion of the discipline. A discipline also has a history and a tradition
that gives it status as a field of scholarly investigation and research and
as a body of knowledge that continues to contribute to man's increasing
control over his universe.

These structures are of value in organizing the content of the curriculum
because:

Structure facilitates the use of knowledge:

Structure provides for better mastery of a domain of experience (i.e.,
a discipline).

\ : L~
A knowledge of the structurerof a discipline enables the individual
to revise his understanding of a field as new facts and data become
known or as old concepts and principles are shown to be inadequate
Oor erroneous. ’

Structure enhances memory.

Structure facilitates the use of knowledge in new stimulus situations.
b4
N
Structure is the basis for making discoveries of new knowledge
appropriate to the domain. . .

Structure enables the curriculum worker to make the best selection
of content for.study in course.

rl
[
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Organized knowledge constitutes a powerful capacity for action.

-~

Ways in Which Content May Be Organized for Class Work

-

Content is organized different ways for different purposes. It may‘be
classified by:subject, by life activities, by the needs, problems, interests
and experiences of‘studenqs, or by job analysis and job-performance. ) .

I ¢ ) * {

Organizing Content‘by Subject

Philip H. Phenix (1964) has succ1nctly stated the essence of the
discipline approach when he wrote:

» N

"The curriculum should consist entirely of knowledge which comes

from the discipline(s) for the reason that the disciplines reveal
knowledge in its teachpble forms . . . Education should be
.conceived as a guided recapitulation of the processes of inquiry
which gave rise to the fruitful bodies of organized knowledge:
comprising the established disciplines.” . '

|
That is to say, the mature genération has experienced what is most

useful and* relevant and they should construct a curriculum that sees to it

that the younger generation gets these jewels of wisdom, as by lectures.

. ) |
|
|
|
|
\

Shortcomings of the discipline approach”are:that’ there may be a

{onsiderable gulf between mature adult experience and interpretation amd |

he experiences, interpretations, and abilities of the student, so that it
forbids much active participation by* students in the development of what

is taught. Also, the interests of students may go beyond a strict limita-
tion of the subject (for example, Biology as such). The result is that
learning is fragmented apd segmented, and the range, of learning experiences
becomes limlt:egg

[y

Organizing Content by Needs, Problems, Interests and Experiences of Students .
]

|
\
The organizaélon of the learning - experiences around the day to day

wishes and interests of a student is called the student-centered approach. This
approach is based on two important components of educational thought that .
pervaded progressive educational thinking during the second quarter of the 20th
Century. These were the necessity for motivation based on interest, meaning,

and significance, for efficient learning; and the responsibility of the school

to educate all students for individual and group liv1ng in a democracy. ¢

Deficiencies of the Student—centered type of content organlzatlon include
the fact that it is diffigult to determine the needs, interests and problems :
of students. Definitive statements of the needs of human beings have never

r ) .
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been formulated to the satisfaction of psychologists. This approach also
minimizes the structure of knowledge, the methods of discovery, and” the depth ) -
of understanding of subject.matter. It, therefore, militates against an )
organized program of education.

A\

I4

The ISE Modified-Discipline Approach ’ >~ . ¢

The organization of knowledge by discipline fits well into the programming
struttures currently in use.by Amdrican colleges. However, the transfer of
- information by lecture only, has been .of lessened interest to students in recent
years. The program of curriculum development urdertaken, first with the
Thirteen College Curriculum Program, and later with additional colleges, was %o
- explore which topics were of greatest interest to students and to build programs
, around that interest. The courses that developed, however, also contained a .
good bit.of ‘what teachers and subject matter experts thought shbuld also be
included. For example, in the biology currfculum, teachers presented mpre than
90 topics for discussion, using a number of inductive approaches to their
discussions. The topics.of most interest to students were then identified and
teachers and specifalists provided topical continuity so that the product would
reflect up-to-date information and rational completen:ss. This procedure varied

in other disciplines, but in general, areas of student interest were sought and
_built upon. g ‘

o

LY

The freedom to choose daily activities is limited by the need to cover at
least the basic areas of the discipline. Freedom is present, but is probably
greater in relationship to the central topics in courses such as English, Social
Science and Mathematics. Here the courses have essentially adopted laboratory
sessions in which students gain first-hand knowlgdge,and experiences, for example,
through chamber theatre (in English), street cqrner xesearch (in social science)
or in strategies (in mathemitics). 1In the sciences the cost of laboratory
equipment and supplies, and\the.scarcity and cost of suitable laboratory
assistants, greatly limits the freedom of choice for first-hand experiences
in the laboratory. This, therefore, places some restrictions on the learning
of the host of non-verbal definitions in science, especially in biology.

Nevertheless, the opportunities for broader experiences in the science
courses exist for the motivated student. Flexibility of sequences, the
provision of alternate and 'additional exercises and related literary reseources,
plus the immediate feedback of the discussion session, all work together to
liven up the strictly discipline approach to organizing class material, and at -
the same time tends to overcome the deflciencies of an approach based solely on
the inter%st, needs and prob;éms of students.

)

’

Organizing Content.by Life' Activities

Rousseau proposed that there is a best time to teach and to learn, and
that Is when there ls some purpose in learning and the student is ready and
willing to learn. Content organized by life activities is usually selected

for utility. The learning experiences are, therefore, meaningful and significant ~
to- the student and that makes for efficiency in learning. ,
/
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« Shortcomings of the life activities structure are that the information
. becomes useless if anything changes, such ag when a new technique, $r a new
I machine or process is developed for doing a job. The other drawback is that
schools are not organized to deal with this arrangement and there is much
inert%a\EOK change.

Organization by Job Analysis

The last of these ways of organizing content, job analysis and job-
performance, is the basis for vocational education and is closely related to
the discipline approach in that it is didacti¢ and utilitarian to the degree
that it may be rendered useless if something changes.

Use of Learning Theory in Curriculum Planning

A primary function of the college is either to provide teaching in
desired subjects for students, or to provide students with opportunities to
participate in learning experiences. These should result in learning. We
cannot tell much about the actual learning that goes on, but we can observe
and measure the results of learning. These would include:*

the acquiéition of knowledge

the formation of concepts

modification of value'systems toward the social good
modification of concepts of\self
aspirations for new patterns of behavior, and

the improvement of aesthetic satisfactions with the beauties
of nature and life. . /

It teachers land. other curriculum planners, 'such as those in the ISE, are
to be skillful in planning and guiding the development of the curriculum so )
that good experiences are had in order to get the above results, then they '3
must have a thorough knowledge of the processes of behavioral change, or else '
their efforts may fall somewhat short of the objective. That is to say, good
planning may not assure better learning, but poor planning or no planning will
almost aﬁsuredly produce poor learning.

Robert Glaser (1962) identifies four basic aspects of teaching, viz:
1. Instructional goals

2. Entering behavior

3. Instructional procedures ‘ 3 |
% w
4. Performance assessment (evaluation) .

’ l"
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It 1s almost easy toTorget that the purpose for which the student attends 5
the ¢ollege of hWis choice is to learn, and his success is largely due to the
instructional procedures used. Sometimes so much eiiphasis is placed on what
content shoyld be in the course (g question too often answerdd with an over- - |
‘'generous portion of information), and Having the student remember 1t, -that :
little attention gets paid to ways of teaching it. To be sure, research on "
geaching behavior (methods) show thatt theré may not be much apparent E
difference in the amount of information stored. Other evaluations show that
' there’are differences in the kind of product resulting from particular !

teaching styles. For ple, in the ISE-sponsored groups of students at the

several colleges sorting together for the purpose of curriculum improvement,
«~ a significantly higher .proportion of ISE students seek and obtain leadership
roles in student”activities on théir campuses. -

| ¢

Regardless of the state of the field, a good underétanding of the principles
of learning contribute significantly to the ability of the curriculum worker
to plan learning activities what will' be most effective in helping students
attain the outcomes desired, that is: . ’

. . . /
adaptation of instructional methods and procedures to the interests
needs, capacities, talents, and the maturity of individual students; (’

creation of desire among students to learn and to take mare responsibility
for their self-development; '

»

planning instructional activities on the basis of how students learn;

selection of the most aﬁpropriaté teaching ﬁethgds and materials for

the achievement of a specific course purpoge or aim;

formulation of hypotheses and the formulation of corresponding .
‘I’ experime§5§/f6 test the effectiveness of'teaching; and

uﬁderstaﬁding~the forces that produce chfnge in human behavior and
use those forces with insight to produce} the desired learning:

[ ! Yo ) . ’ \ ’ '
Te ! - . . - "y {
X THEORIES OF.yEARNING . L.
B | \, '
i”Stimulﬁs—Resbonse Theories of Learping N ~

.

RN The stimulus-response theories of learning include the more specific ones
\\ of connection, conditioning, sﬁimulus-response, and behavior. It is the in-

" duction of such responses that include this group of theories among the

inductive teaching and learning methods betause the student is expected to

respond to a stimulus® (object) presented by the teacher.

N »

' Hilgagd, Marquis and Kimble (1964) are represeatative of the psychologists :
that favor this method. They see three basic elements in learning--stimuli

(8), responses (R), and the interaction between them (--=). The wide
acceptance of this viewpoint by psychologists rests on the fact that conditioning
provides the clearest picture of how a response becomes associated with a '
stimulus and also provides the sifplest form of learning. By observing it '
closely, one can uncover the secrets of the learning process. .

\ ' v
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The pfincipal weaknesses of the S-R theories are a total lack of considera-
tion, or at least an inadequate treatment of the place of knowing, insight,
understanding, motivation, and the perceptions of self in learning. It also
neglects the mechanistic and behavioristic concepts of human behavior and the
inability to explain adequately many aspects of the commonplace obserxvations
of teachers about behavior in the classroom.
|

Functional Theories of Learning

Functionalism is based on S-R factors, but introduces other elements

in the learning situation. Robert S. Woodworth is an exponent of this view
along with Carr, Angell and Dewey. Woodworth, in his dyamic concept of behavior,
emphasizes the learner's active role (motivation) in determining the nature and
course of his behavior and consequently of what is learned. He inserts O-for-
"organism" in the equation S--0--R. This postulates "situation-set" and "goal-
set." To a functionalist behavior is primarily a matter of problem-solving. r
An individual, in the course of his on-going activity, is confron#éd with a block

r &bstacle to further activity which he must solve before he continues. Thus,
the learning process is primarily a matter of the discovery of the adequte
response to a problem situation and the fixation of the, satisfying situation-
relationship. For the functionalists, activity is the basic ingredient of a
psychology of learning. Dewey adopted this concept as the basis for a
philosophy of education that has dominated forward-looking educational
theory and practice since the 1920s.

»

Cognitive Theories of Learning

The cognitive theories of learning include what are known as field
Gestalt, sign learning, cognitive, and classical Gestalt. All of these
viewpoints give greater empgg§is to the role of knowing than do the stimulus-
response theories. Learning according te this group of psychologists, results
from a problem situation. A person has a tension, a disequilibrium, in an
unresolved situation which has significance for him in terms of his own personal _
situation. [nsight is dependent on four factors: 7

the intellectual capacity of the student
the past experience of the learner . //

|
L
the situational arrangement irself , l

some trial-and-error behavior that contributes to the development
of insight.

i
\
i
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CHARACTERISTICS OF A GOOD CURRICULUM ' !
A good curriculum is systematically planned and evaluated.

A definite organization is résponsible for coordinating, planning and
evaluation. (ISE does this for its consortia),

Ways of working utilize the contributions of all concerned.

A éBod curriculum reflects adequately the aims of the college (as a

component of the college.program) and of the course. (See aims of
the course.)

Each learning opportunity is planned with reference to the
attaining of one or more goals.

A good curriculum maintains balance among the objectives sought.
It gives emphasis to each goal according to its relative importance
to students and curriculum workers.

The total plan provides opportunities in each of the basic areas of
the course. i

A good curriculum promotes continuity of experience,

It is not only concerned with the internal content of the course, but
also the relationships of that content with other areas of knowledge.
Provisions, thus, are made for smooth transition and achievement of
the student, , '
Cooperative planning and teaching provide for exchange of informatioa
about the characteristics of students and their learning experiences.

. . '
A good, curriculum arranges teaching and learning opportunities flexibly
adapting to particular situations and individuals.

Curriculpm guides encourage teachers to make their own plans for

’

Cooperative teaching and planning utilize many opportunities as they
arise to share learning resources and special talents.

Time allotments and schedules are modified as the need justifies. A
program is expected, but it is also expected to allow for flexible
rearrangements due to the interests of the class.

Cateful attention is given to the interests of students, and where

possible, they may participate in the planning of some specific learning
activities.

-~
.

-~ ') *
» oL Lil“J

specific learning situations. )
|
|
\
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6. A good curriculum utilizes the most effective learning experiences and
resources available.

The experience of students are developed so that they see purpose, meaning
and significance in each activity.

Needed, available resources are utilized at the time they are relevant and
helpful. This refers to iIndividuals as well as classes.

Teachers discriminate wisely between those activities which may bc carried
out with direction and those which are less supervised. This is particularly
seen in the dichotomy between exercises (for the acquisition of skills) and
experiments (for obtaining and evaluating information).

4

7. 4 good curriculum makes provision for the maximum development of the student.

The curriculum promo.es individual development rather than conformity

to some hypothetical standard (especially the teacher's own past experience).
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CHAPTER 2--TEACHER SELF-CONCEPTS AND TEACHING STYLES

TEACHER ROLES RELATED TO TEACHING METHOD

The term role, as used in this discussion, refers.simply to a pattern
of behavior shared by a group of teachers. It is identifiable and generally
believed to be related to the.learning process.

A teaching method is also teacher behavior in the classroom related to
/

learning; so that the role and the method are interdeperdent upon teacher
behavior, and in fact the terms are used interchangegbly.

-

Sometimes a role of the teacher lies outside of the classroom, since
they like all other people have a variety of roles, such as being a parent,
cburch member, club member, citizen, or member of a political party.

Obviously, teacher roles can be classified in a number of ways. Kinney
(1952) and Fishburn (1955) have uséd the following classes based upon six
common areas of teacher activity:

Director of learning,

Guidance and counseling person,

Mediator of the culture,

Member of the school community,
. Liaison betweén the school and community,

N Member of the teaching profession,

and we would add,

Information specialist such as zoologist, botanist or physiologist.

In their study, the ahove researchers asked teachers and administrators
to rank these roles in the order of importance. Quite different orders were
indicated by the two groups, indicating that teachers and administrators either
view the roles of the teacher differently or they interpret the meanings of
the roles differently.

- \

PATTERNS OF TEACHER BEHAVIOR (PATTERNS OF TEACHING METHODS)

Patterns of tggaher behgvior, that is, patterns of teaching method, may
be identified in a vaTiety gf ways. The classroom methods of an actual teacher

may be described, if one can find a teacher that approaches the ideal model.
i .
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Or, one can construct and describe the behavior (teaching pattern) of an
hypothetical teacher as being either "typical" or a "model" of the
priiected type. During the 1930's, when the Progressive Education Associa-
tlz was influential, it was not uncommon to contrast an "authoritarian"
tedcher, who used that position of power ‘*to direct students, with the more
"permissive" type of teacher that delegated most decisions, if not all of
them, to the students in their democratically-run classrooms. However, in
more recent years, the concepts put forth by Carl Rogers, of "directive"
and "non-directive" methods in teaching, have been more popular. All of
these patterns are based mainly on sociological interpretations, but they
have also helped to clarify thinking about teacher behavior and the
complexity of the problem.

Most contemporary teaching methods are not based to any great extent
upon the results of scientific research. Wallen and Travers (1963) offer
" the following as the origins of contemporary teaching methods or patterns
of teaching-behavior:

Patterns derived from teaching traditions where the teacher teaches

as he was taught. 0

Patterns derived from social learnings in the teacher's background as
when a teacher tries-to develop middle-class ideology by
reinforcing that kind of behavior.

Patterns derived from philosophical traditions, such as those of
Rousseau or Dewey.

Pittexrns generated by the teacher's own needs, as when one lectures
because he needs to be self-assertive.
t

A teaching style which is highly permissive would be favored by persons
with either a high control need or a low control need. Where a high degree
of control is desired, it represents.a breakdown of intellectual and social
control over the class leading to confusion and disorder. The latter
condition (a low control need) reflects a high degree of emotional security
with regard to/the class. /

Gordon” (1955) studied the relationships that may exist between these
patterns of teacher behavior and the environment in which learning occurs.
The study was undertaken in a suburban high school with a student population
derived from all socio-economic levels. The pattern of behavior of the
typical teacher there was largely derived from the fact that he was an
intermediary between the student and principal in the authority system. The
chief threat came from student interaction with authority, such as calking,
whispering, and horseplay. The teacher tolerated surh behavior up to the
point where it became a challenge to his authority (but not to learning) and
then took some action to suppress it. Over a thiree-year period referrals
to the principal declined, because it was rumored that the principal graded
teachers in part, on the basis of the number of such referrals. It was
clear that the success of such authority figures depended upon thz degree
to which the principal supported authoritarian positions.

i
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Patterns Derived from Research on Learhing

3 One may ask why have the behayvioral sciences been so lacking in the design

of teaching strategies? A simple answer is not forthcoming, but some of
importance are: '

1. There has been a tendency to choose elements from the behavioral
sclences that appear to fit with the philosophical traditions of teacher )
education. The unit of behavior, emphasized in Gestalt psychology, closely
parallels the unity both in man and nature which Froebel emphasized, although
Gestalt psychology has 1ittle to say about the design of teaching methods.

7
~ .

2. Schools of education have tended to close thelr doors to persons who
are speclalists if they do not hold teaching certificates. : .

Few attempts have been made to design a teaching method. Carleton
Washburne developed the Winnetka Plan (1932), Olson (1959) in Child Develop-
ment also advocated a teaching plan based on a broad review of current
psychological research. A. D. Woodruff in his Fundamental Concepts of \
Teaching (1959) designed a teaching model. He 1ists a set of learning
principles together with the behavior the teacher should exhibit in order to
carry out the principles. Many educational psychologists agree that a
teaching method cannot be designed in terms of a set of laws of learning
alone. It must also include a set of laws about teacher behavior. However,

such generalizations have not yet been derived from the research regarding
teaching.

3.

The Teaczkng Method in ISE Courses

The fagt 1s that inductive teaching methods, involving discussion
sessions, call for a particular kind of personality, or a shift in the
valuing systehs held by traditional teachers. ggust as a decrease in
authoritarian tehavior, in the study related above, resulted from the
position of the\ administrator toward that attitude, teachers who accept
appointments to \teach the ISE courses can be assured that the desired
stance favors less authoritarian positions with regard to, many aspects
of teacher-student interaction. .

the most difficult change to make. The teacher who -
lectures has a certailn distinguished authority in his statements (even
when they are in error). He will seldom be serlously challenged because
students want to pass and they don't think they will if the teacher is
angry with them. Also, there is a practice of not being checked upon

by knowledgeable persons from within the college structure. This lack of

' scholastic accountability (behind the screen. falsely-labelled academic

freedom) has given license to many teachers to dispense out-dated or
wrongly-interpreted information. To challenge the accuracy or the amount of
information a teacher actually possesses has been the basls of anger, sulking
and the desire to squash the chdllenge 1ike an undesirable bug, instead of

a constructive endeavor to improve the content and quality of the presenta-
tions. - .
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The bases of these feelings is false pride. Declarations of superior
attainment frequently are made to compens.te for a realization of scanty or
outdated information and poor teaching. Ylacing the blame on the inability
of the student rather than the quality of the teaching and examination is
common.

The role of being a director of learning changes from the picture of
a teacher to one more relatejsto that of a guidance and counseling personm.
Actually, the didscussion leader is just as entitled to, and obtains, the
respect of students as a well-informed person j¥st as easily as would a
lecturer. Being a d#scussion leader demands that the false pride of some
lecturers be abandoded. It means being well-prepared, formally and in-
formally, in the topic for discussion and in related topics. It means
the teacher has to be an active learner (and not take the position that he
doesn't need to learn more because he knows more than the student, at least
a little more) and that&he has to read more than just the assignments made
to students. This means a high degree of confidence in one's preparation
that is described as emotional security. This makes possible the low
or moderate anxiety situation in which discussion can occur. There is
no need to control extraneous activity because if one has the attention
of -all students they won't be surreptitiously reading comic books
ensconsed between the pages of the text, holding private conversations on
other subjects, and the like. In fact, a good discussion involves a lot
of student-to-student exchapge in addition to the teacher-student exchanges.
The objectives of a discussion session and techniques of leading discussions
are taken up in Chapter 3.

The curriculum programs have counselors who try to help the student
overcome most of his personality, study and financial problems. In
addition to the,counselor's services the teacher performs some counselling
and guidance functions, too. Office hours are established so that students
may exﬁend their understanding, or simply become better acquainted with the
teached. The small size of the class helps to overcome the depersonaliza-
tion of, the large lecture section. The conference period can help
individualize instruction even more. In addition to course content, there
are advisements about further courses, interrelationships with courses in
other disciplines, and career opportunities as a professional biologist,
teacher, research technician, etc. ‘

The better acquain&:nde of the teacher and students does not mean
that the dignity and colrtesy extended college teachers is abandoned. It
only means that teachers will not conceal their inadequacies behind a
formal facade. Any deficiencies should be temporary. They should be’ over-
come in short order or else, if it is an informational problem, it should
be jointly explored by the teacher with a few students or with the class.

L 4
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1o THE LIBeRAL TRADITION OF EDUCATIONAL fHEORY AND MUTHODS.

* - .

Lducation may be described as the process through which an individual has
his attitudes, personality and behavior developed. It consists of a series of
experiences, eitlier plannqd or unplanned, that occur in an individual's life,
All experiences are educational to the intelligent bLeing, whether they result

in good or bad effects upon him, and teach him to cope more effectively with
similar experiences pertinent to his life goals.

wihile every person is educated through nis own esperience, society uoes not
leave tihe education of tne inaividgg; entirely to chance. %o accomplish tnis
end, tne student is suvjected to tfe social process in a special environment
callea the school. in establishing scuools, society provides opportunities
tor the student to live through the experiences which will develop his ability
to live in his kind of society. Through the school, society transmits informa-
tion about the knowledge, the skills, and the emotional organization approved
by that society. Society, therefore, takes this means - the school - of
realizing the kind of life which it regards as the best.

wducational Theories

The theories of great educators in Western civilization\constitutc a
tradition which profoundly influences current answers to the questions: What
stould ye taught?, who should be taught?, and how should they be taught? These
juestions were considered by Socrates in The Socratic Method - wiiere he intro-
duced a aethod of fuestioning and analysis that is still employed today in
secondary and uigher education. Plato describes, in his Republic and Laws,
Lurce classes in society - those that produce, those that fight, and those
Laat povera.  higher education in his scheme was for the philosopher-ruler.
‘tato empunasized “education in virtue from youth upwards, which makes a wan
cagerly pursue the ideal perfection of citizenship, and teaches uim now rignily
to rule and obey." The process reached its high point in the study of dialectic
(the rules -and methods of reasoning and analysis). )

vuring tue rise of the Roman Lmpire, Quintilian considered the orator to
be tne manager of affairs. lie believed tiat the man who acts in a real civie
capacity, who had talents for the management of public and private concerns,
wio could govern cities by his counsels, maintain them by his laws, and raise
tne quality of life by his judgments could be none but the orator. In his
view, the student would be entrusted to good masters from the first, who would
not whip nim but would appeal to nis interest and thus bring out the best that
was in him. .

x
.

Ignatius Loyola was interested in training devout and capable religious
missionaries. iiis aim was to lead the student into tue service and love of
God and the practice of virtue. One of his greatest contributions was his
insistence that those entrusted with the delicate tasn of educating youth
suwould be cnosen with exacting discrimination.

Johann Amos Cowmenius regarded the schwols of his time as "terrors for
voys and shambles for their intellects.. By following the principle of order
e would teach all tnose subjects which make a man wise, virtuous and pious.
ue would conduct school "without bLlows, rigor or compulsion, as gently and
pleasantly as possible.” Tne student would find instruction adapted to

oM
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individual differences and would learn to know and to investigate things
themsclves. The major writing of this 17ti Century Czech, the Didactica
Magna, .was the first complete and systematic treatise on education derived
from a psychological understanding of the learning process. The Didactica
stressed the importance of sensory knowledge and the growth of learning from
the known to the unknown. Comenius sought knowledge to expand experience,
and in that respect could still be considered a modern educator.

. In the early part of the 18th century, Jean Jacques Rousseau began to

speak out against the educational methods in the schools of his time and
exercised a strong influence not only on European schools, but also- those

in America in the following century. He advocated a kind of "naturalism" in
education, asserting that the best time to teach or learn was when there was
somexilfe situatiou to which the new knowledge would be relevant. Rousseau's
view was that a student must learn by discovery and by doing, not by being told.

t

Jouann ['estalozzi disliked the memorizing kind of school and the harsh
discipline im the sciiools of his time. lie substituted pleasant learning
activitivs derived from the naturalism of Rousseau's approach of educational
planning, for he too believed that the school should be an enjoyable place.
he stressed the "'observations' approacn wilich led to "object teaching" in a
later period. restalozzi, and hils followers, Johann llerbart and Frederick
Frocbel, Had a decided effect upon American education. ilerbart attempted to
bysteratlzc gagu lecsson. He drew up a statement of steps which later became
known as the "five formal steps in iustruction.'" These were preparation,
presentation, comparison and abstraction, generalization and application. uis
systew of psychology was founded upon a concept that the mind was developed
through centact with the outsidé world but that the understandlng of each new
experience depended upon its relation to the individual's past experiences.
Part of Lhe teacher's task, therefore, he believed, was to relate each new
teacning to tlie previous knowledge of the student. llowever, Froebel, probably
best remembered as tlhie father of the Kindergarten, did work with older youth,
also. In contrast with Rousseau's concept of a highly individualized educa-
"tion, ne favored the participation of students in groups and he idealized a
school without textbooks or prearranged intellectual tasks - that is, a
school that was flexible.

>

Hethods

The scientific study of educational methods gained impetus from the
activities of the ierbartian Society, formed in 1892, It sought better
methods than the age-old formula of 'teach, recite, test" which many teachers
were still then using on all levels of instruction. Through this society
herbart's five steps were refined and popularized. iowever, the formality
of the five steps stirred up vigorous protests from tne followers of Rousseau,
Pestalozzi and Froevel. Although these latter groups alsc advocated getting
away from the 'teach,.recite, test' pattern, they insisted that the educa-
tional process should provide the students witii naturalness, creative and
productive activity, and self-expression. DUespite the sprcad of tnese ideas,
uowever, the bulk of teaching was centered about the rccitation method until
the late 1920s.

V. T. Thayler ushered in anotner phase of the struggle for better methods
with his pook, The Passiny of the Recitation (1928). ue conterdea, with some

\.1" Li{
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just@fication,'that the recitation methiod was out of harmony with whatshould .
be the objectives of modern education. hLe pointed out that the results of the

then widespread research inco educational methods were beginning to show that

methods were instruments to be used by teachers and learners to achieve clearly-
formulated, educationally desirable purposes, and that the method used should

be an appropriate means to achieve the desired goal. This point of view led

to a reconsideration of several methogs developed during the first quarter of

- the 20th century. Among these were the "Project Method" which emphasized con-

* given situation.

Q

crete, tan%ible, practical, learning-by-doing activities. The "Socialized
Recitation" method which came into prominence because it afforded an oppor-
tunity to organize learning groups as social units in which common purposes

and responsibilities were shared. The "Laboratory Plan,” as developed by relen
Parkhurst and Carleton Washburne, also gained widespread attention. Features .
of this method were thdt all classrooms should become workrooms of appropriate( .
typc,/;hat is, not limited to desks, that the involvement of the student in the-
class’activity was of prime ipfortance, that each student progressed at his own
progress. Radically revised teaching methods were developed to carry out thege
principles. These }ncluded the "Contract Plan." This was essentially an
attempt to individualize instruction by means of individualized assignments,
thus making the student less dependent upon the teacher and group imstructional

.methods.

Two other movements sgemmed largely from the contributions of John Dewey
carlicer in the century. These were the activity movement and the unit plan
of teacuing and learning. All levels of instruction, including the institu-
tions of higher education, appear to be influenced by these.two newer modes /
of organizing learning situations. There is support for the idea that these
two uwdes, however, arc but phases of a single process for, in order to learn, '
a student must be active, and therefore, "involved," dnd he must have a
clear-cut goal. both the goal or goals and the activities needed to achieve s
tinem may be set up in the form of a unit of activity.

Thesc exerpts from J. G. Ummstattd help to define the essential elements
of a unit:” "The central fact of the umit idea is that content should be
studied as meaningful wholes rather than as isolated or unrelated lessons or,
oits . . . Of as'much significance as the arrangement of the content in
significant wholes is the manner of attack and study. The mode of approach
- « . 1s closely associated with the unit method. It involves several dis-
tinct steps . . . which parallel the tational operation of the“human mind."
Another aspect of the unit idea relates to the length of the unit or the
meaningful whole of the content. "Length is conditioned entirely by the
The maturity of the student is one factor which should be
considered in determining the amount of detail to be included in a given, unit
or the length of time devoted to it."

, In line with relating classroom activities to real-life situations,
sometimes referred to as "relevance," now common in many classrooms, has
come the realizations that what a student learns is not to be completely
separated from how he learns. These two things, content and method, tend /
to merge when it is recognized that having a goal sets the stage for pro-
viding the material needed - that is, the subject matter and establishing
the means for using it (or the methpd). This fact, along with the recognition
of the importance of the student as an individual, lias increased the emphasis
upon flexibility of procedures that takes into account tlie individual as well
S group needs and interests of students.-;f
L X .
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A GLOSSARY OF- TERMS }
¥
A .

Because some terms ma§ be used to describe conditions or situations in .
ways not ordinarily understood, we Yould like to set forth their meanings
as used in these essays. ' : - ’ -

Didactic is from the Greek (didactikos) meaning inclined to teach. It’
has come to mean inclined to teach too much, more in the sense of lecturing
to someonc. We use this term in another widely accepted interpretation meaning
to teach by precept and example, that is, to show the student how to ao things.
For esample, the use of tne microscope is taught didactically because to let
stude ts learn to use it by dlscovery would take a long time and probably
result in damage to an*expensive instrument. ~

“

Inductive from the Latin inductare, to lead in, has several meanings. In
physxcs and electriclty one speaks of inducing a current in a coil. In philos-
ophy one speaks of inductive reasoning whereby one takes experimental observa-
tions of other facts, and by inductive reasoning arrives at generalizationms.
Its use as a description of education method comes from physiology where one
might induce a response by applying a stimulus. In the present context in-
ductive teaching methods refer to those which induce a response in the student,
as contrasted with didactic teaching methods.

Juject- centered refers ‘to an approach which centers the attention of students
on sowctuing (an object) worthy of consideration or study. This is the usual
tuing in the sciences and is distinguished from centering upon authoritarian
interpretations and opinions of an individual about such objects.

Student-centered refers to an approach to teaching where the student
decides what he wished to study during any particular period. 1In practice
he is given several things as alternative activities during a class period
and he may choose one, several or none of them. If the student is not inter-
ested in any provided activity he is not tapght. This is contrasted with
object-centered approaches where the whole class will consider the same kinds
of interest, thereby motivating the student to study or consider the object
or ideas about it further.

- »

R

Sequential discussion leads the students from one fact to anotﬂer until,
by inductive reasoning, thiey are brougit to generalizations about biological
(and othier natural) phenomena and perhaps soume type of individual or class
activity.

Inteyrative discussions bring information from several segments of knowledge
to bear in understanding particular aspects of a question. Both sequential and
integrative considerations bring into play a view of William James that new in-
formation must narmonize with what is known in order for it to be considered
“true' by reasoning'individuals. .

Jpen-ended discussions usually begin with the consideration of possible
‘solutions to a problem. This does not lead to the solution of the problem
and thercfore is 'open-ended.” In order to arrive at a satisfactoxy solution
one must resort Lo either integrative or sequential reasoning in the discussion.




When "open-ended" is now.used in describing laboratory activities, it . f
usually means that the answers are not given and the activ1ty while partially
answering the starting hypothesis, should also generate a continuation hypo-
thesis for the student, that is, it does not lead to a complete solution to
theoriginal problem. Therefore, another experiment is needed to finish
answering the question.

+ Traditional teaching methods usually means being didactic, that is, using
the "teach, recite, test" approach to scholarship. Of course, there is as
much tradition for the inductive methods as for the didactic ones. The validity of
using the term "traditional" for didactic methods :is that didactic methods are
overwhelmingly used in college teaching. TInductive methods have been more usual
in ‘elementary and secondary schvols and therefore are ijanovative in college class- .
rooms even though they represent a_long tradition in teaching theory and method.

Laboratory-centered course is not clearly defined. [ It may refer to a course
where the.major evaluation (grade) comes ‘from the laboratory activity. It is
sometimes used in the sense that the laboratory precedes the discussion about
the activity and its results. In this case it becomes the "object," or a problem
raised in the minds of students during a laboratory period but left unanswered
may become the topic for an open-ended discussion. Following the discussion -one
or more laboratory periods should be spent on other experiments which sequentially
or integratively provide conclusions to the original problem.

#
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WHAY ACLIVAIRS STUDENTS? |

~ -

Edward J. Murray in nis book Motivation and Emotion (1964) describes the
human being as a "marvelous organism capable of perceiving events, making
complex judgments, recalling information, solving problems, and putting a
plan into action. Yet, this intricate apparatus can be used for a variety of
ends - to plan for war as well as to explore outer space, to humiliate another
person as well as to comfort the sick, to achieve recognition, dominance or
friendship. 7ue uses to which a person puts his human capabilities depends on
liis notivation - his desiyes, wishes, wants, needs, yearnings, hungers, loves,
hates, and fears." we may draw applicable examples from among types of students
at predominantly wvlack colleges. Jolin is the son of a poor farmer. His folks
have always wlsneq tuat their .children would be better off economically than
they were and, tlierefore, they have looked forward to Jonn's entrance into a , |
profession such as teaching or the ministry. They have from his early child-

|
|
|
|
|
|
|

liood encouraged hlm and rewarded him for doing well in school. He, therefore,
set high standards for himself. Moreover, since he appreciated the fact that
his mother took in washing to make the extra money t6 make up the difference
between college'costs and his scholarship, he nearly always made at least an A.

Susan was the daughter of a successful phy51cian in a’large southern
city. Her life had been comfortable and pleasant, and she never really
worried about the futtre. In college, she expected to gain the knowledge
needed for the fuller appreciation of life and for the cultural enrichment
ot aer future children. College would be the right place to look for the kind
of young wman on his way up that would meet with family approval. Susan, most
usually, made a C and was satisfied with that level of performance.

Jou was the son of a successful contractor. le was a bright Boy but did
not suwre his fatlicr's dream that one day he would take over the business that
had built up over the years. Joe wanted to be a physician but, primarily, he
was determined to be successful at something else other than centracting.
ilowever, at examination time Joe would tense up, become over-anaious and do
poorly oa his tests. , It seemed that he became more tense with each examination
and did still more poorly. At the end of his Freshman year he was asked to
witndraw because of his low academic averaée. Joe had a lot of D's and F's.

John was motivated to get high grades. Joe was motivated towards |
achieyement but a competing emotional motive prevented his success. lMany '
frgshman students in Llack colleges have Joe's problem of competlng emotional |
problems. During the summer of 1968 the biology staff* gtated their observa- |
tibns about students in the biology course. It said, in part, 'Firstly, it i
is noted *hat a considerable number of the students involved are intelligent, |
but they lack proper motivation. Secondly, the students have not been guffi- 3
ciently challenged to meet the norms of achievement, or, having been challenged i
they nave not alected to meet the norms; hence they are 'underachievers'. ‘
Thirdly, the factors producing failure to meet these norms are really not
precisely known, notwithstanding tne fact, that there is considerable evidence |
wiilch points to such factors as deprivation, lack of proper exposure, and lack l
of eaemplary precedents. Fourthly, these negative factors are not remedial in |
the biology classroom or laboratory. Thus, the problem has come to be a matter
of finding~a way to overcome and negate these undesirable aspects in the |
teaching of biology." ‘ . ‘

\

Dr. Paul Brown, Chairman. ) F) 3
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The study’ of motivation is relatively new so that there is no single
generally-accepted idea about it. Instead, tliere are ideas which have been
gleaned fggm philgsophy and bjology which have formed a_group of competing
notions, each with its followers. Cognitive theories involve one of the

. oldest views - that man is @ rational being and, as such, has conscious

desires and tries to fin ys in which to fulfill them. These may be summed

up in the old adage, "Where there's a will there's a way.' MNedonistic theories
center around the concept that man seeks pleasure and avoids pain. The use of
hedonism here should not be construed as being the same as the ethical system
where one purposely builds his life around ‘the seeking of pleasure and v he
avoidance of pain, but instead as part of an attempt to explain why some

people behave as they do. Both the cognitive and hedonistic theories are

largely rejected by modern psychol;gists for explainig motivation. It was
Charles Darwin who brought to the front the forerunners of the instinct theories.
tie felt that what he called "intelligent" actions were inherited. By the turn .
of the century the idea had been further developed, by William James and Sigmund
Freud, as 4n important explanatory concept in psychology. McDougall listed
eight such instincts in 1908 but by the mid-1920s the list had grown to more

than 6,000, some of them frivolous and ridiculous, such as the instinct "to .
avoid eating apples in one's own orchard."

