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AETS.-NSSA ANNUAL LUNCHEGON
HUMANISM UEYOND THE CLASSROOM

Rabert F, Yager, President of AETS, Professar ol
Seteie fdication, Univessity of lowy, lowa ity

Humamsim in the classtoom,  humanistic sducition,
lmnstie teaching are tenns whiel exen plity  the
interest amd coneen for “humanism®™ in the pe sfessional
comtmunity, tse of humanism v werms ob - specitic
clisstoom situations, in connection with teaching strat.
cgies, with respect to currieulim patterns does not do
RINLCE o Jrensmisn as o coneept fn societies of 1w,

My remanhs fall within three sets of seven points
which wie likened to the branching and interrelt mship
ot deer antlers. The first s of parts is converned with
the seven major tremds which characteriee the errrent
aucational seene and which e likely o intensity
dutmg the years ahead. The second set of points
plemtity - major  human  problems which  characterize
today s society, The final set of points represent seven
ideas which would exemplity  himnaism - beyond Jie
classromn,

[tis always ditticnlt at best to predict the future, It
is often ditticult to amalvee the present, However, with

all the rishs 1 otter the tollowing seven characteristizs of

the educational seene both now and in the immediate

tuture. Such a list is not meant to be exhaustive, and it

is not meant to imply approval or any other value
judgment,

. School enroflments will  continue  to deckine,

retlecting the decreases in the birth rate. During the
196870 vears the birth rate deereased by 3
pereent: during  1970-7)  the  decrease was 9
percent: the report for the {972.74 years has not
been released. However, the percentages are not
even in terms ot the sociocconomic levels of men in
today's society. The decrcises  have been more
pronounced  witkin the high socioeconomic level
than m the low socioeconomic group. The con.
tmued dechne m numbers and the change in
nihe-up of cach new school level will have many
implications tor the tuture.
The turmoil observed  during  recent vears with
respect to school governanee will continue, The
adversary roles of the top administrative and the
mstructiomal sty will become even more pro.
nounced. The awkward  position ot the middle
administrative positions will continue to grow.

3. Problems concerning the tunding for education at
all levels will increase. This situation will become
worse s dollars stabilize and greater emphasis s
placed upon cost etfectiveness. These problems will
tesult i more complications, confrontations, and
competition tor the same tax dollars, The contlicts
will inchude public s private, elementary vy second.
ary s collegiate fevels, iocal ¥ regional v state units.

4. Bducational goals wall continue to receive study and
redefimtion. Students, community  representatives,
representatives  frome onganizations,  and society
generally will become more active and involved in
studymg the role of schools and educational units
i todav’s society. Such effors are likely to result
i major breaks in the traditions which  have
charactenized  education tor the past one hundred
yedrs.
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The  preparstory  Nanction  of e clementiny.
secondary school will again be a primary eimphasis,
The prowth and popularity of voustionstechnical
post Digh schaol institutions will continue, Currigs
ubar programs in all educativnal units witl be more

viridd becauise of soctil pressures, the job niarket,.

and ontentsschool experiviiees.

Super systemts for the repubation oF all levels of
education will be toried. Such an organieation will
result i los einphasis on fiseal sepavateness. i will
result i sew prossure groups amd new aligiments
of regulatory groups, boards, and protessionals.
Education will continue to asccm‘ as o power™ in
saciety, Education will hecome mare centrad 1o the
daily workings of society especially in the soclo-
ceonomie and political arenas,

Basic problems in terms of how modern nan looks
at himselr have  educational  implications,  These
“peaple problems” abso affect how we look into
the crystal ball for a glingse of the future, People
rablems  which e important - in considering
wmnism i education inchude the following:

Man has an instinetive tendeney o fight change,
Clhange is generally recognized as a constant foree:
however, we still fight it This resistance to change
vomes from fear, 1t threatens the stability of the
Known, The reaction of such tnreats is deseribed as
being the same regardless of the time or the
situation, Peonle first try to ignore it: nest try to
rationalize it away: and linally resort o name
cilling.

Man -at least during the past decade  seems to lack
faith that all problems can be solved. Throughout
the history of recorded time man has had that
faith, Tt has always been impossible to imagine any
problems conceived by man that man could nat
also solve, Ideas are assumed to be as matural as
they are inevitable, Kleas are premises for solving
problems. Today problems of the economy, foed
shortages, the so-called cnergy erisis seem (o create
feelings of despondency and Fatalism,

Modermn man has become complacent about hamselt
as an individual, He is complacent about education.
He assumes that the awarding of degrees is identical
to an education. He assumes that our technology
makes us a4 more advaneed civilization, It has been
said that man is less creative when he has a “full
stomach.” Modern society itself” has bred man's
complacency concerning his fate and his thought of
his own role in that society,

[t is alt too uncommon to let words do our thinking,
An unknown phenomenon can be aelled something
and then all too quickly it & something. Labels such
as liberal, conservative, permissive, individualized.,
competency based, and humanism are too often used
i a variety of ways with i variety of meanings.
Modern man assumes that he is o member of the
most literate, the most informed, the most intelligent
society that has ever existed. It is all too casy to
forget our failings, the state of owr literacy, the
problems that our “advancements™ have caused.
[gnorance is the basic factor in all of owr public
problems. We too casily forget that fearning need s
out-distancing our attainments.

A significant number ol individuals in todar ©
soviety seem to lach commitment aid a osense of
direction tor their hives, Too mawv persons have
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remorse Tor vesterday while fear and apprehiension
uttacteriee thelr teelings fur witorrow. Tow lew
reatice we need to concentrate upon the only thne
we hive  now. Concenteating on the present is
porhaps the best preparation tor the future. This
ek of vommitient fur cureent activities and the
maintenanee of 3 healthy sense o divection, par
teubardy, explain the sepination of generations. 1t s
qsy o eritivize what the older generation could have
done, o smilar fashion it is all too casy to spend
time and etfort worrving about what the new genera.
tion will do.

7. A major “people problem™ is the tack of homility -
hamility in weighing one's own worth, the vilue of
one’s wdeas, one's interaction in covperitive eftorts.
Perhaps  the problem is an emphasis upon an
cgowcentered philosophy. For example, too often
the dialogue at potessional meetings is reatly a
series of monotogues coneerning what we are dowg,
owr program, how we resolve that issue. Benjamin
Frauklin once said that humility was the trait ot all
the traits of man tor which he most yearned,
However. he purportedly slowed the search for he
feared that onee he had the trait he would be so
proud of it that it would be lost, Perhaps it is the
sincere search tor humility that should be the goal.
Seven points have been advaneed to characterize

where education is and where it is going. Seven points
have been advanced which represent major problems of
man which have siowed his cultural evolution and his
ability to meet the problems of today's world. Seven
points are now advaneed  to esemplity  hununism
bevond the classroom,  These seven voints may  be
viewed s ideas as premises  that are needed it we are to
be learners and leaders in teacher education.

1. We need to remind ourselves regularly of the sizable

mcompleteness of vur understinding of ourselves,

of miture, of the world, We should map our arcas
of ignorance based on the knowledge we have. We
should make fess of the information explosion and
more of the gaps in the information. We shoild be
aware ot and concerned for the knowledge which
we do not even know exists. Norman Hackerman,
president of  Rice  University, makes this point
particularly well in his editorial included in the

March S issue of Scicnce,

The knowledge we have, as meagre as it is, should

be used for understanding ourselves and our world.

The importance of using knowledge to whet our

natural curiosity and our innate desire for more

knowledge should be stressed in all of our being.

This s the fascination of lile an the essence of

bemng human.

2. We must begin to use svstems and institutions tor
meeting soctetal and human goals rather than having
ssatems and institutions as goals, Inoour own en
viroment oo own o series of experiences in
the niche mto which we are born and in which we
Ive and dic we too often forget that the systems
Aand ustitutions around as are of human creation
created initally to serve man.

ts

4. The community itself” needs to become a learning

center, The school as a retlection of such a concept
cait become o dymanie commumty - center where
pensorts of all kmds ot all ages from all education
fevels come together 1o consider solutions to proh-
fems that Lace us all. The new role for schools is a

to

soutetdt role und une beyond the usual classrount
definition,

. Educators  must  become  professional e v
(Teacher as a term and us & coneept need . te be
abandoned!) 1t Yas been suid that learning  an best
be leamed frova others who themselves ore active
tearners. Mickael Marien of the Syracuse University
Research Corpoation has said that professionalism
among cducitors s merely an act of ego imassage
until such educational aders do become leamers
tirst and toremost.

N

0. The lines that separate groups must be lessened if

not crased. The interface between students and
teachers, schools and communities, college studeats
and high school students, educators ad members
of other professions, vinious classes within modern
society st be made less distinet, Communication
among all i desired i we are to work together
conperatively in solving the problems of our day.

7. New schema tor identifying, measuring, amd de-
scribing progress are needed. Our ideas concerning
stecess and our definition of it must be altered, We
need new criteria and new bases for judgment, We
must come to realize that we are dependent upon
human  judgment in nearly  all of our hunan
associations,

To accomplish humanism beyond the classroom we
need common men with uncommon views of themselves,
[ am reminded of a favorite story told of the rebuilding
of the Cathedral of London after World War 11 As you
may recall, Sir Christopher Wren was commissioned to
accomplish  the  restoration. Onone occasion  Sir
Christopher decided to visit with some of his workmen
who were busy in the court yard. He approached cach
of the men individually with the same qucstinn: “And
what, my goud man, are you doing?” Euch of the
workmen responded with a ditterent answer. The Tirst
esponded, I am cutting stones.™ The second re-
sponded, “I am building a wall.” and the third replied,
“I am helping Sir Christopher Wren rebuild the Cathe-
dral.™ Each man was involved in the same activity and
yet each had a different perception of his job. My hope
for our NSSA and our AETS members is that we have
many who are cathedral builders as opposed to stone
cutters. The kind of people we have is of the utmost
importance as we consider our futures. As we all
dedicate  ourselves  to the future. humanism  (man's
respect for man) can and must go beyond the class
room!

AETS-NSS/. JOINT GENERAL SESSION Il (Abstract)
PROMISES AND PROBLEMS ON THE WAY TC 1984

Bdward J. Kormondy, The Evergreen State College,
Olympia. Washington

These are rapidly changing times whose rate of

change will certainly aceelerate between now and 1984,
Such conditions warrant rapid response  from socizl
sstems, but, matured by vears and structure, most have
hecome so stible and status-quo-oricnted as to be Largely
incapable of speedy remedy. That can and must be
altered. The educatic nal system needs to be prescient,
nsk-taking, and given to erystal-balling. Most importantly
it nust engage the learning process in the real world of
dynamie change if it is to be pertinent to the times and
relevant to the feaner,




SESSION ¢

COMMUNITY INVOLVEMENT, COOPERATING
AGENCIES, AND INFORMATION NETWORKS

I);wjd Archbald,  Bnvivonmental  Consultant,
Madison Publiv Schouls, Madison, Wisconsin

The basiv processes deseribed i this presuntation
were published in the 1972 Janwaiy/February issue of
the Joural of the Wisconsin Education Association,

The kev ideas covered were:

. Careerfenvironment education interfacing based on

the key envirommental education concepts iden

tited at the University of Wisconsin and the key
career education coneepts identified w the Uni-
versity of Texas and Ohio State University. This

intertacing was varried out through o Title I

ESEA project,

Tiwe Fducation Intormation (ED System a student

aperated svstem so students can mateh the talents

and expertise of conmunity resouree individuals and
groups with school needs,

Lo The Key ecological principles for ecology education.

4. Community goal setting and intormation pProcesses
hased on vitizen feedback with student participa.
tion.

A simutation to provide hands-on experiences with
@l of the above, The simulation thus provides a
“training and exercise mat™ tor student enuy into
real commuttity experiences.

SESSION D

SCIENCE EDUCATION FOR THE FUTURE:
TOMORROW NEVER COMES

[ ]

.
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. Gerald Ho Krockover, Assistant Protessor of Science
Educztion,  Purdue  University, West  Lafayette,
Indiva

I recent issue of E8. News and World Report
1] a series of predictions were made regardung our life
in the 2ist Century. Several of these predictions are
that: '

Lo Airliners will v through the siratosphere at
4,000 miles per hour,

2. Education will be a continuous process no
longer rigidly  compressed into the years of
hildhood and youth, The number of coliege
students will rise from 9.2 million today *to 16
million with many of these students fearning
offecampus with the aid of television cassettes,
study - Kit, and - other  electronic  teaching
devices, The number of community colleges
will increase. Pupils ot high school age will not
be in a clissroom at all, but out carning
academic credit by working full time at jobs
tor specitied persads. Frphasis on the learning
of techmeal skills iy expected o gain at the
expense of g omore traditional Lberal-arts odu-
cation,

3 Fanudies vill be smadler and ot varied strue-
ture. Genetic engineering will be available so
that babies can be obtained with specitied haw
color and eve color and perhaps other desired
phivscal and mental characteristios. The med-

tan age of Amerleans will rse from 28 to 38,
Life expectaney tor women will (nerease from
67 1 78 and that of men trom 63 to 69,

4. Six of ten people will live in ntetropolitan
dregs of one milliion or more poputation (today
it iv four of ten), The Bluck and other
nonwhite population ot the centrubwity will
rise from 220 to 400 Today's total of 4.4
milllon farm workers will drop by S84 as
nachines and chemicals take over most of the
tarm wurk.

S An oavergge work week s expected to be 30
hours  instead  of 37,0 hours,  However,
employees will probably be free to set sched.
ules to it their needs: thus most will squecee a
week's work into three days to provide more
time for adult education or recreation, The
family income will nise from $13,000 annually
to 823,000 anuually in 1974 dollars.

0. The energy crisis will be solved through alter-
native energy sources such as the use of solar
converters tor home heating, massetransit tor
metropolitan  areas, and  small people mover
vehicles. The main shortage 1 the future will
be water as our needs rise from 400 billion
gallons daily to over 1 illion gallons.

7. The diet of Americans will ke based upon the
greater use of substitines for protein other
than met.

8  The basic causes of heart discase and cancer
will be identitied ard 4 way to prevention or a
lasting cure will be found. Spare-parts surgery
will become commuonplace,

Y. We will have three-dimensional television, wide.
spread use of tape cassettes for home viewing
and computer hookups an which people may
obtain information, place merchandise orders,
and pay bills without leaving their homes,

As we ook forward ta these future happenings, we must

prepare elementary and secondary teachers as well as

college science educators to mece these rapid changes in
our fives and in the lives of our children,

In 1972, the Walla Walla, Washington Board of
Education established o committee of threc students,
seven patents, three teachers, and five administrators to
develop o series of goals for improving the educational
process at the local level. The committee made six
recommendations: [2]

I. To seek more community (especially parent)
involvement in the educational programs of the
school district, that is, curriculum  planning,
instruction, conferences, extracurricular active
ities, volunteer programs, and public relations.
To promote an increased conmunity awareness
in the programs in the local district with
particular emphasis on career awareness, intes-
personal relationship skills and  attitudes, lei-
sure time activities, and the role of students
and parents in the important family unit,

3. To promote programs necessary for the devel-
apntent of - positive  attitudes  and  skills
employed ineffective interpersonal and group
contnunications.

4. To promote w continual examination of the
fearning process with parnculn empliasis on
the following:

A how individuals Jearn,

te

,o




b teiacherstudent relationships (the dmport.
aniee of enypathiy ),

voooaenvity Joanmng vensus o Mudy ot g,
mented faets,

do eNinmining the present grading and weport.

i provess it the secondary lewel,

To pomote progims that place o strong
continuous emphasis oo teaching students how
to establish suecesstul lite relitionships in the
present amd futwe,

0. To pramote the tormation ol a districtewide
cutriculuny advisory conmmittee open o anyone
who can display o genuine positive mterest in
the students and insteuctional programs in the
Jistrict.