2££zg theories dominate the agceptable theories today. One reason for
this is that drives were introduced one »% a time,.on the basis of careful
eaperi.entation and, therefore, have specific operational definitions. They
can be experimentally developed and experimentally mecasured. The logic of
the drive theory was reinforced by the introduction of the concept of*homeo-
stasis, or the steady Atate. This idea had its beginnings with Dr. Claude
dernara in the 19th century but was brought to its present interpretations
by Schocnheimer (1923) and Walter 5. Cannon (1932). They suggésted that when
conditions in the body deviate from the "normal," psychological drives are
one way the body seeks to re-establish normalcy, and thus relieve '"tension."
Some questions still remain about drive theory, such as, are all incentives
and rewards based on homeostatic tension and tension-reduction, and are all
social motives based on the primary physiological drives such as sex, hunger
and pain? ; . ) .

. -/

Although there is division of opinion as to the causes of motivation
there is substantial agreement as to what is meant by the term. A motive,
is usually divided into two components: Drives refer to the internal pro-
cesses that push a person into.action. The stimulus for the drive may be
external but the drive itself is internal. The termination of the drive is
obtained by the gaining of a reward. A goal or reward may involve an external
object like a grade, but the drive-terminating process itself is internal.

A body of experimental evidence has now accumulated which suggests that ‘
increasing a drive up to a certain point increases learning behavior but ex-
treme degrees of drive may actually result in a deterioration of learning rate.
Jdotivation also affects memory. Tension and emotion greatly modify perception
$o thﬁﬁ pleasant things are generally more easily remembered. So the informa-
tion bne has at any particular time has been discriminatingly filtered thrpugh
his motivation and attitude neural pathways.

Ly

Motivation also plays an important part in how one uses_information in -
the symbolic processes of creative thinking, problem-solving, and the 1like.

®
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Problem-solving should be differentiated from the formation of simple habits
in that'an interrelationship between the parts of a problem must be understood
in order to arrive at 4 solution just as a correct diagnosis must precede ade-
quate treatment and cure. On the other hand, the ability to solve both
structuredand unstructured problems seems to involve the acq.iring of discrete
,habits in 'a unique way so as to meet the requirements of a situation. Such
behavior is sometimes said to be the highest form of human thought and it is
the kind involved in the work of scientists, engineers, business innovators,
physicians, and others. ‘
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CHAPTER 3--~LEADING AND PARTICIPATING IN A DISCUSSION

When a teacher learns that in this course discussions largely replace
lectures, many possibilities and apprehensions come to mind. Perhaps the
first response may be, "I'm not a discussion leader. If lectures are not
absolutely prohibited, maybe I can get away with lecturing for awhile. If
the students Tevolt, maybe I'll give the discussion a bit more of a try, but
until then, well ...... " '

Another kind of reacéioﬁ is, "I always was a little scared of 1ecturing'

to 200 students. Discussions with 25 or 35 students ought to be duck soup.
When do I gtart?"

One teacher, in discussing the view of some teachers new to the method
of discussion instead of lectures remarked that they thought a class of 90
students was too large with which to hold a discussion. Even though this was
an experienced téacher with good discussion skills, she nonetheless felt
a bit uncertain after the skepticism of her colleagues.

Other questions raise are typified by these:

"Why use discussions instead of lectures? We are already excellent

lecturers and our students compete with“the best from other schools in our
league." :

"What do you mean by discuss? ‘I always stop and ask if there are any
questions. They (students) seldom have any. They have a lot of faith in
me as an outstanding teacher." '
¢
"I'm interested in participating in a quality educational program. Can

student interest be better than my experience in selecting topics for  the
course?"

"How can discussion be as efficient as a lecture?" /

Rarely one asks, '"How can I become a good discussion leader? This
approach is completely outside of my school experience."
WHY USE DISCUSSIONS INSTEAD OF LECTURES?

. ¢ 1 )

There are many topics for which a well-organized lecture might serve
well to comm@nicate 'a point of view or skquence of reasoning, or to impart
some series of facts. =The student may take notes or the ,teacher might
provide them. The studédnt is expected to avail himself of this "learning
opportunity.” Sometimes he may learm some facts. Frequently, he attends
the lecture and considers it to be an ipdicator of what he'should study
and know in or{ler to please the professor. He then does his "learning" on
his own, that 1s, memorizes the teacher's facts and reasonings, fully aware
that these facts will be asked for on an examination in the near future.

Since memorizing has constituted the bulk of the school experiences of
most students, mapy of them have mastered some system of memorization.,

1
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Generally speaking, the well-ordered, conservative, non-imaginative student,
who is highly anxious about successfully performing in the course will prefer
lectures. He may not like them, but he understands the system (that is,
the lecturer system) even if he doesn't understand the material he memorizes.
On the other hand, if he has studied before he comes to class for
discussion, he can view the teacher, not as three feet above questioning,
but as a consultant and coach who can help him understand the topic better.
He may integrate the new ideas brought up with what he has found previously
to be valid. Not every comment or question is a good one, but in the
exchange, ideas for the improvement of his own concepts are generated. It
is not just a matter of adding more information, but rather tne idea of
building better understanding of his information.

The teacher in this situation does not have the emotional security of
having looked up every fact. The questions may lead him where he would not
wish to go. To say the least, the situation requires the broadest prepara-
tion on the part of the teacher. He needs to read more widely than when
preparing a lecture. He may need to give some critical examination to
what he does read to determine its validity, appropriateness, and for the
currentness of the information.

Another reason for our preference for discussion over lectures is the
invoivement of students as active participants in the teaching-learning
process. Again, many students would prefer to be passive recipients of
the thinking of the teacher. We feel, however, that discussion should be
conducted in such a way as to make the student an active seeker of knowledge
and a person having the self-assurance and ability to analyze so that he
can ask questions about the material he doesn't understand.

WHAT DO WE MEAN BY "DISCUSSION?"
it is almost easier to define a discussion in terms of what it is not.

Actually discussion occurs between interacting individuals in a group (two or |

more). That is to 'say, it is not a one-way situation. It is not unusual for

teachers, and others, to lecture for a few minutes, then ask a question, ex-

pe * ag a particular answer--after whichi they go, back to lecturing. That

1s uot a discussion. A discussica is nct an oral examination, nor is it a

series of pronouncements on a subject. Flip "the coin'" over and it is

equally clear that if only students ask gquestions, then the teacher must \1

lecture in answering them.

rezerve and "stand-offishness" has been dissipated. Students, by having
signed up for the course, admit a certain ignorance about the subject.
Teachers, by their position, have a certain personal dignity to maintain.
tven though they are encouraged to forget about that, the uncertainty about
the kinds of information students will ask about may leave them. apprehensive.
Teachers need to be well-informed, but also willing to admit they may not
recall every last detail at times, If, however, a teacher finds a topic

What one strives to achieve is an interacting group where some of the
brought up for discussion on which he does not feel well-informed, he may




delay that discussion until the next time. But then, he should be prepared
more elegantly than students would have expected. From that point, students
may also be brought into an investigative activity in search of possible
alternatives. This mutual trust and respect for the purity of the motives of
students and teacher in the learning situation is an essential condition for
effective leadership.

A discussion, when well-done, should be an intellectual exchange
between teacher and students and between students themselves. .

In all this, the teacher Sg;ys a leadership role, keeping the discussioh
from straying too often toward frivolous or peripheral issues.

HOW CAN A DISCUSSION BE AS EFFICIENT AS A LECTURE?

A discussion, like a lecture, has different levels of consideration.
The most elemental one is informative, where the participants are mainly
contributing facts about the tapic. . Integrative discussion is a step up
in that it seeks to relate information in a specific area to information
already gained (or assumed to be had) in other rélated areas of concern.
The inductive reasoning about facts, and their relationship should lead to
the formulation of concepts which constitute insight and understanding.
This ability to make inferences about information, to gain ingight and to
make predictions, represents the "discipline of the mind" that some feel
is the foundation of a liberal arts education. It is" another way of saying
that some education has occurred, for it calls upon the highex functions
of the intellect. Reaching this point is the prime value of the discussion,
for each student has an opportunity, or potentially has the opportunity"* to
ask about those points which keep him from getting at understanding.

$

Once the ability to make inferences is achieved, the student is in a
much better position to be analytical about other similar information. An
evaluative discussion will then involve analytical thinking, critical assess-
ment of what is a fact (from the reasoning process inherent in the scientific
method), and forming judgements about an author's point of view.

The last and highest level sought in these discussions is the ability
to use the information“discussed, and the iﬁsights arrived at to raise
new questions for investigation (continuation hypotheses) and to create
new ideas.

A lecturer may go through these levels of consideration but most
frequently the student must follow passively, or if he ig lost, he must not
interrupt. TIf he does interrupt the lecturer, the question is cften parried
or delayed if it is not on the topic that the lecturer was presenting.

In following such a sequence fur discussion not every step needs to be
used but the most complete consideration will be made when all of them are
used. Discussions may be of three types —- sequertial, integrative or open-
ended. Sequential discussions lead students from ove fact to another until,

by inductive reasoning, students are brought to generalizations about biological
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phenomena. This type of discussion may. also lead up to an activity to be done
in class, as a home assignment, or in the laboratory. Integiative discussions
require that the students use biological and other knowledge in an effort to
understand particular aspe.ts of inquiries into biological phenomena. Open-
ended discussions usually begin with the consideration of possible solutions
to a protlem. It may become sequential or integrative, depending upon the
direction in which the class takes it.

£
TYPES OF LEARNING

Intellectual learning, just described, can be described as an increase
in the amount of information about something that the learner has acquired.
This "discipline of the mind" involves to a very great extent, an increase ‘in
vocabulary, since it is largely a verbal process. New concepts and ideas
seem to be more easily assimilated if they have names. Exposure to new
words (terms) and their associated ideas are characteristic of this kind of
learning.

- Skills learning has to do with an increase in the learner's gkills
in the performance of some act. Learning in this sense has to do with the
development of manipulative ability with tools, equipment, words, even
people. This is often called "training" instead of education. This is
largely be:ause behavioral skills can be affected without much involvement
of one's own conscious thought. Not all training is devoid of conscious
thought and intellectual learning. The ability to write clearly, teaching,
the performance of delicate surgery, all require training and skill linked
with intellactual activity. At these latter extremes, the learner has
acquired some of the "whys and wherefores" that are the reasons for performing
the skills certain ways. He nas much more flexibility than the person simply
trained so that he is not restricted to a certain gtereotyped behavior which
cannot be adapted to a variety of unique situations that must be met and
solved in real-life situationms.

Emotional learnling involves a change in the learnezr's attitudes, values,
or feeling about a topic. Some like to refer to this as "gut learning." How-
ever, it is doubtful whether one can engage ln mental activity without emotional
activity, and also the reverse. As with training, it is possible for emotional
learning to take place without much intellectual involvement or awareness of
what is happening on the part of the learner. 1In this type of learaing the
change taking place is by direct experience, and to the extent that the learning
has not been verbalized (or intellectualized) it cannot be communicated.

There are some who feel th at the college level it is not the function
of the school to change people’s vaiues, only to expose them to information.
On the other hand, many teachers feel that there is little point to a course
that deoesn't change student's attitudes--whether it's philosophy, science,
or sociology. The best tcachers probably seek a balance between these two
polnte of view.

o t):f




nul! SHOULD ONE LEARN TO DISCUSS?

Which of these methods is best for learning td. lead and participate in
discussions? 1Is any one or two of them best? Experience has shown that for
the most effective development of a discussant, all three methods--intellectual
skills, and emotional training--should be used. : Each type has something to
offer, but is deficient in the contributions of the others. The intellectual
approach can develop the vocabulary without any increased emotional sensitivity
to people, or new behavior patterns to go along with greater understanding.
Skills training alone in discussion techniques can also neglect intellectual
development and sensitivity to others. Emotional change alone, too, can
leave one unable to talk perceptively about the information to be transferred.
Working on hunches, the emotionally-trained person is less able to use self-
analysis or to arrive at self-correction. It can then be, concluded that the
most successful program for learning to discuss will involve all of these
levels of learning or behavior change.

’

:

-

How then can this be accomplished? Teacher and students working together
can create opportunities for the practice of discussion skills and join
together in directing the learning process.

T
METHODS OF LEARNING TO DISCUSS )
1. Discussion of a Reading Assignment

.~ Make a reading assignment to.the class on a topic selected by the
“ teacher (the usual situation) or by the class. Topics selected should make

some intellectual demand upon the student in the way of preparatory research--
that is, give more than one reference to be read, or assign a topic upon which
information will be sought from a number of literature resources. Ideally the
topic should be one with which the student can get emotionally involved, 1like:

Is there an extra-material universe?

Did man evolve from the apes? \

Are we what we eat? .

Does the tather or mother determine the sex of a baby? Why?

Etc.

,
Note that these topics are stated as general questions in contrast with
the case method-:approach to be introduced below. .

2. Role-playing

Let some members of the class assume the roles of personages involved in
pertinent questions under discussion and have them express (a) what they

- //

JEic —_—




think the personages that they represest would say in the given situation, or
(b) what they would say if they were in the same position. The situation and
dialogue may be written out, as for example in "Robert Brown Discovers the
Nucleus" (in Goolsby, 1970). More usually it will be announced verbally. For
example:
3
1) A conversation between the President of the United States and a
returned war veteran on,the ecplogical gnd population control
aspects of war. . i

2) A conversation between a physician and a close relative of a patient‘
who 1s gravely ill., Should he, or should he not try a new drug,
tested in animals, but not given to a person before?

3) A conversation between the manager of a large industrial
plant accused of polluting a town's only river and a man
who finds that there are no longer any fish in the river
to be caught for either sport or food.

Role playing may be used to demonstrate some procedural or interpersonal
problem. The discussion that follows is more important than the demonstra-
tion.

Example:

Teacher: John Jones wiil glve us a demonstration. |

. (John Jones goes to the cabinet, removes a microscope, carries
it (with one hand on the arm and one on the base) to the demonstration table
and sits it down). The discussion of the proper handling of the microscope
is the reason for the demonstration (but the demonstration must also be
performed correctly). e
A

A second use of role-playing is to provide the actor-student an
opportunity to practice certain discussion techniques and skills. Again,
the dramatization is for the purpose of stimulating discussion. The
emphasis should be on arriving at a generalization instead of giving
specific patterns of behavior to be imitated. If students are made aware
of this, more learning is likely to occur. >

>

3. Case Method R
The case method is used in conjunction with égi reading assignment

discussion approach, adding a new element. Instead of dealing with a

generally-phrased question, the discussion centers around a concrete case,

such as a scientific report, or "What should be dohe about the pollution in

the lower Potomac River?" The advantage of the méthod over the general

question is that there seems to be less difficulty in developing involvement

in the subject among the participants--a desirable, and hoped-for objective

in many education endeavors. )

\
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4. Small Groups ‘

This teghnique "is useful where the teache; is in'terested in researching
the interactions of members of a small group (group dynamics). The idea here
is to present a provocative question to the group and the teacher then
studies the interaction that ensues. '

CLASSROOM ARRANGEMENT

i It is unfortunate that for ease of janitorial care, most classroom )
seats are secured to the floor. There are possibly dther advantages, too,
for having this condition. The disadvantage for discussions is. that the
arrangement centers on someone at the front of the room and on the chalk-
board. That is because, in the lecture system, all attention i3 on the
teacher. 1If there is a question, it cannot be heard by all and the teacher
is expected to repeat it before answering.

In a discussion group where the participants are expected to interact
with each other, the usual classroom arrangement is very unsatisfactory.
Seats should be arranged in a semicircle so that any student can see and

' speak directly to a majority (if not all) of those present. This is part of
interpersonal sensitivity, since one's facial expression, gestures, as
well as his words and tone of voice are part of the language used. Also,
it is easier to "hear" when you can séz the Speake;;

TEACHER DISPOSITION

The presentation of a pleasant disposition is helpful in- allaying
anxiety on the part of students that they may be punished--verbally and
emotionally--for not knowing something. An atmosphere of low to medium
anxiety is conducive to learning. High‘ﬁﬁxiety decreases learning. The
high-anxiety, highly compulsive (HAHC) student generally does not like
discussion because it may cause him to reveal that he is not as Informed
as his examination scores would indicate. Also, the informationZﬁay not
occur in a very organﬂied form. Teachers should write salient pbints
on the chalkboard and probably classify points as they are raised or made.
Generally, discussion is preferred by the student who is generally also
not of the HAHC type, and is willing to think through solutions rather
than memorize the pronouncements of others.

THE DISCUSSION SESSION

-

The ultimate aim of the ISE approach to ‘teaching is to produce class-
rooms where the methods of teaching are in accord with those which meet
the demand by increasing numbers of students for course contents which
are more relevant to the present generation of students and which reflects
teaching methods which place more responsibility upon the student for the
direction which his education will take. \ -
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PHASES OF THE COURSE

The biology course consists of discussions %pd laboratory experiences.
The discussion is intended to be the place where ‘the teacher assures himself
that the student has arrived at as good an understanding of biological
concepts ag the present state of knowledge permits. The laboratory(has

been a part of biological teaching ever since it emerged from medical
education as a separate study in the 1850's. $ometimes laboratory teaching
methods are didactic and at other times they are inductive. 1In general,
didactic methods are used to teach skills early in the course and then

these skills are used to perform experiments which give the student first-
hand involvement with the objects of biological science, and their

behavior.

There should be an atmosphere of free inquiry about biological objects
and phenomena throughout the course, and especially about those topics of
most interest to students.

The ideal discussion session occurs in a physical environment which is
free from psychological distractions and physical discomforts. 'It, therefore,
must be neat, cheerful, have furnishings which are comfortable but not sleep-
producing, it must be proper]y heated or cooled, have good shadowless 1ighting,
and be well-ventilated.

There should also be an equal individual seat for each individual student,
that is, Ehey should not have to sit on steps or on tops of tables, etc.

The teacher may use a few minutes at the start of the session for
administrative activity, such as taking attendance and making announcements.
(The class may be too involved in discussion at the end of the period for
good perception of such items).

The teacher then presents an object, perhaps one of several he will use
during the discussion period. The object may be a biological specimen, model,
movie, picture, diagram, etc. This is done with a minimum of preliminary
comment. Students may begin several ways. One way is by asking questions
which the teacher or a student secretary will write down until all initial
questions are asked. The teacher will then establish a preliminary order for
considering the questions. Students will be asked to answer questions in the
light of their assignments and of past discussions by the class. The teacher,
or perhaps other students must ask that opinions be supported by reasoning.
Conclusions are evaluated for their scientific worth, the implications of the
conclusions are considered and possible experiments, resources, etcetera, are
talked about. Thée teacher should now have at hand a second object which forms
the basis for the next sequence of considerations.

A second response to the initial object can be contributions by students
from their own experiences with the presented object, followed by critical
evaluations of statements which either students or the teacher may feel are
open to questioning. When "fact" has been separated from fiction and opinion,
one or more generalizations are sought. After the implications of the

. (s
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. generalizations have been explored and possible next steps have been discussed,

such as experiments, the consulting of the resource literature, etcetera,
assignments are made and the students sent to the library or to the laboratory
to find some possible answers to the questions posed by the class. Some
individuals -may wish to find answers to their own questions arising from

the discussion. The students should report to the class on their findings

in the library or laboratory on the same or another day.

. [

The teacher can vary the sequential arrangement of the discussion session
by presenting more than one related object for consideration and following
through on the one generating the most interest in students. Eventually all
of the objects are broughtsinto the discussion. Finally, one (or more)
student§ may investigate questions generated by one or more of the objects
presented. ’

" All of these types of discussion sessions have some requirements for
maximal educational value.

Students must have some background for discussing the questions aroused
. by considering the object. This usually means personal experience, or
reading with understanding and memory, some written material dealing with
the object or the questions it raises.

The teacher must have in mind at the beginning the possible valid
generalizations toward which discussions can be oriented by either the
tedfher or the students.

The most distifetive difference between the TCCP discussion session
and a regular collegé lecture period is the fact that it is a discussion
session. Emphasig continues to be placed on the conduct of the discussion
session and the nature and quality of the discussion because it is vital that
it be a stimulating education experience. The tendency to consider the
ability of students to answer a constant stream of factual questions from - -
the teacher makes such a session traditional in that the student is presented
with some reading material and then required to memorize it as completely as
possible for the oral examination that will follow in class. This is not a
discussion, nor does it fulfill the function of the discussion as advocated
above.

This questioning technique satisfies the teacher that the student read
and memorized the material, but has he learned it? It assures the teacher
that the student has covered all of the material in the reading assignment.

It assures the teacher that the students know as much as the students in the
traditional freshman courses. But, does it assure the teacher that his or her
students undeérstand any betterrwhat they have read? It is the level of
understanding, not memory alone, that concerns us most.

Getting the discussion going and maintaining it requires that questions
posed by the teacher not be answerable as so much information, or at least
not beyond the first few minutes on the topic. The teacher should be
satisfied that the student has read the assignment and is indeed ready to’
discuss it. Then this information needs to be integrated into what the
student knows. . t

.
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In the inductive teaching style it is important to relate new information
to what the student already knows. As William James put it, facts are facts,
we have to make them 'true.'” They are true only if they harmonize with what ,
we already know to be demonstrated as true. If not, they lead to an .
uncomfortable feeling which is interpreted as indicating the information is
untrue aqg therefore unacceptable. ‘\\

Through integrative and gsequential discussions the class can'be led
through inductive reasoning (not the same as inductive teaching) to generaliza-
tions. It is another cardinal objective to have students arc¢ive at theBe
1n51ghts or generallzations through inductive reasoning (often referred to

"discovery"). This is’ “important if we are to overcome the student's fear
of science and the idea that it is something done only by incredibly smart
people like the teacher. Their background, for the most part, has been one
of accepting edicts, proclamations, and apparently divinely-revealed state-
ments about nature, made by their teachers. They ought to be led to think
through the problems, not to accept solutions from the teacher or authors
without having to think (even if they question the validity of the teacher's.
conclusions or object without thinking through the problem). When the ;
teacher has brought the class along to where they can reach a generaliza-
tion, they have arrived.

Remember that all the facts are tied together in your (the teacher's)
mind but not in the minds of students. Incomplete reasoning, failure to
include the details of a reaction sequence or process, and the like, can’
leave the student thoroughly confused and bewildered while trying to under-
stand a topic that is new to him and that he knows that he doesn't under-
stand. This is one more reason for not rushing through the discussion.
Discussions take much more time than do lectures, so not as much information
(facts) can be covered per hour as in a lecture. However, in a lecture,
practically no understanding can be ascertained and the student's only
recourse is to memorize what he was able to copy as notes, or read in the
text.

There is need to follow out student interest on a topic or section.

It is part of being '"relevant" as long as the discussion is kept relevant

to piology. If the discussion was not finished when the class ended last

time, it is important to review the last few points and see to it that an
inductively arrived at generalization has been reached before going on to

a new topic for the day. If that takes all of the time, so that the class
doesn't get to the new topic for the day, that's all right. If they have read
and retained the information assigned for reading on such a day, they are
ready to discuss it next time.

It is not necessary to cover everything in the unit but it is necessary
to be sure that the generalizations are clearly reached before a new topic
is taken up.

GENERAL REFERENCE

Barlund, Dean C. and Franklyn S. Haiman 1960 The D _znamlcs of Discussion
Cambridge, Mass. Houghton Mifflin Co. 461 pp.
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CHAPTER 4--TOWARD A BETTER SYSTEM OF TESTING AND GRADING

TEACHERS MUST EVALUATE STUDENTS
Perhaps the least recreational parE of teaching is grading papers.
When Northeastern University instituted computer-grading several years ago,
it was a great boon, but it could.not be used for most kinds of student evalua-
tion--only the scoring and analysis of examination cards. However, since it

did analyse answers, the computer output became a tool for the improvement of
instruction. »

Institutions of higher learning almost alway$ insist upon examinations,
although for many college courses nowadays, the professor may decide whether
or not he wishes to give an examination. Where classes are small and advanced,
he may feel that he can’evaluate the students well enough without a formal
written examination. Where classes are large, examlnations are relied upon.
Whether or not examinations are given, school administrations require a grade
for each student. This is a code for the teacher's evaluation of the student's
proficiency--in practice, his proficiency at taking examinations. Since it is
the aim of most schools to either teach or offer opportunities to learn, the

grade is considered to be a measure of how much was taught or learned or could
be recalled from memory.

WHO BENEFITS FROM EXAMINATIONS?

Who benefits from examinations? The administration gets a grade to show
that the learning opportunity they marketed was indeed delivered to the customer
(the student), failure usually being the sole responsibility of the student,
at least as interpreted by administrations. The adminstration provides buildings,
materials and students, but these things do not produce "taught" students.
Strangely enough, college administrations do not supervise the teaching that
they sell. 1In the ISE courses the ISE staffs are charged with the responsibility
for helping develop the courses and how they are taught. 1ISE, erefore,
evaluates the programs in its own way and has a vested interest in seeing
to it that students are graded fairly and in the 1light of thz kinds of
activities pursued in the courses.

Teachers benefit from the examination when they can look at ‘the results
and take pride in the fact that they did a good job of transmitting knowledge
and thinking patterns. Students will look on the examination resilts mostly
in terms of a grade which eithér rewards or punishes them for their performances.

However, exminations can be an educational tool which requires the student
to integrate his information in ways that he may not have done before. It
seems in some colleges, perhaps it is more true in larger universities, that the
freshman year is qne in which as many students as possible are flunked out by
means of bad teaching, especially tough (even unreasonable) examinations, and
large, depersonalized classes with little help or counseling. The ISE recommended

Jformat, followed'by its consorting colleges, tries to do the reverse of that by

providing interesting curricula, interested and capable teachers, small classes,

N .




and frequent opportunities for conferences with the teacher. Actually, if the
criteria of admissions officers are valid, then all freshmen should have the
mental ability to complete the freshmen year. (It is not believed that colleges
would take tuition money from potential students who could not possibly succeed
in college. The fact that some colleges register fewer than their anticipated
number of freshmen demonstrates the point.) Admissions officers do not appear
to try to change the teachers in order to make their forecasts of students’
success come true. Rather, they try to determine the type of student which
survives in the teaching system their college uses. However, there is a bug.
The professors keep outsmarting admissions officers by examining students

on that which they did not teach. -

School provides a special environment for having real and contrived ~
experiences which can be models for forecasting outcomes to real and pd/élble
situations, or for predicting the probable behavior of a great many other possible
objects of study not as yet experienced. The proficiency of a student in
mastering these goals is included in the evaluation system--usually of limited
components at the college level--that we call the grade. The grade is the reward
the apprenticed youth in school gets for his work and study. It is reasonably
predictive of future school success but does not necessarily predict non-

school success because non-school situations are not contrived, as are school
experignces.

Recently, there has been little direct emphasis upon how a teacher should
go about evaluating student performance in the ISE biology course. The topic
has not been discussed in any detail with teachers recently. .

'This does not mean that there has been a lack of interest, for teachers have
included in the course units many objective questions for self-tests and
regular tests, and also many questions for oral or written discussion. It
seems that written examinations are the most-used instrument for. evaluating
students in the course. Although the term "laboratory-centered" is sometimes
used to describe our course, we have little information on how the laboratory

performances of students are evaluated and incorporated into the final course
grade.

WHAT ARE COMMON TYPES OF EXAMINATIONS? ' ‘
It is always easy to start a discussion with teachers a which is
better--objective, short answer questions, or more sub ectiv scussion or

essay-type questions. Double-choice (true-false) and multipl ~cRoice questions
(whether 4 right-1 wrong or 4 wrong-1l right) provide the student with the
answer if he can recognize it. Cues to answers may or may not be provided in
essay questions, but in the final analysis, essay or discussion questions get
graded objectively. That is, the teacher ‘will ask himself what proportion ™

of the expected number of points did the student include in his discussion?

Practical examinations, dealing with objects with which students have had
direct « expgrience, are frequently used in biological laboratories where morphology
{s stressed. Generally, they are designed to test the memory of. students ubout
what they have seen, rather than apply what they have learned of the solution
to a problem, either theoretical or practical, or to the performance of a
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' task as in doing an experiment. The question to ask here is which one, if
any of these kinds of examinations, is better than the others? Perhaps none--

anymore tham a grade of A is better than 90%, or a grade of B is better than
-807%. ¢ Y

Some variations on these types of examinations (objective, essay, and
practical) are little used. Unassembled examinations, (the "examination" is
written outside of class) are good for helping the student look up and pull
together information or ideas, but, of course, does not indicate what he has
learned. Open book tests seem to abolish student confidence in what they
have learned, probably because of the intense anxiety resulting when they .
realize that they don't know exactly where to find information,‘or that there ‘
1s a mass of information that thky don't really know.

A good library is one of the most importént tools of the scientist and
+ scholar. The scientist needs to know what others have found and he also
needs to let ?thers know what he has found. Therefore, the writing of a
laboratory research paper, or even a liferary research paper (in this case
on a blological topic), constitutes a test of inductive reasoning as well
as a practical examination in the use of the literature. .

-All examinations need not be long. The quiz is very useful, too. An
announced policy of unscheduled quizzes (about 10 minutes long) has a good
effect on distributed study--i.e., doing assignments when they are given
compared with cramming before longer examinations. In a course, such as the
ISE courses, where discussion is emphasized over lecturing, it is essential
that the class read the background material for the discussion before class
meets. This is in contrast with a course of lectures where it is unnecessary to
read the assignment until examination time comes around. The lecturer
consistently seeks to give clear expositions which lucidly and logically explain
a point of view (to the exclusion of other points of view), so that reading
background materfal is used to help explain unclear points for the student.

But the fact 1is that the student frequently does not find clarification and may
., not get it even in a conference with the teacher if he has not done additional
) reading.

MEMORY AND RECALL

-— .

In the discussion-type courses, the teacher seeks to help the student
arrive at greater understanding (i,g;, wisdom) of the subject by helping him
to explore that which he does not understand or understands poorly. However,

this is difficult, if not impossible, i1f the student does not know. what he
~ does not understand. The task is greatly facilitated if the student has some
previous knowledge, either directly-experienced, as in the laboratory, in

soclety, and in the field, or through reading the ideas and experiences of
others. ‘

It ought to be clear that both of these approaches to teaching have the
objective of giving input to the memory banks of the brain via pathways :
permitting a low threshold of stimulation for easy recall. Of the two, the
discussion method certainly provides the in-out kind of thinking that
reinforces the specific nerve circuits in the memory areas of the brain,
‘requires integration of various related idea-circuits, and better encodes
the recall signals.

{9
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the recall signals.

HMemory deals largely with informational bits we call facts. Facts must
be filtered through a "false-maybe-true' switch for evaluation, very much like
an IF statement in Fortran computer language. .That is, IF (proposition)-,

0, + GO TO n. 1In such a shorthand statement -, 0, + represent the sign of )
a number being evaluated. +It is then switched to specific addresses (GO TO) -
in the program, e.g.,:" IF (x) is negative, GO TO 29; IF (x) is zero, GO TO 5;
or IF (x) is positive GO TO 101, where additional operations are performed or
output (behavior) is directed. The whole computation is aborted 4nd an error
code is reported by the computer irf there is no such address to GO TO. 1Ip the
brain one gets a DON'T KNOW or confusion signal. -Bhe chances of finding
appropriate "handles" or addresses for information are greatly enhanced by
discussion. // - N

\

!

THE PROGRESS INVENTORY - ~ g
The Progress Invento&y is a pre- and post-test given to measure the in-

crease in a student’'s knowledge or change in his attitudeq toward a unit

topic. This has shown itself a useful tool for measuring the effectiveness

of teaching and' 1earning Examinations and quizzes are given following

instruction to measure what the final state of learning and recall is. These

tests do not tell the teacher where the student started. It is useful to

know 1f students generally know a lot 6r a little about a‘Subject to be

taught. A student may make a scote of 70 on a quiz. That is usually equated ¢

to a low C in the grade book. But where did he start. IE he could have scored

50 before instruction, he learned a little. If his starting score would have

been 10, a teacher, could be justly proud of such progress. The pre-test

establishes this level of starting competence. / ~

We have not found a suitable way of working a-large-incfease in
knowledge into a final srade in the course. This is .partly because of the
fact that if students know. a large increase between Lheir pre=test and
post-test scores will benefit their final standing in some wa;tgkhey will
purposely make low or zero scores on the pre-test. ¥

We have found that the’cooperation of students can be gained by .a 51mp1e‘
explanation at the beginning of the term that there will be some pre-tests
to determine -the level of knowledge as a guide to teaching. (This is, aftei
all, the main value of the pre-test. )
/ . \ ,
To reduce the amount of separate periods we have taken a segment .of the ot
"next hour. exam (post-test) as the pre- -te'st  Pre-test scores are not given to
students until after post-test scoring has been done and the gain (or loss)
calculated. This group of about 20 objective questions form the first segment
+ of the next hour examination.

I

¥

|
There were reasons why studenta liked t%ls arrangement° *1
|
|
|

It gave them.some examples of the kinds of questxons which would be
asked. .
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It tended to indicate to them some of the important concepts and informa-
t{gn to be encountered in the upcoming instruction.c

It must have indicated to many of them something of the%f level of
information and therefong .an index-of the amount of learning and study they

might achieve. That is, they knew about Hq\\much, after that, they did not

know.
Our experience with the progress inventgéy\ges that
(1) It helped define the starting knowledge of the class.

(2) 1t motivated the students because they gained some insighz about
their need to learn and some of the topics about which they discerned their
need to know more. 1

(3) 1t bfought a sense of accomplishment when a student scored low on
the pre-test and passed the post test. By traditional standards it~ 1is
disappointing to the teacher to find a lot of D's on the hour examination.
When such students showed 300 to 400 per cent 4increase between pre- and '
post—test scores, real progress was indicated.

SOME SAMPLE TEST QpESTIONS -: ~.
\ } - - \ , ,

- o 5 , - ,
Essays (Written'Discussions)

'

Example 1. ", ' ' -
s
Discuss William Harvey's contribufion.dé the development of the

sclientific method in biologv. N . v
-

Ans. Because Harvey had been a medical student in Padua, he learned the kind
of careful observation restored to biological andhigdlcal study by Vesalius.
When he returned to England he became idterested i embryology and the movement
of the blood. He performed ex eriments to gain new knowledge, he measured -

his results, and he was able to ggneralize from the new facts, a principle,

the circulation of the blood in higher animald.

(Comment: The question asks for @ limited amount of information and is
casily evaluated.)

Example 2.

Discuss the cell. L T
[ * N . &

(Comment: This réquest is too broad for even good organization in an
hour, Anything the student remembers would probably be the basis for
evaluation. In this case (a poor one) one then weighs right points against
wrong cnes, but in general it may be difficult tb assesz whether the student
actually understands even the main aspects of the cel&{glts function and its
significance.) ‘ '

Ul
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Example 3. What basic function is performed by the Krebs cycle?

Ans. The extraction of carbon dioxide for discard, and the collection of
energized hydregen for use in ATP producticn.

(Comment: The answer required only calls for memory of a couple of
facts, so that the integration of informatlon is limited. Since integration
of information is a major reason for the written discussion this information
would be handled better in objective questions.)

3

Ubjective Questions

txample 4. Starfish are good examples of mollusks.
(a) true (b) false (c) maybe

(Comment: The statement is unequivocally false. The choice of "(c) maybe"
is counted as wrong. It is used as an attractive alternative for
. guessers,)

Example 5. Whick of these men did no: participate in the formulation and
acceptance of the cell thecry?

(a) TRobert. Hooke

(b) Jean Lamarck

(¢) Mathias Schleiden

(d) Theodore Schwann
. (&) Rudolf Virchow

(Comment: The correct response 1s (a) Robert Hooke. Hooke first named
the cell but did not theorize about all living things being made of ¢21ls.
No’.e that all choices are:

. logilcal,
.about the same length.
.ot hinted at in the question.

An advantage of this form of choices (4 right, 1 wrong) is that:

.it emphasizes right information
«there are more right facts taught.
.wrong statements are harder to come by.

Example 6. Which of the following metal atoms are nart of the chlorophyll
molecrule?

(a) iron

(b) copper
(¢) magnesium
(d) manganese
(e) vanadium




(Comment: This is the most common form of multiple choice question. The
right answer is in sight, if it can be recognized. The right answer is arrived
at mentally and then matched to the list. From the standpoint of writing it is
more difficult to get 4 wrong, plausible choices than 4 right, plausible choices.)

Matching questions are the same 2s condensed multiple choice in which all of
the choices apply to each question in the 1list.

Example 7. The sequence of phases in mitosis, beginning after interphase is:

21, First . Interphase
22. Second a. Metaphase
23, Third b. Telophase
24. Fourth ¢. Prophase

d. Anaphase

e. Prometaphase

Example 8. Match the structure to the name.

Cell wall (darxk area)

(line)
{area)
(1ine)
(dot)

(ares)

oanCcp

’

Cross section through a cell

31. cell membrane
32. nucleolus

33. cytoplasm

34. nuclear sap

(Comment: Where machine scoring is used the list of choices is limited
to five. Sometimes one sees long lists of choices. These require more time to
read and thus absorb (waste) time. Note that there is one more choice than
there are questions. This is so that there will still be a choice of two
items for the last question answered. Note that guide lines must go exactly
to the structure indicated. The part of the diagram can also be indicated/"é‘
space, dark area, line, dot, etc.)

Completion Questions

P

Exzample 9

4l1. The group that shows what 1s normal, in an experiment is called
the s




(a) control group.

(b) dependent variable.

(¢) the experimental group.

(d) independent variable.

(e) none of the above. o

-

(Comment: The structure is basically 4 wrong and 1 right multiple choice.
Where the choices are not supplied (hand-graded) the answer must be called up
from memory. Where choices are given, the correct answer from memory is
matched to the list. The 'None of the above' choice Is a wrong choice since
"(a) control group" is the correct answer.) . A

LABORATORY EXAMINATIONS

The foregoing almost always applies to the discussion session (which
replaces lecturing). What about the laboratory? Laboratory work in the sciences
grows out of the traditicn in medical education that the physician needed some
direct experiences with anatomy, pharmacology, physiology and the like, before
he began to deal with sicknesses and disorders in human patients. When Biology
began to emerge» about 1850, as a study separate from medicine, the method and
its validity were already well-established. In those days the laboratory
was a place to demonsirate that the incredible assertions of the professor could
be shown to" be indeed true. It was a big visual aid, but also a center for the
didactic instruction in method and technique. These are still valid uses of
class laboratory, but we seek to get somewhat away from that kind of usage--—
to make the laboratory a place to find out things, to find answers to questions
raised, not so much by the teacher as by the student, at least sometimes.

Laboratory werk is a cooperative effort between a student, his partner(s),
the laboratory teachexr, literary resources, and other students. Ideally the
student should be inquiring and acquiring information about the objects or
phenomena at the center of the laboratory activities. Under these circumstances
it hardly seems consistent to make the laboratory report a completely competitive
irstrument for evaluation. It should be a report of what the student found
and a more-or-less detailed explanation of his understanding of what he saw
Or did. Tf there is competition, it should be the student competing with
himself, with encouragements from his teacher at all times to do better and
better. This would indicate in a rather general way a method of evaluating
laboratory reports. If they are routine reports of the data and answers to pre-
viously-posed questions, they should be read and corrected by the teacher so
that erroneous ideas do nct persist. An essentially "pass-fail" type of grading
should be used. Three marks could be given:

A -- for a superlor job and a well-gbove-average understanding of the
laboratory work (100% to 90% perfectiun).

S -- for "passing" work. The lower limits of "passing' should not be
"too low" (90% to 70% perfection).

I -- should be given for incomplete work or for work that has not been
performed or work that has been performed at less than the "passing'
level, (less than 70% perfection).
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These marks--A, S, and I--are not computable. Therefore, the laboratory
work and the completion of routine reports should be considered a requirement of
the course and no final course grade would Be issued without the satisfactory
completion of all assigned laboratory work. This would beg the question as to
how the reward of a recordable laboratory grade could be worked into a system
of student evaluation. Two suggestions can be made. First, about 25% of. the
questions on written hour and fiqil examinations could deal with aspects of the
laboratory work as such--with the’®experiences in the laboratory, experimental
findings, the operation of the instrumentation, the principles exemplified,
or the working of the scientific method in the solution of a problem. The
second way is through the practical laboratory examination. Such examination
should ctress the use of the techniques learned for the solution of a question
or problem, rather than to remember, for example, the ways which a liver cell
diffgrs from a kidney tubule cell. Such minutia should be left to more .
advanced courses. Some examples of items in such a practical examination as
described would include items like these:

1. Make a temporary wet mount of a protozoan or algal culture and find (but
not necessarily identify) the cell under the microscope. :

2. Make a temporary mount of some cell and estimate-the internal pH. (The
method and the choice of indicator from among several to choose from should
be correct). :

3. Determine the pH of a biological fluid (fruit juice, plasma, or urine).

4. Correctly perform the asceptic transfer of a pure culture from one tube
to another.

5. Correctly remove asceptically a pipet from a can or from its sterile
wrapping, making a pipet transfer to a water blank, properly mixing it and
spreading a petri dish correctly with the diluted material.

6. Make a chromosome squash preparation.

7. .ldentify the parts of a flower not studied in class (where a flower has
been studied). ’

&. Demonstrate the method of injecting fluid into the dorsal lymph sag of a
frog.

9. Selection of the proper reagents for a test to determine the presence of
glucose, amino acids or proteins. t

"

When can such practical examinations be conveniently given? It depends upon
the amount of assistance available to the teacher. If one allows 30 minutes
per student, and there are 25 students in the class, then 12 and 1/2 hours are
needed for individual testing, probably carried on during laboratory time with
someone taking the responsibility for class supervision. A second method is to
Place the materials and the task question at each work s; ce. Have the
student leave his notesTat the side of the room, then give him about 30 minutes
to complete the task, after which time the teacher and the assistant will spend
another half-hour evaluating what was done. ‘

\‘l‘ / . ":(
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A
Many exercises in the course may be used as the basis for a scientific
report. These take some time, and familiarity with the use of the library
to complete satisfactorily, and may e graded using more conventional values
(percent) than the A, S, I system suggested for routine reports. There should
probably not be more than four or five such reports during a semester.

COMPONENTS THAT SHOULD BE CONSIDERED- '
- [

Since discussion is an important part of the course, some evaluation should
be given to the amount of participation a student does in it. This would include
not only recitation about reading assignments, but his creativity and inquiring
spirit, whether or not his interest extends beyond the class time so that he
brings in news clippings of interest, specimens that are ﬁnusual or interesting
for the observation of the class, and so on.

The foreéoing discussion, then, suggests, in fact, points out the incomplete-
ness of not including some other components other than the written examination
i?ikvaluating student performance. Instead there is a list:

Discussion participation, creativity, etc.
’ )
Quizze§ on discussion and laboratory work

Written examinations
(Perhaps 75% on discussion, 25% on laboratory)

Laboratory practical examination {
Written scientific reports : )
Completion of all laboratory assignments with a grade of A or S.

Questions which remain include, how much weight Ehould each of these
components get? and how can time be budgeted to accomplish 1it?

|
The above scheme tries to overcome the separation so often felt between the
discugsion and the laboratory . rk into separate courses in the minds of many
students, with separate content, separate teachers and separate purpos.s.
|
Student-nature being what it is, knowing that all aspects of the courss,
not just the written examinations, go into his evaluation, should be a strong
stimulus for the student to perform at his best in all of these activities.

\._/_
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APPENDIX A -- GENERAL AIMS AND GOALS FOR THE COURSE

The curriculum materials in biology may be divided into three categories.

v
\\\ Firstly, there are reading materials. These serve the purposes of
introducing the student to a new body of information, to summarize or review
information, and to correlate ideas needed f%r intellectual discussions in
class "and leading to generalizations which are integral to the study of
biology, They also serve to improve comprehension or scientific terminology
and language and increase comprehension by identifying and associating
scientific terms with the course experiences, with the discussion content,
and with laboratory skills and experiments. In the laboratory they may be |
used to give directions- for the various activities. They are also used in
various ways as resources which students may use to strengthen the view-
points they take in the interpretation of their experimental data. Thus, in
these and other ways, the reading materials function to inform, review, and
arouse curicsity and more interest in the various topics by providing

information for the discussion of the ideas invg}ved.
I

Secghdly, there is equipment. The equipment‘is comprised of tools which
basically aid the hand, the eyes or the ears (or other sensory receptors) in
the production of sensory input to the brain. There, mind can perform the

intellectual integrations which constitute one's perception of natural

~ phenomena. ‘

Thirdly, there are laboratory materials. These are the "objects" for
ytudy as examples of a class of objects which are similar or related. it
lso includes ancillary materials such as chemicals which are used with the
quipment in the performance of exercises (for developing skills) and
xperiments (for develeping understanding of the ways in which a scientist
gathers information and arrives at conclusions). '

-

gaterial%als
: (

The general aims and goals which these groups of curriculum materials
seek to accomplish include these:

|

(a) Embodying the topics of interest to students, as teachers have
perceived this interest from 1967 to date. In addition, to embody enough
other information to make the topic '"rationally complete" in the light of
general usage in biology. However, not everything many consider "important"
or "useful" is covered, but enough is covered, and in sufficient depth, to
give the student an understanding of the contributions of the various areas
of biology to human welfare, and to introduce the student to 'the ways in
which information is gathered and interpreted in each area.

(b) . Providing a guide to the use of curriculum materials so that
teaching may be done in the inductive manner. Teaching materials make
possible particular styles of presentation. Our guide encourages inductive
teaching and secks to prevent a teacher from using any other style of

presentation.  Only a few materials really permit inductive teaching. These
O aterials, therefgre, meet our specific needs since materials useful for
= ¢ Xy 4
, ) .
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teaching an introductory course in biology by inductive methods are relatively
rare. )

(c) Providing the teacher with as many réferences, questions, lists of
visual and teaching aids, laboratory experiments and lists of materials
needed, as would normally be usable within the three-week (more or less)
period of teaching as covered ﬂy the unit. This is done through the Teacher's
. Guide to Laboratory Activities and the Teacher's Guide to Classroom Discussions.

’

Student Goals

K
[}

he general behavioral o%jectives sought for students taking or completing
the course would include:

(a) Seeing biology, and science in general, as a process which not only
solves problems but which also creates new things.

(b) Arriving at an attitude of objectivity through critical thinking and
inductive reasoning about that which would be a scientific fact.

(c) To have an appreciation of the laws of random events and how, through
the proper philosophical readiness, scientists make their discoveries..
3

(d) * To have a general knowledge of the world of living things and man's
relationship to its various levels.

(e) To better understand natural -occurrences by the application of
biological principles.

(f) To develop observational skills through active participation in
scientific experiments and exercises, and to arrive at generalizations through
inductive reasoning.

(g) To be able to read the scientific literature in biology with a
reasonable understanding of the basic scientific terminology.
Teacher Goals

Coals orienting toward teacher-student relationships 'would include:

(a) The use of inductive reasoning for reaching generalizations whenever
possible. ;

(b) Involvement of the student in the learning process as much as
possible. ’

(¢) Stimulating students to learn by giving them advice, self-helps, and
opportunities to learn about the world of living things through readings,
discussions in class and during conferences, and through Jlaboratory and‘field
experiences, allowing the student some choices, yet maintaining some discipline
without authoritarianism.

7Y




(d) Development of an attitude of quiet confidence in their own
preparations so that they do not display behavior which would indicate an
anxiety about their information nor embarassment at not knowing every fact.

(e) The encouragement of gopd study habits, budgeting of time for the
course Work, and high performance in the course growing out of good
preparation on the part of students.

(f) Development of sensitivities to topics in biology of interest to
students so that classroom experiences will be made as meaningful in students'
lives as possible and relevant to the goal of having some application in
modern life situations.

(g) The ability to enter creative states of mind so that current materials
may be improved to bring out the most useful experiences to the student for
understanding biological concepts.

(h) Reading at least one basic science journal and one science-teaching
journal regularly to keep abreast of current publications of interest to
them personally and applicable to course content, and that some ideas about
current teaching techniques may be appreciated in relation to the teaching
program in, which they are engaged.

(1) Becoming skilled reporters of student reactions to teaching materials
and methods and to subsequently write these reactions in reports and
publications.

(j) Learning to make their presentations in such a way as to arouse the
curiosity of students and motivate them to further study and work within and
outside of the classroom.

(k) To extend the attitude of the scientist, that any good or worthwhile
discovery not become the secret property cf its discoverer but that it be
freely shared with colleagues inside of and outside of the TCCP.

e
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APPENDIX B -- THE STRUCTURE OF THE UNITS

The Units in this book have been revised by the authoring teachers and
the ISE staff from the intermediate publication, CRG Biology Teacher's
Curriculum Guide, 1969. However, many of the features of that work have
been retained, so that the present Teacher's Guide to Classroom Discussions
for Biclogy is still a book of resources for the teacher. The units coatain
,features aimed at providing teachers with literary and audio-visual teaching
aids, objectives, discussions, and approaches for the inductive presentation
of the concepts to be conveyed in each section. The Units have been
organized as follows:

Forewcrd —
Introduction -
Progress Inventory
References
Topic Qutline
Annotated Outline

Specific References

Alternate and Supplementary Reading

Teachers References

Exposition of the Outline

Approaches

Discussion Questions

Objective Questions

Foreword

Each consultant that worked with teachers in developing the Teacher's
Curriculum Guide for 1969 wrote a foreword to the unit they helped to design.
In 1970 some of the outlines were revised to meet unforeseen needs.in the
course, but we owe these able scholars and scientists our gratitude and
thanks for sharing in.the problems of organizing some scattered ideas into a
rational series of up-to-date considerations. "

Introduction

The main ideas and the objectives sought by the unit are set forth in
the introduction,

Progress Inventory

This feature has been described in Chapter 4. These questions are
intended for use in a pre- and post-testing procedure to determine the advance
in score (as a measure of learning) resulting from the teaching of the unit.
The pre-test gives students some idea of the kinds of information covered
in the unit and enables the teacher to gauge the areas of strength and weak-
nesses in the information of the student before instruction begins, thus
providing a key to which areas need the more careful attention.

References

The references to books, articles, papers, films, filmstrips, tilmloops,
Q@ and other teaching aids are found in the front part of the unit.

ERIC N ‘




B2 .

We think that it is important for the reader to look through the reference
list before reading the rest of the unit.

Topic Qutline

For most courses the textbook outline is the curriculum of the course.
In this course the Topic Outline is the basic curriculum aromnd which all of
the discussion and activities are generated. The reading material then is
selected to support the outline and therefore the reading material takes on

a secondary relationship to the outline. This also permits more flexibility v
in the use of the adopted readlng materials by defining what information is
desired. .

. u
Annotated Outline

/

Specific References for assignment for student reading. These come
from different books in different units. A survey of students in 1969
showed that they did not like large (thick) textbooks. Somehow they seem
formidable to many students. So most required reading comes from paper-
bound books that are not very thick and seem less threa ening to many
students. This does nct mean that the reading assignments.are correspondingly
easy. It only means that the committees of teachers felt that the reading

i
in these references was most appropriate for the part of the outline for which
they are assigned. t

At the beginning of each section there is listed:

Alternate References are generally taken from standard textbooks in
introductory biology. They are given in case the specific readlng is not
1mmedlate1y available to students. :

Supplementary Reading is not required, but is good to do. This
usually consists of original scientific reports, Scientific' American texts,
and the iike.

L]

Teacher References are useful for teachers but generally are too
difficult for beginning students to read ang, understand easily. Deeper
understanding of the topics is a prerequisig% to making more simplified but
truthful presentations of the more complex topics.

t

An exposition of the outline seeks to provide a description or an
indication of about how detailed the presentation should be and what . R
concepts should be emphasized in each section. The .content and concepts in
this section merit the careful attention of the teacher. Remembef that this
course will not attempt to cover all topics and subtopics in biology. It
will omit many that a large number of biologists will agree are "important".
The aim is to develop understanding of a limited segment of biological
information, and with some imsignts; into how biological scientists proceed
to find out informatibn, and something about how they think when they
generalize to conclusions about their discovered facts and data. Parajlel
tests given to program students and regular students in biology departments
show that having been given less information, but having understood it
better, program students score slightly higher on the tests.




o Laboratory Activities for Biology.

v%

Approaches indicate various ways in which the attention of the student
can be attracted toward relevant biological objects for the induction of
responses from students, and for motivating them to want to study the principles
and other abstractions associated with the various topics. The ability to
verbalize about objects involves translating their direct (emotional)

experiences into words that can be stored in modes that are easy to recall
verbally.

A variety of questions are given, usually at the end of each section,
but sometimes at the end of the unit. These are usually designated as
Discussion Questions for use in the discussion period, for home assignment
or for use on examinations. The same is true of the Objective Questions,
although they are fot intended for use in discussion sessions. They are
useful as self-tests, for home 3551gnment, and for use on quizzes and
examinations, .

Intended for use with this Teacher's Guide to Classroom Discussions for
3iology are the two companion laboratory books, Teacher's Guide to
Laboratory Activities for Biology and the student laboratory manual, Laboratory
Activities for Biology, both also being publications of the Institute for
Services to Education.

In a Statement:of Purposes (Preface) to the Teacher's Guide to Laboratory
Activities for Biology, the authors point out that:

"This Guide is prepared for teachers who have students using the
manual Laboratory Activities for Biology, prepared and published

by the Institute for Services to Education. The Guide contains
some introductory remarks for teachers, lists of materials and
equipment, methods of making solutions and other preparations,
suggestions for introductory discussions with the class, and pro-
cedures for doing the various exercises. It also contains answers
to discussion questions, but does not give sample data for the
experiments. The student manual is not the place for much of this
information because the thrust of the teaching in these laboratory
classes should be to let the student find out most of this informa-
tion through his own efforts. We hope that the material has enough
flexibility to allow the teacher to express his or her own
creativity, yet structured enough to give the student a feeling that
he is proceeding properly through the activities.

This Guide is prepared because biology teachers have varied back-

grounds and some may have more information in some areas than in

others. If this Guide can help reduce the time necessary to prepare

for laboratory classes, we hope that the time gained will be devoted

to teaching activities as such. The second section of this compila-

tion is devoted to guides for each of the experiments in the student

manual, but the actual directions should be consulted when following

this teacher's guide for any particular exercise.

A

The Table of Contents for the Teacher's Guide (less Prefacing pages) is

given below. Part II is also the Table of Contents for the student manual

oy
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FORE™ORD

Modern man, it isg alleged, #s increasingly looking to

sclence as the A

v .t 1eans available to him in his attempt to know his world and solve his

' to day problems. He sees how sclence has changed and continues to change
lie  ociety. He knows that the products of scientific endeavor have affected
ni. wral outlook and his relationship witua other men. Science has improved
as u health, increased his longevity and put into hik hands weapons with
wio.. he can destroy hdmself. Science aas tahen the rigor out of work,

atwedoened the work day and provided man witi. .ore hours of

leisure. The

ronoscility exists, some men believe, that science may ultimately be able
«« Js.ate a kind of ideal world enviroument in which man can live virtually
Iree from destruction. In a word, science has been =lorified. .

.ne glorification of science by modern man makes it imperative that the
scivntific community add to its lists of responsibilities the job of putting

toe society in theproper reiationship with science. This

job is primarily

tae task of those s'cientists who work as teachers at all levels of education.
Lt is their job to provide the kinds of cxperiences for students, particularly,

and for }he larger community, generally, that will enable them to see sgéience
as it really is--as one of the areas of man's knowledge created by man and

wodified by man.

Altaough science is very much in the foreground these

\

days, with the

aewspapers talking about it at great length, and with references to scientific
vndeavor in other communications media as television and radio, there still
sttha to be a fairly widespread lack of understanding of just what science is
vl aov LU progresses.  The public image of the scientist often tends to be
tnat of one invested with peculiar magical powers, occasionally a benevolent
beint, thcugnh more often one giving rise to disastrous inventions. Maybe

Otucry see him as a man shutting himself into a laboratory

and in his lonely

ang wolitary way playing with test tubes, retorts and a bunsen flame; or still
yet, sovcone leaning back in a comfortable chair in a darkened room and Uhijnk-
ing. We might(thcn agree that a gap exists between the scientist and the
layman; a gap which must be bridged in order to establish effective comnuni-

cation between the expert and the ordinary man.

A recent show on Bruvadway has a tune with"lyrics which ask:

"Where am I going? What will [ find?

What's in this grab-bag that i call my mind? .
Looking inside me, what do I sze?

where am I going? You tell we.”

wsamining rhis portion of the lyric and applying it to our present
clissroon situation provides an excellent opportuaity for us cach to define our
roivs with cespect tg the teacidng tecaniques we would like to use in tuis

Lourse, ,l
bel e clte afother coanple.  loete was w@ vhpfeesion
@ ool OF 50 azo that was ve.ne useu LY dny studenls 1iad
voabaeedidie’ s Lak1ag taw v falter tide o fraction, we
Lfansidees=="widt goes .t mean to wme?’ Ur, Lo use: anotucy
rvievent L, pt?v

1-1
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» iy purpose then asia teacher in tnis course is simply to assist in

helping develop some concept of what science is, and id particular to shos
low communal an effort it is, and to then go on and asSist in the establish-
ment of some meaningful relationships with the sc1ences given--your own
framework of reference,

% Let us look at the problem of explaining science to the millions of
people who nignt after night enjoy Westerns, boxing, go-go °1rls, Jamesz orown,
tue 'Lt's your thing"” tune, etc. One cannot tnink vividly avout millions of
people, su, let us narrow it down to your students--first year in college--
not necessarily orxientel in terms of science as a major field.,of study--others .
uot corr.dtted te any partacular discipline. Agreed, they probably have nothing
dpainst aignbrows and .cientists, but amoug many of gou tuere ﬁay be the
prevailing puilosophy--tnerce's no call to be interested in tiiems any more
-dan they are interested in me. "Live and let live" could be the motto.
Again, tuere is tne gap to be bridged which I mentioned earlier. .

¥
[

iuere are’ those.who say that this gap does not matter very much, that
t wre uds always been some failure of complete communication between special-
ists in uitferent spheres, 'so why should we worry about this present-day illus-
tration of an age-old difficulty? It i5 not as ¢asy as that. We are talking
about rwutual intelligibility between scientists and ordinary people. It is T
aot 3s If we were concerned Gith music or painting or literature, There are
faity prople wno manage to live .happily without understanding what the arts
Huve Lo Lay to tnem. sut in these days tihe impact and meaning of scxence
cauiol oo treated as if they could be ignored. ) .

Se cVeIybouy hnows, toe implicationb of science for the everyday life ol

“Chue Viullary Taa are iuncusely serious and immediate. ¢xamples are common-
>lace, Iruia pure water through diptheria innoculation to the world's food

. aupply. iatse are scientific contributions which are immediately and daily
cuicvvaat to tue normal life of everybody. we do not need to think in terws
ol ~wolwe to realize what is.involved. In fact, it is in tihe ordinary ways
wu lant Lor granted, rather than in the dramatic threats of cataclysmic events,
Ltoatl toe relevance of science to our daily lives is most cledrly shown., It 1s
far tuo rwuca witu us to be ignored. If it cannot be ignored, it is just as

welsr tuat it soould oe undcrstood by as many of us.as possivle, as far as
it ad /I, .

" .
sticrelore, tne unit of study designed herein is an attewpt LY science
cvdutators to provide those relevant experiences. It is an outgrowth of the .
tratnitg and vackyround experiences of vducators who work in glack schools in
tue united States and who interact wita one another. Although the designers
“Wore in suca scuwols, tae eaperiences provided herein are aimed at any, and
) dii sluuvhls Wao study bLlLHCL since tucy are educationally sound dnd scien-
| Lakavalay correct. Y

P ’

LU 3o Lhe uupu oL tue unit desiegners that teachers will find the unit a
wouc s Lo pe usew oyt in dLblgnLnb viperiences for tneir studeats at tie
stavtle 1a wWaica tuey wor..

Lewis L. shiite
bean, vollee of Sciences
Couthern University
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THE NATURE OF SCIENCE

[ ]
\ INTRODUCTION -
' e \\
One measure of civilization is man's understanding of the natural world
and of nis place in nature. In his search for this understanding, man has
, called upou magic, demons, spirits, gods, and essences to help him.explain

some of the perplexing and fearful events of nature. To understand the
nature of biology it is necessary to understand the meaning of science.

This unit is intended to enable the students to develop scientific
attitudes and to acquaint them with scientific devices to solve problems=--
be they quantitative o. qualitative. If we consider general objectives, we
might list the following:

Understanding the pature of science as a vigorous interaction of the
facts and ideas.

Acquainting students with the physical and chemical nature of matter in
the universe and its varied forms.

Developing skills in the use of the 1ab?ratory ingtruments for observa-
tion and measurement.’ ,

o/’

Developing skills ih cqnverting units 6f meafurement into the metric
and English systems.

Understanding the scientific efforts in the study of the physical and
biological environment.

Helping the student to understand the interrelationships between tne -
. physical and biological phencmena that lend themselves to direct or
indirect observations or measurement.

Specifically,, this unit is'designed to point out the characteristic
fratures of that area of man's knowledge called science. A block of experiences
are provided which should enable a student to arrive at his own understanding
of what scientists seek to do. In addifion, this block of experiences will
‘show how the scientific body of knowledge has come to be and why that body of
knawledge is forever changing and growing.

The Scientific Method

_References: Lachman, (1956);‘Goolsby‘(l970) pp. 1-24 to 1-26

General Approach

Fact and fallacy are often so Llos¢;;f each other that sometimes "truth
is stranger than fiction". Therefqggi~£/ scientists, from ancient times,

" have faced the prospects of (1) finding a practical procedure for the discovery
of new information (facts), and (2) a method for checking to determine if pre-
sumed Jfacts are really facts. Both of these prospects have been included in
the m¢thod of reasoning we call induction,

o
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‘In the Greek period there was a need to restrain fantasy (magic) by the
impact of external reality, by collecting observations, and by building a new
basis upon which science could rest. Aristotle and Vesalius both had the

static view. That is, for them all of the facts were already in "existence'

tional view of induction both as a creed and as a policy--a prescription for
acting correctly toward nature's benevolence to scientists. This view of
induction has been superceded by Einstein's dynamic view of science: we help

but were hidden. It was the scientist's job to find them. This is the tradi- \

shape the world as it molds us--there is genuine interaction between scientists
and nature and between internal and external reality. Once fantasy has been
subdued and tamed, it becomes the disciplined imagination of the scientist,

and this disciplined imagination gives rise to creativity in science.

We gather particular bits of information through our senses and from
these we generalize to a theory or law by inductive reasoning. The theories J
and laws arrived at by this method represent true knowledge. For us, as for
Aristotle, the object of science is to find universal truth. Since the natural

laws so discovered state unvarying causes for natural phenomena, induction

becomes a scheme for discovering these causes or laws and their universal
truths.

If we can list all of the possible bits of information about a phenomenon
we may make an obvious conclusion by 'perfect induction. Thls can be tedious.
Even Francis Bacon thought that '"induction which proceeds by simple enumeration
is puerile (juvenilg), leads to uncertain conclusions, and is exposed to danger
from one contradigtbry instance." This coincided with his attitude toward

atu;e, for he was active in making experiments, and thus exercising control
limited portions of Nature. However, we find that scignce has changed

sinte Bacon's time, being more complex than was thought durfng the Renaissance.
Y

\VDiscovetz_is not all that science does. 1If we take the static view of
natute and 9f knowledge, we can never succeed in describing properly what
science is, nor what it is that science does. We encounter insoluble dichot-

. mies like deciding which is more important--discovery or invention? We need

to acknowledge again that only with a dynamic view--such as seeing nature as
process--can one explain science. Also, rather than argue the importance of
discovery vs. invention, we have to acknowledge that science is a creative
activity. .

Our 1maginations are fired by experiences but the experiences we have are
the result of our disciplined imagination. This out and i movement (going
outside ourselves, then returning again) is the essence of the dynamic
process by which we build up reality, Modern science, which has gone through
a series of in. and out movements, of abstractions and generalizations, has
reached a level of experience very different from that of everyday life. On
a simple level we imagine ‘possibilities and formulate hypotheses about such

abstractions.

A theory or hzgothesxﬁ\is substantiated or refuted by experiment. This
requires imagination. A trained scientist can accumulate experience in ima-
gining certain situations, even subjecting his imagination to contrel, but
this does not mean that he will automatically come up with the correct hypo-
thesis (or any hypothesis at all, for that matter). A theory is not an
arbitrary invention coming f.om nowhere any more than is a poem, a piece of mualc\or

.
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.an object of art., At this point the theory of knowledge confronts us with a
false dichotomy: either something i1s devised anew, without antecedent, and

in a capricious and arbitrary way, or it is discovered. That is, it was there
all the time, constant and unchanging. This view is not consistent with
modern science. Scientific method is not something that happens prior to
science but arises from science.

Scientific method is the intellectual counterpart of reality-testing.
We try out a suspected solution but if it faills we.start at the last success
and plan another experiment until we find a successful solution. Success is
not always easy because the experiments have to be carried out under controlled
conditions if the results are to be considered valid. Experimentation allows
the scientist to pursue his hypothesis beyond the realm of everyday things.
In order to do this, he may have to employ instryments, to isolate phenomena,
to create artificial conditions in which the desired phenomena can happen,
all in order to consummate his creative powers.

Types of Investigations Using the Scientific Method.

1. Experimentation. That is, the performance of an arranged systematic
series of objective observations under controlled conditions which are repeat-
able and verifiable. -

2. Naturalistic Observation. That is, the performance of observations of
natural phenomena as they occur in nature without trying to influence the
results, as in a field study.

3. Technological By-Product Accumulation. Research is designed to acquire
knowledge for its own sake. Applied science fields, such as engineering,
medicine, agriculture, etc., are primarily concerned with s&lving practical
problems. In the solving of practical problems, data of interest to "pure"
(or "conceptual") science may accumulate. For example, a physician may use a
last resort technique on a hopeless case that aids the patient to regain his
health. Such information is useful to the pure scientist and he may later
explain the phenomenon.
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TOPIC OUTLINE

A. General Introduction
B. Concepts of the Universe

1. Student objectives
2. Structure of the Universe

I. Matter and the Universe
3. Composition of the universe

C. The Concept of Matter :
1. Matter is measurable
2. States of matter
3. Characteristics of matter
4. Orgavic and inorganic matter
5. Extra-material Things in the Undverse

a) Concepts
b) Science and the extra-material universe

1I. Observation and, Hypothesis

A. Formation
B. Qualities of a good hypothesis
C. The logical approaches to knowledge s

II1I. Experimental Design
A+  Planning the Fxperiment

1. The experimenter must ask himself what questions must be
answered to provide enough information to make a judgment about
the hypothesis?

a. What is normal (or usual)?
b. What factor does the hypothesis assume to be affecting the
behavior or producing the phenomenon?

. c. Vhat instrumentation will be needed?

d. Which method of inductive repsoning would be asked to make

a judgment about the effect of the treatment(s)?

1) The method of agreement.
2) The method of difference.
3) The method of covariation.
4) Residual variation.

e. Some experimental designs in common use.
1) Progress followed tc¢ final time.

2) Measurements made only at beginning and end.
3) The Latin square.

. N
| N




r

.

B. Carrying Out the Experiment
r 4

1. -Assembly of the materials and equipment needed.

L b. Scientific supply houses. .

\
|
|
|
a. 1In established laboratories. -
C. Some experiments require special equipment.

2. Planning the Time Requirements
»
a. Dependence on the hypothesis.
b. Chemical experiments.
c. Biological experiments.

C. Knowledge and Wisdom Contrasted: How does the Scientist Use ‘His
Acquired Knowledge?

1. Knowledge (Facts).
2. Wisdom (Understanding the facts)y

D. Kinds of Research

1. Basic and applied research (difference not important).
2. Difference between basic and applied research and Technology
\Y

-

. IV. Facts: How the Scientist evaluates data l

~

A, Acceptable and Unacceptable Philosophies.

1. Authoritarianism

_ 2. Intuitionalism A
3. Rationalism"
4., Empiricism

L

B. Collection of data.

V. Discussion and Summary: How Scientiste Reason
A. Interpretation of results and drawing conclusions.

1. Null Hypothesis
2. Elements of Statistics

A

3

a., Mean, standard deviation and standard error.
b. Chi-Squared
3. Inductive canons

s

B. Acceptance or rejection of the trial hypothesis.

C. Formulation of a new or successive hypothesis.,

»
& . i)

D. Summary

-
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VI. Writing Seientific Reports
A. Organization of a Scientific Report in Biology
B. .Biological Literature

1. 1Introduction.
2. How the Literature in Biology and Biochemistry is used.

VII. What is Science?
A. Tolklore
1. Magic

: 2. -Astrology
T 3. Alchemy v

-

p B. Pseudo-sciences (Human Behavioral S“tudies)‘ Ve
) Economics, Political Science, Social Science, etec.

C. Natural Sciences

Physical Sciences
Biokogical (Life) Sciences
Interdisciplinary Studies: Biochemistry and Biophysics
-Applied Sciences ,
a. Biologic%l: Agriculture, Medicine
b. Thysical: Engineering, Other Technologies s

4
N
e o o e

5. Technology
D. Limitations of Science
, E. What is the Xelationship of Science to Other Fields of Study?

F. Why Study Science?

ik ,
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ANNOTATED OUTLINE

I. Matter and Universe

I. General Introduction ;
H

Soina orga%isms are described as unicellular or acellular, e.g., amoeba,
This is a result of two different observers perceiving the same organism and
describing it diffevently. One observer views amoeba in all its analogies
with different types of single cells. The other perceives its homology not
with single cells, but with whole higher animals,. i.e., it is mote like a
whole animal than an individual tissue cell. Thus, placing the stress on
either the first or last term in 'unicellular animal' makes a difference.
These observers saw the same thing but construed the evidence in different
ways.

The approach might begin by asking the students to view an object, e.g.,
amoeba, paramecium, etc., under a microscope, on a film loop or something
bigger on the table. Let the student write the description of what he has
seen. (Some discrepancies will come up in the description as in the- case
above, even though they are observing the same cbject.) Let the students
discuss the reasons for these discrepancies in perception. They may not know
why, but we know. The disagreements arise because what one perceives is a
product of the interaction between the object and the subject. When others
can perceive the same objects in the same manner we assign it that property,
€.8.,.a square box. This implies that our knowledge of that object presupposes
some permanence in a given thing. When we can recognize different objects as
particular objects our knowledge then presupposes that there is a permanence
and sameness' in these objects. Thus, the first or basic step in scientific
analysis or meghod is the concept of observation. 1In order for us to investi-
gate something we must have a prior notion of what we are going to investigate,
i.e., specific observation is a prerequisite of an investigation. The observa-
tion does not, however, have to be direct as in the case of the object on the
table, the object could be perceived by means of a microscope, meter, etc.,
i.e., through indirect means. Observations can be qualitative or quantitative,
but, in either case, it must be able to stand when others repeat it, for it to
be acceptable. ' !

\

Approach: Show two solutions of same colour but different .oncentrations

to the class. Allow the students to describe the intensity of the colours

that they have observed. Let them determine how much darker the more concen-
trated solution is when compared with the lighter concentration. Then use an
instrument like the Spectronic 20 spectrophotometer to determine the absorbance
of the dye in both solutions. Alternately, serial dilutions can be made of

the darker solution until the same coloration as the light solution is achieved.
This is designed to show some form of correlation between the quantitative and
qualitative versions of perception.

Statements of observations must be clear and distinct, i.e., impossible
of double interpretation. "He is five feet tall" does not imply he is fat,
or thin. It deals only with his height. The statement cannot be construed
to mean he is approximately five feet tall, etc.

The universe provides a fertile environment for a variety of observations.
All that one has to do is look at himself or the things around him. "Things

El{jﬂ:‘ ‘ Cisy

Aruitoxt provided by Eic:
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around him" needs some.clarification. Things in this case means concretized
objects and not abstract things. Listing a few of. these 'things' or objects " -

by students should lead to the question of similarities and dissimilarities

among the objects and the specific properties: that individuals read into the
objects. The words "read into" here inplies that two people may perceive the, *
same object as two diffcrent thiangs. This arises from the interpretation of

the sensations that they feel. . ' -

- It should not be surprising to the students to find the passage in the .
burial prayer saying 'Ashes fo ashes and dust to dust". The depth of the,
meaning of this statement may not be implicit to students at the first glance.
However, the statement seems to say thdt the flesh or body (tree, man, etc.)
of 1living things are of "the same material as the soil or dust. An in-depth
discussion of’ this should go to establish the composition of matter of
which the universe is composed. This discussion should be extrapolation,
seek solutions to-questions like structu;g and composition of the universe.

t

B. Concepts of the ‘Universe

. Some of the dominant observations’about the universe can be enumerated
by any student. The universe is overwhelming in "space and time". *Man is
but a tiny fraction among the components of the universe. As measurements
reveal, the magnitude ranges from objects of less than anzgngstrom size (an -
electron) through those of 10 cnl. magnitudes {(mice) to 10°" cm. the size .of
the known universe. Our knowledge of the universe has been greatly enhanced
by the Jdifferent efforts undertaken in science and the related fields. Througg
progress in our understanding of Biology, astronomy and technology man has
been able to-go to the moon. Since the moon is relatively close to the earth, R
compared with the stars in the galaxy, the journey to the moon points' t& how
little we know. of this vast universe., Thus, the size of man as a component

_of the universe and its evolution shoyld not be over-emphasized. . .

The diversity of what constitutes our own earth, not to nlention the
entire universe, creates more challenges for observation than some of us

’

realize. ‘o
. - * ' C A\ ,
There are certain properties seen ;n living and'non:liv}ng otjects.
Perhaps, all things are different expéressions of the same thing. The universe ,
is that, then, of wpich all things are a part, the totality of things, that
which shares comnmonality, a oneness. P -

. hY
Four questions man. has raised with the universe.

What is its structure?
What is its composition?
How old 1is 1it? ‘ ’
\
\
|
|

How did it come to be? , ' . '

Answers to the four questions man has raised with the universe.

3

a. Answers from non-science fields.

Ref. Goolsbv, C., 1970. Chapter 3, pp...J-19."
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i.e., man
etc.

b. Answers.from Science

' * 1y -

ITN’!'and“credtion include the mystical nature of, relxglon 1nd 1deas from the
humanities, i.e., poetry which relates to thHe universe. ane of these explain
satisfactorally the nature of the universe. Some ideas in history are awelevant,

is the center of the universe, the sun is the center of the universe,

B v
A

1) " Student Objectives $
I PR

a) Becoming acquainted with functional ‘information about our
urniverse. The story of life in_ the universe cannot be fully
told without reference to the life history of stars. -

.b) Deveiobing functional concepts and understanding of the
principles governing the universe. {

¢) Acquainting students with the wholeness of the universe
and its relationship to man. . ’
d) Acquainting students with the different kinds of matter
composing the universe.

~ ‘ : _ 3

2) Structure of the Universe

There are 100 million or so galaxies in the Universe, according

" to astrenomers. , Cach galaxy has about 100 million stars each. The sun

is a medium—51zed star in the Galaxy Milky Way. The genesis of
galuxies appears to be, that gases and cosmic’dust accumulate in a
location. It becomes irradiated by other stars, possibly by induced
magne'tic fields. The lighted masé begins to swirl about magnetic

. ¢enters which draw material to it. Thig is counterbalanced by the

centrifugal forces of swirling. New maghetic centets, cause eddies
resulting in new stars, new planets about them and moons about the
planets. ' The elements of the oldest part of the universe are cal-
culated by Harold Urey and others to be 10 billion yeé§§ old’ '
Elements of the earth dre about ‘4.5 billlon years old.-

\

"f:'

3) Composition = .