Do ow present scienee education oftenmgs attemp to
fultill the needs expressed in these six teconunenda-
tious?

'

Albert Baee, Chainnan of ¢ AAAS Commission
o Svietiee Education, states that most of o pressing
problems can be put under the heading of the tour Ps:
popnlation, pullution, poverty, and the prisuit of peace.
I addition, he also proposes four C's as educational
guidelimes for the 70° that will enable us to create a
new generation of people who will understamd  the
power, the responsibilities, and the limintions ol sei-
ence. They are: curiosity, ereativity, competence, mul
compassion. Curiosity relers to the spirit of inguiry that
characterizes  the approach of a4 scientist. Creativity
refers to the spirit of change through creative design.
Competence refers to the utilization of one’s Knowledge
and skills o successtuhy complete a task. And last, but
most importaint, compassion, to insure that science is
wisely used tor the betterment of humanity, 3] “We
will need pioncers who are already endowed with the
four s to invent wiays of injecting them into the
edungation of the Future." 4] As scienee educators, are
we ready to aceept the challenges expressed by the four
's? Have rthe NSE-generated seiencee progrinns faited to
meet the needs expressed by the four C'? Have the
science teachers and educators of the past tailed to meet
these needs?

In Scicnee, Don Phillips states that, “science educa-
tion, indeed all education, must develop in the students
both an awareness of the ditficulties facing our society
and the capability to contribute toward their solution. A
curriculum attempting to aecomplish these ends must be
multi-disciplinary and must concentrate on developing
problemesolving capabilities.”™ He further states, and this
is i very important point: “the broadening of the skills
required of scientists suggests an additional challenge:
the separation of scientists and  nensscientists in the
classroom at the very feast must be defayed until Liter in
the educational process than the middle or secondary
grades and at the very best must be based on ditferent
or additional criteria other than high 1Q', high standard-
ized 1est seores, and high grade point averages.”[5]
Thus, children need to Isam at an carly age that a
serentist o not always the man in the long white coat
working with rest tubes in the laboratory. 6] That
chemistry and physics are not just for college bonndd
students. That saience is history: science is art: scienee is
music; seience is mathematios: science is reading: and
tna scienge is for everyone. Most importaitly: scienee is
designed to help people Teirn to think through problem-
solving sttuations,

Will selenee education programs be able to vespond
to our needs i the st Contury? Are the goals just
stated atty more noble or do they ditter signiticantly
from  the gouls stated ten years ago by the NSTA
buoklet, Theory Mo Action? What chatiges cah we
ntke to meet our it sclence edugation needs? Will
trrow ever conie?

Perhaps the wonderful words of the 60 and 70%
will finally be implemented, Teaching by inguiry, help
ing children to become decision makers ad thinkers
must be practiced: not preached!

Perhaps the fine examples set by our cleimentary
science programs sucle as SCIS and ESS will spread to
middle and secondary sehools and to the colleges and
universities, The elementary science programs allow tor
integration with other subjects, learning centers individ-
ualization, and most important, can be used by ol
children regardiess of 1Q. reading ability, sex, or age,
Most o owr secondary  scicnee  progrians  are  still
designed for a minority of stadents and concerned with
the artificial labeling of topies: biology, chemistry, or
physies. When will we have a chemistry or physies high
sehool couse Tor all children, not just the 20 percent
gaing to college or desigmated as Ssciencesnterested?
Scienee  teaching must pesult in scientifically  literiate
citizens, To date we have failed to reach this goal.

Our efforts to improve science education methods
courses hive been meager o say the least. How much
longer can we alford 1o have a preservice  teacher
graduate from g science medods cotrse so that e can
be trained to use @ new science program in an inseivice
course? The primary weak link in a sclence teacher's
education is his science methods course. Many inservice
t‘cu]chcrs evaluate their methods courses as worthless!{8]

49

The education of the science educator must be
maodified to meet the goals and needs of the 2ist
Century. We will require outstanding science educator
teachers in the future, not just publishers or researchers,
Doctoral programs in science education should place
equal emphasis upon the development of the person as i
competent teacher as many now plice upon his develop-
ment as a researcher or publisher.
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SESSION E

NEW DIMENSIONS FOR A
PROFESSIONAL SEQUENCE

Patricin F. Blosser, Assistant Professor of Sciehee
Education, The Ohio State University, Colupbus

In this session, presented by the members of the
AFTS Committee on Guidelines tor the Professional
Sequence, an o overview o the 1967 Guidelines was
presented  for reaction. and  comments,  The  major
question wist Should these Guidelines be changed to
vetlect changes in preparing preserviee teachers?

One ot the emphases with which teacher eduecators,
i science amd other tields, have to deal is “pertor:
mancebased  certification™  or Ucompetency-based
teacher education.” Definitions of these terms vary from
meaning only that criteria for certitication be  nade
explivit to very detailed lists of skills and competencies
imividuals must learn to exhibit, Is this concern for
preparing “competent™ teachers a lasting one? Or, wi jt
join the coce curriculum, the nongraded classroom, the
middle school, and open classreoms as another educa-
tiomal innovation with which people have been preoceu-
pied for a time and which then decreases in coneern?

I the real purpose of stressing teacher  ompe-
tencies is that et makmg teachers more effective, making
them better able to help their students learn, then
teacher educators need to be concerned  with  this
terminal skill ot being able to help learners, Science
educators should guard against becoming so nreocetnied
with transitional skills that they ignore this tominal
shill. They need also to guard against stressing only
those transitional skills which ¢cim casily be measured.

It the science education community wishes to have
some new writtent guidelines tor the professional se-
quence, the members of this community need to devote
time to longerange planning as well as « gearing up to
meet the demands of state certification agencies amd
teiacher organizations.

SESSION F
DOCTORAL GUIDELINES IN “-CIENCE EDUCATION

TEACHER CENTERS: VEHICLES FOR CHANGE IN
SCIENCE TEACHING

David P. Butts, Professor of Scienee  Eduvcation,
Scienee Fdocation Center, The University of Texas,
Austin

Teaching is a lonely task. Although a teacher is
surrounded  with many other adults and students, the
teacher 1s often dsolated from opportunities to share
with others the tash  of thinking about  his nwjor

résponsibility, This responsibility is to the stidents who
are dependent on him fr development of their aca
demivc ahility: awitreness of the clmllcngus in the en.
vicelmment around them; aesthetie expressions that can
low from them: and attitides and values about theme
selves aid others with whom they must Hive daily,
Fullilling these demanding vesponsthilities takes most of
i teacher’s thinking and daily effort, But lonely as the
task is, 0t iy not completely unique other teachers
coutingously  tace  similar isolations, What is  needed
are witys to pertiit teachers to come into contact with
other teachers who face or have fieed similar prablems
and to exchange professtonal ideas, The lonely isolated
wicher needs time and opportunity to “look over the
shoulder™ of others,

Continuing education implies that there be a con-
tnuous stream of fuput available for wachers, and
experience indicates that this input will be most useful
when it is relevant to the teachers' needs. Continuing
edacation also recognizes that completion of require
ments for certification does not represent total com-
pletion of the need to learn, A engineer's preparation is
expected to need complete renewal every five years, A
paint job on the vutside of a house is expected to newd
renewal every seven vears, What are logical expeetations
for teacher's preparation or professional renewal?

Teacher centers are one vehicle which can 13-
cilitate the renewal of o teachers professional compe-
tenee, This renewal requires concern about the amount
of input to be provided tor the teacher, the substaiee of
that input, and the resources available for that inpu,

Commonly education of science teachers has been
continued  through institute  programs  in - which the
teacher retumed to a college campus for additional
training.  Participation may have been encouraged by
requirements  for advanced degrees or stipends  from
foundation support, Feedback from teackers suggests
that the “return-to-college-campus™ strategy usually re-
sulted in a greater amount of knowledge than they
could assimilate in the time provided. The substanee of
the input was usually very relevant to the researcher-
professor who gave it, but many times quite unrelated
to the reality of the teacher's responsibilities. Frequently
the resources for providing the input were people whose
sincerity was matched equally by their lack of awareness
of the real world of teachers. Clearly, an aliernative to
college institutes is needed.

A second strategy for teacher renewal has been
inservice or continumng education progrims within the
school building or district. Here teachers have many
oppertunities to shae with other teachers who work
with similar children and  responsibilities.  Thus  the
amount of the input is usually quite desirable. The
substance of the input, however, is many times that of
consensus  or bootsstrap lifting. The resources available
for the input vary widely. It seems to depend on the
priority teacher renewal has in the reference frame of
the school administrators or decision makers rather than
in the needs teachers have. Teacher renewal based on
political expendiency may help, but it usually lacks the
depth and direction which teachers state they need.

A third strategy for continuing  education  of
teachers is a teacher center. While examples of teacher
centers can be found in both England and America.
their origin, operation and target  populations  hive
distinet contrasts. As illustrated by the teacher centers
in Texas, such as those at the University of Houston,




CWest Texas State, and The Unjversity of Texas at

Paso, g teacher center s usually  characterized by a
group  of dedivated college staft working with under-
gduate or prospective clisstoony teachers in a feld
based competency-based teacher education program,

I contust,  teacher centers in Englnd (e g,
Sedthampton and - Plymouth)  are h;nsicnhy 4 none
university based group ol teachers working with quite
autonomous school heads involving about 8§ perceitt
experieniced  teachers §n coopoerative efforts of’ setting
aims, goals, amd currivalmn altermatives that will tit their
oWl needs.

The contrast o similarities  of English  teacher
centers and their more reeent Americatt counterpart, can
be observed in comparing the organization, the people,
and the progrm of the two Kinds of centers. A
common element is their develooment to help cope with
the isolation of lonely educators the classioom teacher,

Orgunizalion

Fnglish teacher centers e located in o non.
university setting. Ineffect, they are on neatral turt
neither university nor public chool. They tocus their
etforts on what teachers perceive as relevant so that
throngh the center™s operation, the professiomlism of
teachers can be both numtured and encouraged. The
parity of the teacher's input and the center's program is
obvious. The center has no progrum other than that
delincated by the participating teachers’ perception of
their needs. A signifivant aspeet ot English teacher
centers is the readiness of the institution for change,
The impetus or stimulus which caused their establish-
ment in many locations is a response to the dramatic
rearganization  of  English schools from the Primary.,
Junior, Grammar or Comprehensive schools to the new
orgamzation ot First, Middle, and - Secondary  schools
including mandatory attendance change from age fifteen
te age sixteea. Local sehool authorities or districts and
their teachers were faced with a massive reorganization
of schools, Thiough the weacher center, dialogue es-
sential to this transition has been both necessary and
useful, Thus, the nuin thrust of English teacher centers
18 toassist i defining new goals ad programs to fit
new  school organization,

By contrast, the teacher centers in Texis are
usually  tound either on a university  campus or- near
cnough to be adeguateiy tinanced and controlled by
funds administered by the college, While the input from
public school teachers is periodically: sampled in some
centers. ustilly the importanee of experienced teachers
is minimal. Rarely do experienced teachers pereeive the
teacher center as o place or sourcee for their personal
contribution or benetit, The readiness of the sponsoring
institution varies. Most cirent teacher centers are the
response of serious and committed college Baenlty to the
requiremients for o competency-hased teacher education
progran leading to - eventual competency-based certifi-
cation. Thus, the main tocus of Texas teacher centers is
on teacher education progiams as they are applicable to
prospective teacher prepatation. Accountability tor the
pettormance of the graduates of an andergraduate
teacher education program may well be a significant
diaping torce i the weadimess of colleges to change,
Present evidence suggests that this accountability has not
extended mosueh aoway to meanmgtully involve public

“wehools, Thus, the focus of the teacher center is quite

separate trom public school concerns. IH the organi-

Zational setting amd staff &= a8 important to the sugeoss
ol a teacher center as the experiences in buth Englagd
and  Texas indivate, ds it possible {or the diverse
schoolbased amd university -based  genters to be merged
into q stugle functioning unit?

People

In an English teacher center, a {full time staf?
matages the variety of center activities, This staft may
include a variety ot part-time advisors who themselves
are viewed as curriculum development  leaders rather
than inspectors or supervisors, University faculty's divect
involvement in center programs is not common, The
suceess of an individual center cleatly is dependent on
the vision and ability of its staft, The participants in
conter activities are mainly experienced teachers, Quite
logically the people in the center view educational
questions or concerns from an experienced  teacher’s
fraume of reference. Closely related to the participation
in the center is the teacher’s openness to ideas. In the
suceessful centers, teachers come and actively participate
because they perceive the program of the center to be
relevant to their needs.

Tesan teacher centers have substantial university
faculty participation, They rarely have a full-time staft
unless they are temporurily operating on externally
funded grants. As in the English centers, success of any
teacher center is dependent on its participants both
stalt and teachers. Successful centers are characterized
by staft and students who invest many more hours and
energy in the task than is observable in more traditional
programs, This personal and professional conmitinent is
a substantial source of the center's success. Inmost
Texan centers, the focus is on preservice teacher
education as most of the participants are prospective
teachers, Since prospective teachers are not yet asking
many questions  for which a center is a place to develop
answers  parity of the participants is gnite a ditferent
problem than for English centers, This openness of
prospective teachers for new ideas is quite a ditferent
order of priority since they are usnally participating at
their point of entry into the teaching profession rather
than from a base of experience and insight  into
problems for which they desire help.

It the participants in a teacher center are to have
parity in their control of the direction of the services of
the teacher center, is it possible to build a bridge
between the widely separated concerns of experieneed
and  prospective teachers se that the center win serve
both groups in a meaningtul way?

Prograin

A varicty of operations or focal points characterize
the program of an bnglish teacher center, The focus is
on real problems as expericnced by the participating
teachers. The dynamics o the program are encased in
teachers' sharing and redesigning of problems they have

experienced. Thus in many centers the maim thrust of

the center is serving as a forum for conicadum e
velopment. In some situations the school heads are tist
involved i establishing appropriate goals which their
teachers use to develop carriculum.

The program of teacher centers in Texas s usually
devoted  to n)nl}wtcnc_\'-b:lscd teacher education. The
focts of such o progrun necessarily s on spealving the
sy ob competencies desired and developing altemative
modular approaches o enable prospective teachers to




Caequire theése ¢onipétencics, Becauso the target pop-
ulation is  primarily  prospective  teachers, @ heavy
cimphasis on tield-based  experienves iy essential, The
goals of the variety ot activities In the Texan center ure
usually established by the university faculty responsible
tor the prospective teacher's performance.

Determiining  the  direction of a program is a
signiticant issue, Should teasher education goals come
trom teachers or university statt? Can or should re-
spousibilities be shared? Can or should there be common
elements in education tor experienced and prospective
teachers?

SESSION J
STATUS STUDY OF SCIENCE TEACHER EDUCATION

THE PREPARATION OF HIGH SCHOOL ESCIENCE
TEACHERS

Sidney  Rosen, University of Winois, Champaign-
Urbana, Wlinois

Up until the last two decades of the nineteenth
century, the maximum preparation for any teacher in a
secondary school in the United States was the possession
of a diploma from some college or university, For some
states, notably  New  Englnd, this was & minimun
requirement, The prospectus of the first publicly sup-
parted high school in the United States, the English
Classical School in Boston, Massachusetts (1821), read in
part: . .that it be required of the musters and ushers
as a necessary  qualitication that they shall have been
regularly educated at some university."[4]

Nomal schools essentially trained teachers tor the
clementary schools, Such preparation usually involved
one or two years beyond the high school. It was
possible for a Normal schoot graduate to find a 'igh
school teaching  position, especially in the hinterlands,
but this was the exception rather than the rule, Nonnal
schoal student bodies tended to be almost complitely
composed  of tfemales, while  nales  dominated  the
secondary school scene.

Of course, graduation from a college or university
did not guarantee excellence in seience teacling (nor in
any other area). In fact, good science teaching was not
even guaranteed at the college level, Oue is reminded of
the chemistry course offered at the Harvard Medical
School during the period, 182749, by the infamous Dr.
John Wehster, where: “He gave the class two or three
chemical lectures, which were brought to a sudden end
by Iy show experiment called  the yoleano g Targe
heap of sugar and potassium chiorate piled on a slab of
soapstone, Atier he had lighted it with a drop of
sulturic acid, he saved himselt by dodging out of the
roont, and in a very few seconds all the members of his
chss found  themselves obliged to jump out of the
window."[ 26]

The end of the century saw  higher education
aheady beginning to be dominated by the concept of
ce graduate college and the “specialist,” imported from
Germany. All academic tields of study were ruled by the
specdist who, in the words of Arthur Maier Schlesinger.
“wedded ¢ sheleton bride, whose osseous Kisses and
ratthng embrace rewarded hint with an ecstasy bevond
Holen's 28] With the ability to major in g scientdic

tiold, Instead of having just 4 tiste of sclénce as a tiny
part of the traditional clussical curriculum, those college
graduates who sought secondary school teaching posi
tions could now come to the high schools not just as
“teachers,” but as “physicists” and “chemists,”

During the, years following the War Between the
States, there begun to be a tendency to change the high
school from {ts elitist position in the educational
hierarchy: secondary education began to be seen more as
a necessity for the preparation of the informed citizen
rather than as the stepping stone to higher educution,
Educators began to propose that the high school be
treed from stavishness to the colleges and universities,
One finds, for example, a Maine educator proclaiming in
1868: “lf our colleagues persist in adhering to the
ancient curriculum in ignoring the demand of the age
for practical education, let them suffer the conse.
quences, but we protest against the sacritice of our High
Schouls to the insatiable demands of the Colleges tor
Greek and Latin, The High School should be the grand
temple of the common school system, not the vestibule
of 4 college."[16]

The exhibition of products from manual training
classes in European secondary schools to the public at
the Centemnial Exposition ot 1876 in  Philadelphia
sparked o desire to make the high school a vocational
training school, where the student would be prepired
for “life* rather than for higher education, Such an
attitude was supported through the lust three decades of
the nineteenth century and into the twenticth by the
flood of immigrants from Europe to the United States.

ae children of these newcomers becume pupils in the
public schools, pupils of vastly varying backgrounds and
abilities: this was democracy with a vengeance. In order
to teach such children, the high school and the hish
school teacher attuned to traditional academic nicetios
no longer served. One teacher in 1905 saw her studeats
as: “..the girl whose mother canmot read or wrate in
any language: torcigners who never hear intelligible
English at home: the stunted little fellow who carries
telegrams till midnight: the sleepy boy who was up at
halt past four and driving a milk wagon. . .the boy
whose father brings home every night a ‘yellow journal:’
the boy who does not own a single good book. . .our
pupils have no inheritance of enfture: nor, indeed, does
their future promise more than their past. . .Qur pupils
at graduation leave behind the world of study. They are
now to deal, not with books, except with account
books, but with wachines, with customers, with Kitchen
furniture, ancy work, and chating dishes. These cone
ditions the teachers in an English  high  school ac-
cept. 2

So, begiming with the first established chair of
education at the University ot lowa in 1873, ther?
began to be a demand for additional training for high
school teachers; that is, a denmand for the addition to
traditional subject matter courses in the curricalum of
courses  that dealt with the “art of teaching,” Many
Normal schools extended their two-year curricula to four
and  became “Teachers  Colleges™  that  offered  the
Baccalaurate degree. Liberal arts colleges added “teacher

education™ programs, so that as much as one-fourth of

the instruction could be taken as formal work in ihe
field of education. Tt was a time when education itselt
began to be called a science.”" [ 14]

While members o liberal ars faculties seemed
willing to cooperate with such agencies as the Noith




Central Association of Colleges and Secondary Schouls
atid the Committee on Colloge Entrance Reguireinents,
professors in geteral wemded to ook down their poses it
colleagues who taught coteses in educationdl psyehol
oy, cducational administratton, and methads of teachs
ing. This contenypt was  turther fed by the ey
admbsion ot fenude protessms e the education  fa-
culties. An example of this sign of nule chauvinism ein
be found in the details of the vise of Teachers College at
Cohunbia University: .. e addition, there was the
hostile atitide of some members of the University
Gaculty  tselt toward all courses  on adueation, and
towird  the presence of women in higher education,
Outward  nanitestations  of  this animosity - were evie
denced by the consistent deteat of any nteasure ul.
voudted by Dot Russell (ot Teachers College) in the
University Counvil, by hostility to the appointment of 4
‘normal school® man (Havid R, Smith) 1o g potessor.
ship, by the public waning to President Batlet that the
wepntation of the University weuld be jeopardieed by
turther coddling ot this parvenu institution, and by the
dubbing of 1 20th Street as “hairpin alley .| 18]

Such anitmosity still persists in higher education in
this country, Betore he became president of Harvand
University in 1933, Lones Bryant Conant found  that:
“oowardyoinomy ecareer as @ oorofessor of chemistry, |
becnme aware of the hostility of the members of my
profession to schools or faculties of education, 1 shared
the views of the majority of my colleagues on the
Gaculty of arts and scicnces that there wiss no excuse tor
the existence of people who sought ¢ teach othets how
to teach, 1 telt contident that §was an oxeellent teacher
and 1 had developed my skill by experienee, without
benetit of professors of education 1 saw ho reason why
athers could not do likewise, including  those who
graduated from college with honors in chemistry and
wished to teach in high school, As ajoint author, with
my tormer chemistey teacher, of @ high school chemistry
textbook, T was quite certain 1 knew all about the way
the subject should be presented: 1 doubted that my
understanding was shared by any professars ot educa-
tion. When any issue involving benetits to the graduate
schaol of education cume betore the faculty of arts and
sciences, T autamatically: voted with those who looked
with contempt upon the sciool of education[11] In
the mid-1930%, an innovative progriim tor the prep-
aration of high school teachers, the Master of Arts in
Teaching Program, was aceepted at Harvard by both
faculties with some initial reluctance: however, it wis
not until atter World War 11 that this fifth-year progrm
began to flourish under the leadership of Dean Frank
Keppel of the Graduate Schoot of Education.

Liberal arts faculties, then, tended to ignore the rise
ot teachers colleges sund education colleges at the same time
that these “Johnay-.come-latetys™ on the scene of higher
education were exerting more and more intluence on the
centers of power wheite public education was controlled.
This intluence made atselt felt in the increase of state
faws passed stating the qualifications necessary tor the
certification ot teachers, By 1911, approximately thirty-
four states requirea seckers of high school  teaching
certification to hold a diploma from an accredited
college o universitv. fo] Many also required the ap-
plicant to tahe examinations, cither written or oral, or
both, i hiberal ans subject matter arcas, as well as in
arcas of professional education. California, one ot the
leadimg  sates e the exphication of certification re-

quirements, tsed the state university as o standurd: that
is, the prospective wacher had to have a background of
cight years of secondary and higher education, plus one
yeur of grnduate study  (which could consist of o
halfwear of advanced study in u spectal Nleld und o
Badteyear at o *welleguipped trainiing school directed by
the Departient of Bducation."j6] The alterngtive to
these reguirements was twenty wonths of experience as
aregular teacher oF prineipal “with decided suceess™ in
any reputable secondary school. 7]

While Thorndike, in his 1909 study tor the Burean
of Education, found that not more than 8§ pereent of
the high school teachers in the country  Lad “an
adequate pedugogical training:™ the :wailuhifily of’ such
trainitge  was inereasing,  Courses  specifically  geared
toward  the  training  of  secondary  schaol  teachers
appeared at the following universities during the latter
part ot the nineteenth century: Michigan  University
(1879), Johns Hopkins University (graduate work only,
I881), Cornell  University  (1886), Ohiv  University,
Athens (18R6), Columbia University Teachers College
(1888), Northwestern University  (1888), Clirk  Unie
versity (grinduate work only, 1889), New York Univer.
sity (1890), and the University of linois (Urbana,
1890 |8]

1907, the Committee of Seventeen (of the
National Fducation Association) released their historiean
Report on the Professional Preparation of High Schootl
Teachers,  Briefly, this Report urged  that all such
teachers tollow the traditional specialized curriculum of
the undergraduate college in the tields they expected to
teach. In addition, there ought to be some dipping into
other tields of Rnowledge tor “some insight™ and “to
avodd the dangers of overspecialization.™ Teachers ought
to have one or more subjects from the social sciences,
along with a cowrse in general psychology, and at least
one from the area of philosophy, ethics, and logic “Tor the
proper outlook upon education as the development of the
individual " [9]

But this was not all. The Committee also recom.
mended  ecedagogical studies that i luded  educational
peycholegy, history of education, principles of educa.
tion, special methods in subjects o be taught, the
matagement and  organizition of schools, and schoul
hygiene. Finally, it was recommended that there be
made available  the opportunity for the  prospective
teacher to observe experienced teachers working in the
classtoom and  to do g certain amount of practice
teaching theme dves. Tt was supgested that @ university
might arrange the latter by affiliating itselt with nearby
schools, v svent by creating and maintaining ity own
secondary senool, Such a complex and intensive training
program  would be best accomplished in four under.
graduate years and one graduate vear

The Report of the Committee had a considerable
impact oot only upon existing teacher taining institu.
tions, but also on those to come. In fact, with only a
few variations over the years, the average state re-
quitements tor certification are bosed essentully upon
such - educational background. In most cases, the
graduate year is voluntary nither than required.

Critics of education cowrses have abounded since
the 1907 Report, one example s i book that became a
poputlar “best seller,™ Edwecatic nal Wastelands, by Aithur
Bestor, a history professor (1983) and was considered
Wy numy o be the apogee of all attacks upon
edicationist,”™  Ten yeawrs alter the publication of

ey T



<o Sesor’s book, Conant, after o widéraiging study of

teacher aducation i the United States, conchuded that:
“LLrofessors of cducation have not ver discovered or
agreed upon @ common bady of knowdledge thae they all
et vhowbd be helid by school teachers before  the
stiedent wakes his pirst fulltime job, To put it another
way, 1 lave no reason to believe that students who diive
woinpleted  the sequence of counes in education in one
colfege or winversity have considered the same, or even @
simikir, set of facts or principles s their contempuoraries
in anuther institution even in the same state.{12] n
fact, Conant congluded, the one-worthwhile element in
professiomal  education was practice teaching, He sug.
gested that colleges and universities adopt the coneept
ol the clinical™  protessor  in medical  schools by
appointing an enperienced teacher as a “Professor of
Teaching

It must be admitted, however, that de facto, the
problems of mass education in the United States were
tachled most realistivally by the protessor of education
rather than by the liberal arts protessor. It wus the
influence of the *educationists™ thuat gave tinal shape to
the regulation of final education by local and state
certers of power: it was also their influence that shaped
th picture of the ty pical high schoot teacher in the public
mind. As Conant pointed out, liberal arts professors, in
general “turned their backs upon the problem of mass
secondary education and eyed with envy Great Britain
and the Continent. where such  problems did not
exist. [ 13]

One would somehow expect that the fantastic rate
ol change in technology that has occurred during the
past four decades would have effected a similar rate of
change in tne preparation of science teachers tor
secondary  schools, Or, it not the rate of o unge in
technologival innovation, the innovative breskthroughs
in scientific conceptualization. And what of the eftect
of the tremendous mational and international upheavals
on the economic, sociological, and political scene? And
how about the impact of the new science courses whose
rubrics parallel those of the New Deal: PSSC, CBA,
CHEMS., BSCS, HPP, ete.?

It seems somewhat disheartening to find that liberal
arts taculties are still being accused of a lack of
responsibility tor the education ot high school teach-
ers [29], and that “education Hieulties in colleges and
universities tend, by and large, to maintgin the status
quo rather than to change 1. 19] Meanwhile, the U.S.
Ottice of Education still finds it necessary to fund a
Study Commission on the Undergraduate Education of
Teachers (based at the University of Nebraska): Pro.
fessor Harry Broudy, a prominent educational philos »
pher, finds it necessary to question the preparing of
seience teachers by the same undergraduate curriculum
used to prepare research scientists [1]: and Protessor
James Raths of the Bureau of Educational Research and
Field Services at the University of Maryland {now at e
University ot [llinois) finds it necessary to question the
validity of much of the research being carried out in
science  education. [25] So, one s tempted to inquire:
what went on during the past four decades in the areu
of science  teacher  preparation?  What  research was

e s onteresting to note that Tur every paper published
concernng the preparation of scence teachers, there seem to he
tar more papers conaersed with saence curnculs and teaching
micthods, one wonders what ratio a count would show,
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“ourried vul concenting the status of the art and what *

changes  ocewred in the wt itselt?

The fact iy that there were certiin pree mmd post.
Spatnik publications in science education that had the
promise of being watersheds in the tield, that contained
within them the seeds of necessiry change supported by
reliublé data (or the lack of ity dmd reasonable dga
ments. Halt @ dozen or more of the mote prominent
oney i be ticked oft in chronological  sequence:
Program por Teaching Science (NSSE 31st Yearbook),
1932 The Education of the Science Teocher (Report of
the Subcommittee on Teacher Education of the National
Committee on Scienee Teaching), 1941 Critical Years
Ahead in Science Teaching (Harvard University ), 1983,
“Course Reguirements for Future Science  Teachers™
(Watsor: m Scientitic Monthiv), 1-37. Cureent Coneern
and  Issues in Scienee EBducation: (AETS  Conventinn
Report), 1960; Rethinking Sciened Mducation (NSsE
Suth Yearbook), 1960; “Unresol :d Issies in Certain
Fields tor Investigation in Science™ (Coordinating Come
mittee  of NARST and Office of Education Scienge
Specialists), 1901 Guidelines for Preparation Programs
of Teachkers of Sccondary School Science and Mathe
matics  (Teachs  Preparation  Certification  Study,
National - Assovation of State Directors of  Teacher
Edweation and Certitication and the American Associa.
tion for the Advancement of Science), 96l The
Rescarch on Science Education Survey (Harvard Gradue.
ate School of Education), 1968.!

Each of the documents listed takes a ook at the
preparation of high school science teachers and finds it
wanting: each makes suggestions for improvement or
change. The traditional goals of science teaching are
stated and restated. Broudy has summed them up most
succinetly: “*What does the traditional scienge program
promise?  First, as o part of general education, it
promises & more precise, critical and fruitful way of
thinking about the physical world. Science is regarded as
essential to the armamentorium of o mind coping with
modern  technological  society. Second, the study  of
science is held to be one of the more profitable avenues
to the wortd of work in a technological society,”}2]
And, Broudy points out that all of this assumes the
validity of transter of training.[2] Such goals, then,
ought to be best achieved in the classroom by the
teacher whaose preparation has moved him successtully
through the typical specialized science curriculum in
college, emerging with a major, tor example, in physics
and a minor in mathematics. In addition, of course. the
teacher would need the necessary education courses for
certification, and a few electives outside of his major
and minor tields for “broadening.”