The most abundant element in the Univerae is also the simplest
one, hydrogen. Hydrogen consists of a proton (or positive charge
or alpha particle) and’ an electron (or nqgative charge). -oT

”

) . .
+ Stars are thermonuclear fusion furnaces which generate other )
elements starting with hydrogen. The colors emitted by stars indi-
cate, the elements they contain. The same clements are found on
arth and in-the sun and other older stars. Six elements fourd in-
the sun but not naturally on earth have been generated in laboratory
stars (cyclotrons) These are the last 6 elenents of.the periodic
table. | ' '
,;' R, '

) i




» ~ .
PR

o A ' :
Therefore, the Universe is not~homogeneous in Eomposition, but each star is
capable of generating the elements, following the same rules man has discovered
are at Work on earth. :

Discussion Question:

-
s 2,

Some even maintain that the essential nature of the universe is Spirifual.
Do spiritual things differ from material things? Take a few mifiutes dnd
write down the differences between material things and spiritual things., -

C. " The Coﬁcept of Matter

i 1

. : Specific Reference: Any freéhman biology text.

vt -

Teacher Reference: Baker and Allen, (1965) Chapter I and 2. :

One of ‘the most widely accefted views of the universe is that it i
waterial, that is, all things are composed of matter. Matter has been de- .
scribed as anything "which has mass and occupies space. When we get into the

~Taboratory, I want yoy to ask two questions of mdtter: (1) ' Can matter be
measured? (2) Is all matter alike?

A Y
N v
’
., i .

Not all men belieyg that all things ‘are composed of matter, They hold
that besides material things ‘there are spiritual things in the universe.

~
.

1. Matter '(or substance) is measudrable. (Concept of maés‘weigﬁtfand density, )
Explain that gfavitationql force depends dn the attraction of two masses;
noting that weight may vary according to' the force of gravitational attrac-

A tion. The quantity of matter in an object is called its mass. The kilo-

gram is the fundamental unit of mass. Mass is not necessarily related
to size. Density is a measure of the -amount of matter in a given voiume

of space. Thus, the‘greater the amount of mass in a’certain space, the-
greater the density. )

v .
a

»
»

<. States of Matter. Matter exists in several'forms. The three maird states
of matter are solid, liquid ahd gas. Matter can be made to thange its
form by raising or léwering the temperature or by varying thé .pressure
For example, .heat applied to solid matter causes it to melt and vaparize;
y thus, changing it from 1liquid to a gaseous state. If gases or liquids
lose heat, they pass to the splid state. The change in the state of matten
represent$ a physical and a chemical change. These physical changes are
the résult of changes in the motion of &toms or molecules due to chemical
bonding (See Teacher's Guide to Exercise 9).

[
-

Demonstration; +States of Matter N

.
Y]

-A teacher should exhibit three closed test tubes, one each of sand, .
water and collected oxygen. He should then proceed to ask_questions c?ncer -
ing the content of each tube, i.e. "hat have we here? How do these dlfger,%
ete? From this discussion the states' of matter should be de:ive@; (solxa3
liquid,/gas). Introducing a glowing §plint into the third test tube confirms
the presence of oxygen. . I

-~

Exhibit another large test thibe three fourths filled with crushed ice.

. AN
. 1 ¥
A ) : N1 .
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Determine through student observatioH the change to water after a period of
standing. Accelerate the chis%e into the watex by heating with a\bunseh

burner. Attach a balloon se ely to the mouth of ‘the test tube and continue,
to h:h( L ' . " v ’

As the balloon enlarges, questigdns on. this specific observation to
establish still another change in the state of matter, spolid .to 1iquid to gas
(water vapour) should be eptertained

. ’
4

Laboratory Exercise ©t o
" . N » )
Laboratqry Activities for Biology, Ex. 2 -— Concept of Mass Weight and
Density . e v
‘ N __/'\
3. The Characteristics of Matter. Considering some overail é aracteristics:
. of matter we may establish three categories: elements, compounds and - o
mixtures. - .
. -

. ’
‘! !

An element is mat*er made up of ldentical atoms. We knoﬁ'103,e1ements today
which arerrecognizable by certain characteristics. Thesé characteristics
or propexties of the elements may be physical or chemical in nature. Phy-
sical properties include weight, texture, conductivity of heat or electri-
city and specific freézing and boiling points. Chemical properties refer

- " te.tHe.way in which an element reacts chemically with itself or other ~ ;

elements.
Elements and their symbols most-used in this course include: )

. H . Hydrogen "1 Iodine 0 . Oxygen

. He Helium Fe 1Iron P* Phosphotus

Ca Calcium : Mg Magnesium K Potassium (Kallium),
C Carbon . Hg Mercury Na Sodium (Natrium).
Cl Chlorine ‘N Nitrogen S Sulfur
A compound is the product of chemical combination of two or more atoms.

The basic unit of a compound is a.molecule. The atoms in molecules are held
together by chemical bonds. Thus, .the building of molecules is dependent upon
the formation of chemical bonds between atoms. An important energy factor is
‘associated here which varies from one kind of bond to angther. -

Exampies include: v - ‘ ’ .
' B, = H-H HC1 = H-C1l, °_ cu3—coou (Glydine)
02 = (=0 nzo_ = H-0-H . C6H1206 (a hexose) |
N = N=N NH = H-N-H . , H CO
2 i 3 i . 2 3 \
. P
. H
ol \
?
» N .
» ’-‘ ~ ™ )
i "’ ¢ ' !
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1

Tons. The number of electrons (negative (-) charges) orbiting the atomic ’
nucleus is equal ~to the nu:Fer of protons (or positive (+) charges) in the

-atomic\nucleus. Such atoms’ are, therefore, electrostatically neutral. If .

the nu$ber of electrons exceeds the protons, then the charge will be negative

R (=) and the vaiéﬂce'w;ll be ‘equal to the number of excess negative ~charges.

| If there are fewer electrons than protons, then the charge will be positive,

the valence being equal to the nymber of protons in excess of the electrons.

|
|
\

Generally, speaking, ions are the reactive forms of the elements, radicals
* and compounds.

i CO o S o :

~ Examples are: . * /

HO = Y+ on” NaOH = Na© +o0H * ' |

+ - ' + - |

CJHCE = H 4+ cX KHPO, = K + HPO ,. .
- 0 0 T R ; :

cna———fﬂ— C=0H = cu3—c’-—c=-0. + H ‘ ‘

prrumic'acid) . (pywuvate (hydrogen ion) a

- . > ion) )

* M . .
A mixture is composed of two or more substances hot joined by chenpical . T,
bonds, e.g., water and sand. Since many important parts of living cklls exist oS

in this state, mixtures are exceptionally important in biology. Living matter,

in fact,.is the most important, complex mixture of all. . 4
Demonstration: Mixturés and Compounds - :
. ) T
A'demonstratiof-discussion”on, mixturesavs. compounds (along with energy .
conversions may be carried out in the laho;}tory using the following: .
. a. Mixtures of elements--Fe and $ and the mechanical separation of Fe
) filings from mikture using a magnet. (This may be done on overaeaa
projector by pouring mixture on clear acetate sheet and projecting
.. Separation.) . ' ’
. . oo N
( . b. A compound from two elements--Fe and § are gently heated in a pyrex
test tube or deflagration spoon in a hood to form iron sulfide. .
o - ! )
¢. New compounds from echemical combination of other compounds--Discuss -
. energy fransformations involved when compound(s) form from the explo-
} sive combining of a drop of glycerol:{glycerine),.C Hy (OH),, and a
) teaspoon of potassium permanganate (a compound) in %ood.
“y . t s ‘ . ‘
4. Organic and Inorganic Substances. Organic substances fontain carbon atons,
w except that the inorganic carbonates also contain carbon. . .
. . . » . ) L ,
Atomic strurture and Other Topics Under Basic Properties of Matter ,
Rvy terms from student's specific reading on board as discusséd, the overacad ..
projuctd% and commerciallv-or hand-prepared transparencies of diagramatic atom
models mag be used to begin'a simplified discussion of§ ’
x . . Y . . [ 2
. 4. atomic structure and sub-atomic particles. - ’ o .
1 5. bonding and the role of outermost or valence elbctfons,ie ponding
S . . .
.ERIC . o o e
oo i o .

L ¢ M
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1)
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ionic bonds (NaCl)

covalent bonds (H 0 or CH )

-t

. ¢. valence and valence electrons -

' d.

5. Are there eatra-material things in the universe?

a.s Concepts of the extra-material universe.

(1).

(5)

b. Science and the extra-material universe:

*

In the Jewish, Christian and Mohammedan thaology the universe
was credted by Gody who is ‘characterized as-knowing all (omni-

scient) and being everywhere and in everything (ominpresent)

We bave no way of prov1ng or disprov1ng the presence of God
because he cannot be weighed, measured, contained or excluded.

Scientists base their expﬂenations upon the natural laws,, but

¥

(3 hydrogen bonds (attraction between,individual water molecules)

oxidation and reduction, as they involye the loss or gain of electrons

they cannot explain, nor do they try to éxplain, what makes the
Theologians would say that God makes the"

natural laws work.

natural laws workh

It has not been many years when it was believed that space was
nog empty, byt filled up with a mon-megsurable material called
In fact, we still make allusions to radio
Today,—we Rnow space is not

the aether (ether).

waves travelling through the %ther

empty.

.

~

.

.

The mihd is understood in folklore to be a personality which
If a person is upset, we say "He is beside

operates the brain.
I1f a persbn behaves in certain abnormal ways Wwe say
Psychologists generally avoid discussion

himself".

"He has lost his mind!"
of the mind and concentrate on behavior.
cannot be weighed, measured, contained or excluded by physical

means, but there is no doubt among conscious people that it exists.

Like God, the mind

L

-

1) Nearly all religions offer explanations of awsomé naéﬁral pheno-

mena which makes it possible for man to experience t
- keep his sanity (or at least he does not suffer from great fear’
When' scientists formulate scientjific
explanations based on repeatable experiments, these explanations
The Serpent told Eve (in the

‘and anxiety about them).

become part of science.

Example.

em and still -

Genests story). that the fruit of the Trce off Knowledge.would not

kill her.

\ (A

She experimented and tasted it.

knowledge %ould not kill her (bug in the procéss spmething of
. innocence was .lost). : . O

She discovered that

The‘study of Extra-sensory Perception (LGE) was admitted to the
American Association for the Advancement of Sciemce in 1969.

. is also recognized in a number of universities as an area for
scientific investigation even though it is a "pseudoscience".

ESP
ri

4

-~
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'Elizabeth D. Clark, of North Carolina A & T State University reports classroon
discussion of Matter and the Universe. - ‘

1

In'discussing the theories df the origin of the universe one student :cited .
a theory that another planet or miss may have come close to the earth, attrac- .
ted a part of'tbe earth's mass, awd disconnected the moon from the earth. . The

mass, did not have efiough gravity to exceed the pull of the earth so the moon

was left hanging in the earth's gravitational field. .

-

* Student(s): Is there.an area between the earth and the roon where gravity is
zero? ;

Teacher: Let us check some authoritative writings on the moon to ftnd ant.
. “If that is so, why is~it that thé moon does not float or move out
' Anto space? If a structure remainad between the two gravities
it could just float in that area without being powered, or with- - * e
out being drawn By éither gravity. Could it mean that there is
no gravity, or that oppésing .gravities are balanced ?

Student(s): If enough meteors come between .the earth and the moon at, one
,time could the attraction between the earth and the moon Be broken
and would it then float away? . )
Teacher:- - Anything is possible, but remember that meteors, the earth and
- .the moon are moving at+different rates and in different directions,
most likely the break would never be complete or last for long.
You will be taking physical science next semester and may find
answers to all of your.questions. If you wish to know now, you
- may find some answers in the National Geographic for May, 1969.’
You may be abletc find some good material in the International
Series of Monographs on Pure and Applied Biology, Modern Trends .
in Physiological Science. I have three copies in the library. , -
If you are interested, later on, we may find someone to give a
seminar on this topic. . :

",

It is saild that the primitivé atmosphere was mést likely composed .

. of what gases? . . \
2 4 :
‘. Student(s): COz,'CH[’,v HZO, Hz, NH3I v ‘
Teagﬁer: Why dosascientists accept this as a pdssibility?' (there wére no '
N , answers). At what point would a‘scientist accept a statement? .
- ¥ - »
\'i
e \ Student(s): After many experiments testing the, possibility of the statement. ‘. .
) But how can we test today what the primitive atmosphere was long
ago? 7, : ' ’
& . ‘e
' We can start-'where we are Epday and back test. .
- , .
Teacher: ““Can you e?ﬂiain’%hat‘fa?ther? ~ 7
‘ “ ¢ ‘ .A"_
Student(s): We can test for chepicals'making up life &nd the atmosphere -

today and try to fdr? living things from diiferent ‘combinations

\ o B . - . ,'
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of these chemicals. .

Man can not create life today.
No, “but maybe he tan qynthesize some, important chemicals in , ',
. ltving tissues and some day maybe create life. We can certaiply
" say that the chemicals in living tissue either existed in the
primitive atmosphere or there were chemicals that could be trans-
formed into the chemicals of living cells.

This is a good point .on which we can start to do reading research. Some

scientists believe that the present day volcanic gases give a

gﬁnera] indica-

tion of the nature of the primitivé atmosphere. These gases are composed -
mostly of water H,0, CO Cco, HC1, HF, H,S, N NHC1 and CH,~ I woyld like

for you to read Miller s Experiment and gox's experiment wiéh reference to |,

the primitive atmosphere and the origin of 1ife. If you are interested in
detailed discussion of the pPos and cons of many such theories read the Pure and
Applied Binlcgy recommended above.

\ [

In order for us to understand and .appreciate the chemical reactions
postulated to have happened in the primitive atmosphere--we will have to study
the atoms, their -energies and their combining powers.

We then defined atoms, elements, molecules, compounds and mixtures. We
discussed the structure and combining power of atoms, ions and ionizaiion.
Seven students .made appointments to come in for personal help on the unit.

Two students rémained an extra hour the same day for discussion. We will spend
this week on simple chemistry. Most students did nct take chemistry before.

. These discussions come up and last only a short period of time. I uge

. ai tape recorder wheu they begin te discuss material. Sometimes it souads
like "4ust talk", but after listening to it again some basic challenges are
recognized. Qtudents try to think things out on the gpot. .It is their

reasoning behind the discussions that I enjoy

Most of the ttme they have not

read but they find their need to read.

study, one student said, "I don't like Biology and I'll never scratch Chemistry' N
After.this discussion the same studént said," I guess I do need to
I'11l try but don't expect any big thing'.

She stayed an hour after clags .and returned

head".

know something about the adom.
"T'11 work with you personally",
with others the next day.

When I first assignéd the atom for

3
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II. Observations and Hypotheses .

Specific Reference: . .
Baker and Allen, 1968. Part I, Chapter 3, pages 17-38.
Goolsby (1970) Chapter 1 )

¢ .

N ' Alternate Re@erences; P : i B

. Villee, C., (1967, Chapter 1, pp. 1-7.

. * Baker and &llen, (1968a) Chapter 3, pages 27-48.

The- person who is Lhilosophikally or psychologically oriented to perceive
some unexplained event or phenomenon in nature or in the laboratory has his
curiosity and his imagination aroused. This leads to the formulation of a
trial hypothesis. For example, in 1928.Sir Alexander Fleming, whiie working
in the bacteriological laboratories at St. Mary's Hospital, London, observed
that'a mold that accidentally contaminated a culture killed the bacteria near
it. He hypothesized that the mold was secreting the agent that was killing
the bacteria,* Consequently, he cultured the mold in broth and tested the
mold-free culture medium for its ability to kill various bacteria. The mold
was identified as Penicillin notatum and the antibiotic it formed was named
penicillin. At best Fleming considered penicillin as in annoyance in.his
cultures and stopped working with it.in 1932. Seven years later when a, better
centrol of infectfions in war woupds was sought, Chain and Florey.and their
associates at Oxford resumed the study of the mold, succeeded in extracting _.

and concentrating penicillin a thousand-fold and opened the way through animal v -
) . . experiments for. the use of this wonderful! drug in man. LA change in philoso-
~ " phical orientation benefited m?pkind. ! - v
. - ) : |
¢ - M b .
A. Formation of a hypothesis. A hypotﬂesis is just an idea suggested .
' by the phenomena observed. It is seldom written out but is formulated in the
; mind of the;sgperimenter., A good hypbthedis has these attributes: . 0 L
P - - . — - - , \
v It correlates facts or observations and in l\\).
, ' ', sg doing -t A , L
It £ -ecasts other facts or occurrences, and © . .
' . %
It allows for discrimination between valuable "~ : . ’
. ‘ and worthle®s information generated X \N
. .- by the experiment with regard to the par- -
ﬂq‘\\ "ticular hypothesis. : .
o A \1‘ . N
* B. The‘qua ities of a good hypothesis include these attributes: .
y o . -t at, .

-

" It must be plausible, _ i «
~ " - ’
- It-must be capable of proof and éuggest
. t ) practicel means of doing so. : .
. . . : —
' ™ {t. must be adequate to explain the - ) SR '

. phenomenon to which it is applied /
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It must involve no contradictions.

Simple hypotheses are prelerred to com-
plex ones. An“0ld rule known as
"Occam's Razor" or the Law of Pa.si-
mony, says that if there are several
possible explanations (hypotheses)
for a phenomenon, the simplest one is
most likely to be correct.

A hypothesis may be poseé as a question to be:hﬁswered, as a declarative
statement of reason and intent, or as part of a reasoning sequence. A general
form of the latter might read, "If (such and such fact be so) then (we might)
expect), this result (that thus and thus is so). i.e., a logical step after
the colligation of a variety of separately observed facts.

The logical approach to knowledge. ' )

a. Induction -'Inductive reasoning involves proceeding from -
specific instances to a more general one. & ' .
b. Deduction - Deductive reasoning involves going from the general J
to the specific.

L}

Specific Reference

Baker and Allen,.Hypothesis, Prediction and Implication in Biology,
Part I, Chapter 3, pages 17-38.

Alternate References:
Willee, C., Biology, Chapter 1, pp. 1-7. LN
v Baker and Allen, A €ourse In Bio‘ogy, Chaptex 3, pages 27 48

At this point the class should ‘be introduced to Exercise 1, Scientific
Method in Laboratory Activities €or Biology and Teacher's Cuide to Laboxatory

_Activities for Biology (

.
*

* Clggsroom Account by Robin M. Griffith, Norfolk State Colleg;‘

1
Eacﬁ“palr of studenfsswas given g plastic cylindrical bottle wrra‘ppecl\s
tim foil’énd containing one of 30 posgible ‘aBjects. The folIowing;lnclud
some stuQEnt responses to.the series of questions I asked about fhe box In-.
the beginning students did not know what kind of comtaindr it was, or even
if iI was a contaiher, nor did I have representative objects, like ‘hose id
]

. ; theit boxes, pre t [T : = teacher, 8.: = student(s)]

T Before toughing it, can yoﬁ sa} &nything about the object)ln the

Box? . ‘
N . ; . '; y } i
- S: Dry ice .. ‘ nothing ’
jumping beans something dead (no air) ,
bottle with bomethihg . joor .
inside ' - i .

\ KU
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T: Now you may touch it. Record what y&u
7(a) do.to determine what's inside the box.
* (b) _think is in the box and why. - 5 *

. I wrote their answers on the board:
, Smelling, shaking, random, rolling. Careful

guesses abound but few references”as to possible number of
-objects inside boxes, weight, or size. They mostly talked of
shape based on its ability to roll or not.

T: Compare your box with those of ‘others who had similar ideas B
about its contents. Does this change your idea?
Many ideas were changed, 1Tnitially sand and pebbles and beads were
the most common answers. When they began to compare their boxes,
however, and hear the differences they became braver in their guesses,

At this point I wheeled in a table of representative object§.

~ T: Without touching anything on thé€ table do you see your object?
. How might you test your idea that your object is the same as the °
\ one you see on the ,table? , .
One studert Tequested a scale, another a ruler, a third a duplicate
I and some tin foil to dupllcate experimental comditions - (Later
» o this led to a short discussion of the importance of instrunents
in gcientific research) -

Finally each pair of'students had to commit them$elves as to what was in

their jar. Then they were allowed to open them.
7

Surprisingly, there were many wrong guesses. We talked of why. Some
students felt that the.tin foil blurred and changed the sound made by the
objects and thus they w “r@ confused. Others suggested various tests to
differentiate between objects.
(1 Example: a)i Testing the time it takes for the object to fall from’

. ‘ the top to the bo¥tom sa as to measure size of object as

compared to length of tube.

b) Various ways to roll the tube so as to distingplsh between
the sounds made by various shapes. ¢ z

Questions on Hypothesis
. Discussion Questicns:

1. Is it common sense that the question should be asked about observable
things and their activities in the universwy? A _ .
\
2 Discuss the relationship between Hypothesls and Observatlon.

3. What is a continuation hypothesis?

—

© . ‘ -




Self-Test:

1. Vhy must a scientist be careful not to extend his experimental conclusions
' to organisms other than those with which he worked?
S .
2. Why does the attainment of any absolute truth lte beyond the realm of
sclence? . ]
3. Review the steps of the scientific method, and discuss each of the steps.
What is a "controlled experiment'?

4. What is the relation between an hypothesis and an experiment?
5. Devise an hypothesis for eacl. of the following ohservations.
Then outline an experiment to test your hypothesis.

In mice of strain A, cancer develops in every aniral living over
18 months. Mice of strain B do not develop -ancer. However, if
the young of each strain are switched immediately after birth,
cancer does not develop in the switched strain-A animals, but does
aevelop in the switched strain-~B animals living over 18 months.

6. Can you think of observations or problems which have not been investlgated -
scientifiC¢11y° Try to determ.ne in each case whether or not such investi-
gations are inherently -possible.

7. Wh actors have been responsible, to a large degree, for the explosien
ot ' logical kncwledge i the past few years?

Ay

®

8. Why was Hooke's use of the microscope so significant? ’

9. Why is the 17th Century called the beginning of the "scientific revolution'?

Answers:

1. The conclugions based on the use of his experimental organisms may or may
not apply to other groups.

2. Absolute druth carries with it a quality of being closed to contradictiens.
For further exﬁerience with the scientific method have students do

Exercise 1--The Black Box or Closed Box.

*

\ AN -
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ANNOTATED OUTLINE

JITI. Experimental Desigﬂ: How Does the Scientist Acquire His Knowledge?

. It is the aim of this section tb help the student understand some basic
activities involved in_ the planning and performance of an experimeat once an
hypothesis has been formulated. . 1

Approach: Object far Discussion
i ' \
To introduce the discussion of this section prepare two p.eumatic troughsg o
» each with a candle. Add 1% lime water to a sufficient depth (determined be- !
fore class-time) to meet volume requirements fer the use of oxygen. Place
a beaker, or better, a bell jar, over one of the -candles. When the contained
oxygen in the jar is used, the flame will go ,out.
Ask the students to formulate hypotheses about this observed phenomenon.
Select for testing the hypothesis that there is something in the air needed °
by burning candles. '

1. Planning an Experiment —

The experimenter must ask himself what questions must be answered in °

order to provide enough information to make a judgement about the hypothesis.

Induce students to ask the following questions and write them on the
board so, that they will know thaF they should be part of their notes.
. M \
a. What is normal or usual in this case? (Ans: The uncovered candle *
burns until {t runs out of wax or is drowned.) g

b. What sort of name could we give that candle? ‘
(Ans: The normal, the .reference, the base line, or the control.)

The teacher should have an easily read sign marked CON""NL which he
placss by the uncovered candle, and another sign, EXPERIMEN1AL, which he
places next to the covered candle. o

c. What factor does the hypothesis assume is affecting the behavior of
the flame? (Ans: Something in the air.)

d. What equipment do we need to test this factor? , .
(Ans: Very little else. A stop watch, maybe. See how long the candle
burns. Relight it and when it seems to be approaching its 1limit, let
in some more air. Time the period of air intake and see how long the
flame burns.) There are also other ways that students will suggest.
Y

There are four "canons of indugtive reasoning" set forth by John Stuart \\\\
Mill in the mid-19th. Century. These should be reproduced before class and .
handed out at this time.

1) The method of agreement--where a condition is uniformly present, it
mAy be assumed to be a probable cause.
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2) The method of difference-when an event occurs with a specific condition
present, and does not occur when it is absent, one may conclude that the.
condition was the cause of the happening.

3) The method of covariation--in which variation in a causal factor
pLoduces of a similar change in the results.

' 4) Residual variation where removal of a cause still leaves some effect,
due probably to other causes not accounted for. ) )
Ask which of these might be used finally to make a Judgement about the
observed phenomena. (Ans: Probably 1 and 2) . -

Then, we should arrange the tests so as to gee easily if things w111
vary in this way.

l) We said above that there should be a group to show what would norm-
. ally happen (The Control). The .control is usually a group but in this
case it is the normal air. The experimental material will be the spent
air in the bell jar. The candle will only burn if the substance needed ‘
- from the air is present. .

2) 1If we are going to consider the method of covariance, what could
we do with the covered candle? (Students will suggest various ways
. of getting more air into the jar when the candle flickers.)

a@. Some Experimental Designs'in Common Use

Here are some designs in common use. SThese should be reproduced before-
A hand and handed out here.)

™
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~ .
" 1) Progress followed to final time. ‘
. © " "Ampunt of Color Produced by a Test . ) ' '
. . TN
'Time: . TO Tl T2 T3 T4 T5 ‘ .
Treatment - ‘ ' .
A. Control (0X) 0 0 0 o0 o 0 r : /
. ) _ . v
B. Quantity (IX) © 12 18 21 . 23 24 .
C. Quantity (5X) O 20 38" 44 47. 48 .
X = a given amount of material (substrate)
of ' ~ :
We may represent such results by using a graph, viz: L
A
\ - ‘ |
. i
- .
mantndi SR s S A Sl A
50 T+ | A C. 5X
] *
. l l' i ’
U - i Sme- L t :
s 0 | b Lo
2 Y 4 : X i
< . ? s ‘L 1 !'I—i
0T T :
o » ! I,,_l : X ' j
191 R ‘ 4 ¥ ’ Bc lx
-9i ‘ —- ! cvann SUTNOUNIN S .
8 20 r.;—.pi ' ’!\; A; t i
w q . 14 1 ; ' ' ,
0 | ! 3 - . [
& 10 1 pTm o ! ' l !
g Lo | .
o] 1 H .
g 0 ) i ! A -l Control (0X)
0 T T T T T

#
\ | 1 2 3 4 5

{ .
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2) Measurement made only at beginning and end.

Another design makes use of only two,times,*the start (TO) and the end

(Tl). «
Goup wn Quantity * : Amount of .
Being Tested Product at Time
. -
A Contrcl ' 0X o~ 20
o\w .
i B lX i 26 )
c o o 31
D 3X * 37
) E- . A 43
p . b
F 5X 48 .
X = a given amount of material .
()
—f e —’ - - - tv : i !
R
150 : “—J __1 ] w e = f ot ] ,
Q ! 3
E I U IR N S D : /’f. P
& * e !
Fe) 40 . {
o "J
g Bl - P e -‘ Femenc§ sota — - b= e et
. e
=] A ‘
’§ 30 ! “'/ﬁ‘ '; * N ‘ ' ‘r : '
a Tt - ' i
- A L] : : .
o 20 - o : -
FR S | T T N I
s . S R R S B N
g 1o [ Pl
. M 1 \
. N T TN O S W -l ﬁi-..4;i
- - : i 1 o
(0) 4 1X 2X 3X 4X 5%

Quantity Being Tested
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3) The Latin Square.

-~ 1
The 1agiﬁ‘équare design compares the effect of two treatments (sometimes
more) wher' given separately and when given together. This design makes use

of the canén of difference. It is basically a combination of a contrel and
rhree test groups. '

T —
Group ‘ Treatment Organ Weights in mg,
After Time T
A (Control) . None . 125
L] -
B - ; _ 1l mg. of S 225,
C ) 1 mg. of R 150
D o 1 mg. of S plus 300
L mg. of R

B

This sort df,design—is represented graphically by a ‘histogram.

|

300

-7

i
!

¢ by o

250

!
Il
14
i
1
)

200

i

e mtem e ——p o=

150 -

' i
e § o e e g e ]

100 { -~ -

Weight 1n milligrams

50 |- -
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B. Carrying Out The Erperiment »-

.

1. Aséemb}y of the Mﬁterial and Fquipment Needed. -

a. In established laboratories all, or most, of the 2quipment and
materials needed will be on hand for the kinds of experiments that the
laboratory specializes in.

To begin with the probable experience of the students, ask in what ways
and why do student chemistry laboratories differ from anatomy labora-

tories? from physiological laboratories? from biochemistry laboratories?
[

i

b. Scientific Supply Houses

The teacher should present for student examination one or more catalogues
1isting scientific materials. Studegts should be able to conclude after
a brief examination that many manufacturers use the scientific company

. as a sugg}y/depot for laboratories. :

Find ¢n opportunity to point out that the Food and Drug Administration
does t permit supply houses to sell dangerous chemicals, drugs, or
equipment to lay individuals.

.c. Some experiments require special equipment to save time, pfovide
detection or recording of, the phenomena, behavior, etc. Many experi-
ments like the candle experiment (above) require only the simplest
equipment but sharp wits or careful observation.

2. Planning the Time Requirements [!

a. This depends upon the hypcthesis. An hypothesis that is very broad
may take a lifetime of experiments (and perhaps also a large team of

scientists and technicians.) Individual investigators choose hypotheses
narrow enough to be tested in the time available. )

b. Chemical experiments may be interrupted and started again, :i/ﬁ/f/;e.

c. Biological materials do not stop or go for the convenience &f men.
Injections and observations may have to be done at night and on weekends.
Plan to emd the experiment at a convenient time on a convenient day.

. ¥
F .
.

C. Knowledge and Wisdom Contrasted

1. Knowledge
Knowing has been d{scussed under the section 6n Facts. Facts are com-,
piled in treatises, manuals, books of tables, etc., and many facts are

« held in the memory of scientists.

2. Wisdom

Wisdom involves understanding the facts so as to make good interpreta-
tions and predictions. This will be taken up in the section on,
Q - Discussion. .
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3. Evaluition of the Data !

The facts presented by the experiment must be evaluated in order to arrive
at ynderstanding about them. Statisticd is a mathematical procedure used *
- by #he scientist t% help make decisions about small differences.
. .

D. Kinds of Research: How I .es the Scientist Use His Acquired Knowledge?

All scientific research makes use of the scientdfic methpd. It is not .
important to distinguish between basic and applied research (the difference
being merely the kind of problem investigated, not a differerfte in procedure.)
However, the educated person should know the difference betweepn these two,
(basic and applied science) and the services and production (usually for.
commercial purposes) we term technology (See also Section VIII).

1. Basic and Applied Research ‘ . . ) ‘ ‘

It has been a basic téhet in universities that scientists be given the
opportunity to research their ideas in what ever field they felt inclined
to do so. This has led to much wider variety of investigations than. if
all researchers in a department had to investigate phases of the same
problem. When the topic under research seems to have a highly specialized
use, or no appareat use, we refer to it as "basic". Examples of basic
research include much of the work done in nucleic acids in the last two
decades, the recently, renewed interest in the structure of water, and the
metabolism of cells. :

Applied research concerns itself with the solution of practical problems
of man's day to day needs. Examples would include plastics and adhesives
chemistry, metallurgy, medical bacteriology, parasitology, agronomy,
animal husbandry, oil-well and other types of '‘proSpecting. In general,
medical and health science, engineering, and agriculture in its various
branches are included.

=™

A scientist may start out to solve an applied science problem only, to
find in the end that he has to attack the project from the position o
finding out a lot of basic information. A basic.scientist may start out
investigating a basic problem, only to find he needs some information
generated by applied scientists. A virologist studying a non-infectious

virus is doing basic research, a virologist studying a cure for hoof and
mouth disease virus is referred to as an applied scientist.

2. Technology : ¢

Perhaps the biggest difference between science and technology is that
scientists are always asking "Why?", Technologists are not interested in
why except in order to sell the goods or services involved. Even then, their
information is frequently sketchy and used more to make people feel socially
unacceptable if they gon't buy or use their product or ‘Service. For example,
an X-ray technician may need only to know how to operate the machine, someone
has already determifned what the settings should be (applied research) and the
resultant picture is evaluated by him in terms of the excellence of its
clarity--the interpretation is the job of the physician (who may be either
a basic or applied scientist), depending upon his aztitude.

= g

. MR
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3) We still don't know what gravity, electricity, or the’living state
. is. We do know how these things behave and thus we are‘able to.
use them for our needs. We know that sodium gives a yellow color
in a hot flame in the laboratory and also that the same color is
seen in the light of many distant stars, because the same laws are
_acting everywhere as though sustained by God (as Creator, the
Intelligence, the Ominiscience, or as Nature). '

.

) [
Questions on Matter and the Universe: For discussion.

What is the universe? \

Discuss %he origin of the Universe.

How may a sample of the moon's surface change our theories and. con-

cepts of the uliverse? . !

4. 1Is the mere existence of the universe sciente or is science the result
of man't effort to understand the universe? -
Discuss the composition of the universe. \

6. Disouss Matter and its composition. ’

LR b=

w

‘

Self-Test:
1. What are the three general forms of matter?
2. Distinguish between the three forms of matter.
3. Distinguish between a physical change and a chemical change.
4. What is the most accurate method used in determining the age of the

earth? , .
Distinguish between animate and inanimate matter.
6. Discuss the aims and the limitations of science?

wn

)
Answers to Self-Test:

1. Solid, liquid, and gas. ,

2. a. Solids have definite shape and definite volume; b. 1liquids have
definite volume, but no definite shape; c. gases have neither de-
finite volume

3. Physical changes do not alter the composition of matter. Chemical
_changes result in the formation of new substances with new properties,
’ o 23
4. The method using radioactive actino-uranium (Uranium 5) with a
half-life of 7.13 x 108 (713,000,000) years.

5. Animate matter exhibits the characteristics of living thinges whereas
inanimate matter does not exhibit the characteristic of living things.

6. a. To make and use theories: b. observing, problem—posing, hypo-
thesizing, experimenting, and theorizing is both the beginning and the
. ending of science. .
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Aonroach

To intrcduce the ideas in‘Seccion ﬁ, use this story or some other:

- Alexander Flenin& noticed that .a mold groving in his bacterial
culture plates was killing his bacteria. He worked from 1928 until 1932
on the extraction of penicillin. He w,e doing basic résearch. When
World*War II started in Europe, . a better control of Staphylococcqg infect-
ions was sought, so that Chain and Florey began-to look for better strains
of penicillium and to extract and concentrate the product into one
useful in medicine (applied research). . Once the procedure was determined,
penicillin was grown in 50,000 gallan tanka by pharmateuttcal houses,

extracted concentrated, bottied and prepared for market - (Technology at
work)."

' - -
.

Do not sthd a lot of time on this secticdi
l; M
When the concepts of basic, applied science "and technology are somewhat

defined, then project a series ‘of pictures depicting actiwities in a besic
rﬁsearchrlaborctory and in various areas of the applied stiences. Have the

stude

nts identify ghe projected vigw, scientific areas involved, and indicate

whether basic, applied, 'science, ,or technology is being”aona Yere are some :

examples: .
3lide Code Topic . . ‘ . . /
1 1 Research chemI§§.working in‘a university laborato;y
2 1,2/' Microbiologist preparing‘cultures. 8 k
3 1,2,3. PRysicist gperdting a nuclear accelérator -~
4 1,2,3 | Artificial sacellite aloft oo |
.5 3 . Transistor radio
6 : 1,2 Geologist analysing ore‘admples
? 1,2;3_ Atomic bomb exploding éf
8 1,2 Surgeoa performing an operatio
9 3 x-:.i :echnoloéist with poedt oned pacient .
10 1;2,3 ’ Nurse administering an inject
‘11 l,%,3 éhysician examining a patient
12 03 '_Factbry‘or farm: E
Codeg 1--Basic research, 2~-Appiied research, 3--Technology

N
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3. Use of the Microscope

Special References: .
Lenkoff, E. S.,71967. Tools of Biology. Current Concepts in Biology

Series. New York. Th%_MacMillan Company.

[ el

Gray, Peter., 1967. The Use of the Microscope: Introductory Handbook
for Biologists. New York. McGraw Hill Book Company. -
) , . . /
Simpson, G. G., and W. S. Beck., 1969., op. 546. ~

'
\

~-

One of more of the following films may be used?

"How to Use the Microscope"(filmstrip). .Carolina Biological Supply.
- "The microscope'". 11 min. McGraw Hill.

"Compound Microscope'.1l0 min. Bausch & Lomb. (free)

Ealing film loop #81-0879--Microscopic Techniques.

Reports on teaching with a microscope. Evolution of the Microscope.

American Optical Co., Public Relations Department, AO. .

Microscope: 1Its Applications. Leitz Opticals. X

el \
The Theory of the Microscope. Bausch & Lomb Optical Company.

*

. For this section do Exercise 4--The Microscope and MicroscOpy, In the
manual Laboratory Activities for Biology

Modern tools and techniques used in cell study have grown out of advance-
ments in other areas of science and technology. Equally important in this
regard has been the active desire on the part of biologists to better under- |
stand all aspects of cellular structure and function.

a. Microscopy is the art of using the micrbscope td magnify objects -

which are too small to be seen with the unaided eye.

r . >

1) Light microscopes employ beams of light in magnifying objects. The

following includes most of the types of light microscopes which the

student might use:

a) Compound microscopes consist of two sets of lenses; an objective
lens set mounted at one end of the microscope and the ocular lens orf
the eyepiece mounted at the other end. Magnification occurs in two
stages: the objectlive first forms a real, inverted, and magnified
image of the orject; the ocular lens then further magnifies this
image.

bl A stereoscopic micraoscope is a type of binocular microscope.
Thé 1mage produced is erect (right side up) and truly stereoscopic
because the dimension.of depth is presented.

c¢) The phase - contrast microscope is based on ah opticdﬁ technique
which involves the action of the specimen on light and allows the

s ot
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. ' ‘gspecimen to be clearly visible. - The principle employed is based on ‘
N difference in behavior of light when objects of different densities .
diffract light. Py .

2) "'The electron microscope utilizes a stream of electrons analogues
to the beams of light employed by the light microscope.

b) Histologice} technique is the -art or science of preparing organs,
tissues, ¢or ti93ue components for study and observation with the micro-

+ scope. - . L
- ' ‘ <
Discuésion Questions: C :
’ 1. What is the role of microscope in modern scientific development?

L2, Why*mdght one think that the development of the microscope was one of
xhe most important single contributions ever made to the advancement of

biological researzh? e
‘r . ~ '\"
Answer 1. The microscope opened a new world of biology. No longer is the *
‘ . scientist limited to.what his unaided eye could see. The intricate
. 4 structure of tissue, the details f cells, as well as bacteria, proto- -

2Qa, and parasites that were previously unknown all become vigible
; . under the microscope. The micorscope gave birth to the study of cyto-
logy, bacteriology, histology, mycology, embryology, and parasitology.

Answer 2. One class of instruments in the biologist s arsenal of tools
s¥ands alone——the microscope. It may“be considered as the tool which
has contributed most to the advadcement of biological research. The
compound light microscope 1s found and used in every biolpgical laboratory.
In recent years, the elect¥on microscope has ¢gpened new fields of research
and revolutionized older ones. !
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. p Self—Test on the Microscope

”

X

1. The microscope is an instrument which helps us
a. to'see distant objects.
b. to.see a magnified view of a small object.
c. to see a clear, smaller image.
d. None of the above.

God

2. The microscope should be handled

a. with one hand.

. b. with one hand on the arm and other on the base.
c. Wwith one hand on the base.
. > '
. 3. A good practice in looking through the microscope is . ! '

» .a. to keep both eyes open.
b. ,to keep one eye closed.
¢. to keep winking. - .
d. to keep both eyes closed. : ‘
" 4, The student microscope must be placéd on the desk with the
: d. _arm away from you.
- 7 b. arm towards you and in an upright position.
c. arm tilted. »

.d. arm on the side.

5. If the objective and eyepiece lenses are dirty they must be cleaned with
‘ a. finger tips.

-

b. paper napkin. !
c¢. lens paper. |
) , d. cloth plece. ] \
Fed

6. The concave side of the mirror is used

a. at all.times in every microscope.
' b. at all times on microscopes not equipped with condenser system below
’ the eyepiece.

‘c. . at all times on microscopes with a condenser.

d. on cloudy days only.

7. while using the high power, the adjustment should be made by
a. rotating the coarse adjustment knob.
b. pulling the tube downwards.
c. rotating the fine adjustment knob.
d. raising the body tube.

a. after the material has been viewed under low power and brought in the
center of the field.

8. The high power of the microscope should be used
-~ b. directly without viewing under low power first.
\

SN
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9. If you wear glasses, it is desirable to keep them on while using the
microscope if you  have ) : =
a. short-sightedness.
b. myopia.
C. far—sightednéés.
2‘ astigmatism.
10. Looking at fresh material in a drop of fluid on the slide under high '
power should be done ‘Y
. a. by putting a coverslip on the material. 4
b. without a coverslip.
c. with or without a coversljip. -
d. None of the above.
11. The total magnification of the microscope may be calculated by .
a. dividing the magnification of the objective by that of the eyepiece.
b. multiplying the magnification of objective and eyepiece. .
¢. noting the magnification of the objective. '
d. noting.the magnification .of the eyepiece. ‘
12 If you move a slide with the letter "e" on the stage from cide to side
and view the letter through the eyepiece, the letter seems to move
a. the way the slide is moving.. ' )\
b. 1in the opposite direction. ‘
¢. from front to back.
.d. from back to front.
13. The image produced by a stereoscopic dissecting microscope is
a. upside down. )
b." erect, right side up. .
c. inverted. v
d. false. J
Answers: \
1. b 5. ¢ 9. d 13. b
2. b 6. b 10, a
3. a 7. ¢ 11. b
4, b 8. a 12, b

[
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iv. facts: How the Scientist Evaluates Data
A.  Acceptable and Unacceptable Philosophies

Three philosophical approaches to gaining knowledge are rejected by the
scfentist. These are authoritarianism, intuitionalism, and rationalism.

1. . Authoritarianism proposes unquestioning belief in and cbedience

to authority. According to this point of view, one does not seek to

discover new knowledge, but accepts the opinions of important people

because they are important. This does not mean that the opinion of an
~authority in a subject of study is not respected and considered worth-

while, for such an opinion would be based on knowledge. However, wlen

a scjentist gives an opinion he expects that eventually the idea will

be put to the test in a thorough experiment. This is in contrast

with authoritarianism where, for example, a mayor may be asked the

cause of yellow fever.  His opinion on the matter would not be consi-

dered as good as the view of a governor or a king. 1f there were any

discrepancy between opinion and observed fact, the observation would '

be rejected in faver of the opinion. ¢

.
2. Intuitionalism gives precedence to one's emotions about an
observation, when in spite of observation, one feels it, perhaps "in
his bones," that the observation is wrong. The scientist, drawing on
his knowledge and experience, may make a guess (hypothesis) about

the cause of an observed phenomenon, but he is willing to subject such
a hypothesis to rigorous testing.

¥

3. Rationalism is a philosophy whereby one rationalize$ the cause of
of an observed phenomenon. For example, one may rationalize that since
bats fly they must be birds. In the United States, white people have
often rationalized their treatment of Blacks as being '"proper

becauge . . ."

Some phenomena may appear to be very similar but have very differ-
ent causes. It is not scientific to rationalize that they have the
same causes until experiment has shown that to be so.

4. Empiricism is the philosophical dcctrine tég} proposes that knowing
is the result of first-hand, direct, original observations. It,
therefore, relies upon observation and experimentation. Through em-
piricism, science has become a knowledge-generating activity that is.
continuous, creative and cumulative. ’

Reference: Lachman, 1956

B. The Collecgion of Data.

Personal care must be taken not to make blunders, such as recording a
reading in the wrong place, putting down the wrong decimal relationship, or
losing track of which objects received which treatment. Many errors are con-
trollable. That is, those errors arising out of the use of faulty weights
or measuring devices, a mistake in computations, such as the arca, volume,
ete,, variations in the quantities of products formed, used, or wasted, and

\yﬁriation due to a residuum from prior treatments.
(of L s
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Errors which are seldom controlled are those that arise out of the in-
dividual variations to be found in animals and plants, and irregularities in :
the environment (such as differences in soil, temperature, or culture medium.)

We have mentioned above that chance errors tend to.distribute themselves
whereas systematic errors tend to accumulate. To test the validity of data
it may be subjected to a test for "goodness of fit" but to test the variation

we determine such statistics as the "standard deviation" and the "standard '
error'.

e
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Discussion and Summary: How Scientists Reason
Reference: Ingle, 1958,

The interpretation of results and drawing cdnclusions.

1. The Null Hypothesis. The null hypothesis assumes that the only .
differences from an expec ted value have been produced by chance. It is
againist this hypothesis that experimental data is tested. Since it is
very improbable that any two real values would be exactly the same, one
must decide how much varigtion should be permitted before .the null hypo-
thesis would be rejected and the acceptance of another hypothesis that a
true, worthwhile difference in any given direction has been produced by
the experimenta' treatment. This hypothesis, which was suggested by
Fisher in 1917, then makes the basic assumption,that there is nov difference
between treatments in an experiment. However, it cannot be proven that
all are the same, but it can bg shown that they are not.

"~ 2. Blepents of Statistics. Statistics deal with the probability of an

event happening. Scientists really never state their reports' as being
absolutge . but compute the probability of an event happening again under
similar circumstances. A 50-50 chance indjcates great uncertainty about
the conclusious. A 1 to 99 chance indicates great confidence that the
event will happen again (or not happen again) under similar circumstances.

. N
Common statistics and their symbols are:

The individuals datum, or variate, indicated by X,
The number of individuals in the sample is designated by n,
The sum or total, indicated by the Greek I or more simply by S,

The mean, or average is designated by X. x = SX/n

The deviation, d, is the difference between the mean and the variate,
viz: d = X -x.

The standard deviation, s, indicates how far from the mean about 2/3
(actually 68%) of the values lie. A value of 2s indicates how 95

of the values are distributed about the mean, and 3s indicates t+ ray
in which 99% of the values are distributed about the mean.

Most oftep the mean value for variates is given for a group and the
statistic, standard error of the mean difference, or simply standard
error, tells how much deviation from the reported mean another experi-
mentor, doing the same experiment, might expect to come to the reported
mean value. The symbol is sX

Degrees of freedom (d.f). If four numbers equal 16, thea three of them can
be any number, but the value of the fourth is fixed if the sum is to be 16.
The degrees of freedom for any single group of numbers that equal a given sum,
therefore, is the number of items minus one (n-1). In computing the variance
(s®) the degrees of freedom (n-1) is used if the sample size is less than

60 individuals. Larger samples use tne statistic N for the number and ignore

the degrees of freedom. ’l:ﬂ ~

K




Computing the Standard Deviation and the Standard Error.

These kinds of statistics apply only to measurement data and not to
qualitative data (such as the number of green vs. the,number of albino seed-
lings). Let us suppose that the amount of water in three samples of potato
slices is 77%, 73% and 75%. Calculate the mean, standard deviation and the
standard error for this data.

Variates Deviation " Deviation
S SR —d squared
77 2 4
73 "'2 [6 P
13 9 0. 4
sX 225 0 8 = Sd (sum of squares)
X 75
) 2 2
The variance = Sd“/(n-1) = 8/2 = 4,0 =g -

J¢

* The standard deyiation = g = f;z = Y& = 2,0
The standard error, 8= = Vszln = v4/3 = /1.33 = 1.15

These statistics are then expressed as the mean + the standard deviation
(s.d.), or as the mean + the standard error (s.e.).

It is important to know what the standard deviation and the standard

error refer to so that one can properly evaluate the data in many scientific
papers.

mean + s.d. 75+ 2.0

mean + s.e. 75+ 1.15
Chi-Squared

For qualitative data, the goodness of fit is the appropriate measure to

calculate by the following formula: . . \
2
(observed minus excepted)g = Chi
T+ expected

The expected is usually taken as the mean value for the number of
observations made.
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THE CHI-SQUAREK DISTRIBUTION (VALUES OF x3)*

. | X X X X X X'vs Xn s ds.
1 .0000393 000187 .000062 +00303 . 3.841 5.024 6.638 7.870 i
2 .0100 .0201 .0508 . .10 5.991 7.378 9.3210 10.597 2
3 007 J18 216 .382 7.818 9.348 11.345 12.838 3
4 207 207 484 711 . 9.488 11.143 13.2717 14.860 4 N
! ] 413 554 831 1.145 11.070 12.832 15.068 16.750 5
6 .676 872 1.237 1.635 12.592 14.449 16.812 18.548 ]
4 .989 1.239 1.690 . 2.167 14.067 16.013 18.478 20.278 7
8 1.344 1.648 2.180 3.733 15.507 17.535 20.090 21.955 8.,
9 1.735 2.088 2.700 3.325 16.919 19.023 21.666 . 23.58% 9 p
10 2.156 %.558 . 8.247 3.940 18.307 20.483 23.209 |, 25.188 10
11 2.603 3.053 3.816 4.0875 19.675 21.920 24.725 26.757 11
12 3.074 3.570 ~  4.404 5.226 21.026 £3.337 26.217 28.300 12
13 3.565 4.107 5.000 5.892 22.362 24.736 27.688 29.819 13
14 4.078 4.660 5.629 6.571 23.685 26.119 29.141 31.319 14
15 4.601 5.220 8.202 7.261 24.996 27.488 30.578 332.801 15
16 5.142 5.812 6.908 7.962 26.296 28.845 32.000 34.267 16
17 5.697 6.408 7.564 8.672 27.587 30.191 33.409 35.718 17
18 6.265 7.015 8.231 9.390 28,869 31.628 . 84.808 37,156 18
19 0.844 7.633 © 8.907 10.117 30.144 32.852 36.191 38.682 19
20 2434 - 820 9.501 10.851 31.410 34.170 87.568 39.997 - 20
21 8.034 8.897 10.283 11.5691 32,071 35.479 38.933 41.401 21
22 |+ 8.643 9.542 10.982 12.338 33.024 36.781 40.280 42.796 - 22
.23 9.260 10.196 11.680 13.001 35.172 38.076 41.638 44.181 23
24 9.888 10.856 12.401 13.848 36.415 39.364 42.9&)! 45.558 L A
© 25 10.520 11.524 13.120 14.611 37.652 40.646 44.314 46.928 25
26 11.160 12.198 13.844 18.379 38.885 41.923 '45.642 48.290 26
V14 11.808 12.879 14.573 16.151 40.113 43.194 46.063 49.645 27
28 12.461 13.568 15.308 16.928 41.337 44.461 48.278 50.993 v 28
29 13.121 14.256 16.047 17.708 42.557 45.722 49.588 52.336 29
30 13.787 14,953 16.791 18:493 43.773 46.979 50.892 83.672 30
© This table is based on Table 8 of Biemetrika Tables for Statisticians, Volume I, by permismon of the Biometrika trustees.
]
3. The Inductive Cannons. The search for the cause of any phenomenon
may proceed according to the modified cannons of the inductive method,
first proposed by J. S. Mill. They are:
a. The method of agreement--where a condition is uniformly present,
it may be assumed to be a probable cause. %
b. The method of difference--when an event occurs with a specific
condition present, and doés not occur when.it is absent, one may -
conclude that the"condition was the cause of the happening. {

c. The meéhod of covariation--in which wvariation in a causal factor
produces a similar change in the résults.,

d. Residual variation where removal of a cause still leaves some
effect, due probably to other causes not accounted for.

. B. Acceptance or rejection of the trial hypothesis. This is an intellectual
function.

Formulation of a new or successive hypothesis.
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D. Summary - a restatement of the hypothesis and a concise listing of the
results followed by conclusions reached in the discussion.

At this time it should be emphasized how Flemming's conclusion explained -
the data he observed in the comtaminated plate and how the experiments he
performed substantiated his hypothesis that the mold produced the anti-biotic.
Another important aspect of the scientific method and discovery is also
revealed in the Flemming story. Namely, that the usefulness of a discovery
1s not always immediately realized. The usefulness of Flemming's discovery
was to await the work of Chain and Florey and their associates in 1939. Chain
and Florey were able to make a continuation hypothesis from Fiemming's con-
clusion. It could be stated as follows:

IF the mold, Penicillium, produces a substance, penicillin, which inhibits
pathogenic bacteria in growing cultures, THEN it should inhibit pathogenic :

bacteria in live laboratory animals as well. This hypothesis was confirmed
by experiment. .

A
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Observed Experi- ' K
moncal Facta: | P/ 1
s

Generalization 1
(Flemming's-"
o, - conclusion)

i ' . Continuation Hypothesis
(Chain and Florey)
If A, B, C, and D exist, .

then
B" E' F' Goo.o...... E
. must exist. -
. Expt. 2

Observed Experxi-
mental Facts:

Generalization 2
(Generalization 1
confirmed or rejec-
- : . ted. -

—

Figure 2
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Approach:

Some time must be spent to detail the diagram above and terminology.
By this time most students will have a fairly good idea of what a fact and a
generalization are as well as a rough notion of how they are interrelated,
Tell the class at this point that.you have some culture plates (a slide works
just as well) with two organisms growing inside for them to examine. One
must provide some background information that Alexander Flemming saw a gimi-
larly contaminated plate while working in the bacteriological laboratories
at St. Mary's Hospital, London, in 1928.

Materialsg:

1. Four to six agar petri dishes that were inoculated 48 hours earlier ’

with Penicillium notatum and Bacillus subtilis amd which show a pronounced

zone of inhibition 8surrounding the mold, should be presented to the class,
¢ or .

2. A slide of Penicillin notatum growing on a culture of,baéteria can be
projected. . ' e,

Many of the following obserwations will be noted by the students.

a. there are colonies of bacteria growing towards the outside of
the plate.

b. the bacteria are colored differently from the mold.

N 1
c. the bacteria are microscopic, the mold is much larger.

d. the mold is thread like. L

e. most important of all, a clear zone, in which there are no
bacteria growing, surrounds the mold. 5 :

Let the students suggest differemt reasons to account for the clear zone
surrounding the mold and let them examine these reasons.

Most will be dismissed as not plausible and eliminated quickly. Following
are some typical student conclusions:

1) - the mold' caused the zone.

2) the bacteria caused the zone.

3) the zone just occurred. .

4) something from the bacteria caused the zone.

If e. (above) is the best reason theh an important consideration conccrns
what 1s the "something" from the mold? This leads to the need for more experi~
mentation in the testing of a continuation hypothesis (See diagram). The
instructor may dow explain to the class that Flemming's observations led him
to ask the same question: "Did the mold produce @ chemical substance that
inhibited bacterial growth?" Consequently, he performed other experiments and
found such a substance, confirming his continuation hypotheses. The mold was

2 B '

o . (84 i/\;’ N ‘
1 :

IToxt Provided by ERI




1-44

tdentified as Penicillin notatum and the antibiotic it produced was given the
name penicillin.

A . ‘ '
Irene R. Clark of Florida A & M university suggests the following game for

drawing conclusiops:
- t

Objective of the Game: \

To use a game atmosphere as’ a springboard for a discussion on important
aspects of the nature of evidence.

Procedure:

Divide thg class into two equal groups: Have each group separate and
seated in different.areas of the room near an overhead projector.

In each group have 4 students each cut-up (free handed) one index card
sinto 3 or more pieces as shown in the figure below, or uee pieces of a jig-
i !

saw puzzle.
| \/ | Y | '* ]

Each of these 4 students in each group will plgce the total of 12 (4 x 3)
fragments in a.container where the pieces are well mixed. Distribute at random
one fragment #0 each student in each group until all 12 pieces have been
handed out. Turn on the overhead projector.

’ﬁfﬁow have one person volunteer to bring his or her fragment and place it
qn the lighted overhead projector. Students should remain seated unless they
suspect that their fragment might fit. They should explain why they think
it fits. From looking at the projected images, have students attempt to re-
assemble the 4 original index cards or the puzzle (one at a time) from the
fragments. The object is to see which group can most. rapidly reconstruct the
original 4 cards. : - ‘ )

L -
This Should lead into a discussion of the nature of evidence and how,
in drawing general conclusion inductively, evidences from various sources must
be fitted together in a logical fashionm in order to recomstruct & total picture.

~

fr
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Instructor: VYas.
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Martin J. Carey at Clark College reports the following conversation in connection
with this approach ¢o fact analysis.
, 1
I began the class by distributing'severdl cylture dishes with Penicillin .
notatum growing on a seeded bacterial surface.) a '
Tnstructor: I -want you to cafefully examine these plates. let's ,
- list on the board every observation that you can make.
‘Student A: What is that fuzzy stuffy growing in the dish? -
( s
Instructor: Now remember, you are to provide your cbservations -- * A
., not ask me what is on the plate. Can you describe ‘
. the fuzzy stuff? . T " = -

Student A: Q. K. It looks like the stuff that spoils old bread or’

uncovered jelly -- some kifid of germ-- I dont' know what
it is called. ) ’

Instructot: That's correct. It is called fungi. Have ybu ever

’ noticed it growing in damp places -- such as on your
shoes in a dark, moist closet or on the walls in a
sHower stall?

(Class responds in concert confirming having¥seen it before.)

;

Instructor:. What else do you see? . b . !
Student B: There is something else grbwing on the plates ~-- or
at least something else is on .thé plate.

Instructor: Yes, this is correct. Describe what you see,

Student B: I don't know how to describe it. It looks like a
yellowish film or scum with a clear area. '

Instructor: At this point I want to pass. out these. These are

) called petri dishes fox you to look at.
In them 1s a substance called nutrient agar which is used
) to grow microorganisms on. L Of course there is nothing

growing on these. Compare these with those that have
fungi and bacteria growing on them.

(Several hands are raised)

.

Student C:  Bacteria? Is that what the yellow stuff is?
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(The instructor now takes time to explain how microorganisms are cultured)

JIngtructor: (Pointing to list of observations on the board)

. 5 We have now descrihed everything on the plates -- or
have we? '

Student .C: Why is the ring around the mold? 'Is that a different
kind of microorganism?

[}
S

-
Instructor: What do you think? Compare the ring with the color and
) texture of the nutrient agar in the petri dish I just
passed out. How do the two compare?

Student:D: There is nothing growing in the clear zone -- it is the
same as the nutrient agar in the petri dish.

Instructor: THat's correct. There is nothing growing immediately
around the fungi. Why is the zone there? 1Is it
coincidental that it is on the plate or is there an
exp? “nation?’

Student D: Maybe something caused it. Perhaps the bacteria
reacted with the nutrient agar.

Student A: That's not right. If tnis were true there would be
_a lot mdre clear zones scattered over the surface of
the plate.

. Instructor: O. K. I have an idea -- let's take into consideration
all of the observations that we've listed on the board
and see if we can come up with some explanationg to
account for ar explain them. I'li now list all such
explanations or hypotheses on the board.

Student C: |} Maybe the bacteria caused the zone.
Student E: kaybe the fungi caused the zone.
Student F: Maybe the agar caused the zone.

(The instructor lists several of the hypotheses on the board. Most students
edgerly offer an explanation of some kind. One gets the full gamut of guesses.)
L
Instructor: Let's now see if we can examine the hypotheses and
eliminate some by simple reasoning or by some simple test

or experiment.

(Some of the weak hypotheses were thus eliminated; this left the more tenable
ones: Ll.--the fungi caused the zone and 2.--the bacteria caused t?e zone. )

*

-
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Instructor: Which of these two hypotheses seems to be more plausiblé?

B What kind of test could we perform to deteéhinewwhether *
.the fungi br the bacteria .caused the zone? .

Student G:  Take some of the. fuhgi.and put it on a ﬁiate with some
. of the same kind of bacteria’growing on it. If the
rings continue to occur around the mold, then we know

th e mold is 'causing it. .
Instructor: /Good.. This is one test that could be done. Of course
we would probably want to do others too =- just to be
" sure. Let's work with hypothesis # 2 (fungi caused

zone) and see if we can refine it. Can somebody refine
this hypothesis? ) '

Student H:  Does something from the fungus cause the zone?

Student H: A substance or something like that.
. L o

Instructor: Good. Let's say that some, kind of chemical was produced
and caused the zone. How-did.it get out beyond the mold?
If such a chemical does exist how could we prove it? What
do we need to do at, this point? We have refined our hypo-
thesis to:’ The fungi produces sope‘chemiéal that diffuses
out into the agar and causes 3 clear zoné. .What do we now

) need to do? ’

-

- / . |
Instructor: What do you mean by something? -

Student Ii/(*Tést to see if there is sométhing in the agar iﬁ the

clear zone. Do an experiment.

N

Instructor: Good. Very good. {

/ N '
(At thiq point I gold the Alexandgr Flemming:story 4Lout the discovery of
pehicillin, I peinted -out how Flemming went through a similar procedure of

mqking dbsefvatibns, formulating an hypothesis and experimenting to test his
hypothesig.) CL > .

'
o

Instructor: We have just made an hypothesis and supported it with an experi-
ment.) If an hypothesis is true it can be used to predict new
information. Let's gonsider this in the form of an "If: . . .

- Then. .'." statement. /f penjcillin will inhibit the growth of
bacteria in a culture dish, then . . . Who would 1ike to make 4
) prediction? ’ ’
. , - ) ~ ‘ .,
(Many students are familiar enough with penicillin to provide the correct
response. Then it will inhibit bacteria growing in laboratory animals as well.

Wwhen this response is made the instructor finishes the penicillin story by

telling how Chain and Florey made a similar prediction from Flemming's hypo-

thesis.)

c
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Discussion Questions:

1. 1Is a theory or law the absolute truth about a part of the universe?
Does the absolute truth carry with it the qualities of being absolutely
closed to possible excepticn? )

2. In the strictest sense, is there such a thing as a scientific "fact" or
"truth"?

3. How has the invention of the microscope changed man's notion of the
universe?

4. What impact has improved technique and communication had on scientific
_ theories to principles?

. |
Self Test: P
1. Distinguish between technology and research.
2. What values were realized by the United States placing a man on the moon?

3. Is science really creative, or is it simply a careful and methodical way
of putting facts together?

Answers: ,

1. Basic research is dope primarily to further man's understanding of mature,
and with possible practical applications of findings disregarded.
Applied research is concerned with applying the results of pure science
to practical uses. )

2. Science does not'ﬁéke value judgements or word decisions. It is the users
of scientific results who may place valuations on them.

1

3. Science allows for creativeness in that ngPave sclentists who work in‘

~

s

research.
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VI. Writing Scientific Reports ’
Reference: Goolaby, 1970

A. The Organization of a Scientific Report in Biology

Historical accounts in precise grammar are hallmarks of the scientific
report.' In addition to these features, however, there is an organization of
the report which has become accepted because it requires that the writer iden-
tify thé way in which he has used the scientific method in his research. There
are, in fact, several headings for the various sections, but all of the schemes
now in common use help the reader to identify the steps in the scientific

method used, that is, whether it was observational or quantitative.

Each paper has a title. Usually editors prefer titles to be 10 words
or less, but exceptions are made. Following this is the name (or names) of
the investigator and his professional address so that anyone may write to him
for a copy or to ask questions not covered in the report. Technical assistants
are not usually listed with the authors unless they contributed in some in-
tellectual way to the research or to writing parts of the report. The order
of the names is important when making references. These are the divisions of
the report: .

1. The Introduction is the first section and gives the historical precedents
for doing the experiment or experiments, or the observations which stimu-
lated the formation of the hypothesis. The introduction usually ends with
the hypothesis. ,

2. The second section is called Materials and Methods or sometimes it is
headed Experimental. It is here that all the materials, animals, plants
or microbes; chemicals, solutions and equipment used are listed. Also,
the details of any new or specific procedure are either given or referred
to.

4

3. The Results section is sometimes called Observations in reports dealing
‘primarily with descriptions of objects. This section has the data and
graphs, but it is also a rule that the text of the results section should
be intelligible even if the tables and graphs were missing.

4. The fourth section is headed Discussion. Here the results obtained by
others in similar experiments are compared with the results obtained in
the reported data and a logical explanation is attempted. It is here that
the inductive and creative reasoning is most apparent.

]

5. The Summary and Conclusions form the fifth section. Here the most signi-

ficant findings of the experiment are recounted as are the conclusions

drawn from them.

i ™~ , )

6. The report closes with a 1ist of References to other reports which have
been cited in the text. The term "Bibliography" is used only where there
is a complete listing of all books and papers on the topic.

-

(4R
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: There are several ways in which reégxences to the literature are cited in
the text. This is called documentation since these references are used to
substantiate statements made by the author. Frequently the name of the author
or authors and the year of their publication is used, i.e., (Brachet, 1961).
Sometimes a number is placed in parentheses following a statement or other
reference, i.e., the living cell is the fundamental unit of which all living
organisms are made (l1). Less frequently a superscript number is used, viz:

The living cell is the fundamental unit of which all living organisms are made.
Tre first of these methods has the advantage that seeing the name o. the author
and date of publication will let the well-informed reader know what publication
is being referred fo without his having to turn to the list in the reference
section to find out.

Some fairly standard ways of making the references list have deve.oped.
Where names are used ..y are frequently listed alphabetically but where thev
are numbered they may-not be. Here are some typical references to journal
articles:

George, W, C. and J. Nichols, 1948. A study of th. blood of some Crustacea.
Jour. Morph., 83:425-443,

Hisaw, F. I., J. T. Velardo and C. M. Goolsby, 1954. Interaction of estrogens
on uterine growth. Jour. Clin. Endocr. and Metab., 14(10): 1134-1143.

The name of the journal is usually abbreviated. This one is the Journal —
of Clinical Endocrinology and Metabolism. The number 14 refers to the volume
number and the (10) indicates that it is the 10th’issue of the volume. The
coton separates the volume from the page numbers. Some journals conserve
space by omitting the title.

References to material in books is made in the following ways:

Dampier, William C. A History of Science New York. The Macmillan Co., 3rd ed.
1944, S74pp. Pages 32-40.
The titles of books are usually italicized in print and the direction to
Lhe tvpesatter is to underline such words once, therefore in typing and writing
they are underscored. New York is the city of publication, The Macmiilan Co.
15 the publisher and the year of publication was 1944,

A second kind of reference is to a chapter or article in a book which
.ontains the work of several authors that have been compiled by the editor.
fn this case it is the chapter that is being cited and credit is to be given
to the author or authors, but such an article could never be found in the
library unless the name of the editor and title of the volume were known.

“ilier, Stanley L. The origin of life in Johnson, W. H. and Steere, W. C.(eds.)
his 1o Life New York, Holt, Rinehart and Winston. 1%62, 354pp. Pages 317-341.

Occasionallv a book or tieatise or handbook will be published not under
‘re name of an author or editor but by an association such as the American
Prv-iolugical Society. There are some popular elementary biology textbooks

71 :
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in this category, viz:

Biological Sciences Curriculum gEudy Biological Science Molecules to Man.
Boston, Houghton Mifflin Co., 1963. 7Ll6pp. 3-12.

The card index in libraries cross-references books by subject, author and
title. Original articles .3 journals, however, are not indexed in the card
catalogue but in special journdl These are discussed in the section on
biological literature.

B. The Biological Literature ‘

1. Introduction

It is not enough for a scientist to think up and carry out a new experiment.
If he does not communicate his findings, he has no¢t done anything beneficial
for mankind, and in fact, he has not contributed to the available store of
scientific knovledge until he does, The tradition of magic, sorcery and witch-
craft was to keep its "findings" and "discoveries" private, secret and uncomm-
unicated except to one or a few members of the family or guild. One of the
characteristics of the scientific enterprise is that it is empirical and shared.
All scientists are invited to repeat an experiment if they choose. In fact,
scientists usually follow the rule from Deuteronomy, that "out of the mouth of
two shall the truth be established". Consequently, most important conclusions
will be confirmed by another scientist, or group of scientists, doing the
experiment again. Once confirmed, a scientific conclusion is accepted.

The ethics of data reporting has a strong tradition that the investlgator
be as honest as his perception permits. Because of this ethic of honesty in
reporting data, great faith is put in the results of an experiment, and it is
not usually done over again except for the extension of ideas, confirmation
or for instructional purposes. However, this faith does not include inter-
pretations or opinions about the data. Different scientists will use different
backgrounds for interpretation. Statistics are useful for providing some
standards for deciding if experimental results are different. However, an
author's experimen 1l design, opinions and interpretations of data, his choice
of experimental material, procegureb and techniques may all be challenged, cri-
ticized or praised, but the data is seldom questioned before a repeat experi-
ment is done. Thus, the literature is where scientific information accumulates
and the literature then becomes not only the storehouse of accumulated know-
ledge but also a tool of research. Knowledge and use of the literature are
hallmarks of scientific scholarship. -

2. How the Literature in Biology and Biochemistry is Used?

The literature in Biology and Biochemistry includes treatises, monographs,
textbooks, handbooks, books of tables, and the journals. Of these forms, the
journals are the most important because they contain most of the original-
reports of the experiments. While the literature accumulates scientific
1nformation, it also affords a means for information retrieval Each number
(issue) of a journal has a table of contents listing authors and titles of
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papers. Many journal tissues also have subject and author indices. There is

a journal that carries the table of contents in facsimile of many other journ-
als. This journal, Current Contents, published fortpightly enables the reader
to see what articles have been published in a large number of journals soon

after their appearance. This is not an index, but an instrument of rapid
communication.

Another device for rapid communication is the abstract. Sometimes the
abstract appears in the journal just preceding the article but, whether this
is so or not, most repurts are abstracted in abstract journals. There are
two widely used abstract journals published in the United States of importance
to biologists. These are Biological Abstracts and Chemical Abstracts. The
abstracts are sometimes written by an original author, by a scientist who
volunteers his service, or by professional abstracting staff members. Chemical
Abstracts indexes the abstracts by author, subject and formula. Biological
Abstract indexes articles by author, subject, and animal or plant classifica-
tion. 1In the subject indices, the key words are cross-indexed. In recent
years Biological Abstracts has published a computerized subject index under
the title B.A.S.I.C. (Biological Abstract Subjects in Contex*). These indices
are published fortnightly and for each complete volume.

Other indices widely used are The Surgeon General's Weekly Index of Medical
Literature and Indicus Medicus. . Of less use is the Reader's Guide to Periodi-
cal Literature because of its 'limited scope. -

Earlier in this unit we used as an example of a reference, one that
reported data on the ability of estradiol-17 beta to cause growth of uteri
in castrated rats. There are many papers written on this point, but we would
like to direct your aftention to the information &n one dealing with the
response of castrated rats to estradiol, estrone and estriol (all female sex
steroid hormones) and to mixtures with estriol written py F. L. Hisaw, J. T.
Velardo and C. M. Goolsby in late 1954. The abstract appears in 1955 and so
the article is indexed in that year. What would we look for in the indices of
Biological Abstracts and Chemical Abstracts for 19557 Entries for this article
as indexed by both of these abstract journals are presented as examples of how
the system works. \\%\

4. Biological Abstracts

The Author Index. In the author index for volume 29 (1955) we may look
up one or more of the authors in the alphabetical listing. Under Hisaw, F. L.
we note four numbers for that year. We may look up one of the dther authors
and see 1f any numbers of abstracts correspond or we may look up the four listed
until we run across the one desired. It happens to be abstract 11155.

The Subject Index. If we look under Estrogens we find many 3ubjects and
sub-subjects. In the heading we are directad to (See also Hormonz2s (animal),
sex; Ovary (animal); Steroids; and also specific estrogens, e.g., Estradiol.
Under Estradiol one finds the subheading uterotropic action and ianteraction

with estrone and estriol, rat, 11155. The same reference appears under Estriol
and under Estrone.




’

Abstract 11155 1s reproduced below.

11155, HISAW, FREDERICK L., JOSEPH T. VELARDO, and
CHARLES M, GOOLSBY. (The Blol, Labs, Harvard U,Cam-
dridge 38, Mass,) Interactlon of £8trotens on uterine grouth,
Jour, Clin, Endocrinot, and Metab, 14(10): 1134-1143, 1934,--
Relative effectiveness of estradiol-17B, estrone ard estriol {n
the production of yterine growth was tested on castrated, adult
rats. Animals 100 days old (200.¢) were used 7 days after
castration. The various doses o estrogens were dissolved in
0.1 ml eesame oll and injected subcutaneously daily for 3 days,
with autopsy at the 72nd hour, Dosage-response curves based
on increases in uterine wet weight showed estradlol to be about
10 times more sifective than estrons, A maxima) response of

ut 300 mg was obtalned by a daily dosage vf 1,0 ug of
edtradlol and by 10 ug estrone, Estriol was not only the least
achive of the 3 estrogens but was found incapadle of stimulating
maximal uterine growth {n the 12-hr. period, Estriol In a dose
ol 0.} ug decreased the growth-promoting action of estradiol
and ejtrone when the hormcnes were given simultaneously, A
maximal response to a given daily dose of estrogen was attained
At aboud 72 hrs, and the weight of the utervs remalined approx-
imately \he same whea treatment was continued for 15 days,
Uterine growth produced and maintalned either by estradial or

by estrone\or a cormbination of the 2 wq redu
was added,\-From aulh, summ, 8 reduced whea estriol

\

\
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b. Chemical Abstracts )

\ Author Index. When one looks in the index for Volume 49 one sees thac
F. L, Hisaw was an author for several papers, during that abstracting period.
In this index co-author are also listed together with the title of the
abstracted article and its location, 11831, that is, in column 1183 about .9
the way to the bottom of the page. If one looks up one of the ccauthors, he

is referred to the first a%ihor.

Subject Index. Again the abstract is located /nder Estrogens and also under
the separate hormones used--Estradiol, Estrone, and Estriol. | .