There is the beginning of a change in the suggested
background of science teachers in the 1941 Repoit of
the Subcommittee on Science Teactung. This committee
wus hieaded by Samuel Powers of Teachers College and
the Report was largely put together by R. Will Burnett
of the University of [Hinois in Urbana. Here, for the
first time, one finds an awareness of the economice,
sociological, and cultural ettects of a rapidly changing
technology on the United States and its people, and an
assessment of how this awareness ought to aftect the
preparation of the science teacher. The chapter headings
tell the story: “The Teacher as an Individuat and a
Citizen.” with such intriguing subtitles as “The Teach-
er Should Understand  Himselt and Others™ and “The
Teacher should Develop Satistying Conceptions of the




s Good Things i Lite:” “Thé Téacher as a Person with
Proficiency  in Functional  Areas  of Science™ with

subtopics, “The Problem of Speciatization” and “The
Teacher should Develop a Realistic Understanding of
Svience amd Functional Knowledge ot Scientitic Meth-
od:™ and  tinally, “The  Responsibility of  Teachers'
Cotlepes and Departorents of Education,” which includes
“The Place of Profussional Education in Preparing the
Svienee Teacher,” *The Svience Teacher and the Com.
ity and “*Protessional Orientation and Philosophy of
Svienve Education." {22]

The preface to the Repots, atter a briet history of
scionce  education, states: ... Science  teachers and
seienve departments have been committed to the devel.
opment and  perpetuation of academic  disciplines
which, valuable as they are, have been separated from
the actual provesses of comununity hife of which they
are essential elements. Driven by the demands of
subjectanatter  accomplishment and - academivally  im-
posed  standards which all to frequently- ignore  the
relationship of knowledge o intelligent behavior, the
teacher with scientitic competence has been allocated to,
and circumseribed by, classtooms, demonstration halls,
laboratories and curticulums, and too seldom catehes
glitnpses of the torces and processes determining  the
cornmunity's destiny."[23] And further on: “The teach.
et is first of all a person. To the extent that he is
intelligent, informed, socially conscious, and  happily
adjusted in his lite and his views, he may become an
outstanding teacher. To the extent that he is poorly
adjusted. poorly informed, misanthropic, and contused
in his personal views and his outlook on lite, his
teaching sutlers. This is true for all teachers, regardiess
of field. The science teacher mity consider himself to be
a specialist, but he should not lose sight of the fact that
his basic work is to give instruction and that his primary
function is to oftfer aid to individuals and society in
meeting their problems successtfully.[24]

Sixteen years elapsed and Sputnik 1 lew in space
betfore Watson's short paper, “*Course Requirements for
Future Science Teachers.”™ was published. In it, he asked
why prospective science teachers needed to have many
of the advanced science courses required of the major,
courses that were going to be useful primarily to those
who would be going into industry, graduate study, and
research.[30] He suggested teacher preparation curricula
that did not provide a “goad solid major™ in a single
seivnee area; instead, the student would get “a smatter-
ing of knowledge in many areas and not too much in
any one.” The paintul realities of public school teaching
muost often required a “science™ teacher to teach courses
in more than one area (often, nonscience areas: it took
the ROSES Report of 1968 to make that painfully
clear). Watson alse deplored the fack of background on
the part of maost science teachers in the history and
philosophy of science.[30] The strong beliet in the
neeessity of such a baekground  to provoke student
motivation  led eventually to the creation off Harvard
Project Physics by Holton, Rutherford. and Watson.

In most of the papers that discussed the best
possible curricula for the preparation of science teachers,
there was still implicit the assumption that the good
teacher must work his way through the course requare-
ments tor a Bachelor™s degres in oae magor seientific
fichl. The scientific and 1echnologici sopbist cation of
many of the projects of serence fair winiers s considered
by protessional and  favman alike to exemplify the
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success of toachers who hdndie the content. .ol u
particulur seience fleld with comfort and ability. This
Kind of rating, nevertheless, simply replicates the way
college professors are usually rated by students in higher
tevel ;s*‘pcclalizcd courses: the good protessur “knows his
stutt,

It became apparent, tor example, with the iutro.
duction of PSSC physics  (conceived in 1986) into
American high schools that such a course could only be
tavght by teachers who “knew their stuff.” Waere were
suclt teachers to be found? Not in the high schools of
the United States, apparently; for once the course was
ready, special training seminars had to be established tor
physics teachers to leam the *stutt™ they had to Know.
I fact, the impact of the new seience courses on
teacher preparation curricula does not seem to have
been wvery great, In most cases, it consists of the
provision of “Band-Aid" assistance it the form of special
inservice and summer workshops and  seminars, where
teachers may acquire the specialized information needed
to teach the particutar course,

It was the Harvard ROSES Report, in the last
analysis, that provided the evidence that was hard to
swallow: that in the long run. in spite of the papers and
reports that had been published, there was very little in
the way ot objective evidence concerning the effective.
ness of seience teacher training programs.[17] By 1968,
many of the old problems remained unsolved: the gap
between the science educators and  the liberal arts
peaple, and, worse, the aceeptance ol most triining
programs as acts of faith, with no attempt to have
feedback or tollow-up information for support of valid.
ity. The ROSES Report concluded: *‘the Chaos in the
profession, . .is probably one consequence of the inabil-
ity of science educators to confer about and agree upon
the goals and structure of the teacher preparation
progrant in the sciences."[18]

One has only to browse through the pages of the
latest Handbook of Research on Teaching (1973) to
discover that there is still a lack of replicable, experi-
mental data that can be used to construct a valid,
general definition of the “good™ teacher, or, for that
matter. of what constitutes *good™ teaching. One tinds
Cliftord writing that “prevailing styles of teacher prepa-
ration have not adequately introduced prospective teach.
ers to accumulated research, spelled out enough of its
implications, nor developed uattitudes favorable to inser-
vice interest in applied research. The pervasive culture of
teacher training is one of, in Mencken's term, ‘empty
technic.” of vapid methods texthooks, a disinterested
educational psychology. of a ‘survival-training’ mentality
among its participants.”[10] These are harsh accusa-
tions, indecd. McNeil and Popham, in their assessment
of teacher competence, conclude: “Teacher educators
err when they promote teaching skills that are approxi-
mately consistent with scientific conclusions as it these
skills were certain, confirmed answers about how a
teacher should proceed to effect desirable consequences
in learners. Instead. such skills should be regarded
as hypotheses to be tested.™ {20]

Perhaps the above causes one to approach the latest
influence  on teacher training programs, Performance
Based Teacher kducation. with a bit of caution. A
consequence of behaviorist psychology, PBTE has be-
comie fashionable. PBTE springs from a fairly recent
concern with accountability in education and essentially
has to do with working out a list of skills and




competencios that teachers vught to have and to be
able to display in the classroom, Such skills can then be
made an ntegral part ot the teacher preparation curric.
ulum: what is more, a checker can sit in a classroom and
tick wtems oft the list as the teacher is observed at work,
The ditficulties with PBTE. especially when it assumes
the dimensions of & taddist bandwagon are obvious, and
one can only predict protracted warlare between the
program’s propoaents and detractors,

What can be said, in conclusion, about the status of
the preparation of secondary school science teiachers? In
somemhat simplified terms, no one seems yet to have
provided a satistactory answer to twa vital questions: (a)
what should a high schoal science teachier know? (b)
what should a high school science teacher do with what
he or she hnows?

The generat image of the ideal teacher as a Kind of
supernian combiwation  of - scientific  specialist-child
psychologistsociotogist in tune with the  times, the
community, and the student seems to exist only in
published  papers. From a realistic point ot view, it
seems quite reasonable to guess that neither the compe-
tence of the prospective teacher in o specitic science
area, nor his getting an A" in educational psychology,
nor the smattering of humanities he may pick up along
the wav have very much to do with the ability to, it |
may borrow o phrase from the “now™ generation. “turn
students on to science.”™ Who knows what factors have
the highest correlation with student motivation? Rosen-
shine and Furst have concluded that .. .t is possible
that the patterns of effective teaching tor ditterent
ends  are so idiosyneratic  that they will never be
isolated. . ."[27] In fact. this leads to a third, almost
heretical question: does a good high school  science
teacher (goud in the sense of effective) need to have
been a college science major?

The above three guestions are deceptively simple.
The research that has to be carried out to provide valid
answers will probably lead to a general questioning of
the validity of the philosophy of education that per-
vades the teacher training curricula and departments of
education, tt is the same old question: if the philosophy
ot teachers needs changing. who is going to change the
philosophy of those who train the teachers?

As Broudy points out. the entire point of what
high  school  science is good for in terms of  the
non-school lite ot the high school graduate must be
clarified. “As citizens, we use scientific knowledge.
methods, and attitudes not to solve (which requires
technological knowledge) problems, but to understand
them. We use the theoretical schemata of the disciplines
to classitv, analvze, and to reconstruct the diverse
contents ol societal problems. This is the primary use of
knowledge by a nonspecialist, but we need research to
map out the use of scientitic schemata the citizen makes
in reading and discussion. . We need researched answers
on the wav school learnings are used interpretively, to
build the conceptual contexts in which the nature of lite
problems becomes intelligible.™ {3]

It Broudy and the others quoted above are right,
then the time has come for a tullscale revolution in the
preparation of our secondary school teachers.
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SESSION K

MODEL PROGRAMS FOR SCIENCE TEACHER ED-
UCATION

Donald ¢ McGuire, Experimental Progeam Group,
Natienal Scienee Foundation, Washington, D.C.

The National Science Poundation, in January 1968,
initiated a series of grants that supported the develop-
ment of 28 models of preservice science teacher educa-
tion, kight projects were in elementary teacher prepara-
tion, fourteen were secondiry, two were intermediate,
and one included all three lewels.

The projects are additive creating new  ofterings
that will be recommended in addition to current
courses in tour ¢ases, “Courses™ here means instrue-
tional experiences not necessarily lectures, Nine projects
altered previous offerings, in six cases intending eventu.
ally to replace them. One project spent several months
in preparatory . work, then replaced all its  science
instruction for prospective elementary teachers innedi-
ately. Later changes were made “on the line In 11
projects, some courses wer® replaced and others added.,

Among the changes instituted by the piojects, new
instructional activities were the most frequent, with
major revision or addition of courses in 17 cases. A tew
of these instructional changes have been revolutionary
with outstanding results, Even some of the less dramatic
changes have increased the enthusiasm of students and
faculty alike.

Science teaching resource centers, limited to under-
graduate use, were created by four projects. More
general centers, some with library, laboratory, clussroom
and all with a well-stocked lending center for inservice
as well as preservice teachers, are components of seven
projects. These centers seem destined to become the
most visible of the traces remaining after the projects
assume  full  selfssupport. Their impact makes them
regional facilities in a very worthy sense,

Formal siudy of the *‘new science™ or “new math™
curricula is part of six projects. We have been informed
that frequently undergraduates find science study de-
signed for the elementary grades as challenging as
traditional *“core™ requirements. The problem is to get
them to tackle it seriously. When they do. they seem to
learn as much science for themselves as they iearn about
materials tor pupils.

Direct and frequent cooperation with schools is a
component of 11 projects, with less intense collabora-
tion in 6 others. Early responsible classroom teaching by
prospective teachers characterizes six projects. Less
tormal participation occurs in nine others. Content and
methods instruction is combined in 7 projects and there
is some linking in 13 others. Classroom teachers are
members of project staffs or major committees in five
projects, and have lesser responsibility in seven others.

Formal evaluaticn has been minimal. “Success.”
judged on the usual intuitive grounds, has been high
except in six cases, with some advances even there.

Some of the “fuilures” resulted from  uncontrofluble
externul events, Some of the suceesses were related to -
an unforeseen degree of enthusiasm in aceeptanee of the
new strategies. No projeets failed completely,

For the future, we anticipate a strengthened evalua-
tion component. We lready have  undertaken a came
paign of third party evaluations, Based on the results of
these eviluations, we may reduee our investment in
exploratory projects, ard increise the number of program
development eftorts aimed at adapting and implementing
the ewrlier advanees,

SESSION L
UNIQUE APPROACHES TO INSERVICE EDUCATION

Paul G. Koutnik, Coordinator, Inquiry Skill Re-
search Development and Adaptation Program, Mid-
continent Regional Educational Laboratory, Kansas
City, Missouri

For the purposes of the position paper, the author
defines inservice teacher education as training which
occurs subsequent to receipt of the teaching degree.
takes place onssite or near the teachers’ districts, and
consists of sumner and/or academic year work while the
teacher is employed. Traditionally, this form of training
has been sponsored by a school or distiict while
originated by an outside institution such as a teacher's
college which provides academic credit. Inservice training
has not commonly been established or perceived by the
triinees themselves as insepurable from ‘“‘preservice” in
terms of attaining professional growth for its own
rewards of increased competence. And, commonly,
inservice training has given less attention to the estab.
lishment of mechanisms to support and nurture the
“innovations” after the trainers have left than to the
formal training itseli.

Louis 1. Rubin’s concept of the selfsevolving
teacher is described as important in advocating what
should be a reason for inservice education, and Robert
N. Bush's description of the “Curriculum-Proof™ teacher
and his intrinsic reward system is offered as an alterna-
tive goal for inservice education.[1] And, the impor-
tance of the practioner-client analogy to the teacher-
student relationship is pointed out to reinforce the
truisin that student needs are the only basic justification
for any kind of teaching.

A position is taken that the science education
community should emphasize in its inservice training
efforts programs which (a) ofter generalizability of
teaching skills to subject matter in addition to science,
(b) include a system to assure that the innovations, or
upgraded performances will have a chance to continue
when the trainer has left, and (¢) can be appraised for
their effect in terms of student outcomes.

James C. Stone’s analysis of the Ford Foundation’s
Breakthrough programs is reviewed because it presents a
paradigm for the conceiving, planning, implementing,
and supporting of innovation and is empirically derived
from a review of actual project histories.[2] Several
inservice staff development projects are examined in
light of Stone’s paradigm and the author’s position and
the suggestion is made that information on new strate-
gies for inservice education of science teachers which
address the issue of support tor innovations atter tormal



project, institute or workshop expericnce be aceuu
lated in one plwe and be made available to the AETS
membership,
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SESSION M

THE REGIONALIZATION OF TEACHER EDUCATION:
THE NEXT STEP IN PROFESSIONAL DEVELOPMENT

William L. Sharp, Science Education Center, Univer-
sity of lowa, lowa City

The curriculum development efforts witnessed in
secondary  science over the past decade and a half
represent one of the most significant efforts in history
at coordinating the various parts of the educational
system, Never before have academicians, educationists,
and practitioners so pooled their energies to produce
curriculum materials in such philosophical harmony with
the substance and syntax of the disciplines, The marvel.
ous array of textbooks, manuals. and instructional
support systems has been developed out of the very
best predictions of today’s needs in providing the
scientitic understandings necessary for the fullest and
most eftective participation in this last half of the
twentieth century,

On the other hand, it is now clear that little
optimisin is warranted over the effectiveness of efforts
to implement the national science curriculum into the
daily patterns of most schools. Although millions upon
millions of dollars have been spent upon inservice
training and education programs ostensibly designed and

funded for exactly that purpose, many “alphabet®
materials sutter either interrment under the dust of
storage  shelves  or  perhaps worse, misguided and

inappropriate usage.

The issue defined herein concerns the remaining
work ot effecting real change in school science instruc-
tion through the proper implementation of the national
curricula and their inherent philosophies and pedagogic
strategies. Three points to be discussed are:

I.  that the national science curriculum materials rep-
resent too abrupt a shift in educational expecta-
tions and are incompatible with the basic structure
ot the American school:

2. that the vcollaborative efforts among schools and
universities, initiated in development of the curric-
ula will be vital to the success of their implementa.
tion: and

3. tha' a regionalized concept of teacher education,
hoth preservice und inservice, shows promise of being
an etfective agent of change.

The Structure of the School - .
In his book The School as a Center of Inquiry,
Robert Schaeter (1967) presents a vivid and realistic
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picture ot the workaday wurld of the schoal, Based on
an industrial model, Jhe American schoot of today is a
prodact of an age now past where standurdization of
skills and jobs was of prime importance. The school is
structured as a hierarchy with teachers playing the role
of burcavgratic functionaires replaceable cogs in the big
organizational machine, The schools ®. | are essentiall
educational dispensaries apothecary shops charged witﬁ
the distribution of information and skills deemed benefi.
cial to the social, vocational, and intellectual health of
the immature,” [7] Alvin Toftler writes: “The most
criticized features of educadon to Jay--the -egimenta.
tion, the lack of individualization, the rigid systems of
seating, grouping, grading, and markire, the authori:
tarian role of the teacher -are precisely those that made
public education so effective tor its place and time.
(Toftler, 1970, p. 400)

Being products of the industrial age we have
embedded within our national psyche the idea that the

“industrial model is universally acceptable, is the American

wiay. the way many of us were brought up and thus
remains an etfective model tor education.