Estrogen Hisaw
o8 urcthra, 11885), and Velardo 1 T Infuerne oof o g
- e trw
on utcnoe bluod vessels, 5436¢. tent ator of esteuveh b e ambidot oy of
UB uterine growtb, 11635, . Pt astetanie 10 Coreh ment of desodi.
unutcnuc mast cells after ovanectomy, aata 10 o ntoimoc of adtenadon e ad
131 valdevelopement 1310,

! ¢
on ‘;ll'e‘l:’-is J1ise. 118124, 14129, L Velirdo ] T anc Goobh, A

Interaction of estragens on utering greuth

Estradiol 11834

o oh testis, 1374¢, '
o8 thyrod, §440g,
x —=Puos utinge stonth, 1184¢, 162124,
88 uterus revsuase tn Progesterone
after ovancciomy, 9792,

) o8 vagies, Gdl5e,
88 watet sLsorption, C4075, T
| Estriol o
\\/ eflect 1;33)!;4!0 ulmulw‘ 18 placesta,
* ol metabailism of lipides and pruteins

le nterus, 11113
8 wierine growth, 1181,
“® uterus, 1,212,
mmncm‘rulvcmon to, im Pregnancy,

- 134

Estrone

o8 succisic oxidase gand growth of \
uterus, 16138/
oo thyroid, 8440e
©e® thyrotropis 10 pituitary, 4115k
on utenne growth, 11644, 1621247
OB vapina, 64) 3. .
®8 VayiRa in presemte of plasma slbu-
\ ;s 134470,

\
The ab&tract is reproduced below. =

1183 Chemical Abstracts 1184 Vol. 49

BRI ST e e e 00 e

RN A LR R

vard Univ.). J. Chn. Endocrinol. and Metabolism 14, estrogen, and the ma. uterine wt. {or the 3-day period was

attained with a daily dose of 1 v o estradiol-173, 5-10 4

|~ ’ of estrone, and about 20 v of estriol. A dose of 40 v of

estriol daily was lees effective than 20 ¥y and in neither
“instance were the uteri as heavy as thosc of the rats given
the other 2 estrogens. A 0,1.v dose of estriol. which had no
eflect on uterine wi. by itsclf, decreased the growth.promot.
ing action of c<tradiol and estrone when shuse hormones
p Were given siinultuneously., When estradiol and estrone
were injected tozether there was evidence of a comprtitive
interaction in the promotion of uterine growth. A max,
£esponsc to the duatly dose of estrogen wac obtained at nbout
72 hes. and the Wt of the uterus e marmed approv. the vame
= when trcatment was contimned for 15 dass, T angpeed
that csvtriol 1v a primate lionmoae of pregnaticy v hen o
helps to mamtaon o deady endaaring bulance, w part, b
snodulating the action of the strouger esrofens,
AN [N TR HRvTR

Q Introduce Exercise 1B--Scientific Reports and analyze a paper. See the
E l(}eacher's Guide to this Exercise for suggestions and further information.
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ANNOTATED OUTLINE .
M I‘

VII. What is Science?

In this section the first objective of this unit is again emphdsized.
It's aim is to help the student to ugderstand the nature of science as a
vigorous interaction of the facts and ideas. The preceding sections have been
used to explore what constitutes the realms of scientific study, some approaches
to the acquisition of information, 'and ways of generalizing about natural
occurrences so that principles for interpreting their meaning become apparent.
Now the students should be asked to ‘summarize what they have discussed., The
teacher should not define science for the class. Instead, ask students to
give their definitions (or partial definitions) from the foregoing discussionms.
This will help them to establish some criteria of what is science so that the
following sections on areas of knowledge and belief can be discussed.

A. TFolklore

Three areas of traditional beliefs for large numbers of peopie are listed
in this section. Folklore is largely impressionistic, deceptive, and uncon-
firmed by experiments.

1. Magic is the art of creating the impression that man is capable of
defying the natural laws. For.example, the impression that matter can

be created (like pulling rabbits from an empty hat), or transmuted by
"magic" words (water changed to milk). It also tries to deceive the
viewer into believing that work can be done without the apparent expendi-

ture of energy as when handkerchiefs are knotted, objects float in air,
etc.

Demonstration: Take a elear solution of water to which some phenolphtha-
lien has been added before tlasstime. Now take some .IN NaOH, say,
"Abbracadabbral!" and pour encugh of it, dramatically, into the phenolphtha-
lien until a good color is obtafned. Then take some .1N HC1, say, .
"Abbracadabbral" and pour in dramatically, until the solution is colorless °
again. (No explanation except that "it's magic". ‘

2. Astrology is a "confidence game" in which people are led by suggestion
to believe that positions of heavenly bodies with respect to the earth
governs the affairs of the natural world and of the lives of people.

.
3. Alchemy preceded chemistry. f& sought mainly to turn cheap materials
into expensive ones (for example, to turn non-corrosive lead into non-
corrosive gold) or to attribute magical powers to certain materials, such
as sulfur, mertury and others.) Sometimes the magic potions did contain
some useful medicinal material. Thus, alchemy led into chemistry and
phagmacy.

4. Discussion Question: Is folklore science? Discuss why or why not.

B. Pseudo-Sciences (Human Behavorial Studies)

These are studies where information is organized, but where it is

4
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s,

impossible to test the validity of the concepts experimenéally because
man keeps adapting his behavior to the new situations. Examples are
Anthropology, Economics, Social Science, Political Science and the like.

¢
Discussion Question: Are the pseudo-scientists the victims of the preju-
dice of the natural scientists? Why or why not? e

-

C. The Natural or Pure Sciences

-

Approach:

To show the relatiorfship between the natural sciences and their contact
with other areas of study and belief, construct the following diagram on the
chalk board (or use the overhead projector). Draw the circles and add the
grouping titles "Descriptive Studies', "Folklore", and "Experimental Basis
(Science)", "Pure Sciences" and "Applied Sciences". Have the students correctly
name Qbe subjects (introduced in previous discussion) which belong in .
the various categories. 1t would be good to have the completed diagram re-
produced and distributed after discussion so that any mis-impressions arising
in the discussion can be corrected.

The diagram is on the following page. Sciences included here are:

Physical Sciences: Chemistry, Physics

. , Biological (Life) Sciences: .

3. 1Interdisciplinaxy Studies: Biochemistry, Biophysics, Physical
Chemistry .

4. Applied Sciences

[

a. Applied‘Physics: -engineering and pther technologies
b. Applied Biology: agriculture:/pgéical scilences

D. Limitations of Science

1. Science does rniot deal with the supernatural (See Section I. B. 5
Extra-material Universe.)

2. While scientists, as members of socilety, have a duty to society to
take stands on the benefits and evils that beset it, science itself does
not deal with the customs of the people (mogals) nor theology (goodness

or badness) with regard to the information it generates. Fot example,
experiments may reveal safe, effective means of contraception but the use
of contraceptives and the practice of contraception depend upon the place
which information about contraception occupies in the value systems of the
individual and his society. Most scientists are concerned atout knowledge
being used for the good of mankind instead of for his exploitation, injury
or destruction. However, some do engage in "war research" developing
better bombs, more poisonous gases and microbial toxins; more efficient '
guns and faster planes. Sometimes there is 2 technical by-product that

is useful for peaceful purposes. ’
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1

Discussion Question: What is the role of the scientist in ?slping society
to arrive at decisions about the use of scientific informatlon? Does
science itself determine this?

E. What._is the Relationship of Biology to other fields of knowledge?
Teacher References: Conant (1951a), Conant (1951b), Conant (1952)

The method of accumulating biological knowledge makes use of other areas
of knowledge. Once the information isdiscerned, it must be integrated with
what others have found and this must then be communicated to the intellectual,
non-intellectual and scientific worlds. ’ ‘

1. Relationship of Biology to other Fields or Science and Logic.

There are other fields of science which do not really!need biology fpr
their understanding, but modern biology cannot.be effectively studied without
some knowledge of other sciences. A certain few exercises of a non-biological
nature are always included in introductory biology courses for this reason.
These include such physics exercises as those dealing with weighing and measu-
ring, and the diffraction of light in microscopes and spectrophotometers,

Some elementary mathematics is needed for determining areas and volumes, alge-
braic relationships {mainly ratios) and statistics for normal distribution
(standard deviation and standard error) and for goodness of fit (Chi-squared).
Basic elementary chgmistry is needed to compréehend some reactions *hat occur
in the study of metabolism.

The main studies of biology also involves geology, weather and climan,’
knowledge of folklore and mytholo y used for the common names of animals and
plant species, and skill in drawing of photography. Besides these, the scien-
tists main tools are the hand, the eye and the’brain. Science is not just
"ditch-digging" and coming up with a "discovery'--it is intellectual and®
creative.

2. Relationship of Biology to Fields of Non-Science

The scientific paper (report) exposes the interdisciplinary involvement
of bi6Togy and other sciences. The Introduction and Discussion sections not
only require precise grammar in order to express precise‘ideas, but also in-
cludes the history, philosophy and logic of the investigation, The Results
section, reporting quantitative data, frequently uses statistics, and higher
mathematics where rates (kinetics) are considered. The whole documentation
process requires familiarity with<the scientific literature and library science.
Many papers are read each year to local and national scientific meetings and
in classrooms, and this means that the arts of good speech, graphic presenta-
tions, and even some drama become part of the good scientists equipment. The
psychology of getting along with people and the salemanship that goes along
with getting research grants is also important in many places, in addition
to budget and_personnel management ability. ,

Reproduce the chart Interdisciplinary Nature of Biology on the following /
page for distribution at this time.

F. Why Study Science?
Teacher Reference: 'Sund and Trowbridge (1967) p. 19 ff.

-

-
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Approach:

Have students assemble information on the contributions of the following
men of science, namely Dr. Charles Drew, Dr. Perry Julian and Dr. George
Washington Carver. When reports have established the contributions of the
stientists the teacher may ask several questions such as, "What is pure science?
"How does it differ from applied science"? "Is technology the manipulative
arm of pure science'? Through discussing these questions and others, students
should be able to see that applied science has its base in the work of men in .
the pure gcience®. The studefnts may also realize, that a doctor treating his
patient, a person gKopping or thinning corn, and an animal or plant bleeder,
all use knowledge that they ascertained from research of pure scientists.

Discussion Questions:

1. To.what extent do you agree that humanity can be divided into
groups of advantage-seekers and truth seekers? -

2. What is the difference in science.and technology?

3. Distinguish between basic and applied research. Why is it important
for both kinds of research to be supported?

4. -Why is it necessary for farmers.to chop cotton or thin corn?
5. How would you explain that technology is the operatingia;ms of science?

6.- What name is given to that portion of humanity that says science is
simply usuable knowledge about the universe?

7. Can a so-called native tribesman in the remote jungles of Africa be
a specialist? Lo

8. 'The astrologer who believes Hn magic holds to the theory that the’
sun and the planets influence events on earth. Is this an unscientific
theory? . i 5

—

9. IWhat is applied science?

10. What is pure science?

1l. How has technology influenced the life of man?:

12.  According to the Apocalypse, four horsemen ride over and terrify

humanity. What are they? Why is biology said to be man's most effective -
weapon against the horsemen? . j

- B ¢
13. Why is it necessarx\fgr man to become a specialist on one aspect of
the univérse. - -

r f}LlE} o




14.

15.
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/ ]

What are the historical and modern relations of science and religion? '

Natural Science deals with the composition% properties and behavior

of matter. in the univerBe. If biclogy is regirded as belonging to this
category, what other sclences belong to this group, and how do they
differ from bio%gg_?

. 16.
17.
18.
19.

20.

L

Are wars necessarily evil?
Is it important for the world to practice birth control? If so, why?
Is social science a natural science?

Is the scientific method used in the b;§3v10r31 sciences?

.List some of the positive effects of wars, floods and famine.

»

Self Test:

NI WA
® e e+ o s & e =
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- Answers:

1.

. What is the work of a physicist?

Chemistry is the study of .
Why would the study of the universe be compartmentalized?
What is a natural science? Give some examples.

Is biology a natural science? If so, why?

The science that treats the composition of matter is known as
The scienge that deals with the behawior of matter ig called

Why do SOE

and others think there are three major subdivisions?

Distinquish between vertical and horizontal organizations of the
disciplines of biology. Why were these names chosen?

Is to study the properties, changes and interaction of matter and
energy. - ’ /

Is a-scienceé that treats the compogition of matter.

Because of the vastness of the universe, and man's diversed interest
in the parts. '

Systematized knowledge of nature and the physical world. Zoology,

botany, chemistry, physics, etec. x
Yes, because it a study of nature. ‘

Chemistry *

Physics ’ P

Historical knowledge about things was developed independently by
students of plant and students of animals. However, the most impor-
tant advances in biology' have been by workers to bridge the gap be-
tween the divisions {molecular biology).

Vertical method has taxonomic base and horizontal has an operational
and functional base. .
- i

x
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e people think there are two major subdivisions of biology,




REVIEW QUESTIONS
What is science? Give several examples.
Is science the product of man's curiosity? If so, explain/why?
One author said the real reason for studying biology is the old admonition
"know thyself".' How would you evaluate such a statement?
To ;;at extent is te:;nology dependent upon-pure reséarch?
What is applied sciéncé? List some examples;

What is meant by "pure scien}e"? List some examples of pure science.

Distinguish between an hypothesis, theory, law and principle.

£

Is a theory, law, and principle the absoluté-fruth.

A

How may a sample from the moon's surface éhange the theories of man?

Describe the steps in the scientific method.
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Classroom account by Robert J. Anthony, Jackson State College.

I am convinced that students are tuned in when they can clearly discern
the whys of studying Biology or a particular unit of material. I endeavored
to select as many thought provoking questions and activities as possible to
capture and maintain students' interest, stimulate lively discussion, and
create an understanding of:

1. The kinds of problems science attack.

2, The different kinds of Science.

3. How scientists go about solving problems and
. other important topics.

The unit on the Nature of Science was used to enable the students to give
their definitions of science. Some of the students responses were:

1. Science 1s a group of facts.. N
2. Science is a way of thinking.
3. Science is the using of the scientific method.
4, Science is a way of solvin%ﬂproblems.

After each student's response the students and I were very critical.
The first response for example was that science is a group of facts. I immed-
iately asked the students to define a fact. He stated that a fact was some-
thing that was true. Another student asked if all facts are true. For some-
time the students and I debated on the deflnltion of a fact. We finally
concluded that a fact was a notion held by a group of people to be true. How-
ever, it.may or may not have any scientific basis at all. Employing the
same method to examine each of the student responses we concluded trat science
is a systematic body of tested knowledge resulting from a set of scientific
procedures.

7 x
Before we actually finalized the discussion however, we had discussed
the various kinds of sciences and introduced the scientific method. The dis-
cussion of the scientific method was really reinforced in laboratory with
the black box activity ( Laboratory Activities for Biology - Ex. 1) :
. I was able to "turn the students on" when we discussed the kinds of
problems that science attacks., Students were asked what kind of problem does

sclence attack7 Some of the students answered that science tries to account V-

for the universe and matter. From this discussion we talked about the struc-
ture, composition, and the age of .the universe. One of the students thought
observation stated ¢hat the whole universe is composed of matter. Using this
statement as a core for discussfon I presented the class with three closed
test tubeg one of sand, ore of watey and one filled with air. I provoked
discussion by asking the students how are the material in the test tubes simi-
lar? i .

§



Student A: They all are in glass tubes. /'
Student B: They all are made up of atoms.

Student C: They all are made up of molecules.
Student D: They all are made up of matter.

From the students' responses we discussed t@a forms, kinds and measura-
bility of matter.

The discussjon of the measurability of matter enabled me to introduce
praphs and graph interpretations to the students. I drew a graph on the
hoard and explained the various parts of the graph such as, line, vertical
and horizontal axes. The students and I walked through the actual construction
of sevéral graphs from hypothetical data. Students wer given data to take
home from which they were to construct graphs. The next day we discussed
their constructed graphs.

\

Classoco. Account by Robin Y. Criffith, Norfolk State College

Because of the poor acoustics in the room, when we talk as a group we
rather the stools up at the front of the room and made more or less of a
circle. After diseussing why so many incorrect guesses had been made we
gathered to talk of what we had done. We talked of experimental design -

hypothesis, use and importance of controls, gathering results, drawing con-
c¢lusions.

One session, was spent reviewing experimentél design. For homework the
students had been asked to think about (a) what statement cannot be turned into an

(experimentally testable)hypothesiS, and(b) a testable hypothesis for which the
class could devise an experiment. Among the ideas offered by individual students
to the class (for which we devised experiments), were the following:

1> How can I count the fish in the wZean? Thig wquestion led us into
:ively debate on if we could count rhe fish, and the technique of

sampling. It also led us 'to question why we'd want to count the fish and

into the problem of predicting available food resources for future needs.

2) Can I take a wild animal domesticate it and have it adapt to its old
«nvironment? This brought, up the issue of making generalizations from

one kind of wild animal to all kinds and the importance of using a large
variety of animals (and also a number of any given species) in the experi-

. ment. The question was also raised of how one defines "adapting to a
new environment"?

3) Can people who eat only vegetables .live as long and be as '"healthy"
as people who also eat meat? Here we talked of different kinds of
Aprroaches; the use of lab animals to test a hypothesis about humans

(the problem of generalizing from results on lab animals to humans,) The

o - At ';

ERIC : 4tk
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nuse of a field study . . . looking for people who fulfill our conditions,
are strict vegetarians, and finding an appropriate measuce of standard
life span and healthiness of such a population, i.e., if we found a

South American tribe of vegetarians living in the mountains, what standard
do we use for normal life span or personal health?

4) Is light important for plant growth, for animal growth? How important
is darkness? Here we reinforced the idea of controls, why and how they are used.
Both homework questions led to interesting discussions with many students getting
involved. . K

In my opinion, beginning the course in this way appears to have been
successful. ‘The students quickly became interested and involved. They relaxed
and talked freely. They chose to skip the break we would normally take during
a two hour class because they were anxious to finish the "experiment".

Although many of their explanations of what they had done or why they had
guessed what they did about the contents of their boxes were sketchy, some

students did work carefully and try to determine size and shape and number,
did test, questions, compare, welgh, measure, and chtck before cgming to any
conclusions abput their black box. The students also led ome another. Because
their observations were recorded on the blackboard, the less precise groups
became aware of what the more careful ones had done, what kind of data they
had collected, how they arrived at their conclusions. Thus, on second call
many'groups added more information about the contents of their box.

'

[T
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Classroom Account by Elizabeth D. Clark, North Carolina A & T State University

<

The students came talking about the recent news broadcast on hi-jacking. I
started the class by saying, "There have been so many hi-jacking incidences recently.
what was the latest hi-jacking feat that stirred the interest and emotions of

people everywhere?"

(%) Two jet liners were hi-jacked
by the Palestine guerillas. They
destroyed the planes and held 180
people as hostages. They promised
to release them if the Palestine

~ commandos held prisoners in Swit-
zerland, West Germany and Britain ,
vere released.

I did not really want to discuss
this incidence at this time. I wanted
to direct the high level of interest
in the hi-jacking inte a discussion
of hi-jacking moon rocks or dust, which
are very rare on earth.  Several arti-
cles had appeared in the news or Scien-
tific Journals about these stones.

I was looking for any term that
would permit a smooth transition from
an attitude toward war and hostages to
a scientific consideration of matter,
the origin of the universe and life.
So I said," Perhaps we should first
discuss with one another:

(s) Hi-Jackinye means stealing or
takingy a planc.

Yes, but pcoRle were hi- -jachked
too. Have things other than
planes been hi-jacked?

It means taking illegally

and is usually associated with

taking large or rare objects while

in transit.

My key word vas rare. So I asked,
"What wvere the rarest objects that had
been hi-jucked recently-other than the
two planes mentioned?  What makes the
object rare? lanv ansvers were given
but it was difficult to prove that
they were rare.

o Ooh! I knww. It is moon aiot.
ERIC .
ngﬁﬁﬂ

What ‘;Ls moon dust?-moon dust!
what 1s 1t?

Rocks brought back from the
moon are sometimes called moon-dust.
. . .
Why are those rocks so rare
and so important? \

We can't go to the moon often to
get moon stones so they are rare. Many
stones were collected from the mqon. If
all of them are not sfudied we can not *
give the results of a complete study.
The missing rock may have held the apswer
to many of our problems. (Key work /pro-
blems)

(T) Very good - what are some of our
problems associated with the moon? Did
they appedr over night? Can only our
present geheration be fiven credit for
progress in this direction?

(s) Mrs. Clark taking first
questions first - we have to try
to keep the stones\until we can
complete our study. Many collectors
or foreign enemiles would pay to get
those stones.

The stones were important because:
L
They may contain medical cure
for disease.

They may hold a clue to the
origin of the moon and the earth.

They may indicate whether or
not life exists on the moon.

They ray give ideas on the age
of the moon and the earth.-----—-

(T)  In other words, we may find answers
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to some of our questions by collecting Are fhere easily observed effects
data, rocks and other moon specimens. ° of the moon on the earth?

The four statements above may be reword-

ed to a2xpress a possible conclusion (s) Tides, eclipde, reflected
which we could call our hypothesis. We 1light and radio waves, effects on
could design some tests based on the hy- . photoperiods and psychology and
pothesis and try to find evidences of : many others.

our hypothesis through experimentation

using the rocks and data. Some reasons for moon study are:

“(s) For example, could we say that To make a comparison between
our hypothesis was that the moon the earth and the moon.
was made of green cheeseg?
) . To see whether the moon has
(T) Yes, why did man go to the moon? any resources that can meet the
needs of man.
(8) To see if Yt was really made
of green cheese. (everyone laughed) To see whether 1ife exists on
the moon.
Is this hypothesis scientific
. or non-scientific? - To see whether the moon can

-provide the earth with a place to.
~. (8) We may also go to see if there get rid of some of our wastes.
is a man on the moon.

To see whether a tracking

Is there a reas9nab1e idea station can be set up on the moon
behind this notion? for further exploration or exploi-
tation.
(8 If we consider the idea of a
man being a picture - yes. The To see whether a midway station
eyes, nose and mouth are outlines can be maintained in space.
of craters or elevations on the
r moon. (T) The moon trip has opened up more

avenues for research than it has settled

(s) Man also went to the meén to problems. Is this generally true of
test some of the theories based cn scientific research?. If so - why?
previous studies and to explore
further possible theories. So _ Yes. Because what we find may
this trip was not based on emotion answer our questions today but as
or just being the first to.land we learn more--it seems that we
on the moon. have simply introduced something

) simpler or complex that has to be

(s) Since man has existed, history worked out in the future.
records man's curiosity about the ,
moon; many men have observed and (T) Very good. Look at this book (MAN'S
collected information about the DOMAIN, A Thematic Atlas of the World.)
moon. What does the world refer to. Will

. . this reference have to be expanded and

(T) Give some means of observation. why? '

H

(s) Telescvpes, photographs, dia- The world refers to the earth
grams, direct observations (naked planet. Man's domain is extending
Eye) satellites, balloons, radia- to the moon and soon - maybe to
tion detectors, magnetic measure other planets.
ment.

/rii\)
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4,
(T) Lets summarize now, man's moon
study--starting with the earliest points
of importance;

The study wass participated in by
men of all ages, and in all fields of
science and social science.

.They Became curious about their
environment, formulated specific ques-
tions or problems, tried to assemble
all accumulated information and set
out to obtain more data.

They collected the data on
earth, water and in space; from chemists,
geologists, physiologists, astrologists,
biologists, photgraphers and psycholo-
gists. They organized the data and
made generalizations based on all of
this information. They formed the
hypothesis that man can land on the
moon and return safely. -

They experimented with different
types of machinery and chemicals under
every conceivable condition in outer
space, they trained men to endure un-
usual situations and strain.

They determined the physiological
needs of the astronauts with reference
to pressure, heat, moisture, oxygen,
waste stress, on organic systems and
other possible factors.

Man developed technology in which
they had a great deal of faith and then
they experimented by sending man on a
successful trip to the moon and back
to earth...

>

Were these tests carried on only
by americans?

No, by other nations also. The
faith established was based on the unity
of the findings of numerous tests by,
all scientists of all nations involved.
Communication was great.

Our idea concerning the method of
going to the moon is a proven theory
and can be repeated - but many problems
1 """ ave to be solved to reduce possi-
[ERJ!:1sting hazards. Much more re-

Text Provided by ERI

search will have to be done in order

to interpret and make use of the infor-
mation obtained and to study specimens
collected. X ~

(The students had worked out the
scientific method using news of interest
without reading the assignment. ,I made
the assignment on the scientific;method
and theories on the origin of the uni-
verse and life.)

The discussion continued on the
following day. :

(T) We have talked so much about the
moon, earth and life--Is this our total
environment or is-it a part of something
else?

A part of the Universe.
L]

What is the most accepted theory
of the origin of the universe? Most
answers were on the origin of the earth.
I asked about the sun, stars, planets,
solar systems--I1 asked them to start with
space filled“with gaseous forms of matter.
We discussed the primitive atmosohere.
Most students could not follow the dis-
cussion becausethey had not studied
chemistry. Monday, we will begin the
study of the atom. ’

Nt
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FOREWORD

“fan has always been very curious about how life became organized as it
is on Earth (and probably elsewhere). Some of this “curiosity probablv sters
from an dappreciation bv man of how well organisms seem to be adapted for their
existence with a touch of mystery about how they came to be that wayv. A
practical consequence of a respect for life is the question of how life is
sustained and whether the quality of organisms might be improving or detericr-
ating, especiaily as influenced by man.

Many explanations of evolution have been given since the times of earliest
man. The'interpretations have remained controversial. Scientific methods
have provided gome rather accurate answers, although many questions have not
been answered so clearly.

Interest among students is naturally quite high regarding matters of
evolution. It touches every aspect of biology as well as areas ocutside of
biologv, such as religion, geology and chemistry. The development of <ome
basic evolutionary theory may be a minimal objective of this unit, but concept .
of evolution can be illustrated from examples in all the other units.

There is an inherent difficulty in selecting subject matter for teaching:
evolution due to the broad range of the subject and a limitation in the sbilitv
of many teachers to feel competent in more than a few areas of the subiect,
Hence, each teacher may tend to emphasize certain segments according to his
individual outlook. More important are efforts by the teachers to develop
methods of motivating students, regardless of the material covered.

Tﬁerefore, the unit hég been developed to provide examples of methods
1or presenting material in three aspects of evolution, molecular evolution,
cellular evolution and human evolution in a somewhat integrated fashion. tut
it must be emphasized that individual teachers may wish to present other
miterial or give different weight to*the illustrated material. The main intent
is to simulate the teacher with potential ideas for making any material on
evolution more Interesting.

.

samuel K. Moyer,

Ass't Professor of Biology
Northeastern University
Boston, Massachusetts
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INTRODUCTION

Evolution means an unfolding or unrolling--a gradual, orderly change from
one condition to another. The planets and stars, the topography of the earth,
and most species of 1living things today have undergone changes. The basic idea
in organic evolution is that all of the various plants and animals existing
at the present tim& have been formed from other, usually simpler, organisms by
gradual modifications which have accumulated in successive generations. The
theory of evolution is one of the great theories of modern science. It is
an attempt to explain the historical unfolding of life on the earth as a result '
of the operation of natural causes, some of which reside in living organisms
themselves and others which are factors in the environment. .

As the student explores this unit, he will gain an insight into the
important philosophical ideas and scientific discoveries leading to the
evolution of present-day life forms. It is intended that the evidences and
mechanisms of this process will become evident to him. But most important,
however, is that the learner will see how the scientific method has been uged .
to substantiate the theory of evolution. When these outcomes are achieved, a
better understanding of the nature of science will begin to emerge - one will

begin to see it as a continual interplay between growing factual knowledge and

generalizations based on them.

1
-

The materials contained within this unit are primarily to serve two purposes:
(1) to introduce the concept of organic change through time in conjunction with ‘]
some of the experimental support for this idea and (2) to provide the fundamental
information about evolutionary processes, so that the student can see its effect
on, and relevante to, Sther biological phenomena. In this manner the fundamental
components of the generalization will continuously be reinforced and firmly
embedded in the mind of the student. And, once the student begins to understand
some of the unifying principles in biology, such as evolition, he will then
better understand the unity that exists in nature, as well as possess & deeper
and more, operative understanding of the principles involved. Biology is a logical
and structured discipline. An understanding of evolution requires this logic
and structure.

-

Major objectives of this unit include:

Acquaintance of the student with some ideas (theories) about how
evolution occurs.

Emphasizing the Cell Theory, Recapitulation Theory and Germplasm
Theory as useful guides to the continuity of life back to the
"beginning".

Developing concepts of change in biology which are brought about in
nature.

Learning that reproductive isolation and populational fragmentation
are key conditions for genetic drift and new specieg formation.

Learning about "the evolution of the horse as a well-studied instance
of evolution and as an example of the evolution of a mammalian

species.

A
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Progress Inventory

\ .
*}. That i< the purpose of evolution? Is man the goal toward which all evolution
“as i I purposely directed?

. toes evolution imply that man evolved from apes?

3. Do you think that plants and animals today are.the same that appeared when
life originated?

“ "Mat is the basis for the idea that similar structure in organisms indicate
relationship?

». Hx have we obtained information about the remote past?

£

6. What is your concept of the origin of first life?

¢

7. Was the life which originated first.simpler or more complex in form than
now? How were the changes that we see today brought about?

True—F§1se

. 8. There is no evidence available to support the‘theory that the kind and
relative number of species members have changed over long periods of time.

.

9. Man evolved‘directly from apes.

-

10. 1Information from embryological and genetic studies can be used to establish
relationships between organisms. -

11. Fossils are the only indirect evidence that can tell us of 1life as it may
v have been in the past. .

12. The author of the first self-consistent theory of organic evolution was
Gregor Mendel.

13. Lamarck, in his theory of the inheritance of acquired characteristics,
would attribute a giraffe's long neck to stretching it in order to get food
and then passing the increased length on to the offspring.

14. Mutations or genes which have suddenly changed are not inheritable.

15. Nature ‘tends to select those species which can best adapt and reproduce to
survive in the environment.

1A.  Darwin's concept of evolution emphasizes the inheritance of. acquired
characteristics. ) '

17. Currently the most 'likely hypothesis for the origin of 1life on earth is
that the first spores arrived in cocmic dust from outer space.,

y’18. Environmental changes are indirectly responsible for species changes.

U  Spontaneous generation probably never occurred on earth.

o 0 3ba
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TOPIC OUTLINE

A. The Idea of Change - The Evolution of the Horse
B. Theories of Evolution

1. Lamarck

2. Von Baer

3. Darwin

4. Genetic Drift

C. Theories Dealing With the Process of Evolution
1. Von Baer's Observations ) '
2. The Cell Theory * ' \
3. August Weissman ‘
.
D. Evidgnce for Evolution
1. Evidence from Comparative Anatomy of Animals and Plants
2. Comparative Embryology
3. Comparative Biochemistry
4. TFossils .
a, Fossil Preservation
(1) Definition
(2) ‘Requirements for fossilizing parts
(3) Degrees of Preservation

E. Speciation
1. Adaptation - Types
2. Mechanism of Adaptation
3. Species Defined

F. Evolutidnary Divergence ’
1. Some Definitions
2. Patterns of Isolation
3. Variation Within a Species
4. Isolating Mechanisms
5v Speciation and Adaptive Radiation

-
G. Evolution Above the Species Level
1. Evolution of the Horse |
2. Evolution of Man

O ‘ ':‘}Ii




ANNOTATED OUTLINE

A. The Idea of Change - The Evolution of .the Horse .

Savage (1969) pp. i23-124
Simpson and Beck (1968)

& ! P
Teacher References -

* Simpson, G. G., 1949,
Simpson, G. G., 1951. v
R
Approach: '

or from the original in Simpson (1951) and charts on pages 501 and 506 of
Simpson angd Beck (1969). .

.Point out the fact that the ancestor of the horse looked something like a
big dog. It had 3 toes forkard and 4 toes behind. Jt grazed in the forest.

|
Make a transparehcy of the evolutionary diagram @qn page 124 (Savage, 1969)
Hyracotherium was also an ancestor of the rhinoceroses..

Through the geological time periods various different animals evolved and
became extinct, but some line always survived. Finally, the modern horse evolved
in North and .South America during the Pleistocene and rad%?ted (migrated) to
Earope by way of the Bering bridge (where the Beripg Straits are now. About
10,000 years ago all horses disappeared from North and South America, probably
due to some disease. They did not appear again untfl they were re-introduced
by the Spanish conquiétadors in the 16th Century. They thrived in the Americas
onlthe great grassy plains of the pampas and of *the North erican midlands,

_ their ancestrald homes. N

[

Ask students what forces do they think could have operated-to bring'about
these kinds of changes resulting in the modern horse. ‘ .

" Do, mot accept an answer like "That is the way God made them" without some
method f6r Gad hd@ing done so. Wrif@ the theories on the chalkboard. Super-

natural explanations will have to be eliminated as not being able to be tested
(See Unit 1). i \ ' o

B. Theories of Evolution ' ' A
Spécific References: <,

Savage (1969) pp. 13-22

v’

Alternaté Réferences:

Simpson and- Beck (1969) -

‘l. Lamarck :

In‘fggQ Lamarck wrogg\a bod&(ig)which he proposed the cell theory
* «
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"Evolutioa of horses from uncestral types that browsed and had four toes

on the front feet and three on the hind feet.

«Later forms grazed in the open plains and thelr feet were modified so that
there is but a’single toe on both the front atnd hind feet, with the legs

modified for springing action in running,
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—- that all living things were cells or cellular, and their products. He
also proposed that hereditary characters could be acquired by use or lost
by disuse. He proposed two conditions for the change (evolution) in
organisms;

(a) new structures appear in response to the 'inner wants' of organisms.

(b) new structures appear if they are needed.

These ideas paved the way for the work of Darwim, Wallace and of Huxley.
Thew dispelled the theory that the species are immutable. ;

~
Herbert Spencer adopted the Lamarckian view that organisms change in
resprnse to their environment.

In recent years this view was espoused by T. D. Lysenko in the Soviet Union
4s bhelng consistent with Marxist ideology.

2. Von Baer (1850) observed a sequence in ontogeny and in evolution. He
set forth th.ee obsgrvations:

(a) 1In development general characters appear before less general
ones and these before specialized ones.

(b} During development animals look similar as zygotes but depart
more and more during development from the forms of others.

(¢) The young stages of higher animals are not like the adults of
lower forms but like the early dovelopmental forms of lower animals.

3. Darwin proposed that evolution occurred because of natural czlection.
His view was that in any population variations are corstantly occurring in the
stiucture and functions of organisms. These variations occur at random, are
spentaneous and not inherited. Those iadividuals having variations which fit
them best to their environments survive best. Poorly adapted organisms die. In
this way the fittest organisms are naturally selected to survive. If the environ-
ment  hanges, organisms with features suited to the change survive best and those
with characters poorly equipping the organism for the change favor their death.

4., Speciation due to genetic drift is closely related to Darwin's natural
selection. It has been shown that when a population is separated from other
members of a species by some type of physical or habit barrier, some characters
become more apparent whereas nthers become more recessive in the population,
so that tle isolated population begins to look dif.erently. Factors such as
natural isotope irradiatisn from the earth may account for some of these effects.
When populations lecok differeat from other populations, it becomes a species.

Approach:

How Can You Diagram Evolution?

Diagram one of these on the chalkbuard then have stiudents try diagramming
[:R\le a sheet of paper at their seats. While they are doing this, pass among them

*P'\l
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and determine which ones are different, or good, etc. After the class has
finished diagramming have selected students put their diagrams on the chalkboard
or make this a home assignment for presentation and discussion next time.

Darwinian ABC DBC

Natural CaB CDB

Selection BCA BCD

Genetic Drift
Lamarckian AAB AAR AhA

Appearance or BBB BAB AAA

Disappearance BBB ABB AMA
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SELF-TEST ON THE IDEA OF CHANGE

.

"~

1. Evelutionism first developed as a/an

a. secular and agnostic philusophy.

b. idea of organic change.

c. idea of religious change.

d. 1idea or theory rt« geographic change

2. The author of the self-consistent theory of organic evoluilon which still
holds today was:

a, Darwin
b. Lamarck
c. Wallace
d. Erasmus .
3. The major fallacy in Lamarck's theory on inheritance of acquired characteris-
tics was:

a. the explanation was wrong.
b. his poor style of writing.
¢. no experimentation was done.
d. none of these.

4. Lamarck would attribute a giraffe's long neck to

a, variations within the giraffe population.

b. stretching it by using it to get food and then passing the
increased neck on the offspring.

¢. Mutations.

5. - Individuals within a population show differences called

a. mutations .
b. traits
¢. variations

6. Darwin's theory of natural selection

a. failed to explzin the source of variation in organisms.
b. has been replacea completely,
¢. did not account for fossils.

|
7. Natural selection acts up
\

a. the genetic variation within a population.
b. the fully develeped indiv tusl.
c. the average individual.

8. Natural selection is

RJ!;‘ a.

X ’\]'
o
ethically desirable,




b. morzslly impoverishing.
c. a fact of nature.

Answers:

4. b 7. a
5. ¢ 8. a
6. a

C. Theories Dealing with the Process of Evolution

Von Baer's Observations that general characters appear before specific ones
and that specific ones appear before specialized ones probably laid the foundation
for three basic generalizations following 1850.

1. The Cell Theory

The Cell theory first‘propcsed Jean Lamarck in 1809 did not reach
its compleced state until Rudolf Virchoy discovered in 1857 that mitosis was
not a "thread disease" of cells but ce)Yl division giving rise to two resultant
cells where before there had been but A single one. The cell theory then could
be stated very much as we do today: j

All living things are cells or
made of cells and their products,
-which come from pre-existing cells.

The Cell Theory has now reached the status of being the Cell Law. It says
life exists only in cells and this life is passed on in cell division. Therefore,
by tracing backward there are continuous lineg of cells from the present, reaching
back and converging on the first cell or cells, and even by implication, to the
pre-cell communities of the primeval sea.

2. 1In the period following Von Baer (1850) there was great interest in
comparative embryology. By 1866 Haeckel generalized the rclationshigs seen in
invertebrate embryos and larvae, and in the developmental stages of higher verte-
brates in his Recapitulation Theorv, which became knovn as the Bicgentic Law,
It's familiar statement is:

Ontogeny recapitulates phylogeny !

These words mean that the development of the individual (ontogeny) summarizes
the generations of the tribes (phylogeny). This was not interpreted by Haeckel
as meaning fetuses resemble the adults of lower forms, but at various stages
they do resemble the developing stages of lower forms. In the diagram below 25

| O 5
[ 24 1| .
1 7
23 il ! ‘/’
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X

From our present knowledge of genctics and of reproduction, a more up-
to-date statement of the Biogenetic "aw would be: Phylogeny is the result
of ontogeny. That is to say, the muctations in the set of genes carried by
gametesbecome expressed during the development of the individual. This means
that evolutionary changes (phylogeny) result from the changes in gene sets
which occur as an early part of ontogeny. In fact, then, all living things
begin at some point as single cells. . !

‘ 3. August Weissman (1892) had the idea that the genetic material only -
recently djscovered by Miescher (1881) was the connection between old and new
generatijri of cells and organisms. He, therefore, distinguished between the
plasm of fthe -body (somatoplasm)and the plasm of the germinal cells (germplasm)
He said that somatoplasm is mortal, and so is the germplasm, but if germplasm
is passed on to the nest generation, then all present living things can be °
traced back through their genetic material to the first cell or cells.

~D. Evidences for Evolution
)

- 1. Evidence from Comparative Anatomy of Animals and Plants

This area of morphological studv that notes the origin and development
of structures in the various classification groups is based on forms. Of
importance to the study of evolution are homologous, analogous and vestigial
structures.

Two structures are said to !e homologous if they evolved from a common
ancestral structure. 1In addition to being similar in structuve, homologous are \
similar in their relationships to adjacent structures and in their embryonic
development. For example, a bat wing and a bird wing are similar except one has
feathers, the other hair, but botl. feathers and hair are evolved from ectodermal
scales ‘of reptile ancestors »f birds and mammals.

Vestigial structures are parts which are useless and degenerate, often
undersize or lackung some essential structure, as comwared to homologous
structures in related organisms. This is also a type of anatomic evidence for
evolution representing remnants of structures which were functional in some
earlier organism. For example, e vermiform appendix in man is relatively short
and seems not to have mcre than a lymphatic function, whereas in birds #.d plant-
eaters it is long and contains cellulose-digesting bacteria whose enzymes are
poyxudadnto the longer cecum.

+

2. Comparative Embryology

There is complete and direct evidence of evolution in the epigenesis
of individual organisms. Embryologicul features give evidence which the morphology
of adult forms no longer contain.

For example, c¢ilia and flagella have the same construction. Flagella are
single or few in number whereas cilia are smaller and numerous. Did cilia appear
first and regress to flagella.or was it the other way around?

Evolutionist say flagella first (see Von Baer in Sec. B). Therefore, the
Flagellata are seen as the ancestors of ciliates and of higher animals. This
s becaure it is observed that sperms arqrflagellate (with some exceptions) but

IToxt Provided by ERI
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fertilized eggs give rise to larvae (Porifera through the Echinoderms) which ‘
are ciliated. |

Embryologically, the human zygote is a single-celled "Protozoan" which
ptogresses o the two-layered condition of the coelenterates and then to the
three—layetid condition found in worms. The segmentation of the Annelida is
less pronounced in Echinoderms but returns in the segmented embryonic muscle
tissues of Vertebrates (seé previous page).

J

The notochord is part of the adult Prochordates. A cartilaginous skeleton
of the Elasmabronchi (sharks) becomes the ossified skeleton of bony fish
(Teleosts). The notochord persists in the embryology of all vertebrates,
giving rise to cartilage models of vertebrae which are finally ossified as
the backbone of the adult. Frogs are fish-like as larvae but metamorphose
gﬁia%r—breathing land animals. Higher vertebrates (including man) form the

slits (not the gills) of fish, and live in a liquid environment until,
like metamorphosed tadpoles, the mammalian fetus is ready to live in air.

3. Comparative Biochemistry

(a) Serology. Mammals have the peculiar ability to form anti-
proteins (antibodies) to foreign proteins. This quality is used to form
anti-sera to a very long list of proteins, especially to those in pathogenic
bacteria. ince antibodies are very specific for each protein, their
ability to react only with specific proteins make them very useful for
quick and easy diagnosis and for the identification of the same protein
in different species.

(b) Protein Analysis. In recent years automated chromatographic
procedures have been developed for the analysis of the kinds and sequences
of amino acids in proteins. Following is an alignment of amino acids for
fibrinopeptide A for a number of vertebrates and the evolutionary relation-
ships between the various forms of the peptide. This kind of analyses was
not practical until automated chemical analysis and computers became
available‘to do the extensive routine work involved. This kind of rela-
tionship has been worked out for dozens of proteins (including enzymes).

These peptides are part of the fibrinogen molecule, an essential for blood
clotting. The enzyme, thrombin,-splits off the peptide at the arginine (R)
| link. Any vertebrate thrombin can act on any other vertebrate fibrinogen

ERIC EE
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because the activation of fibrinogen occurs when the arginine link is broken.
Upon perusal of the alignment (using one-letter abbreviations for the amino
acids) it can be seen how the sequence changes with the Spesies. The evolu-
tionary tree is based on the number of amino acids alike in the next most-
similar sequence.

4, TFossils
a. TFossil Preservation

(1) A fossil is the remains of animals or plants preserved
from decay, consumption, destruction or erosion. They become
part of rocks or embedded in rocks by being buried on one hard
surface by mud, volcanic ash, etc.
G

The usual situation is that these objects were on the
floor of shallow oceans (only occasionally in fresh water)
and were suddenly covered with mud or sand.

\

More unusual ways of becoming buried include:

(a) Fall of volcanic ash followed by lava flow (Pompeii).

(b) Burial in swamps and bogs with acid waters. These
are somewhat antibiotic, preventing some decﬂv.

(c) 0il and tar pools. ,

(d) Preservation by freezing (Arctic ice and lakes).

(e) Entrapment of insects in resin famber)

(2) Requirements for fossilizing parts.

S . Usually soft parts leave no impressione. Hard parts favor
the formation of impressions and preservation of the parts. ‘
There are a few (rare) fossils older thap the Cambrian epoch
(600 million years ago). Then suddenly at the Cambrium repre-
sentatives of all of the invertebrate phyla appear in the rocks.
However, there are no vertebrates in Cambrian strata. It is
concluded that animals were all soft before that time. The
hard substances include:

(a) Cellulose.
(b) "Bones" and shells of calecium carbonate. -
Echinoderm bones (plates) of calcite.

Aragonite, a relatively unstable salt in the shells of
mollusks usually changes to calcite. In the change from
aragonite to calcite microscopic gtructures of the organism are
destroyed. Most shells before the late Teritary period have
undergone this conversion.. )
(¢) Calcium phosphate (apatite) found in vertebrate bones

also occurs in Brachiopod shells.

(d) Silica is laid down in collodial form in the cells of
some sponges, such as Venus' flower basket, and of

ERIC Vi |
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Protozoa (Radiolaria). Silica may later ch;nge to
crystalline quartz with loss of dgtails.

(e) Chitin - a glucosamine polymer. In crustacea (e.g.-
lobster) the chitin is strengthened with calcium
carbonate. Almost unchanged chitin is found in fossils

. as far back as the Ordivician. \

»
(f) Cutin of plant cells has been found unaltered in coal
and rocks.

(3) Degrees of Preservation
, ’ (a) Unaltered
(1) Frozen specimens are about the only completely
preserved forms (e.g., Mammoths in Siberia with

green food still in their mouths).

(2) Drownings in oil and tar pools leave bones
unchanged.

(3) Cutin and chitin preserve well (see above).
(b) Replacement of Calcite or Aragonite by something else.

(1) 1Iron sulfide in black shale.

(2) Quartz--not attacked by acid.
(3) Permineralized - replaced by other minerals.

(4) Molds - Specimens embedded in sandstone or
soapstone may be washed out by water flowing
through, leaving a cavity in the shape of the

P

specimen. -

(5) Dpistillation - Carbon films are sometimes found
on the surface. Carbon is somewhat unreactive
with minerals. .
(6) Tracks-clay impressions harden and are then i

covered with sediment.
(7) Coprolites are the fossilized excrements of
animals.

Palebntologrsfs study fossils and fossilization to determine how various
factors have operated in the last 600 million years. There appears to be no
difference in the environment or the requirements of life between the Cambrium
period and today.
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! .
Discus$ion Questions - Evidences of Evolution |

. .
1. You are given representatives of two species of organisms and asked to
" determine whether they are closely related. What evidence would you
attempt to use? (Assume that you are capable of performing necessary
tests and making necessary observations).’ "

. (Check basic anatomy and development. Are homologous structures present?
Check physiology. Do processes have a marked similarity? Are same
proteins found in both?) .

‘ .
2. Are footprints or leafprints in sedentary rock or coal considered fossils?
why? '
(Yes; naturally preserved speciTens of any organism are considered fossils).
1
3. What is the.basis for the idea that similar structyres in organisms
indicate relationship? .
(If two species or groups had a common origin,- then they should retain
certain structural similarities. Generally speaking, their degree of
relationship should be proportionate to their similarities in structure,
but would include embryologic, physiologic, biochemicdl and behavioral
differences.) .

4, Do fossils constitute direct evidence of evolution as compared with
other areas of evidence!
(Fossils are not any more direct than other means. They only tell what
kind and when the organisms actually lived in the past.)

5. Why do analogous structures not indicate kinships as do homologous ones?
(They are superficially similar and have different embryonic origins.)

6. Why do biologists insist that the presence of gill slits in all vertebrates
indicate kinship and descent from a common ancestry?
\
(The biologist's interpretation £its with many other homologies found
. , among vertebrate groups, as well as biochemical and physiclogical relation-
ships.) r

7. Why is it impractical to date some fossils by radioactive techniques?

(2

(If the decay product is not radioactive, radioactivity will be hard to
maasure.) .

8.  Why.are fossils hard to find?

(The process of fossilization, including petrification, mold and cast
formation, may hide the fossil.  Fossils are generally under land and
water surfiaces where their detection may be unlikely.)

B .
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9. What is the theory of recapitulation?

(Ontogeny recapitulates phylogeny, or that embryos, in the course ‘of
development, repeat part of the evolutionary history .of embryos of
their ancestors in some abbreviated form.)

SELF-TEST EVIDENCES OF EVOLUTION
1. "Evolution has occurred", is a statement that is
a, true. ' | [

b. false.
c. partly true

2.. The most recent method of estimating geological time is

chemical analysis of rocks.
decomposition of radioactive materials.
study of sedimentation rates.

studying well-known fossils.

[V e B o g 1]

3. Which of the following defines a fossil?

a. any preserved ancient form of life or life activity.

b. the mineralized bones of an animal or of plant parts.

c. an impression left in plain mud by an animal or a plant.

d. remains of a form of life no longer 1living, such as a dead Coelocanth.
e. all of these. .

4. What is meant by homology in a biological sense?

structures which look alike and also function alike.

parts of animals with similar functions but look differently,
appendages which closely resemble each other but have different
developments. 4

» structures which develop similarly.

(S = i ]

o

5. Strong proof of close relationship between species is provided when

they occupy the same geographic range.

they are found in identical environments.

their habits and behavior are similar. :
they possess a high proportion of homologous structures.

a0 o

6. Which of the following areas of biology provide an abundant source of
evidence to support the occurrence of evolution?

Embryology ahd anatomy.

a.
b. Paleontology.
¢. Biochemistry.
d.

all of the above.

\‘1 Y T
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7. Comparative physiology includes which of these?

a. Protein synthesis.
b. Hormone production.
c. Cellular respiration.
d. all of the above.

8. Vertebrate gill slits illustrat the evclutionary concept that

all vertebrates are basically water breathers.

many vertebrates retain nonadaptive structures.

fishes form a distinct group from other vertebrates.

the same structure may be modified and used for different functions.

a N o

9. Biogeography is a field of study concerning

distribution of living forms on the earth.
location of fossil beds on the earth.

site of origin of plants and animals.

all of the above.

e O O D

10.  Comparative anatomy and development are especially important in studies
of evolution for the reason that it

shows how speries has not changed through time.

illustrates the great variation among different species.
demonstrates the common ancestry of all life.

provides basic information concerning relationships between living
things.

e. all of the above.
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E. Speciat.vn
Specific References:
Savage (1969) Ch. 7
Alternate References:
Simpson, George G., 1968.
Simpson, George G., 1953
Huxley, Julian, 1966.
Grant, V., 1963.

1. Adaptation is the adjustment of an organism to its surroundings. To
be more specific, adaptatipn is the ability of the organism to keep its inter-
cellular epvironment likegthat in the "begirning", with changing surroundings.
This places a stress\gn phe organism. Too large a change will kill the
organism. If a mutant™appears that does not have to overcome stress, it may
devote that energy to other activities, including reproduction, so that it
soon comes to dominate the population.

Types of Adaptations are:

(a) Morphological which are the most noticeable - certain structures
of an organism have become adapted for different environmental conditions
or habits of the individual.

(b) Physiological adaptation (See Exercise 18) involves the functional
characteristics of the organism.

(¢) Behavioral adaptation involves the survival of the organism in i:ts
surroundings. Consider how an organism avoids competition in its niche
or protects itself. Examples: protectiVe coloru:ion, poison fangs or
sap in plants, stinging mecharisms, etc.

2. Mechanism of Adaptation is natural selection which operates in favor
of maintained or increased adaptation to a given way of 1life. 1t is the
survival of the fittest which means those individuals that have the least
stresses will survive best. The individuals with the least stresses may be
the group with the most offsprings and are best adapted to the conditions in
which they find themselves, or are least able to meet opportunity or necessity
for adaptations to other existing conditions, Note: The environment doesa’t
have to change in order for a mutant to be better adapted to it.

(a) Vvariations in the environment have been small in the last

600 million years. This implies that it is probable that two

points in an organism's entire geographic range have varied little
with respect to environmental conditions. Therefore, different traits
have been adapted independently of drastic change. in the existing
environmental conditions.
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(b) Barriers are conditions that prevent genic exchange. Those
may be geographical or behavioral.

3. Where "barriers" bring about genetic drift, the result 1s speciation.

(a) The species is a population of organisms with distinctive

features. A species i5 a genetically simllar population producing
fertile offsprings. (See Simpson'and Beck (1969) pp. 285 to 291.)

F. Ekvolutionary Divergence
Specific Reference:

Savage (1969) Chaps. 8 and 9

1. Some Definitions

a. A population is a group of genetically - similar individuals.

b. A species is the largest population of genetically - similar indivi-
duals that produce fertile offsprings.

¢. A deme is a subgroup of a population and the geographical area it
occupies. Related terms are:

endemic - within the deme
pandemic - throughout the deme
epldemic - upon the deme

d. Populational fragmentation refers to the isolation of smaller units
into smaller demes. It is important in evolution because the
genetic drift is accentuated.

2. Patterns ?f Isolation

a. Allopatric populations of a species are separated by physical or
eqolggical barriers.
I «“
b. Svmpatric populations of a species are physiologically separated by
size, behavior, different chromosome‘pumber, etc.
3. Variation within a speties / }
. N
a. Random variation with reséect to pattern, size, habits, etc.
b. Non-random (Ecologic) variation includes adaptations to particular
kinds of local con(}tions such as soil type, amount of light,
availability of water, etc.

¢. Races or subspecies look differently but readily mate and have tertile
of fsprings. They usually occupy different demes and intergrades are
found in areas of overlap. Uhere there is a gradual transition 1n
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4. 1Isolating Mechanisms

4. Spatial isolation separates populations of a species, High mountains,
oceans, temperature zones (tropics, arctic, deserts, etc.) do this,
resulting in fragmentation and allopatric species.

b. Physiology, behavior, populational rarity (too few to meet) are all
factors operating to prevent mating. Genetic differences also operate
to produce infertility or inviability, although hybrid vigor is the

rule - for example: genes mav not be on the same chromosome.
L 3

¢. In race formation, fragmentation and isolation are prerequisites for
sufficient genetic drift to form a large, homogeneous population
which differs from neighboring demes, Allof@itric speciation has
been and is a powerful force in evolution. Sympatric speciation is
more applicable to higher plants.

d. Reproductive Isolation.

. ’

Radishes bloom in June. Cabbages bloom after the frost falls (about
- October). Pollen saved at blossoming can be used to fertilize the // ‘

other speecies, 1In this way one may produce rabbages and cabbishes,

but it normally doesn't happen in nature.

Also, lions and tigers never mate in naiure, but by artificial
insemination of captive animals in zoos, offsprings termed ligers
(lion fathers) and tigrons (tiger fathers) have been bred.

Reproductive isolation operates to keep separate species
originaikly allopatric,

5. Speciation and Adaptive Radiation. S

Radiation refers to the movement of a species into a new geographic area.
Competition or the lack of it has a marked effect on the habits of the various
species. Competition leads to specialized behavior or roles, such as tree-top
feeders vs. tree-bottom feeders vs. ground~feeder. among birds.

G. Evolution Above the Species Level

-~

Specific Reference: s
Srvage (1969) Chap. 10 and 11
Simpson (1957) 1957)
Dabzhaasky, Th. (1962)
/
Alternate Referdaces:
Simpson 1n£ Beck (1969) pp. "00-51/
Hdoreds (1968)

Sclentific American, aepty 19600 (entice s aue)

Jo Evolution of the Horwe.

The, diagrm on the followiny prue (Sanpuon, 1s%1) shows the chanse in
ancestral mammal, Phenacodon, to the modera horse (Lquus). N
x !
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Phenacodon,’is found in the Eocene 75 million years ago). It was dog -

-or cat-like in appearance. The middle 'toe was/longest, but had n¢ hoof. It
had a long tail. ‘

Eohippus was 10-20 inches high. It had longer legs than its predecessors,
Phenacodon and Hyracotherium. It had only 3 toes in front and 4 in the back
(already reduced from five). It has a horse-like jaw in the low-crowned
teeth of leaf browsers. They must nave inhabited the edges of forests.
(Grasseaters have high-crowned teeth to overcome the wear from silica.)

Masohippus lonks more like a small horse. Teeth are low-crowned. There
argy 3 toes on each rost pad, each foot pad having three small hooves. The

leds are longer th 1 for Eohippus. Habitat was river banks and the edge of
forests and lowlands. '

Miohippus, at the beginning of the Miocene, gave,fESe to three species,

two of which radiated via Alaska to Asia and Europe.//These were’the last of
the browsers. %\

At the beginning of the Miocene (25 million years ago) Parahippus arose
in North America. It left the-river banks and forest to graze in the grassy
plains (Grasses had just evolved in the Miocene). It has a deeper jaw and
constantly-growing, high-crowned teeth. Joints not well-fitted for- sidewise
movement but specialized for running. '

Parahippus gave rise to several new species, notably Hipparion, which/
ranged into the 01d World where they persisted until the garly Pleistocene
(1 million years ago). .

Parahippus also begat Merychippus which begat P\iohippus, which was much
like modern horse. The sea barrier between North and South America was
removed by the raising of Central America at this time so this species ranged
into South America. It was the ancestor of Equus, our modern horses.

Equus had a world wide distribution during the 'Pleistocene (1,000,000
to 25,000 years ago). The evolutionary direction and rate were not constant.
It was slow from the Eocene to the Miocene, (50 million years) then rapid in
the last 25 million years.

Equus roamed North American in great herds and were here when the S
American Indians arrived from Asia (via Alaska) about 10,000 years ago. They
disappeared about that time. Horses probably were not eaten because bison was
also plentiful and persisted. The reason for their disappearance is unknown,
as is also true for some other mammals that disappeared at that time. Perhaps
the earth's crust shifted putting them suddenly in the cold.

When horses were re-introduced to the Amerizas by the Spanish conquisti-
dors, they flourished on the vast grassy prairies of North America and on

. ¥
the South American pampas, for this was thelr evolutionary home.
[

\

Fvoltution of Ulan

Duwin created quite a 3g;r in the m1d~l9sh Century with the assertion
(hat ngn evolved from the other higher premates. Tt nust be remembered that

R
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bivJouical knowledge of these relationships were new to people. They had

thought. of themselves for centuries as being created "just a little lover |
than the angels" and thought, somehow, that they were not related to the |
rest of living things. This did set off a study of the ancestry of man and .;

A hunt for the remains of early man that continues, until this day.

The oldest known humanoid skulls and associated stone axes and other.
stene tools were found by Dr. Louis S. B, Leakey, whose continuing excavations
are sponsored by the National Geographit Society. ~Leaky has found skulls
of Zinjanthropus in the Olduvai Gorge in Tanzania, East Africa. The. presence
ot tools confirms that these beings were human, although quite primitive. The
Euphrates River was supposed to flow through Eden (remember, the Book of
Gienesis was not written down until the time of Moses--1500 B. C.), but no \
skeletal parts of such age have been found in the Euphrates Valley. It appears
that Africa is the ancestral home of mankind.

In the intervening period since Zinjanthropus, other types of man have
lived. e name them for the places in which paleontologists have been lucky
enough to find,remains. These include:

Australopithecus in South Africa, and Africanus (2.5-.5 million years ago)

llomo (Pithecanthropus) in Java and Africa (600,000 to 200,000 yearg ago), )
Sinanthropus or Peking N

llomo Sapiens (1.75 million years ago to the present) - Zinjanthropus on.

Farlv types of Homo Sapiens (modern man) were Neanderthal and Cro-Magnon
man. '

Neanderthal man ranged over most of Europe, Asia ‘and Africa. They existed
before 50,000 years ago. The early form of modern man, Cro-magnon man, appeared
about 50,000 years ago and ranged the same areas as Neanderthal man. About
35,000 vears ago Neauaderthal man disappeared somewhat suddenly. Since some
present/ﬁeople resemble the reconstructed features of Neanderthal, it is
probably that they became mixed with Cro-Magnon man in the present species of
Homo sapiens. All present-day races are variants of Cro-magnon man, that is,
they a1l belong te the species Homo sapiens. '

—
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ERIC

Aruitoxt provided by Eric

FORLUORD

Today modern biological concepts are usually advanced through litera-
ture such as the research paper, the review article, the texthook or
reference book. llowever, these are often linited in scope by circumstances
other than those dictated by the subject matter of the author. Also the
cry of today's youth for relevance makes it mandatory that flexible educa-
tional programs be promoted for a total learning experience.

In all areas of science, the gulf of ignorance is widening, not be-
vause there has been a diminished capacity for learning, but because of the
quantity of information that has been discovered in recent years. In binlo-
7y a wealth of knowledge has been centered around the cell. Consequently,
the biologist's concept of the cell during the past decade has bLeen greatly
altered by an accumulation of significant new information derived from di-
verse areas of inquiry. The demonstration of innumerable details within the
cell as a result of studies with the electron microscope has had a major im-
pact in 'this conceptual alteration. Closely associated with this morpholo-
7ical advance has been the assignment of biochemical and physiological
properties of such structures. .

IThe progressive development of cellular function to fine and finer
leve's of organization has destroyed many of our older concepts as to how
various areas of cellular fynctiofi are related. We now find ourselves
tuinking of the reulation of celluar activity in terms of the interaction
vetween metabolic systens and the influence of macromolecular structure
upon tnis interaction. The task of relating this information into cohercnt
<vllular concepts then, is of major importance.

{ie purpose of this undt, then, is to introduce in a simple way, dis-
coveries whicli have enlarged tune hnowledge of the cellular world. The unit
is Jesiuned to be sinple cnough so that the student or teather with just
“iv vasic facts about modern cuemistry and biology will readily comprehend.
if thais occurs, then there is a great chance that we can decrease the culf
#f 1qnorance throusn a flexible presentation of moder facts and ideas about
tav cell, '

Reid S. Jackson, '1.S.
Graduate Schoo! of Education
Harvard University
Cambridge, Massactusetts
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The Cell

Introduction

One of the statistically uplikely events in the history of the earth was
the organization of some of the non-living materials in the ancient, primeval
ocean into a metabolically active community of protein molecules. The energy
it released from compounds in its environment was used to reproduce these
proteins by activating the nucleic acids available there. This pre-cell was
not just in contact with its environment, it was part of the environment.

The metabolic pathways built up then are still part of the life-apparatus of
all modern biological cells.

3

This unit has been organized to consider first the biochemical sequences
of the cell which had their origins in the pre-cell community of enzymes and
substrate molecules. Enough chemical symbols to follow the few formulae
included are presented in Unit 1 under Matter. The teacher will note that
names and abbreviations of the intermediates are given, not the formulae. The
implication that the formulae are not essential to following the sequences is
correct. Formulae are only éodes for structure, mainly unfamiliar codes. The
use of compound names is4also the-.use of codes of more familiar form but not
necessarily more familiar in meaning. To paraphrase Shakespeare, the sequence
is the thing in the study of metabolism.

The second section deals with the relationship between cell activities
and cell function. Part A deals with the transformation of the pre-cell into
a real cell by the development of the unit memb¥ane. This packaged the pre-
cell community of molecules, creating an osmotic difference across the
membrane. The ability of the living membrane to actively transport ions and
molecules resulted in the creation of a battery across the membrane and there-
fore, the establishment of a voltage difference. This property was responsible
for making the membrane irritable, that is, sensitive to changes in its environ-
ment. The membrane alsc made it possible for the cell to move more easily
without trailing its vital molecules behind. The coacervate of proteins,
nucleic acids and other molecules was thus made alive by the membrane.

In Part B of Section II the vavious forms and functions of cell parts
are related. By this time the student should have learned what the cell must
do to be alive and the role that the various parts- and organelles play in
fulfilling those functions should have more meaning. The organelles are con-
sidered morphologically as:

Membranous structures

Particulate structures

Fibrous and Amorphous structures

Protective coverings, and

Inclusions

(€) 4 Ce
' Eﬂsz:( _L(§E)

Aruitoxt provided by Eic:




This part ends with a consideration of cell division by mitosis.

The cell may be a general-purpose iactory, capable of performing all the
services and of manufacturing all of the products necessary to continue life.
It may also be a speciality shop, doing only a single kind of job. Regardless
of its nature, a cell, like a factery, must possess an organization in order
to be efficient, it must contain a controlling center that somehow tells it
what to do and when to do it, a source of supplies, a source of energy, and the
machinery for making its product or performing its service. It is not surprising,
then, that cells share many comhon features. If a cell becomes specialized, we
might expect to find a change in organization and, possibly, the appeacance .of
new parts but not at the sacrifice of basic features. For this reason, the
biologist considers that form and function are inseparable phenomena (organized
activity is associated with an organized arrangement of parts).

Part 111 is devoted to the historical account of cell discovery and
Part IV to the conceptualization of the cell theory. Discovery alone led
nowhere. The cell theory helped man understand the role of the cell in
evolution, reproduction, growth, development, genetics, metabolism and regula-

tioh of the life processes, for it is only in the organization of whole cells
that the living state exists.

Objectivés to be sought in teaching this unit include:

Becoming familiar with the processes by which hydrogen is
energized in photosynthesis and how this energy is released
from hydrogen and stored during metabolism.

Becoming aware that cell foods enter and leave the energy
pathways to become carbohydrates, fats and proteins interchangeably.
3
Understanding why cells can live only within a narrow range

of conditions. To a certain degree the cell may adapt to changes
- in the environment.

Seeing that cell structurecs exist to aid in fulfilliag the
life functions.

Having students see the basic structural similarities and
-differences among the various types of cells.

Understanding the coordination of the various parts to
provide maximum efficiency of the whole.

Familiarizing students with some of the wmportant techniques
4and apparatuses used for cell study.

Understanding thi sequence of fostuyes in the mitotically
dividing cell. ,

Providing insight into the unaty in\biology that resulted from
tne concept of the cell theory.

Q ' N .
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PROGRESS INVENTORY

To ascertain your comprehension of the relative gize relationships at
the chemical level of life, arrange the following components in descending
order of relative size (largest - a, smallest - e):

1. glucose molecule 4, carbon atqg0
water molecule 5. hydrogen atom
3. clectron 6. protein molecule

7. A solution with pH 8 would be:

. neutral

a very strong base
a very weak acid

. a very weak base

a very strong acid

o N oL

8. ___ Which one of the following biologists is not closely connected with
the development of the cell theory?

4. Jean Lamarck 3. Theodor Schwann
b. Charles Darwin e. Rudolf von Virchow
¢. Matthias Schleiden b

I
*

Match the cullular structures in the left column with their locgation
with regard to the major features of the living cell in the right column.

9. ____ mitochondria (a) at the cell surface
10. ___ nucleolus (b) in the cytoplasm
11. _ cell wall (¢) in the cell nucleus
12. __ chloroplasts (d) outside of the cell membrane
13, endoplasmic reticulum
14. ~ chromosomes
15. __ centrioles
16. ___ plasma membrene ' !

17. Which one cf the following idEntifidaLions is wrong?
' i

ribosomes - site of DNA synthe5153 - [
chloroplasts - site of photosynthesis

vacuoles - storage, digestion, or excretion.

cell cortex - interndl cell support (shape)

chromosomes - site of DNA synthesis

Lo = O o T = iy 1)

18. Atoms are made up of particles called

J4. molecules

b. elements

c. electrons and protons
d. compounds

e. noné of these
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19. _ ' _Somatic cells (body cells) generally divide by a process kncwn as

a. meiosis

b. splitting

c. mitosis

d. development

e. none of these ”

T S /\

Items 20-29 - Mark true statements, a; false ones, b.

True-False

20, The most abundant type\of compound found in white potato tissue is
carbohydrates.
21, At the electron microscope level of observation the cytoplasm of

most animal cells appears to be fa fairly homogenous, simple and
noncompartmentalized colloidal mixture.

-
22. Many proteins function as enzymes, i.e., they facilitate chemical ‘1
reactions. . -

23.. The whole celi*is the only structure known to be alive. (w
3

24, Osmosis 1s concerned chiefly with the movement of water. N

25.° All cells have walls of cellulose.

26. ___ Ribosomes function as centers for protein synthesis ig?the cell.
27. Sol-gel transformations typically occur in colloids.
28. "All cells come from pre-existing cells," as stated by Virchow, is now

an important part of the cell theory.

29. The cell membrane will allow the ready passage of all materials that
are soluble in water.
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TOPIC OUTLINE-

Cell Metabolism

A,

Introduction

1. Meaning of the word "cell"

2. Living, dead, and non-living conditions : ) ’ *
3.

A brief consideration of evolution to the pre-cell

. a) The primitive gtmosphere

b) The origin of organic molecules
¢) Macromolecules -
d) Enzymes and enzyme systems

. Anaerobic Glucose Metabolism
1.

Model raitroad approach

a) Glucose buys a ticket for a ride .

b) The UDP-Glucose roundhouse, multiple sugars and ribose

¢) Non-oxidative pathway to ribose "

d) The Pyruvate roundhouse and its pcoducts |

-

C. Aerobic Metabolism
1. The Krebs Cycle of .reactions
2. The respiratory chain \
D. Photosynthetic Reactioné
1. The light reactions >
2. Carbon dioxide fixation or the dark reactions
E; Fat Synthesis
F. Protein Synthesis
1. Protein synthesis, '
" 2. Fibrous proteins as polymers of building block proteins
a) "Fibrinogen to fibrin N
b) Tropocollagen to collagen ’
c) Tropomyosin to myosin; actin and muscle iiber sttucture )
d) Other fibrous proteins
Cell Activities Related to' Cell Functions ‘ ‘ ' v
A.. Formation of the Cell

I,
2.
3.

The Pre-cell Transformed to a Real Cell ‘ '
The :Structure of the Membrane ‘ -
Permeability )

a) Four Old Theories of Cell Membrane Permeability

b) Diffusion

¢) Active transport and transmembrane potentials

d) Osmosis

ng

g’




B. Shapes of Cell Parts and Their Roles

1. Protein. forms and their relationship to v1scosity ‘
2. Membranous structures ) )
a) Cell limit . .
. b) Endoplasmic reticulum
- . c) The Geolgi apparatus

. . d) The nuclear envelope (nuclear membrane)
e) Vacuoles
f) Mitochondria
s g) Plastids ‘ . :
h) Lysosomes ’ .
i) Peroxisomes
j) Other microbodies

. 3. Particulate structures
‘a) Nucleolus .
i b) . Ribosomes and polysomes : .
. . 4. TFibrous-- Amorphous® and Fibrous--Fibrous.Structures ‘
\ a) Centrosomes to asters
b) . Nuclear sap to spindle fibers
: : c) Centrioles ' -

1) Structures in relation‘to cillary and flagellar fibrils
2) Role in cell division in animals and lower plants.
d) Cell cortex and its modifications
e) NMicrotybules
3. Protective Coverings
a) Cell wall-~cellulose, lignin, protein
b) Lorica of chitin

c) Intercellular cement, gums and pectins

6. Inclusions . //
7. Cell Division . . |
III. Discovery of the Cell 4
Hooke -

Marcello Malpighi and Nehemiah Grew

Antoni van Leeuwenhoek

Lamarck

Schleiden and Schwann popularize Fhe cgncept

Virchow deduces the origin of moderh cells

4

2
IV. Development of the Cell Theory .
t

: % (]A)




ANNOTMEQ OUTLINE .

(4 i ' \
I. Cell Metabolism

Specific References
Kimball (1970) -
Swanson "(1969)
Goolsby (1970) .

Teacher References
Allen (1967) -
Carpenter (1967} . ’
McElroy (1961)
Rhinesmith and Cioffi (1968)

N

Approach:

*

Do Exercise 7--Buffers and Indicators before doing thls part of the dlS‘
cussion or do it concurrently
A z b \

1. Meaning of the word Meell" h '

Tell the class that today we are starting the dlscu551on on the cell and
ask them how many different meanings the word cell has in the English language..
They will respond correctly out of their experiences.. Write their answers on
the_board." They..will include: -

Jail cell fuel cell, communist cell, monastery cell, biological

cell, honeycomb cell,” and dry-cell or wet-cell battery.

In general what does the word mean? (It means a relatively small box or
container. The word has its root in the Greek word K Kytos -- pronounced ki-
tose —- which has the root cyto--and means a box).

Underline '"biological cell" and indicate that this is the kind of cell that
we will want to study. Then ask, "Who has any idea where biological cells come
from and what they do?" Write these answers ‘on‘the board too. They will
probebly include responses 1like: ’

God made them: )

¢ They have always existed.
They just happened. . o '
- Bte. - . T

-

. Then suggest a closer look at some of these ideas. Tney may not be
entirely untrue. !

2. Living, dead, ‘and non-;iving~materlal

Write this dlqgram on the board or prepare it dhead For usz on the overhead
projector: . .

N .

, iy
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Living
! \
What happens here? ~%/ what happens here?
Non-Living & Dead , . '
‘ Wwhat happens herxe? , -
(Disorganization) .

) Living material is non-living material organized in such a way as to permit
the expression of the phenomena of 1ife. What happens, then, on death? There
is a slight disorgunization (See . Unit 8, page 14), but the material still looks
. mainly like living material. Digestion can break down the large molecules of

: protein, starch and fat ‘found in cells. This will return the material tc q§
non-living condition, that is not alive and not possessing the form of iivi g
material. Rocks and other chemicals (aminc acids, sugars, acids) are non-
living. . .

3. A brief consideration of how 1life started.
a. The Primitive Atmosphere- '
Let us consider a few points in the development (or organlzation of non-

living material into living material).

. : 2 ' 4

Reference: Goolsby (1970) Chap. 3 ./

s
f

., - Ask, "Do you believe'that the earth today is the same as it was when .it was
formed?" Explain. Get some responses from the class. Then go on. Scientists
have found that the earth today is not like the earth was in the beginning.

. They arrived at this conclusion by way of a fantastic scientific study. Who
knows what it was? The sun and its planets were all formed ‘out of the same
galactic cloud dust, therefore, they should all have the same composition. But
that is not so. What can you tell ahout the atmosphere on Venus? on Mars?

»on Jupiter? If no one knows, get some volunteers to look this up before the
next class meeting. . )
~_ ' !’ ' L

The early atmosphere of the earth must have been much like that of the sun,

but it evaporated into space because the gravity of earth was not “enough to

hold it here. Then as the earth cooled, a second atmosphere was exhaled from
the rocks. This consisted mainly of:

Hz hydrogen

OHZ. water (as clouds)
~

NH3 ammonia

CH4 methane (cooking gas)

t

€0 carbon monoxide : 4

Other gases in smaller amounts

A




.
5 N . ‘ 4
» §

-

The same rules wexe in effect then as now Yegarding the reactions of" thé
elements, The water wapor generated a lot of static electricity and this

_one source of energy for making these gases react. _Ultra violet light from
the sun and isotopic radiation from the earth were two other important sources
- of radiation which provided epergy td maKe these gases react. The result was
the generation of many organic molecules~-simple sugars, amino acids, fatty acids,
and tia purines and pyrimidingg found in nucleotides. These organic compounds ..
were ined down on the earth, and the oceans,”’ thereby, increased ,their gize

ten -times to oceupy the present 3/4 of the earth's surface. This probdbly
took about 1 billion years. . :

[
-

Examples of, compounds formed are:

sugars--glyceraldehyde . .

amino acids--glycine, alanine, serine ’ S ) -
fatty acids--butyric, propionic, pyruvic, succinic acids ! - ‘

bases--adenine, guanine, cytosine, thymine and uracil

¢ .Macromolecules (macro-—big)

It is of great importance that the .amino acids began to polymerize in this
Sterile sea. Perhaps their linkage was catalyzed by certain crystals, or other
solid-phase particles (or other polymers, such as resins). Since proteins tend
to break down in water solutions unless some energy is supplied the.ability to
find some sdurce of enérgy was of prime"importance Lo survival of particular
strands. The ability to get the energy lay in thc ability of the proteins tb
become shaped around other small molecules in the sea, such as glucose,
glycerate, pyruvate, succinate, and others. These compounds contained energy
stored there in hydrogen atoms by the lightening and irradiation. The job
was to get the energy out of the hydrogens. The ability of proteins to split
compounds apart is reversible, so that the products can also be put bzck'
together again. This ability in proteins is what makes thém enzymes._ The
material acted upon by enzymes is called the substrate, and the substrates
had the needed energy stored in them.