Elwood Cubberly articulated this point back in
1916: **Our schools are in a sense factories in which the
raw products (children) are to be shaped and fashioned
into products to meet the various demands of life. The
specifications for manufacturing come from the demands
of twentieth century civilization.”™ (Cubberly, 1916, p.
338)

Whether or not Osgood's cultural lag theory fits
here is speculative. However, the demands of twentieth
century civilization are far different now than they were
in 1916.[1] The school as a social institution and to a
large extent, the educational expectations of many
people, have yet to recognize the need to catch up.

Inquiry as an educational goal for many schools
remains largely misunderstood or is viewed as inappro-
priate, illegitimate. or unimportant. The school is per-
ceived as a dispensary and teaching is thought to consist
of prepackaged information distribution. Furthermore,
the task is perceived as cusy and routine and becomes
most cost effective when working with large groups in
lecture/discussions. Inquiry on the other hand is expen-
sive, requiring smaller groups, and longer times for the
same amount of product, product being defined as that
which is most casily measured.

Pscudo-Authority

Consequent to the view of the school as a dispen-
sary and the pertunctory nature of the task of teaching
is the fact that teachers are given little real protessional
authority. The syllabus, the texts, the schedules. the
lengti of sessions etc. are all controlled by supervisory
personnel. The teacher is expected to work all day, he
sutters from a lack of an analytical and inquiring
tradition and in many cases has been trained through a
vocationally oriented teacher education program.

A type of pseudo-protessional authority does develop
however. Schacfer alludes to the quasi instruc-
tional freedom that develops from the “isolation of
teachers in walled-oft classroom  cubicles.”™ [7] The
teacher has the ability to close the door to other adults
and thereby protect his “kingdom™ from excessive
supervisory control. Through this isolation he enjoys a
kind of autonomy that should not be mistaken for
developed professional authority, He is tree to behave as
he chooses in respect to personal teaching style, or



individuil relations with teachers, so long as he main-
tains a degree of disciplinary control over his classes.

Institutionally deprived in the analysis of pedagogic
issues, the teacher is restricted to 4 mere illusion of
professionalism. Removed from genuine control over his
professional  tife, unaware or uncertain of legitimate
theoretical bases from which to operate, isolated, and
insecute, the pseudo professional lives in a world of fear
and suspicion. He is unwilling to admit to personal
deficiencies, and often chooses to hide behind the
*wall™ of practical experience. His “professional™ con-
cerns are limited to a strong, well deserved. but often
hard-nosed stance on teacher rights. His rhetoric is often
punctuated with cynicism toward those beyond his
reach - the administration, sometimes the students, and
the “ivory tower™ idiots at the university.

Dependency on Authority

One major unfortunate consequence of restricting
the teacher to a pseudo-professional status is the fact
that it strips him of a sense of personal capability for
genuine participation in finding the way.

He is often at once authoritarian and dependent
upon authority from whom he expects answers to be
short, to the point, and without ambiguity. Virtually
nothing in his “professional™ traiiting provides him with
the basic skills of inquiry. More important, nothing in
his preparation provides him with a tradition of inquiry.
The theoretical and philosophical underpinnings which
serve as guide posts in making critical educational
decisions lie outside his realm and render him in a sense
professionally impotent. Three common responses often
encountered when working with secondary teachers and
related to this sense of helplessness are:

I, to develop naive dependence on some authority.
this can lead to difficulties stemming from unreal-
istic expectations from the authority,

to naively reject all authority, carte blanche: or

to vacillate between authority dependence and
rejection of authority on the basis of the quality of
their respective rhetorics or congruence with pre-
disposed beliefs.

These factors: the industrial model of the school, the
vision of schools as knowledge dispensaries, the lack of
inquiring tradition in the school and the supression of
genuine protessional development of teachers are seen as
major influences resisting the establishment of inquiry-
oriented  curricula. Unless this basic structure of the
school is understood, unless the school is radically
changed and inquiry as well as teaching is emphasized,
our national curricula will remain an interesting curio
outside the muinstream of mass education. They simply
are not compatible with the current consciousness of
what comprises a legitimate education.

:J-"J

School-University Collaboration

“There is much of utter triviality of subject matter
in clementary and secondary education. When we inves-
tigate it, we tind that it is full of facts taught that are
not facts, which have to be unlearned later on. Now this
happens because the “lower™ parts of our system are
not in vital connection with the “higher.” The university
or college. moits idea. is g place of research where
wvestigation  is going on, g place of libraries and
museums, where the best resources of the past are
gathered, mamtamed. and organized. It is. however, as
true m the school as in the university that the spirit of
imquiry can be got only through and with the attitude

of inquiry. The pupil must learn what has meaning,
what enlarges his horizon, instead of mere trivialities. He
must become acquainted with truths, instead of things
that were regarded as such fifty years ago, or that are
taken as interesting by the misunderstanding ot a partially
educated teacher. It is ditficult to see how these ends
can be reached except ai the most advanced part of the
educational system is in complete interaction with the
most rudimentary.” (Dewey, 1899, p. 92.93)

The success of the development phase of a national
science curriculum is in large part, a function of the
articulation and collaboration among  persons repre-
senting all phases of the education community. The job
of implementation was left up to the institutions of
higher learning and textbook publishers. Considering the
mass of the problem from the perspective ot the radical
changes in thinking and school structure, the teachers
who were able to receive inservice training were far too
few to create any lasting widespread impact. For all
practical purposes, in light of the money and effort
expended in this direction, implementation efforts over
the past ten years or so have failed.

The most important element affecting the success
or failure of inquiry-based currizula is the professional
quality of the teacher. Further, the most effective means
of establishing a tradition of inquiry and higher profes-
sivnal involvement among the “rank and file™ teachers is
to provide for the close and frequent interaction
between school and university personnel.

Herbert Thelan sees profession as being “com-
posed of people who think they are professional and
who seek. . .to clarify and live up to what they mean by
being a professional.” He maintains that the only way to
generate the profession is through the interactions of the
various parts. “They must give cach other information,
share, experience, plan together and take part in all that
we usually mean by formal and informal communi-
cation. They must also engage in reflective and human
communion that builds the sense of ¢community.”{8]

The successful implementation of inquiry will re-
quire the development of a community of scholar-
teachers who are organically linked to the academic
world through a university faculty (Schaeter 1962). The
teacher must intellectually and physically, be a part of
the curriculum development eftort. No matter how
complete a “‘package™ may be, its full value lies in the
quality of the human intervention of a wise teacher.

The school and university must become active
partners in inquiry. As David Hawkins (1970) suggests,
teachers must not be shown the way. but must become
part of the effort to tmd the way. If the university
assumes a facilitation role in enabling the school to
investigate and deal with its own problems, the school in
return will become a source of research strength, and an
enthusiastic participant in inquiry.

Teacher Education

One of the most fundamental questions now tacing
teacher education is whether or not teuching is a
technical process.[S] For vears, efforts have been made
to define ottective techniques of teaching which clearly
show signiticant advantages as expressed in learner
ditterences. For years the results have been dissappoint-
inglv the same no difference or no replicable ditter-
CHCes.

A technique. as detined by Ellul [3} is a standard-
ized way to achiceve a predetermined end. In spite of the
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current noise surrounding the issue of competency or
pertormance-based teacher education, few if any clearly
defined and mweasurable skills of real significance have
been recognized. tn fact, recent studies of the subject
show that no entirely satistactory description of pertor-
mance-based teacher education has been formed. [2]
From all appearances performance-based teacher educa-
tion can be defined as “a slogan system in search of
tollowers,"[§]

Teaching is not a science in the sense that it
comprises theory with reasonable powers of explanation;
or in the sense that there can be defined a single correct
way to accomplish a thing. Unfortunately many pro-
fessors of education pretend to know what the tech-
nigues of teaching are and create false expectations on
the part of students who come to their classes expecting
to have the closely guarded secrets revealed to them,

On the other hand, we can define the science of
teaching as being the continuing and dynamic search for
creating more effective learning environments.

Teacher education must become less concerned
with information and techniques already discovered and
become fur more interested in the strategies for acquir-
ing new knowledge. We must consider our goal to be the
preparation of beginning protessionals who puossess the
trained capacity and attitudes necessary for lite-long
learnings, not the production of polished practitioners.

[71. [6]

Preservice Teacher Education

The academic preparation of' the scholar-teacher
should include philosophy in the form of epistemology
and the philosophy of science. It should include under
psychology: research methodology. experimental design,
observational techniques, and measurement, Educational
socivlogy  would  be  another important component
through which the perservice teacher would discover
analytical tools tor understanding subcultures and pupil
characteristics. In place of the methods of teaching
where one talks about techniques, there should be
laboratory  experiences and  apprenticeships in schools
winch in turn should comprise the critical analysis of
teaching behaviors uand the logic of pedagogic strategies.

In short, the beginning professional should enter his
field with a tradition of inquiry, a notion ot the pressing
questions facing him, and a felt responsibility to engage
in a continuous search for ettective means of interven-
tiont with curriculum tor enhanced student learning.

Regionalized Teacher Education

Traditionally, many problems interfere with eftorts
of educationists to gain greater access to the arena of
practive  the schools. Strangely, the respective missions
of cach are often pereeived us incompatible rather than
complementary  and mutually supportive. There is a
perceivable  credibility  gap  between the school and
university that may reflect the gap between theory and
practive.

A model of schooluniversity  collaboration  that
shows some promise of affecting the interface between
these parts of the cducational svstem is foand in fowa.
In 1972 the University of lowa with the financial
support of the National Science Foundation initiated
coneept of teacher education known as Project ASSIST.

Simply stated, the basic goal of Project ASSIST is
to enhance and turther the articulation  of  thought,
manpower. and mission berween the schools of loway,

the State Department of Public Instruction, and institu.
tions of higher learning in an etfort to improve science
instruction.  From its inception ASSIST defined
ultimate goal as the improvement of science instruc
through the creation of a spirit of cooperation
common mission with the schools of the state. It is a
fluid concept that becomes defined operationally at
local and regional levels on the basis of negotiation with
school officials, Its purpose is to define the needs of the
schools and to provide mechanisms whereby those needs
can be dealt with. The program seeks to facilitate the
professional development of practioners and to assist
them in implementing the programs they and their
schools perceive as being worthwhile within the context
of their local situation,

Regional Involvement

A basic premise of Project ASSIST is that persons
closely involved with siudents and classroom activities
need to play a major role in (a) the development of any
new approach to the implementation of effective science
programs and (b) preservice and inservice efforts to
dewelop teachers with the pedagogical skills and philo-
sophical equipment to teach them.

A regionalized concept comprising 18 centers
throughout the state was adopted. Key leaders were
selected from the ranks of teachers and science super-
visors in each of the centers to serve as coordinators of
ASSIST programs. The programs are designed in re-
sponse to defined needs within each of the respective
centers and include needs assessments, program evalua-
ting, inservice teacher education, preservice teacher
education, and community involvement. The regional
coordinator is 1 member of the community the center
serves, has ma.ay personal and professional contacts
within the comnunity, and works to ensure that center
activities are indeed responsive to the needs of that
community. The regional concept has had major impact
simply because it has provided a mechanism through
which teachers, administrators, students, and community
representatives can participate in the definition of needs
and become a part of the effort to meet them. Thus
plans developed at the regional level are congruent with
local expectations,

The Regional Center concept has allowed a greater
involvement  of school personnel in the process of
inquiring into their profession. Conferences and meetings
comprised of teachers and administrators served to focus
on professional concerns, and the eftectiveness of exis-
ting programs, and have resulted in a “‘tooling-up™ to
meet newly recognized demands. Two major curriculum
areas  widely defined have been elementary schouol
science and environmental science. Inservice programs in
the form of workshops, minicourses, and extension
courses have been developed in many regional centers
with university assistance and personnel. New lite has
been sparked into curriculum development and imple-
mentation, throughout the state.

A major benetit of the developing close-working
relationship between the university and the school at the
regional level has been the development of a new avenue
for genuine professionat involvement by teachers with
the support of the university threugh formal training
and consultant services, and most important, the oppor-
tunity to share conceres with both university personnel
and colleagues both across the hall and across the streer,



Cooperative Effort

Fmbedded within the notion of Regional Centers is
the concept of sharing the tinancial burdens associated
with ASSIST programs. The regionalization of services
contains many cconomic  advantages related to travel
costs ard resource sharing that will allow the Project to
become selt sufficient as it must, it it is to carry on
bevond the period tunded by the Nationul Science
Foundation.  Further, as « philosophical paint, it is
believed  that to be receptive and effective, progrums
require the commitment and financial participation of
all involved participams. Things offered for “free” are
generally devalued in the minds of the recipient, often
interfering with tull involvement.

Preservice Goals
The increased communication capability developed

through  Project ASSIST has tunctioned to enhance

preservice teacher education in many ways,

1. Interaction Among Statewide Resources. Meetings
and discussions catalyzed by ASSIST have identified
the human and material resources scattered
throughout the many colleges and universities with-
in the state. Areas tor possible sharing of resources
to fit regional needs were outlined.

2. Identification of Master Teachers. The closeness to
the “grass roots™ allowed by the regional structure
of ASSIST has greatly aided the recognition of
programs and of outstanding teachers who are willing
to serve as human resourees,

3. Administrative  Arrangements. The Project is ex-
ploring means of creating administrative or contrac-
tual arrangements between schools and the univer-
sity which better serve the needs of the preservice
teacher and the school. An example would be the
arrangement between the Sioux City schools and a
local college where muaster teachers are given release
time to participate in a college science methods
course in return for the assistance afforded by
teacher interns.

4.  Commumication. The enhancement of communi-
cation _between schools, the university, and the
State Department of Public Instruction has been a
major accomplishment ot the project to date.

S.  Certification Criteria. The improved communication
capability and newly recognized goals and needs
have stimulated a scrutinizing of the appropri-
ateness of present certification criteria.

Inservice Teacher Education

The inservice component of Project ASSIST prom-
ises to be one of the most important, Clearly. one of
the goals of ASSIST is to provide continuity between
preservice and inservice teacher education. The early
identitivation of practioners willing to work toward the
development of new teachers has already been a re-
warding and effective mechanism for enhancing the
professional growth of both. Theory and practice come
closer together through the harmonious working rela-
tionship ot a university student and an *Old Pro.” To
date ASSIST has functioned to create summer curric-
ulum development workshops comprised of teams made
up- of u practitioner, a preservice teacher, and a graduate
student. They developed o new kind of wholesome relsi-
tionship based  upon mutual respect for the comple-
mentary shills possessed by cach team member. Plans for
the mclusion of preservice teachers in the implementation

ol the instructional packages they helped to develop are
now being finalized.

It is important to stress that in Project ASSIST
inservice needs are determined at the regional level. The
school and the university negotiate the nature of the
program on the basis of the need perceived and the
resources available. Teachers within the region play an
important role by coordinating and by helping to define
the design of workshops and other inservice activities.

To date, research involvement of regional personnel
has been restricted to the collecting of data for a major
needs assessment project associated with the project. The
enthusiusm and cooperation of school personnel in this
etfort create an anticipation of their greater involvement
with future research programs within the schools, thus
coming oue step closer to the development of &
completely viable and lasting professional relationship
between the school and the university,

The beginning steps tuken towards greater integra-
tion of the school and university have promise of creating
real change in the pattern of science education in lowa,
The national curriculum projects are being implemented
in a professional manner by professional practitioners
who understand their value and can articulate their
worth in terms understood by the school and the
commutity.