[At the next laboratory period have the class do Exercise 8--Coacervates
and Emulsions, and Exercise 9--Water Content of Various Tissues and Cells.
Consult the Teacher's Guide to these Exercises].

_ Enzymes are proteins that speed up biological reactidns by lowering the

amount of energy needed to make the reactions go, and without becoming pait

of the fin&dl products. If there is a lot of substrate and'no proéuct molecules

in contact with the e.zyme, the enzype will set’ about splitting the substrate
until the numbey of product molecules and the number of substrate molecules in
contact with the enzyme are equal. Then it will be at. .equilibrium and all
activity will stop. The reaction can be reversed by .adding more product \
molecules. Under these conditions the enzyme will form more substrate mole-

cules until equilibrium is again reached. Here is an example:

.
.

Glucose~6~Phosphate =—————————memmmlmmm - > Glucbse 1-Phosphate
(Substrate) o e e e e s o (Product) ;
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As long as the enzyme is acting, energy can be released or used up, but if
a state of chemi¢al equilibrium is reached, the reaction is, of course, stopped,
and -this i? the state of metabdlin death! . . ,
., ! .. . '
Demonstrate this idea by using two aspirator bottles and a piece of rubber
tubing, viz:

-

) i/

The living state must avoid reaching chemical equilibrium. Tt can do this
by having ‘the product removed. Three common ways of doing chis are:

1. Formation of a neutral product such as water. L

2. Formation of a gas that escapes the reaction, such as hydrogen,
carbon dioxide, ammonia or methane. .

3. The product was stored in a chemically reusable but metabqlically -
inactive form. Because this latter was the apparently most common one, then
proteins that could survive began to”do so better in "communities" of mole-

‘cliles where the product of one reaction became the substrate for a following
reaction. Not only then was theré a community of enzymes and other mclecules,

but they constituted systems of enzymes which converted a substrate like . ,
glucose into a’stored form such as starch, glycogen, cellulose, etc., or
metabolized it to alcohol, lactic acid, or an amino acid like alanine.

The nucleotides were also present in the primeval sea, and had a chemical
affinity for proteins then as now. There is evidence that the proteins were
able to order the sequences of nucleotides by working through the reverse
process that cells presently use to form proteins. That is, transfer RNA
attached to the amino acids in the proteins, messenger, RNA was built up on
the transfer RNA, and the DNA was, ordered off of ;he messenger RNA. The
system ther became reciprocal with DNA being the stable memory for the protein
sequence, messenger RNA the temporary memory, and the protein sequence could
be preserved PROVIDED that the protein system could provide energy from some
substrate in the environment. Loss of an enzyme or of a substrate would
cause part of the system to come to equilibrium, and consequently die.

Thus, the community of molecules had two characteristics of living things:

‘1. Metabolism for the release of energy from "foods".
2. The ability to reproduce.

However, it was not yet alive. . . .

¥’

The first enzymes appeared when the earth still had.a reduc1ng atmosphere
(all of the oxygen was combined with other clements such as silicon (quartz
and sand) aluminum (clay) and in various ores (iron, “copper, etc.)). The .




first enzyme system began with glucose. The first enzyme systems did not use

oxygen and therefore, were anaerobic (without oxygen) ., ’
N ‘ —_—

Let us examire the anaerobic’péthyays for metaholizing, glicose to storage
and end'products. °

-
/

. A
B. -Anaerobic Glucose Metabolism °

The‘metabo‘}c schemes in this sectfon should be reproduced and distributed
to the class-at’this time for discussion. A transparency for overhead pro-
jection may also be prepared or the scheme may be drawn on the chalkboard.

L
1. The Model Railroad Approach

Let us consider the metabolic pathways to be like a railroad system in
which the enzymes form the rails, their substrates and products are the
stations, and glucose molecules are the passengers. In order for glucose to
ride; however; it must have a ticket. This ticKet is a phosphate (—P04)
 group, and without it glucose cannot be used. n higher animals glucose must
" also have a passport, the protein, insulin, is nkeded to help. add phosphate to
(i.e., phosphorylate) glucose. Higher animals that lack ineulin.have diabetes
mellitus and glucose accumulates in the blood because the muscles and.connective
tissues cannot get glucose into their cells wihtoit the insulin passport,

Glucose has six carbon atoms and the formula-may be represented as shown
below. The carbons are numbered. The phosphate goes on Carbon 6 first to
form glucose-6-phosphate. This being done, glucose may ride in any direction
on the railroad. " . : -

+

\ > ‘ .
0 0 0
\/ ' / /
;  Co—OH, cZ—oH C=70—R—0H
' |1 I | || on
HO—(Iif—H f |c 0
Hoe Gt OH f lc
\ H —C —OH c C ’
oo | .|
) 5——0H / ? f
H— C —OH C—0—~R—0H C
6. ‘ on . .
- .H) \
. Glucgge; ; ‘ Glt'x(?ose—é—I-TO4 Glugpse—l—POz- .
‘ A
. ’ pRIEY

L
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The rail system consists of a mainline with a roundhouse at each end that-
shunts things off into various other compounds, There-is als® a third, very
important roundhouse, so important that there are three spur lines 'leading to

it. 1In addition there are a couple of spur line4 to the fat depot and a
connection“with photosynthesis,

&

/ -
a. Glucose Buys a Ticket for a. Ride. : !

Glucose reacts with ATP' (adenosine triphospiiate) with the help of the ‘\\5
enzyme hexokinase (activator of 6~carbon sugars) to yield glucose-6-phosphate

. This occurired in the primitive ocean. (We aren't even dealing with a cell yet,
just a community of molecules.) Later, when a membrane is formed, this reaction- -
will occur at the membrane. Glucose-6-phosphate may *be reconyerted to glucose

and phogphate again by the enzyme phasphatase. |

b. The UDP-Glucose Rounéﬁgﬁse. )

Glucose-6-phosphate is converted to glucose-1-phosphate: and this reacts
with uridine triphosphate (UTP) to yield the energized form of glucose--UDP-,
glucose. With the appropriate enzymes, UDP-glucose will react with itself to
remove the phosphate and link to another glucose molecule to form maltose ard
then starch, or with the proper enzyme, to form glycogen. With still a third
enzyme it will polymerize to form cellulose in plants. Of importance to . ’ ,
mammals is the old reaction in which UDP -glucose reacts with galactose to form
lactose, or milk sugar. Another reaction which becomes important to nlants is
that UDP-glucose reacts with fructose to yield sucrose or table sugar. Sucrose e
is 1w transport form of sugar for plants just as g}pcose is the tramnsport form «
of sugar for anifals. UDP-glucose can also be oxidized by way of gulonic acid
to ribose -5-phosphate. Ribose-5-phosphate is also forme® from tHe oxidation
of glucose-6-phosphate by way of the gluconic acid pathway.

§e

c. Non-oxidative Pathway to Ribose-5-Phosphate. :

Thae oxygen on Carbon 1 of glucose is shifted to Carbon 2 by an enzyme,
forming fructose-f-phosphate (F6P). This compound /buys anaother phosphate
ticket" by, intetacting with ATP to yield fructose ¥, 6-diphosphate (F1,6P). .:
F1,6P breaks in half, yielding 3—phosﬁhog1yceraldehyde (3PGAL) and dihydroxy- 4
acetone phosphate (DHAP). ' These two compounds. are very similar and convert to
each other easily with the aidy of the enzyme aldolase, - Dihydroxyacetone forms
glycerol (glycerine), ‘an alcohol used in faq.syntheszs. ’ .

\ < ‘ 7
‘ - ) ~ .
F6P and 3PGA’react to form a 9 carbon intetmediate which breaks down :
to yield erythrose (4C) and ribulose-5-phosphate (5C). The ribulose is '

* easily co?verted to ribose~5-phosphate. v ( ‘ \
Ribose, and its hydrated form ribulose, each has.5 carbons, that is, .

10 carbons altogether. In the non-oxidative pathway,,iﬁsteag of losing

carbon dioxile, compounds are combined t& form intermedia;es of 9 or 10

carbons and 'these split apatt in various ways, viz:

: %ructose—6—phosphate (6C) plus erythrose (40) = 10 carbons —-msglits to
form sedoheptulose-7~phosphate plus 3PGA = 10 carbong - which splits to .
form ribose-5-phosphate (5C) and ri{bulose-5-phosphate “8Y.

‘ In this eonnection,'photosynthesis plugs into the system. Six carbon
O lioxide molecules from the air, 12 activated(h?ﬂjfgens on NADPH, and 18 ATP
. i At X




react with ribulose;SLphosbhate etc., yielding 12 molecules of 3PGA, tio of
which condense to form fructose 1, 6 diphosphate and from there it can go on
ty be deposited as starch by UDP-glucose.

+

|
- , \ .
’ A
|

d. The Pyruvate Roundhouse and its Products. '

The 3PGA'ds oxidized to 3 phosphoglyceric acid (3PGA). The 3PGA 1ia
phosphorylated with! phosphoric acid (not ATP) to ‘form the unstable 1, 3
diphosphoglyceric acid (1,3PGA). This gives' up one of its phosphates to ADP,
forming ATP and 2 phosphoglyceric acid (2PGA) This is then converted to 2-
phospho-enol=pyruvic acid (2PEPA). This' also has a non-resonant (energy—rlch)
phosphate bond which it gives up to another ADP molecule to form ATP and
pyruvic acid, the roundhouse compound Note: Each glucose\molecule (6C) .
yields two 3PGA (3C). Therefore 4 ATP are -formed per glucose molecule.

Two of these are used to phosphorylate glu.ose and F6P yielding 2 ATP for

cell enérgy use.
|
|
|

There are several fates for pyruvate (the ion of pyruvic acid), Tt .
reacts with ammonia (NH ) to form the amino acid alanine, which is easily “

COnverted td other amino ‘acids (glyqlne, serlne,-phenylalanine, etc.) and
thefefore, is in.equilibrium with proteins. It will react with 2 hydrogen ,
atoms (2H) to form laEtic acid, -and lactic agid will give up 2H to.oxidative
enzymes to yield pyruvate again. With the lgss of carbon dioxide, pyruvate
goes tp dcetaldehyde and from there to ethyl.alcohol

Y

' : ¢
The outlet From pyruvate to otber_metabblic pathways involves vitamin B1 >
! : e .
fthiamine) which acts toxremove carbon dioxide, yielding vitaminﬁﬁl—acetate.
¢ﬁis in turn reaﬁts with a coenzyme formed from' vitamin B (pantothenic acid) .
and called Coenzyme A (abbreviated CoA), to form acetyl CoA. Acetyl CoA may
go on to the aerobic processes of the Krebs cycle, or reacts with itself and .
.carhon dioxide to yield long~chain fatty acids, cholesterol and steroid
‘hormones. The fatty acids react Wlth glycerol to yield the neutral fats
(trlglycerldes)., s '

A SN
The acetyl CoA, so 1mportant for the formation of fatty acids, is the' key
or terminal material linking anaergbic glycolysis (breakdown of glucose) with
the aerobic systems. Acetyl CoA reacts ‘'with oxalacetic acid to form'citric
acid, the "first" compound in the cycle of reactions known as tHé citric acid,
cycle, or sometimes called for its discoverer the Krebs cycge" Citric adid
|
|
|

.

€. Aerobic Ietabolisﬁ

is degraded in 8 steps to oxalacetlc acld again. In the process it glves'up
8 hydrogen atoms to reduce NAD (or NADP) to NADH (or NADPH), and discards the

two carbons of acetyl CoA as CO2 Also, a single moJecule of guanidine
—

diphosphate (GDR) is phosphorylated to GTP for use in protein synthesls. The
function, then, -of the Krebs cycle of enzymes is to collect the energlved '
hydrogen atoms of carbohydrates and to discard the carbon dioxide (two compo-
nents used in photosynthesis), but it takes more than one turn of the cycle

to extract all 12 hydrogens contalned in a glucose molecule.

T ,'l’ . . /




o . . > N

asiaaen + « I°Faed 4+ © 1273aen + .
dalv dav dlv ’

pro”

. 2TUTOON Y
: - - *onIne )
- . , OTaeumg
"13T1IeD 3313 pue JIV PTOTL 031 Jav o2 dao . bToe )
wuwnmuonn 3yl siagysaex] uay3z pue ‘dnoal ajzeydsoyd e proe s DTTR _\
03 A313ua siaysueil 1aT1iIRd pazyBaaua a3yl -asoy3 uauwu:WMOumx eydre, .
3o yszoq jyo ﬂw:uxﬁa B 2SN S$33BPIOYD01J PUB SWIAIPOUTYDF ; 00 -
"dujurdie ST IT $2IPIQIIIIAUT ISom UT . *IITIILD ay3 . ’ \
ST 2UTIL3ID SIJBAQIIIBA UT -II3TIARD 3Y3I YITM pamioy . i
31e spuoq ayqe3sun ssadoad ayz ujy " §3WOIYD03I LD 3yl i . -

03 wcwmouvms 3yl zaysuexl spunodmod asayjg .wwmmconouv.

-Ayap uawﬂuunm Jo samizu30d se qyd 10 JGVN ‘qVN aonpaa p¥oe

sua8oxpAy 3yy -pIPILISTP ST IPFXOTP UOQIED pue SITIT . 3T290BIENQ
-0qelaw Y3 WOlJ pajdeiIX? a1e suaBoapky (724> sqaay PIo® OT3TUOOY-STI.
2yl paTIed owamv 27242 pyoy uaamxoaumUﬂuH mzu uy : .
. . NOIIVNIdSTY OI90¥3V . : : ~ veskvrAaoy
. . RN - . ’ ™~ IC
-~ kl

Aruitoxt provided by Eic:

\

=

-«
E




e
3-1¢

' ~)
The NADH produced in the Krebs “cycle goes to the respiratory chain where it
reacts with enexrgy carriers called phosphagens. For vertebrates this carrier .
is creatine. For invertebrates, it is arginine. For plants it is still unde-
termined. The NADH--creatlne then transfers the hydrogen atom to flav¥n ade-
nine dinucleotide (FAD--a combination of Vit. Bo-PO, and AMP). This leaves
the bond between creatine and NAD weakened *so that energy from the molecule
flows into the linkage. It is then removed by reacting with phosphate, yielding
creatine phosphate and NAD. The NAD is then free to react with more hydrogens
in the Krebs cycle. The creatine phosphate reacts with ADP to yield ATP.
’ The{sequence of compounds in the’respiratory chain is:

NAD -~ FAD -- Cytochrome b -- Cytochrome ¢ == Cytochrome a -— Cytochrome aq

ATP molecules are generated (as described above) at NAD, cytochrome b and
cytochrome a. Thus, since each hydrogen is responsible f£dr generating 3 ATF
molecules in the ¥espiratory chain, the 12 hydrogens of glucose will produce
36 ATP here. When we add the net 2 ATP from anaerobic glycolysis, we camn. see
that each glucose molecule is responsible for the generation of 38 ATP mole-
cules. |
v

In the transfer betweéen FAD and ¢ytochrpme b, the hydrogén is split into
its proton (H), which is .released to water in the mitochondrion, and an
electron (e”). The electron is used to reduce the cytochromes. At cytochrome
aj two protons and two electrons ‘recombine to form hydrogen and an oxygen atom
“from breathing reacts to form water.

2

D. Photosynthetic reactions

. Splitting of Water and the Light Reactions ’
Water normally dissociates into H+ AND OH ioms. In the.presence of
chloroplyll b and 1l{ght, the OH 'is split apart to yeild an atom of oxygen,
which 1s released as gas, a. hydrogen ion, and an electron. In striking the
chloroph§11, the packets of light energy (photons) knock an electron in the
outer orbit to an orbit farther out. Its place is taken by an electron from
water. Since it can not return immediately, this- energized electron is
trappe® by a quinone, such as Q254, and then transferred to cytochrome bg
whére an ATP is generated, then to cytochrome f. At this point in bacteria, it
can return to the-original chlorophyll molecule. In higher green plants it has
an easier redction. Light strikes a second kind of chlorophyll, chlorophyll a,
knocking an electron to an outer orbit. The electron from cytochrome f falls
in its place and the energized electron reacts with ferrodoxin. The ferrodoxin
then reacts with a proton (#%) and NADP to yield NADPH, which has the energized
“electron in the hydrogen.

The Dark Reactions - ’
. T 4
One of the important uses. of the roundhouse compound,’ ribulose-5-phosphate

(RuSP) +is in.the process of carbohydrate formation. Six molecules of Ru5P
. i -

<
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react with 6 ATP to yield 6 Ru 1,5-diphosphate (Ru 1,5P). The six molecules of
Ru 1,6P then react with 6 CO; to yield 6 molecules of a 6-carbon complex. This
breaks down into 12 molecules of phosphoglyceric acid (PGAY. The 12 PGA react
with 12 ATP and 12 NADPH from the light' reaction and is reduced to 12 molecules
of 2-phosphoglyceraldehyde (3PHGAl) which forms 6 molecules of fructose-6--phos--
" pkate (F6P). Five of these F6P go through the non-oxidative path back to
' ribulose-5-phosphate, and the 6th goes on to form either sucrose (transport

form of sugar in plants)}.or to be stored as starch or cellulose. . @

In summary, the light reactions involving chlorophyll are concerned with
the ‘formation of energized hydrogen atoms, which are trapped in NADP as NADPH,
and the generation of some ATP. These products are used to reduce carbon
dioxide which has been attached to the highly energized Ru 1,5P. 1In this way
the energy of sunlight is capcired for the use of 11v1ng plants and animals.

In glucose metabolism (see preceeding sectlons\ the process is reversed
The hydrogens are removed in the Krebs cycle and the carbon dioxide discarded.
The energy in hydrogens is then released for ATP formation and finally water
is produced, which can be split agaln for photosynthesis.

Therefore, hydrogen is the ultimate fuel of the céll..

Al

E., Proteéin Synthesis
~
We“have indicated previously that the sequences in DNA were criginally
ordered by the proteins. Once established, the DNA not only can weplicate
its own sequences, but make other kinds of nucledc acids (r-, m-, and t-RNA).
The nucleic acids are only made during 1nterphesé of the cell. During cell
Jdivision all production stops.
In the ancient oceans there weré;no cell membranes —- in the days of the
pre-cell .when these chemical processes became established. That doesd't
matter, the bacteria (eubacteria) don't have any membrane around the chromo-
some material even today. The amino acids reacted with ATP to form energized
. amino acid--ATP compounds. Thase reacted with transfer RNA produced by the
DNA from nucleotides containing ribose. This yielded tRNA--amino acid complexes,
with ADP released into the medium. Ribpsomes formed in the nuclear area (no
distinct nucleolus is seen in bacteria) are released into the pre-cell
community of molecules. As some metabolites (substrates) became low in supply,
certain parts or the DNA (genés) were stimulated to form another kind of RNA,
messenger RNA. The messenger RNA is attracted to the ribosomes. Sometimes
it is strung across two to five or six of them (polysomes). Ribosomes are
produced in two sizes of sub~units which we characterize as 30S and 50S
(see page * ). These work together to form a 70S functional ribosome. The
messenger RNA goes on the larger 508 ribosomgs. The smaller 30S ribosomes act
as 'tape readers" and correlate the sequence of nucleotides on the messenger
RNA with certain nucleotide sequences on the transfer RNA. This brings the
tRNA with the appropriate amino acid into place and enzymes on the ribosome
link the amino acid with the last one attracted. In this way short chains -
(peptides) and then longer chains (proteins) of amino acids are linked by the
30S ribosomes and the sequenceS on the megsenger RNA see to it that the amino
acids are put together in the exact sequences that make the specific protein
involved. As a matter of principle, there is one gene (DNA) for each specific
@ Pprotein. Therefore, it takes a whole set of genes to get a whole set of pro-
[KC teins which make up a cell or the celdy ?fj an organism.
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*II. Cell Activities Related to Cell Functions

Specific References
Florkin (1960)
Holter (1961) Scientific American reprint
Kimball (3i979), pp. 81-88. .

Oparin (1953) '
Wald (1954) Scientific American reprint

Teacher -Referehce
Florey £1968) (\

A. Formation of the Cell

L4

i

1. The Pre-Cell Transformed to a Real Cell
The pre-cell carried on anaerobic metabvlism and reproduction. We cannot

tell about mitochondria very well. It is clear that the enzymes gystems in
'mitochondria, the Krebs cycle and the respiratory chain, are different

enzymeg than those generally available in the cytoplasm. The same is true of
chlorgplasts. We do know, that in bacteria and the lower algac there are no -
mitocnondria but granules containing the respiratory enzymes, just as there are
no chloroplasts, but instead, the cell is filled with the photosynthetic mem-
branes which in the chloroplasts form the grana and intergrana. Anaerobic
metabolism comes down to pyruvate and then shifts to one of the final fermen-
tation products. It is possible that the aetobic system was also formed in

the same way as the -anaerobic system, but b%cause oxygen was not avajlable at
first, the aerobic systems came up to cytochrome a3 and stopped.

Was there’ cell divigion? That;}s another question that has no clear
answer. If there was no membrane it seems doubtful that there was a reason
for, the community of nucleic acids and enzymes to "divide" as we think of that
idea. We can imagine that each protein strand had its associated group of
nucleic acids--tRNA, mRNA, perhaps rRNA, and DNA containing the stable gene.
Ribosomes may also have been in existence early, since they occur in bacterial
cwtoplasm (but not attached to a membrane because there was no membrane to be
attached to).

(See diagram on the next page )

If.we take our cues from the bacteria and blue-green algae, the nucleic
acids, especially the DNA must have begun to aggregate in a central area. .
A possible mechanism would be that nucleotides near the DNA would be used for
making new DNA and RNA, leaving the concentration nucﬁpotides low there. This
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would set up a gradient for nucleotides, attracting free ones from elsewhere in «
the pre-cell community to the area of DNA. Eventually the nucleotide-forming
function® and DNA synthesis would be combined and the pre-nucleus (pré-karyon) o ¢
was formed., The .pro-nucleus formed ribosomes, sending them intd the community,
and later, the messenger RNA, as the need arose to increase the amount of any
particular enzyme. Taking our cue from bacteria, the plasma membrane first

" enclosed the outside part of the cytoplasm, then invaginated and spread around
the nuclear material, forming the nuclear envelope, but permitting communication
between the nuclear sap and the cytoplasm.

[

2. The Structure of .the Membrane
\

The cell membranes all have the same structure. It is relatively simple,
but extremely well-organized to carry out its functions. The membrane is
about 75 A thick. The layers are diagrammed below. Various descriptive names
have been applied--bimolecular leaflet, although there are obviously more than
two molecular, layers. Even such a description, which is very appropriate for
electron microscopic observation as a "three layered" membrane is not entirely
“adequate. The term unit membrane is the best, because all the membranous
structures of the cell are made of this membrane which has a common 'structure.

Although the membrane behaves sometimes as though it had holes in it, there .
are no visible holes (even with the electron mlcroscope).

f .

”

(See diagram on the next page)

Demonstration and Approach

Take a fair-sized balloon and inflate it "softly", that is, so that there
will be some elasticity for poking some .fingers toward the center of the
sphere. Do just that for the class, to demonstrate the continuity of the

external pgrt of the cell membrane, the endoplasmic reticuium and the nuclear
envelope, .

Also, point out that the wall of the balloon does not determine the shaﬁe .
of the cell, but the air inside. That is an exact parallel of the shaping of
living cells. The outside membrane is too thin to giveé shape to the cell,
instead, the cytoplasm within, particularly the layer next to the membrane

(about 1-2 microns thick) called the cell cortex, provides the shape for the
cell. “

Lastly, point out there are some differences between the unit membrane of “
the cell and the balloon. When fingers are withdrawn from the balloon, it
returns to its original shape (elasticity). The cell membrane tends to stay
put, that is, instead of stretching the membrane inward, the membrane grows

Q
nward. N
l;[ﬂl(; . . 3(j‘
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" Also, the membrane can be self-healing for small injuriéé, so that it can )
pinch off during cell division. Nuclear membrane fragments adhere to chromo- _—
somes during cell division. The membrane can survive being punctured by minute '
electrodes (up to about 1 micron diameter), etc. Such a prick would burst a
balloon. ’

Ask students about these differences between the cell membrane and a
rubber balloon. Lo , ’
Have one or moresstudents come to the chalkboard and diagram the layers ’

* in the plasma membgane as they remember it from their reading. Correct errors. .

3. Permeability .
Claude Bernard advanced the idea of the coﬁstancy of the environment in the

mid-19th century. The conceﬁ% is that a constant environment is needed for a

constant function. An organism must adapt to a changéd environment, If it

can. If noti, it will die. -

A non-living membrane with small holes in it acts as, a sieve. It can be - ’
used to contain some large molecules while letting some small ones pass in and
out. Cellophane and other synthetic plastic membranes are of this type. They
are referred to as being "semi-permeable", that is, permeable to the solvent,
but not the large moletules of solute.

a. Four 0ld Theories of Cell Membrane Permeability

1) The Sieve Theory held that the membrane acted as a sieve, but

experiments showed that there are many larger molecules that pass

through more easily than'some smaller ones. Therefore, the cell ~

membrane does not always act as a sieve.
3

2) Lipoid Solubility Theory held that since some 1ipid solvents,

such as ether, chloroform, alcohol, and similar substances, go

through the membrane fairly easily, the membrane was mainly 1lipid. <

But, the membrane also has proteins. ‘ .

3) The Molecular Theory was based on the fact some molecules go

across the membrane more easily than ions. For ‘example, vinegar

(acetic acid) ionizes poorly, but is much more sour to the taste N
than HC1l, which is almost completely ionized.

4) The Adsorption Theory held that materials were attEched to
large 1ipid micelles whicb moved on their centers to bring that
which was outside, inside.

b. Diffusion
« If a gaseous substance (such as perfume) is left open in a room, its

fragrance begins to diffuse through the air. Soon after opening the bottle
it can be smelled near the bottle but not in the farther reaches of the room.
After a while the perfume pervades all the air of the room. This process.of
one substance moving through another, as in a mixture of ideal gases, is called
diffusion. Diffusion also occurs if a crystal of a soluble salt is carefully .
placed in the bottom of a container of solute, such as water. After a short
*ime, if we measure the concentration (by the color intensity if a colored
alt is used) we would find the concentration graded away from the crystal.
ich a grade is called a gradient.

ERI
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We- may designate the concentration gradient for ; substance S as belng
-[grad S} as we move away from the higher concentraﬁlon. The flux is, the het
movement away from the crystal. The rate at which a SUbstance moves through
the solvent_is a constant,. the diffusion constant (D ). for snbstance S. So

4

the rate at which subStance S moves through the water is ;apresenqed as
-[grad S}D .o - _
If the solute S is in high concentnation on one side of a membrane and low
on the other, then the whole difference dccurs w1;hin the membrane of thick-
ness d. The movement of the soluteris, the result of kinetic aqeivity of the
water. An average membrane may be 100 A thick (d), so that we may represent

pu——

the ability of the solute to pass the membrane (its permeabili&y) as .
. . i
~ i ] - ’ -
Where [S] is the concentration on the inside of the membrane and [S]0 is .

- the concentration on the outside of the membrane I:I .
) sl. . .
' 1 N -

‘ - . Inside

. - ' ' [éjb ) )
1 ) \ ) . ‘ ) Outside ’

\ .

i . ’ [

The diffusion constant for Na' is about lcm./sgc. in Water, and about 1077 e,
. in trog gastrocnemius membrane, so that the membrane slows down the passage of
sodiumsions diffusing through about 10 million times the rate in 100 & of
» water. Therefore, the membrane is a very effective barrier to the ion.

*
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c. Two Current Theories of Membrane Transport .

1. Thermal Diffusion. This group of theories stem from the one advanced by
Shaw and Glynn in 1957. A carrier, now shown to be phosphatidyl serine (X),
or other combinations of amino acids, such as arginine, dnd phospliolipid, such
as lecithin (which is a normal component.of the membrane) is energized by

ATP. It picks up sodium ‘on the inside of the membrane and diffuses with it

to the outside where it is released. The carriér-is then slightly modified

by an enzyme which makes it have affinity for potassium ions (Y). , They attach
on the outside of the membrane and are arried dcotss by tHe carrier to the
inside, where they are released and the carrier is energized by ATP and made

attractive to sodium ions again. K+ : Na
‘ . ‘f Outside
\
, - [
o : Y < X <— XNa
: . YK Edzyme
. ] % XNa
. "\ - YWX———-’& ,
: 7 - X \ ; )
‘ K ATP ADP Nat =~ Inside
2. The flip-flop theory was advanced by David Waugh some

years ago. Sodium is
attached to the polar group on a fatty acid in the cell membrane. This changes

its charge and it flips over and either transfefs the ion to the next layer of
lipid (vhich £1ips), or sinks down to the Second layer and flips over. Thé ion

) . -8
is then released, the whole process taking not more than 10  seconds.
= ’+

TL e llTy
shbbd TLE

Inside K™ » 4

Vutside

14

This ability of the membrane to pick up ions and transport them across,
usually against a concentration gradient, is work, and therefore, requires
enecgy. There are two components to this work, one is osmotic--that s the
work necessary to move a mole of say K ions across the membrane against the
gradient. This sgparation of ions by non-electric means creates a battery, so

that the voltage trying to discharge.across the membrane (electrical work) just
counterbalances the osmotic work being done by the membrane.

. - N

The Nernst equation is applicable for computing the electrochemical ’
potential across the membrane, commonly called the transmembrane potential or ’
transmembrane voltage (Em). The value in millivolts for any particular ion,

or example, potassium (Ek), is giveh,b;,the formula: LT

L]




Fg = RI/ZF 1n K], - [K], 7

‘- Rl/ZéF 1n'[K]0([K]i'

RT is the gas con‘lant and "the absolute temperature, F is a faraday,
the, electrical charge in 1 mole of ions. The conversion factor frot 1n to
1og10 is 2303 so tHat the expression RT/F at 37°C. is 60, and we may write

;s EK‘= 60 10319. [x] /[K]
.

. R :
is the valence of the ion under consideration. For potassium it is 1.
Let us take a case where the concentration of potassium ions is just ten times

greater idside the membrane than outside. MWe substitute these values, viz:
N . . - - »

-4
. Ex
The log. of 1/10 =.log .10 ='-1 so that
10 - <

.‘ i ¥
N Eg =60 (-1) = -60 mv. ' S

= 60 log [11/(10] ~ N

’

A4 ¥

N ¢

Because of this active. transport of ions, essentially the tfansport of
sodium ions out of the cell and the passive replacement of them by potassium
ions, we find that the membrane is charged,,posigively on the outside (where
the sodium ions are) and ntegatively on the inside {(where most of the potassium
ions are). If a very fine elettrode (0.3 micron in diameter) is pushed through
the membrane, the transmémbrane voltages can actually be picked up, amplified
and displayed on a galvanometer or oscilloscope. ‘Most animal cells have an
E  of chut -90 mv. on the inside of the membrane.

S

Stimulation e& the membrane by mechanical, electrical, chemical or osmotic

means will change the ion balance across the membrane and consequently the

." trahsmembrane volthge. That is, the sodium pump is pa¥tially reversed until

an E of about -50 mv. is reached. At this point ¢threshold) the pump reverses
itsekf, pumping sodium ioms into the cell until the ihside vo tage is about
+40mv. It then resumes its normal pumping diréction and pultgs and sodium

ions out ungil the normal resting potential (-9Q mv. ) is again reached. This
series of changes is called an impulse. The yoltage at the impulse is called
the action potential, and is propogated in-all directiqns over the cell
membrane.

»

These relationships are diagrammed on the following page. S = stimulus,
R = response.
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$i is called a subthreshold (subliminal) stimulus and it will only evoke a
local response (Rl), that is, a change in Em which is not propogated.
S2 is a threshold stimulus. It is borderline so that aom;ti&gs it may only ,

evoke a local response (R2A), but sometimes this same stimulus will evoke an
action potential (R2B), which is propogated.

53 is a submaximal stimulus, which reverses the ion pump immediately and
creates a propogated action potential (R3).

The charge along the membrane of a long cell (muscle or nerve fibers)
would be:

membrane - ——




A
d. Osmosis. Diffusion as a phenomenornt does not need a membrane.: Dif-
fueion, of course, may occur through membranes. Osmosis, on the other hand,
requires a membrane so that iplute molecules can be held in a somewhat re-
stricted locale. . .

?

~

* ~

Essentially the process is like the diffusion of a gas through a gas,
where each finally exerts a partial pressure proportional to its fracticn of
the mixture. If there is a mixture of gelatin and water on one side of the
membrane (inside of the dialysis bag, or of the ceXl) and only water on the .
other side, then the amount of water per ml. is 1&s in the gelatin:® solutlon :
because the gelatin molecules occupy some’of the volume. The diffusion prés-
sure, therefore, is the attraction of this "water vacuum" for water. It will
continue until either the hydrostatic pressure (or, the turgor pressure) equals .
the diffusion pressure. At that point the system has reached osmotic pressure.
The osmotic activ1ty is a function of the number of particles in the solution.
gee the Teacher's Guide to Exercise lZ--Diffusion Osmosis and Active Transport.

Approach and Demonstration
Approach to Diffusion, Bermeaoility and Active Transport

Since these ideas will be rather abstract for, the student, Begln by doing
Exercise 12--Diffusion, Osmosis and Active Transport in Laboratory Activities

for Bi ologx ) ‘ M

Obtain a bottlefcontaining a small quantity of a good perfhme and open it,
perhaps pour some into a clean beaker for a while (and then you‘nan pour it
into the bottle. The fragrance will diffuse through the room. Iﬁeeq\e can
also be used ingtead of perfime.

1~\\ . .

Place a large crystal of copper sulfate or of cobalt chloride in a 100 ml.\
graduated cylinder. Gently pour water down the side of the graduate while it -
is held on an incline. Let stand a few minutes. The class may watch the
diffusion during the period and the completed situation the next time they
come to class.
. f
Foods‘get into cells. Of course! That's where they get the energy to .
run on. Ask the class how they think that materials get across the membrane,
especially since it doesn't seem to have any holes in it. Have some students
diagram their ideas on the board. Then present the information on Permeability
(above) . \ ‘
Ask students what their ideas are about "active transport'. They will no l
doubt say that it is transport with the aid of energy against a concentration
gradient. Then ask how do they think energy is used to transport the
materials. ‘ '

caw S
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B. Shapes of Cell Parts and Their Roles

Specific Reading: .
Swanson, The Cell, pp. 10-31.
Kimball, Cell Biology, pp. 52-70.

Alternate Readings:
Simpson and Beck, Life, pp 44-63.

i

Brachet’, "The Living Cell", Scientific Auerican, September, 196].

Teacher References:
Fawcett, The Cells.
Gerald, Unresting Cells.
B Hurry, The Microstructure of Cells. -
Loewy and Siekevitz, Cell Structure and Function.
Parker, et al., The Structure and Function of the Cell.
Pfeiffer, The Cell. . “

1. Protein forums and their relationship to viscosity.
dSee Teacher's Guide to Exercise 8 and 20) )
When proteins are in the secondary form (that is, balled-up or folded-up)

{ they slip past each other easily and therefore, form hydrosols, or simply sols.
When they are extended in their tertiary form they do not slip past each other
easily. They form a gelatinous mass called a hydrogel, or simply a gel.
Familiar material behaving this way is desseft gelatin which is a gol when warm
and a gel when cool. R *

ThLe cytoplasm, and some special parts of.it, behaves as it does because of
its proteins. The cell cortex is a region 1-2 microns thick just under the
. exXternal cell membrane. It is a gel and gives shape to the cell. Asters and

N spindle fibers are also gelatinous structures made up of extended proteins
which fold up after cell divion processes are completed. (See part 4 of this
section). The main part of the cytoplasm, the endoplasm, is made up of both
folded and unfolded protein so that it has a viscosity about that of glycerine
(glycerol). '

2. Membranous Structures

a. Cell Limit - It is better to refer to the outer portion of the cell
membrane as the cell limit. Partly because it may not be clear to the student
at this point that the cysterni of the endoplasmic reticulum and nuclear mem-
brane are just as much "outside" of thé cell as the part external to that
which used to be called the plasma membrane. When looking through the micro-
scope one also, sees the cell cortex and some external protective gum which
stains. The plasma membrane itself is only 75 to 100 &, wiich is too thin to
be seen by visible 1ight, since light microscopes do not resolve less than
5000 A (.5 micron), as a rule. However, the cell limit is easily resolved.

Begin by drawing the outline for a cell leaving ports for the ER.

b. Endoplasmic Reticulum (ER)
o The infoldings of the external memhrane that reach through the cytoplasm

ERIC | G
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(endoplasm) is called the endoplasmic reticulum (ER) (reticulum = network).
The spaces between the two unit membranes are called cysterns and are part of
the external environment of the cell--that is, the cysterni are not within the
substance of the endoplasm. Materials in the cysterni are transported across
the membrane (ER) by methods already discussed under membranes.

Extend the representation of the ER to form the nuclear envelope, leaving
pérts between the nucleoplasm and the cytoplasm. Iunclude the golgi apparatus
one one ER channel. ‘

/mnochondnon

piosma membrane

endopifomic reticul. m

-

nucleus
__—bore

nuclydr envelcpe

Qrour 3 Lupyicace

“Golgr complix
nbo<omney,

‘secretion granu.e
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c. The Golgi apparatus was first discovered by Dr. Golgi in 1895. It
seems to have more lipid than the rest of the membrane so it is also known as
the liposome. It is especially permeable and it is here that materials to be
remove