Preservice teachers are experiencing the problems of
real world teaching through curriculum development
efforts and clinical internships with cooperating teachers.
Administrators and community leaders are kept involved
with current questions relating to the regional educa-
tional needs in light of curriculum trends. The eftfect on
kids in classrooms? Time will tell.
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SESSION N

HUMANISM, SCIENCE, AND EDUCATION

David H. Ost. Associate Professor of Science Educa-
tion, California State College. Bakersficld

Learning theory has been dominated in recent vears
by the behavioristic school of psychology. The emphasis



has been on observiable behaviors rather than thoughts
and Teelings, on extrinsic pressures rather than intrinsic
motivation, and only on those concepts, no matter how
trivial, that can easily be evaluated. This influence on
positivistic behaviorism has resulted in learning theorists
and other persons o education emphasizing behavior
rather than mind.

Basically the humanistic movement is an attempt to
consider the individual as a unique person with the
ability to experience and interset with reality. This
uniquely human ability has resulted in the development
of attributes which provide man with behavioral quali-
ties that are the basis of cultural evolution. Choice,
sell-discipline. imagination, introspection, self-criticism,
and  thoughts of the future are but a few of the
characteristics unique to man,

Perhaps the most basic theory of humanism is that
the individual has internal components which aftect
perception,  thought, feeling, and, most  important,
action, Murray and Kluckhon describe some internal
components which might be classified as basic instincts,
[26] Maslow delineates a hierarchy of needs, [23]
Factors such as lite styles also have causal influence
upon perception according to Maslow [23], Allport [2],
and Murrav [25]. but must be learned. This is not to
say that external fuctors, us ascribed to by behaviorists,
are inconsequentizl but rather that human interaction
with the environment must be considered as a function
of internal forees. Cultural and sociological forces, such
as peer group and role pressures do not exist outside the
experiences of the individual but interact in a complex
nanner with the internal compuonents. '

One of the theories of humanistic psychology of
special interest to educators is that of the hierarchy of
needs and subsequent forms of gratitication developed
by Muslow. This theory is presented us a representative of
a basic thrust of humanism throughout the remainder of
the paper. (This is an oversimplification.)

According to Mastow, the individual progresses
through the hierarchy (psychological, safety, belonging-
ness, self-esteem, and self-actualizution needs) beginning
with the most basic biological needs. Before the person
begins to feel the safety needs and to react to them, a
majority of the physiological needs must be gratitied.
The individual does not necessarily gratify the needs at
one level completely before feeling the needs of a higher
level, There may be some gratitication of a higher level
need betore a more basic need is fully gratified. In any
case, this hypothesis is a useful basis for a4 conceptual-
ization of humanis ic psychology.

Humanism is not merely a pleasure principle as
Smarr and Escoll would have the public believe [32].
Hunumism provides the science teacher a basis for better
understanding the student, the interaction of individuals.
and society with scientific knowledge and processes, and
the Kind ot education students will need to accom.
modate to a rapidly changing society largely influenced
by science and technology.

Science is an intetlectual tool created by man as a
result of s interaction with his environment. Although
it may he true that laws, concepts, and general under-
standing are results of science and are founded on
reainty. their interpretations are a function of the mind
of man. The humanists would  suggest  that  man’s
perception, conceptudl thought, and inferences are all a
tunction of internal components which determine the
individual’s response.

The purist who rejects this position and maintains
that science is completely autonomous is also saying

~that science is nonhuman, divorced from values, and

intrinsically worthwhile, (A conclusion to be drawn
from the related rationale of’ “basic rescarch for the sake
of research™ is that even the most trivial research can be
impressive when only methodological criterfa are ap-
plied.) This mind set, this religious doctrine, states that
value judgments lie outside the realm of science, vutside
the realm of knowledge and understanding. This doc.
trine has tostered a public antiscience attitude.

Science may be objective, amoral, and self-
correcting. The scientist and science educator, however,
do operate within a value system which is neither
objective nor self-correcting. Science is not generally
considered humuanistic  [34]. however, scientists and
science educators can be. A student of science can learn
to base decisions on hard data but must also be aware
of the significance of his perception as well as related
factors such as how the subject under study was selected
or what biases determined what data was collected.

Before the current philosophically rigid attitude
developed, early science was a means of responding to
the basic needs of man primarily inotivated by devotion
to and love of people. Much of science was related to
medicine or to explain phenomena muan experiences,
Science now deals with a plethora of abstract areas far
removed from the lives of man. It might be legitimate to
ask the question, of what value is science to the
individual?

Science offers the individual a systematic mechan-
ism for objective anulysis of reality, the reality of the
individual. For example, science might be a vital process
for value clarification. It is insufficient to simply ignore
values. What is perceived and how it is interpreted is of
importance to cach individual and his subsequent action.

To expand, if Maslow's theory of the hierarchy of
needs is correct, one might test one’s owr: action against
the theory in a scientific manner. Not only would such
a systematic approach to introspection provide data for
understanding self but also the understanding of other
persons. The needs are theoretically the sume for
everybody: the meuns of gratifying those needs may be
different for each individual. The behaviors of the
student of science, the teacher of science, the profes-
sional science educator, and the scientists are all func-
tions of the hierarchy of needs and subsequent gratifica-
tion.

Muslow und others [4], [7}. [28] have suggested
that science can be a path to the greatest fultillment and
self-actualization for an individual. While it is true that
science is only one means of attaining knowledge of the
natural, social, and psychological aspects of reality, it is
perhaps the one most potentially available to the masses.
The public apparently conceives science as a lurge body
of knowledge. It must be clurified that science is not
only a collection of static intelfectual constructs but also
a dynamic method of understanding appropriate for the
perception of sclf.

There are many ambiguities of science which are
significant. particularly as related to humanism. Al-
though science is not itself a value system it is a
function of values. This notion is particularly  well
developed by Bronowski {S], Mastow [23]. und Barber
[4]. Rationality, utilitarianisi, and meliorism are cul-
tural values which have a positive congruence with the
operations of science. In essence, the position from
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which anyene operates is @ priori, determined by a value
systent.

Another ambiguity of science is that characterized
by Cohen [9] when he wiites, ... it is not only
analytic: it has a synthetic character as well ** Science
forms a framework in which one attempts to learn bits
and picces of reality through an analytic approach to
the separate inquiry structures, At the same time science
also is the process of synthesizing such bits and preces
together into an objective picture of reality. It is this
latter component of the nature of science which is most
usetul to the nonescientist, {1 is not enough merely to
provide an individual with the intellectual tools to
dissect his life, to identity needs, drives, and other
factors of self. One must abso learn to assemble these
hits of information into an acceptable, objective, and
hedistic view m oorder to make decisions about the future
i arealistic manner.

In science, as well as in technolgic studies, a basic
shill is that ot optimization. Otten g decision must be
made based on the data available although the researcher
knows the theory or answer developed may not be
correct or sutticiently retined. Theretore, a solution or
theory s alwavs open to refinement as new  data
becomes available.  Optimization is part of the selt-
correcting aspect of science and allows for growth,

In humanistic  terms, optimization is particalarly
significant as related to the sddf. Bt is o unique sensation
for members of the Amencan public to believe that
what one Joes s worthwhile. Acceptance of self is not
casy. Glasser puts it very bluntly when he writes:

Therefore, all svmptoms, psychological or psychoso.

muatic and all hostile, aggressive, irrational behaviors

are products of loneliness and personal failure. [16]
Although  Glasser  would  deal  with  such  problems
through behavior moditication techniques, [15] it is
important to point out that for many individuals needs
are untultilled. Such individuals must learn to deal wich
reality inan objective mameer. Willers [33] has inger-
preted Glasser to mean that being human results in the
rediscovery, redefinition, or reveritication of what it
means to be free. and to work with, enjoy, and
cooperate with others.

Humanism places emphasis on the development ot a
strong selt-cancept. This idea s very important but it is a
static concept. Singer speaks of the “*future-focused role
image™  [31]  which is somewhat  similar  to the
self-actualiang  concept o Maslow, Both ideas are
predicated on the ability of the individual to assimilate
new data and modity his position accordingly. This is
optimization ol the level of the individual. Persons who
have learned this skill will be better prepared not only to
daecommodate 1o the tuture but to make inferences and
predictions as to their roles in the tuture.

The most recent large scale science  curriculum
movement prntarily  emphasized discipline-oriented  re-
seateh techniques and learnmg-mquiry
specttic disciplines, The current move ot the curricalum
pendulum v hack 1o problemecentered  teachimg and
lesrmng stregies as well as to g more socially usetul
undenstanding ot science. The Report of the Fstes Park
Conterence 297 15 o call fonasehool progran whicly s
not only problemecentered but based on problens real to
the student. The contecees caim that such an approach
would be more meanmetul to the students, mterdisci-
phany i nature, and resalt inanceased lewmmng through

structures  of

application of skills in the development of solutions to the
problems.

Curricula are in constant states of modification,
rewrite, and renewal. The criteria for determining the type
of change is based largely within the structure of the
discipline. Factors such as critical thinking, scientific
problem solving, science, and society have been included
among goals for new curricula since the late S0’ However
implementation etforts of such curricula focused on the
discipline.

In recent years increased attention has been given to
humanism and the science curricula. The Environmental
Studies Program |13} is one which explicitly deals with
humanistic theory and its refationship to the teaching-
learning environment. Concern is exhibited throughout
the materials for the individual and his experience and the
needs of the teacher as well as of the student.

Returning to Maslow, if one makes the questionable
assumption that the majority of students have most of
their physiological needs gratified (and in many parts of
this country and the world, this statement is indeed
questionable). then it follows that satety needs are the
next to be identified. It is here that the curricula of the
60's. with their emphasis on discovery. inquiry. and
openness  encountered  ditficulty in acceptance. If a
student has needs of structure, order, and limits which are
untulfilled. then it is difticult, if’ not impossible, for him
to function in an environment which seemingly does not
provide for those needs. Perhaps that is why revisions of
many ot the curricula have resulted in increased order,
structure, and limits in their respective materials. The
inability of teachers und others (including students) to
satisty personal psychological needs explains at least a
portion of the lack of acceptance of the more “open™
clementary curricula in favor of the more structured
programs.

This phenomena is also of interest in analyzing the
writings of science educators such as Romey. {30] These
authors have intuitively or by some other means begun
working to provide mechanisms which result in the
gratification of  higher order needs. Again, it I am
interpreting Maslow correctly, «nd if his theory is correct,
then it follows that the “belongingness and self-esteem™
needs must be in a large part tulfilled betore the student
(or teacher) can begin to develop his full potential,
whether that be critical thinking, ereative thinking, or
simply becoming a thoughtful scientifically literate
citizen.

It is ditticult it not impossible for teachers and
col'ege professors te asvist students in tfulfilling their
various needs when the instructors have not yet attained
grat fication of their own lower level needs. The teacher
who still needs respect through authority, the professor
who is not secure in what he is doing or certain why he is
doing it. will have difticulty in creating  leaming
environments which will encourage growth in students.
Reterences {6}, [13], [30] suggest sources tor macerials,
technigues, and models which have been developed and
tested to help teachers deal with their own needs, as well
as to develop skills which will be usable with students.

The Amencan Association for the Advancement of
Scicnce in the national  publication  Guidelines  and
Standards  for the  Fducation  of  Sceondary School
Tcachers of Science and Mathematics 3] has recogmeed
the significance of the hunumstic movement in science
teacher education, The tirst Guideline ot the document
shites’



Teacher education programs should provide exper-
iences that toster continuous growth in those human
gualities of the teacher that will enhance learing by
his students.

A. A teacher should show sensitivity to
students,
B. Teachers should have self-esteem and

contidence.
This statement and the information given in the
supporting text clearly indicate that the concern for
humane science education is more than the reaction of a
few concerned radical educators. The humanistic move-
ment has become an integral part of science education and
science teacher preparation,

Selt-actualization and teacher characteristics is an
active area of research. It has been shown that
self-uctualizing teachers demonstrate more concern for
students. [27f Self-actualization as a teacher attribute has
been related to critical thinking done by students. [8],
[12] Teacher behaviors of various types have been related
to self-actuahization. [10] Most researchers suggest that a
change in teacher selection and education is in order.
Factors related to humanism are significant and should be
given serious thought,

The current widespread concern for factors such as
belongingness, self-esteem, and self-actualization could
not have come about unless a large number of individuals
had risen to and gratified those needs. Teacher education
programs will respond to the gratification of these nceds
only at the rate staft essentially fulfill the more basic
needs. Then and only then will truly humane teacher
education programs exist.

The fact that increasingly large numbers are searching
for a success identity is evidence that social institutions,
primarily the schools, have provided their participants
with neither the necessary skills to deal with reality nor
the necessary experiences to achieve gratification of
needs. Few individuals have the ability to judge honestly
what they are, what they are doing, or where they are
going,

Adults have recognized the failure of schools to
respond to the needs of young people. The result has been
the establishment of g host of alternative schools, A
special issue of Harvard Educational Review deals exclu-
sively with this topic. L is suggested that the rise and
growth of these programs oceurred simultaneously with
the widespread humanism movement. [17] Pressures
which brought humanism to the forefront include: the
birth rate, the impact of scientific development, tech-
nological skills. accountability, heavy concentrations of
urban populations, increasing militancy of all members of
the educition community, and the broader involvement
of all persons in decision-making related to education.

These same  pressures mitigate against widespread
suceess of **third torce™ objectives. Harold C. Hunt has
predicted that responses to such pressures will include: a
lengthenmg of the school day. decreased teacher-student
interaction, extension of school years, both downward
and upward, with an increase in structured preschoo)
programs  and  the addition of grades thirteen  and
tourteen, [21}

Sovietial pressures may be moving schools toward the
ends predicted by Hunt, However, it is essential to heed
the warning ot John Holt,

Since the jul tunction (ot schools) is not a humane

funcion and works against the humane task of

helping learnimy and growth, since we cannot at the
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same time and in the same place be in the jail
business and In the learning business, we must get
ourselves out of the jail business, [20]
Schools should not be considered as a perfunctory
mechanism to husband human resources,

Although such pressures and forces do exist it should

“be remembered that the function of schools is to

educate -to prepare our youth for their life as the next
generation. Schools, curricula, and administrative deci-
sions should be in response to the needs of youth, not the
problems of adults.

As societal objectives continue to fragment, with
parallel fragmentation of value systems, the significance of
value clarification as related to science will take on
increasing importance. Harvey suggests that teachers of
science begin by examining their own values and beliefs.
[19] Science will take on a personal value to the
individual as attitudes and conceptions are clarified. It is

~ then that the science teacher will be able to deal openly

with values in the classroom, the laboratory, or in
everyday living, Such an approach has been of highest
priority in the minds of many science educators. [1],
[18], [22] Science teachers trained to deal with values,
will more readily be able to help young people through
years in which the developing value system is most fragile.

Science education curricula and purposes must
accommodate changing school structures, whatever they
may be. It is essential that modifications and subsequent
programs be thought through and developed now. If
chunges in the schools are imminent, then today’s teacher
education programs should reflect the needs for tomor-
row’s science teaching. If the future is undefined then
science teacher education should have built into it 2
mechanism to help teachers accommodate to as many
forms of change as anticipated.

Science and humanism can be the prime vehicles for
assisting future science teachers to accommodate to
change. If the science teacher uses what Dewey describes
as a scientific habit of mind [11] to view himself, he will
be in a better position to optimize about self and even
predict his role for the future. An understanding of needs
will foster his own growth, thus enabling him to bettes
work with students and their needs. The self-actualizing
future-rule oriented science teacher will be a vital ingre-
dient of education in the future,

Although specialization is perhaps biologically,
socially, and intellectually necessary, it is not known at
what level or to what degree specialization should vccur.
Should science teachers be trained only to canalize
youngsters into specific disciplines of s¢ience? Should
science teachers be trained to function only as science
teachers? I believe that the answer to both questions is.
positively not! Even though one becomes a specialist he
should retain or attain the capacity to function as a
generalist, The needs of society are changing, the future of
schouls is in question, and certainly the role of the science
teacher will be modified. The Association for the
Education of Teachers in Science might heed the words of
John W, Gardner, ... in a world of change the versatile
mdividual is a priceless asset.” [14] The ditliculty, is, of
course, in educating the “versatile individual.”

The most likely way ot producing the individual with
versatility is to foster those qualities which allow him to
be creative, independent, and selfereliant., These are
qualities that are represented in Maslow's hierarchy of
needs as resulting only when the individual has reached



~ the ability to selfaactualize. Only then can the full
potential of the individual be brought out.

If one aceepts science as a signiticant path to man’s
tultitlmen and selt-actualization, it becomes importiant to
consider science teacher education in a new and difterent
light. Instead of having a past orientation or conscious.
ness, tuture pereeption would serve the science teacher as
an adaptive mechanism, As the society continues to evolve
beyond the capacity ot the educational system to change,
the humanistic science teacher would more readily be able
to help young people function in an unstable environ-
ment.

How do we educate such super science teachers? I'm
not sure. But more expusure to open curricular materials,

not less, would help. Greater concern on the part of

teacher educators tor fostering their own growth and
ability to selt-actualize, rather than tor maintaining the
comiortable status quo, would help. A lessening ol the
coneern tor schooling, with greater emphasis on
education, would help. A breaking down ot the calcified
compartmentalization of science would help. Nourish-
ment of those qualities within man that make him a tree
and morally responsible being, would help. Realizing that
the self-actualizing individual never feels he or she **has
arrived ™ or “*has it all together™ is the major prerequisite it
one is to address one’s selt to the issues raised. [t is then
that it becomes clear that: society is not a machine that
need only be maintained. It is then that humanism is seen
as the prime ingredient of an educational system which
provides a society with individuals which continuously
recreate it in response to a-changing environment.,
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SESSION O

SCIENCE TEACHER EDUCATION:
WHOSE RESPONSIBILITY?

Donald . Ring, Science Coordinator, High School
District 214, Mt. Prospect, lllinois

The question of the responsibility tor educating
teachers of science is really misdirected because by any
measure the responsibility ?ws to be to be assumed by the
individual being trained. What agency can best assist in
providing the experience and insights which are most
beneficial to achieving the skills necessary to teach
science” Traditionally there has been a separation of the
activities edach institution would provide as its share of the
training. The college has taught the general and specific
subject background and theoretical portion of the student
teacher's professional preparation, The public school has
been the location tor the practize which was felt necessary
to his professional development. Deviation from these
roles has occurred in field experiences, in observation, or
in mini teaching, but very little has been done to integrate
the college and public school portiors of the professional
education of a student teacher. This distinction can also
be made about the education of practicing teachers.
Extension and summer school course work accurately
describes most college involvement in the inservice
education of teachers.

The position of this author is that the education of
all teachers, whether preservice or inservice, should be the
shared responsibility o1 all agencies which have a
legitimate interest in its outcome. In reality, these
agencies consist of the student teachers, the students
served by the public schools, the communities which
provide these students. the school staff, and the college
staft. The institutions whicli represent these constituents
would be the university and public schools forming a
cooperative. where  both have equal opportunity to
contribute to the development of the individual strengths
of a teacher. Primary requirements of such a cooperative
would be the mutual trust of the participants and an
acceptance of their legitimate interest in the entire eftort
of preparing one to be a teacher. Teacher education must
be a shared responsibility.

One of the major strengths ot any teacher education
program is the extent to which it is capable of assisting
students to achieve their potential. In a self-actualizing
approach to teacher education the student is encouraged
to seek as extensive an understanding of himself and his
relationship to others as is possible, From this perspective,
changes in behavior are seen as the result of experience
and interaction,

Regardless of the ditterences in educational philos-

ophy, the development of the prospective teacher as

4 person is an essential responsibility of any teacher

education program. Vicarious experiences are desir-

able and even indispensable to the understanding of

self and others, but if insight is to be translated into
behavior, prospective teachers must be helped to

21

interact with themselves and some of thelr teachers

as openly and honestly as possible. The process is

continuous amd  painful, Only through open and
honest confrantition with sell’ and others can the
possibility of growth be enlianeed.

v What s called for is i shift in emphasis from a

currfeulum  characterized by reliunce on external

responsibility for growth to one characterized by
personal responsibility for growth, and from a curs
riculum characterized by talking about ideas, values
and qualities to one characterized by the discovery
and development o jdeas, values and  qualitios
through personat fnvolvement in real and open relu.

tionships and experiences. {16]

The disparity that exists between theory and practice
in teaching has frequently been identified as a4 major
problem in producing etfective teachers. [13] The
viriations in teaching science in the public school as well
as the lack of implementation of new teaching techniques
in college make it difficult to transfer the concepts
developed in methods classes to the reality of public
school  classrooms. Gallagher 7] suggests that g
significant portion of elementary and secondary school
people have difficulty in reasoning from principles and
abstractions to actions, and in conceptualizing Juta and
experience from real-life situations.” He concludes that
science teachers need experience in conceptualizing and
reasoning from principles since this skill is a fundamental
part of the scientific process.

Whether the failure to find relevance and actual value
in the theories commonly taught in methods classes is a
result of the disparity between the college and public
school experience or the inability of teachers to exhibit
skills in formal reasoning does not detract from the point
that a viable teacher education program must enable the
participant to see the relationship of what he leains while
in the program to what he needs to know during his
employment as a teacher. Jackson [8] points out that the
conceptual language of teacher education must not
contradict the teacher’s sense of reality if it is to have
both explanatory and descriptive relevance. Opportunities
to apply many of the ideas one has been introduced to in
a methods class are often lacking, That is, at least in part,
due to the separation of the college and public school
institutions.

One of the major causes of the separation of
institutions in contributing to teacher education is the
often assumed distinction between practice and scholar-
ship. Stater»»nts such as “Teachers are educators, not
educationists. Their competencies are with children, not
with theoretical designs for education™ [14] imply an
inability of the practitioner to make significant
contributions to the conceptual framework of teacher
education. This kind of thinking has resulted in the
assumption of rescarch as the prerogative of the university
and caused the public school to minimize the evaluation
ot its efforts. The effect has been tor the public school to
allocate small amounts of money to research and the
university to find it difficult to apply the results of its
experimentation to realistic situations. The separation of
scholarship from practice has been a great dis-rervice to
teacher education -where, in fact, this distinction needs to
be minimized.

The question of who is to be responsible for teacher
education may soon be academic. Given the present state
of teacher militancy, and the ability of teachers to
influence legislation controlling entry into the profession.



it would appens that there will soon be vast chunges in the
certitivauon faws. To exclude teachers fiom this provess
simply: dues not make sense, Their contribution should be
4 strong ome bised on the legitiniey of their involvement
and the competence they possess in develaping a teacher
eduvition program,

A similar pressure being exerted on teacher edugition
is the desire of the public that educiators be held
avvountable for their product, Koran [9] puints out:

Indeed. i we describe the output of g teacher

education progrin in terms of )whv]k. hecoming,

seerrity and aeceptance, meanings and subjecivity,
we are deseribing soctalization rather than teacher
aducation and find ourselves with no justitivation tor
creating the institution of teacher education for these
purposes ., .., The ambiguity of these goals or
procedures has permitied a stoppiness in the teacher
education enterprise which the public cannot and
will not tolerate.
To reflect that education is a socializing process may be
decurite but to limit its definition to such a large context
without specitving outcomes is a luxury we camnot attond,
John Hesey's observation that school is not fust learning
about lite it is lite itselt” is an appropriate deseription of
teacher edaettic. as well. However, to deseribe the
expectation: we have for people we are recommending for
inclusion in the teaching protession in nonsspeeitic terms
18 to do a disservice te them as well as to the public.

The emphasis on accountability that has been laid
upon the teaching protession has contributed to owr
development of competeney  based  teacher education
prograns,  In the arguments which have been made
regarding CBTE it is inteiesting to note that virtuatly
nobody had advocated tha: teachers should be excluded
from the process of identitying acceptable teaching
behaviars, The logic of including participants in any
deseription ot the activities of’ the profession seems
obvious, To exclude them from this process will not only
result in a fess valuable  produet, but also, it will
perpetuate the separation ot theory and prietice,

The argument that the preparation of  scienee
teachers shonld include eirly experiences with students is
extensive and not new. This position is supported by
Koran (1973), the AAAS guidelines (1961 and 1971).
Gallagher (1973), NSTA (1969) and others. The UPSTEP
program at the University of lowa [17] is an example of
an extensive effort to provide carly experiences with
students  tor prospective science  teachers, The trend
toward carlier lichd experiences indicated that it will be
beneticual to fonu close associations with the schools and
community in satistying  the  protessional  preparation
requirenients of teachers,

The deas which have been advanced in the first part
of this paper argue for g combined eftfort in preparing
svience teachers, Practicing teachers have a fegitimate
interest in who enters the profession and how ther are
prepared 10 make a positive contribution and to provide
the tesources which are necessary for presenting the most
realistic instruction possible to student teachers, Howeve.
the powmt should be made that these contributions are not
Inated to practicing teachers and are equally attributable
to college personnel. The distinetions between college and
high school teachers are more organizational than they are
descriptors of competence.

The primary  conditions i forming  the type of
cooperative arangement advocated in this paper are:

1. An attitude of trust on the pait of each member

toward hix own and the utlier members' conteibue
tions to the preparation of eachers.

2. A aceeptance of the legitimate interest of all
members in the preparation of teachers,

3. A willingness of all members to share resources and
to invest some of them in the preparation of
wichers,

4. The production of an effective program of teacher
education,

Faiture to observe the first three ot these conditions will

result in g program which is exploitive of some of the

members, Failure to observe the fourth will vesult in no
program siwe students will elect to remain in o traditional
eyuenee.

The creation of a “new Bartnership arrangement™
[18] is not sutficient o guarantee the development of an
eftective teacher education program. The willingness of
the university stat? to change some of its traditional roles
in preparing teachers and ot the public schools to aceept
some responsibility for this activity are not sutticient to
produce a viable cooperative. An effective cuoperative
teacher education program will exhibit the following
characteristies:

1. The program offers the student alternatives in the

activities he follows and the people with whom he

warks.

The curriculum  provides experiences which en-

courage the discovery and development of ideas,

values, and qualities through personal involvement in
real situations, Provision is made for experiences
which encourage personal growth,

3. The student teacher mukes use of a wide variety of
resoutees including some ¢ontact with age groups he
does not intend to teach.,

4. The cooperating institutions have dual staft .ppoint.

ment, College and public school personnel contribute

equally to - program  planning and to decisions
attecting the operation of the cooperative,

Recommending a candidate for certitication is done

from the cooperative rather than from cither of the

institutions wlone,

6. Inservice and preservice training are integrated, The
role of the university statt in inservice activitics is
much larger than it is in the traditional program.

7. Methods and other professional courses are taught at
the public school site using a programmatic, i.e.,
experience-based rather than didactic format,

8 The program is sufficiently tlexible to provide
undefined options to the student teachers and to
encourage change within the cooperative,

0. There is relative independence from the burcaueratic
structures ot the institutions involved.

10. There is a willingness on the part of the staf to share
in contributing to the success of the student teacher,

I1. Supervision of student teachers is largely done by

public school statt,

2. Support is derived from all participating institutions,

3. Grades and recommendations for student teachers

are determined by the perssmnel most responsible for

the activity being evaluated.

14, There is some fornal commitment ot the institutions

to the cooperative center: g, contract, dual stat¥

appointments, budget allocation ete,

The field experience will extend over a period which

is longer than the time allowed for student teaching

under the traditional program.
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The cooperative model characterized above is not the
only description avaitable, Eastman's model {§] empha.
siees eutly experiences and a prescriptive type curriculum.
The Portland, Oregon, Urban Teacher Education Project
[12] has a heavy involvement in minority group and
urban teaching. Marker [10} and Clark (3] ofter
variations in location, program, and length of time. Drozin
[4] reviews an NSE supported inservice cooperative
spevifically to upgrade physics teaching. ldeally, enough
couperative relationships ot a distinetive character would
be entered into by a college to offer a variet

this approach would be the opportunity to isolate a few
virigbles in teacher education and to establish centers
where these variables could be jmplemented and tested
more discretely.

The benetits tfrom shated responsibility of teacher
education can readily be predicted from the character.
istics listed previously. Some of these would tall in the
category  of  tulfilling legitimate interes:s, increasing
resources, and  providing more  realistic experiences.
However, the purpuses of this paper are better served by
describing a suvcesstul model of a cooperative center -the
Cooperative Teacher Education Program (UTEP).

CTEP began in 1971 as an informal cooperative
between the University of lllinois and High School
District 214 (a district of eight high schools in the
suburban Chicago area ot Arlington Heights). Initially
student teachers from science, mathematics, English, and
social studies were enrolled. Since that time it has
expanded to  include Northern llinois  University,
Northeastern Illinois  University, and five feeder ele.
mentary school districts (25, 21, 23, 15, and 59). The
program has also expanded to inclvde student teachers
from most subjects commonly taught in high school.
Since its inception, over 430 student teachers have
participated and have been recommended to teach in
secondary schools. The participants spend a full semester
in the program and receive credit for the professional
education component of their preparation including
subject and general methods, history and philosophy, and
when needed., educational psychology. Titles only serve to
fill the university requirements for graduation as one
cannot distinguish program activities or participants on
the basis of receiving credit in a particular course. All
students live within commuting distance of the public
school area and are in the schools for the tull 16-week
program.

The nature of the cooperative requires that each
institution commit staft to the program. The roles of
supervision and instruction are primarily assumed by
personnel from the public schools. The university staft has
direct involvement with the inservice activities ot the
district, As part of the university commitiment, tuition
waivers are provided to the public school statt tor
graduate level course work. Program planning is the shared
responsibility of the university, public school, and student
teachers. After completion of the program, students are
recomitended to the state of Hlinois for certitication
through the university where they are enrolled. The
program is basically operated from subject-area groupings,
but interdisciplinary activities are encouraged as students
select alternatives. All participants have contacts with
elementary or junior high students by either observation.
tutoring, serving as a teacher aide. mini teaching. or
chousing a portion ot their regular student teaching in
elementary or junior high school classes. Supervision and

of
altermatives to the student teacher. ne of the strengths off

instructional leadership are provided primarily by public
school teachers serving as subject area coordinators, These
teachers are released from a portion of their regular
teaching day to provide this input. At present there are 11
subject coordinators. In addition, one person in ecach
building is given released time to coordinate local
activities. There are three public school statf members
responsible tor the general operation of the program.
Release time for subject and building coordinators s
provided by interns from the universities. The university
staft’ is in the public schou!  -ca for three days every two
weeks. There are nine umversity persons presently in-
volved in the CTEP program,

As was mentioned previously, the university staft’
members work directly with the public school teachers,
One of the inservice expericncees developed in this manner
was a luboratory mathematics program where teachers
from all buildings were invited to develop activities and
teach students in a demonstration center. Another
program was a series of seminars designed to help the
public school staff to develop techniques in self
assessment. A similar effort used the university statf to
teach seminars in administrative techniques and problems.
An allied 2-year program tor developing administrators
has also be initinted. Over 400 teachers have taken
graduate course work and received tuition waivers as a
result of the CTEP program. An interesting experiment
wis well received when the university stalf was invited to
perform departmental evaluations and to report the
results to the departments for their analysis,

Possibly one of the most distinctive features of the
CTEP program is that it encourages student teachers to
select their own cooperating teacher, For approximately
the last eight weeks of the program, the student teacher is
in an extended group situation with classes of high'school
or junior high students. He is informed at the beginning of
CTEP that he is to establish a set of program goals for this
experience and to find public school persons who are
willing to work with him in seeking their attainment, The
setting of these goals occurs over the initial eight weeks of
the program. Assistance is provided by the subject area
coordinator in helping to define the goals as well as in
helping to locate resources. The evidence by Edgar [6]
supports the CTEP staft™s notion that this process should
prodiice a greater encouragement for behavior and
attitude changes in the student teachers.

The conceptual basis of CTEP is a set of components
which describe the teaching behavior expected as
outcomes of the program. These behaviors could be used
to develop specific competencies. but at this time there is
some hesitancy to do so. The reluctance results from an
uncertainty as to the efficacy of CBTE in being the best
method for encouraging personal growth, A second
question which is preventing motion in this direction is
whether the anticipated benetit of turther specitying
behaviors would justify the effort used in writing them,

The following teaching behaviors have been identi-
tied along with the activity designed to teach that
behavior,

1. To develop the candidate’s awareness of  the

individual needs of students and their responses to

curriculum decisions and teaching strategices.

Associated activity: Mini-teaching,

Self Awareness

a. To develop the candidates’s selt-perception
(parucularly as it relates to the educational

tJ
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profession), and to develop his sensitivity to
seltcancept development in others,

b.  To provide the candidate with an opportunity
for communicating with his colleagues about
selt and group identified needs.

¢.  To provide an opportunity tor reflection on
personal teaching experiences in relation to role
expectations,

Associated activity: Human Relations Groups

To develop the candidate’s knowledge and skills in

teaching his subject.

Associated activity: Subject Area Seminars

To develop the candidates knowledge about the

political. legal and societal characteristivs of the

institution ot school,

Associated activity: lnstitutional Study.

To develop  the  candidate’s  insights into  the

development ot children and the progressive changes

in their capicities to learn coneepts.,

Associated activiey: Elementary Teaching

To provide experience with the mechanism  of

individualized instruction and its associated benefits

and problems.

Associated activity: Individualized Instruction Unit

Human and Institutional Awareness

a.  To define the candidate's assessment of his
values and strengths through the analytical
obseivation of a variety of schools, teaching
fields, and grade levels.

h. To develop an awareness of the specialized
resources and techniques used in elementary and
middle schools.

¢.  To develop an awareness of the broad individual
and social influences on a student emanating
from the community he lives in.

Associated activity: Observation of the community

and elementary. middle, and secondary schools.

To develop the candidate’s ability to make decisions,

initiate programs, establish goals, select cooperative

colleagues, and succeed independently.

Associated activity: Election of program of extended

group teaching and cooperative staft,

To develop the candidate’s experience with normal

classroom muanagement over an extended period of

time,

Associated activity: Extended group teaching

Self Direction

a. To provide the candidate with an opportunity
to direct his experience in CTEP and to provide
leadership to the program.

b. To increase the candidate’s ability to self-
determine his activities when controlled by an
organized institution,

Associated activity: Participation in the Planning

Committee

Evaluation

a.  To develop the candidate’s competence in
making conclusions about his experience in
teaching and its potential for satisfying his
career needs.

b. To assess the behaviors and potential
individual candidates with reference to the
teaching profession.

¢. To generate data in order to judge the etficacy
of the CTEP model tor teacher education,

Associated activity. Evaluation Seminars

of

Alternative Education

a  To help the candidate develop the skills
necessary for discovering learning experiences
available to students within the community.

b. To develop the candidate’s ability to assess the
appropriateness of various community experi-
I

¢. To help the candidate develop selection criteria

for student participation in community ex-
periences,

Associgted activity: Instructional Settings

In more than two years of operation, CTEP has

undergone considerable program evaluation. Perhaps one
of the advantages of this type of effort is the fertile
ground it offers for research. Four doctoral studies have
been made and an extensive evaluation of attitude and
behavior change was done by the University of lllinois.
The evidence which has been collected supports the
conclusions that the program is: (a) at least as effective in
developing teaching skills as is the tradiiional program: (b)
the participants exhibit a positive attitude toward CTEP;
(¢) CTEP has generated enthusiasm and behavior change
on the part of the involved public school personnel; (d)
student teachers perceive the experience as d realistic
introduction into teuaching.
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SESSION P

OBJECTIVES AND IMPLICATIONS FOR PRE. AND
INSERVICE TEACHER EDUCATION

Betsy A, Bulzano, Department of Curriculum and
Instruction, State University of New York, Brock-
port

Probably most educators would agree that measure-
ment and evaluation are two of the important compo-
nents of the instructional process. There would b. little
argument over the position that educational objectives
and learning experiences are closely related and that in
practice the objectives of both instruction and evalua-
tion ditter only when the purpose of evaluation becomes
the judgment of achievement at the termination of a
segment  of instruction.  However, if you take the
position, as [ do, that in order to design meaningful
instruction and evaluation, objectives should be stated in
behavioral terms then controversy enters the scene.,

Dissent can serve many positive tunctions, and
certainly the many heated discussions concerning the
relative mwerits and value of behavioral objectives have
opened more lines of communication as opposed to
cosing them. Iff you are actively engaged in teacher
education at either the inservice or preservice levels, the
behavioral objectives issue is one that you have to face.
You may choose:

[.  to ignore them. for passive resistance has been
known to do violence to the existing order,

2. to fight them and their proponents and generate
statements concerning the triviality, mechanism and
lack of humanism that the use of behavioral
ubjectives may promote.

3. to examine the issue in light ot an instructional
mnodel.

Jumes Popham 2] has listed the following ten
reasons educators have against the use of behavioral
vbjectives.

. Trivial learner behaviors are the easiest to opera-
tionalize, hence the really important outcomes of
education will be underemphasized.

2. Prespedification  of  explicit goals prevents the
teacher from taking advantage of instructional

opportunities unexpectedly occurring in the class.
room,

3. Besides pupil behavior changes, there are other
types of educational outcomes which are important,
such as changes in parental attitudes, the profes-
sional staft, community values, etc.

4. Measurability implies behavior which can be objec-

tively, mechanistically measured, hence there must

be something dehumanizing about the approach.

5. It is somehow undemocratic to plan in advance
preciscly how the learner should behave after
instruction,

6. That isn’t really the way teaching is; teachers rarely

specity their goals in terms of measurable learner

behaviors; so let’s set realistic expectations of
teachers.

In certain subject areas, eg., fine arts and the

humanities, it is more difficult to identify measur-

able pupil behaviors.

8. While loose general statements of objectives may
appear worthwhile to an outsider, if most educa-
tional goals were stated precisely, they would be
revealed as generally innocuous.

9. Measurability implies accountability: teachers might
be judged on their ability to produce results in
learners rather than on the many bases now used as
indices of competence.
It is far more difficult to generate such precise
objectives than to talk about objectives in our
customarily vague terms,
Popham has already eloquently uddressed himself to
cach one of the above threat-potentials. There is no
need to rehash the same segments here. I do want to
attend to some of the issues with which he did not deal
and also describe some of the ways that behavioral
objectives can be treated at the preservice and inscrvice
stages of teacher education.

Unfortunately some teachers have developed in-
tensely negative attitudes toward behavioral objectives.
Many of the negative associations arise from the pressure
on teachers from agencies such as state departments of
education and school administrations which forced
teachers to produce gargantuan lists of behavioral objec-
tives for their specific courses. In most cases, they were
given little guidance or direction and certainly no time.
The great lists were dutifully produced and subsequently
filed in the vast paper polluted offices of these agencies
to be ignored more often than not. Since the easiest
student behaviors to translate into behavioral terms are
at first glance the most trivial, it is not surprising to tind
that most of the behavioral objectives produced under the
above stress conditions tend apparently to deal with
minutia. One point to keep in mind when reviewing
such lists is that specificity and triviality in stating
behavioral objectives are not necessarily the same thing. It
is quite possible that. looked at individually, a behav-
ioral objective may appear to be trivial, but the total
collection of behaviors may not be trivial.

Ralph Tyler recently stated that the behavioral
objectives movement has bogged down|3]. According to
Tyler, there are two possible causes for th's bog-down.
In the earlier part of the century, learning was viewed as
the building of connections between specific stimuli and
s[)cciﬁc responses. This view led to the listing of literally
thousands of objectives for a school subject. These lists
were shortlived tor two reasons: teachers had ditficulty
keeping so many objectives in mind and studies of

10.



human learning indicated that students could generalize
learning from concrete experiences{3]. A second possi-
ble cause is the confusion between *‘clarity of defini-
tion® and *‘specificity.” Tyler maintains that “an educa-
tional vbjective does not need to be specific in order to
be clear. attainable, and capable of assessment.”[3]

The notion of clarity and specificity in statements
of objectives is an interesting one. Let us assume that
the eritical triumvirate in 1he instructional process is
composed of behavioral objectives, learning experiences,
and measurementfevaluation activities and that behav-
ioral objectives are the main determinant in planning the
learning experiences and evaluating them both in terms
of instructional success and pupil evaluation. How
specitic the behavioral objective needs to be is really
dependent upon its purpose. For example, if the intent
of the teacher is that students recall, identify, or define
specifics, then the behavioral objectives of the instruc-
tion should reflect this intent. However, if the intent of
instruction is that students should apply principles,
formulate hypotheses, or analyze problems, the behav-
joral objectives will be more than a list of specifics.

Whether or not an objective can be stated in the
full-blown form d la Mager is probably a matter of the
nature of the objective itself. Sometimes it is difficult to
state precisely the conditions and the desired or accept-
able level ot performance tor an objective. However. it is
essential for the teacher planning instruction to consider
the kinds of behaviors he/she expects the learner to
exhibit at the conclusion of the instruction. Stating
ubjectives in terms of behaviors helps the teacher to
design the appropriate kinds of instructional 2xperiences.
It also has the advantage of constantly reminding the
teacher to be critical of himself/herselt by posing such
questions as “where am [ going?”, “what do [ really
want my students to be able to do?”, and *“how do 1
know if [ have succeeded?™

One of the complex tasks both the inservice and
the preservice teacher are presented with is pre-stating
the objectives for an instructional sequence with which
the teacher has not had teaching experience. Assuming
such a task is overwhelming. considering all «f the
commitments on time that the teacher -already has.
Attacking the task in small steps, however, not only
allows the job to get done, it also reduces much of the
complexity and anxiety. Instead of demanding that a
complete set of behavioral vbjectives be produced at the
outset, it is more reasonable to first have the vbjectives
stated in general terms of the kinds of behaviors desired
after instruction and the expected behaviors necessary
prior to instruction. More specific objectives cun be
stated as cach segment of instruction occurs. As instrug-
tion proceeds the additional objectives that are achieved
but were not presstated should be identified and added
to the sct. As the evaluation of learners tukes place,
criteria for appropriate levels of perforniance can be
determined. By moditving and retining obijectives over
subse.quent presentations ot the instructional sequence
precise objectives can be produced. Doing a small part
of the task of developing behavioral objectives well is far
superior to doing 100 percent of the task and pro-
ducing useless material.

One of the problems [ have had to deal with at
hoth the preservice  and  inservice  stage ot teacher
education is the pubhished lists of behavioral objectives
that have been produced. Although many of the objec-
tives may be usetul m examining objectives and selecting

intents, they generally fail to be useful for the following
reasons. In many cases, the objectives have not been
written with specific pupils in mind. They divide the
behaviors into such minute specific tasks that the
relationship between specific learning tasks and the total
learning experience is lost. Objectives can be formulated
in terms of a specific subject, general student popula-
tion, and community, but specific course objectives can
be written only by the individual who has had exper.
ience with the overall goals, individual needs, and
abilities of particular students. The teacher should not
be required to utilize objectives developed by other
people. The objectives he/she uses should be those
established by the interactions of the teacher, the pupils,
the subject, and the school-community environment.

One method of dealing with behavioral objectives
that both inservice and preservice teachers have found
useful is to analyze existing instructional materials and
evaluation instruments for the objectives or the apparent
intent of the materials, If' there are statements of
objectives that accompany the materials, then these can
be compared with the objectives that the individual
analyzing the materials has listed. This activity often
helps to clarify intents of instruction and also to give
direction to the Kinds of activities that need to be part
of the instruction if the intents are to be realized. The
teacher also has the opportunity to question the
objectives of the materials to decide whether they are
appropriate for the students involved and whether they
are important,

With practice most of the inservice and preservice
teachers with whom 1 have dealt become quite adept at
stating objectives in terms of behaviors. Deciding
whether or not all students should be required to attain
the same objectives is another facet of the issue. With
the current emphasis on individualized instruction, this
is an important question. There are common sets of
objectives that all students should achieve. But this does
not necessitate that all objectives be achieved by all
students or that certain behavioral objectives cannot be
designed tor individual students. Requiring common sets
of behavioral objectives also does not mean that all
students must follow the same sequence of instruction.
Alternate learning experiences can be provided to
achieve the same learning outcomes.

Closely related to the question of whether or not
all students should achieve the same objectives is at
what level should the achievement be established. If
mastery of an objective is a prercquisite to the achieve-
ment of subsequent objectives which are deemed essen-
tial, then all students should be required to achieve
mastery. But i’ subsequent achievement is not so clear
cut, then varying levels of mastery are more appropriate.

It an objective is considered to be important for all
students to attain, then the task of the teacher educator
dealing with the preservice and inservice teacher is to
provide as much opportunity as possible for using and
designing alternate methods of instruction. Most texts
dealing with behavioral objectives are quite useful in
instructing people how to write objectives and as guides
of sources of objectives, but few, if any, deal with the
alternate pathways ot instruction which could be used to
achieve the sane objective.

Given the wariations in the learning styles of
individuals. it only one metod of mstruction is used to
achieve an objective, no matter how excellent  the
instructional method and how well stated the objective
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may be, it is doubttul that all students will achieve an
acceptable level of performance. It behooves the teacher
educator  to seriously deal with different modes of
instruction for the same objectives so that the objectives
can really provide more meaningful instruction for the
students.
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SESSION Q

LEARNING THEORY AND RESEARCH: ESSENTIAL
INGREDIENTS IN TEACHER EDUCATION PRO-
GRAMS

John J. Koran, Jr., Chairman, Science Education
Department. Institute for the Development of
Human Resources, University of Florida, Gainesville
and William G. Holliday, Department of Education,
University of Education, University of Calgary,
Alberta, Canada :

There are many ingredients which are either advis-
able in or essential to a teacher education program in
svience, A knowledge of learning theory and the
rescarch which forms the basis for practice are two,
among many others, which are a response to a number
of realities, First, newly trained graduates of our major
institutions for teacher education are, for the most part,
no more competent to manage modern science courses
than those of fifteen years ago[20]. At the same time.
we are entering a new generation of curriculum develop-
ment and implementation which places greater demands
on the beginning teacher, Thus. teacher education
programs of the 70 and 80's designed to teach the
science of the 60° are fargely obsolete, In response to
these rapidly changing cultural and educational realities
Hurd [20] suggests the following major goals of a
science teacher training program:

1) developing an understanding of the changing
character of the scientific enterprise; 2) devel-
oping an understanding ot the place of science
in society: 3) developing an understanding of
the nature of knowledge in the sciences: 4)
developing an understanding of the learning of
science-based  kKnowledge: §)  developing  an
understanding  of the philosophical basis of
science education and the rationale for curric-
wlum chowces: and 6) developing and under-
standing of the valuation of goals and similar
tapics,
Although these broad goals are interrelated and difticult
to consider us separate entities this paper attempts to
concentrate on the nature of knowledge in science, the
tearning of’ science-based kanowledge, and the kinds of

science teacher candiates und curricula needed to achieve
these goals,

The composition of teacher education programs is a
complex and controversial mixture of ingredients as
illustrated by the practices of 1,200 institutions in the
United States and 100 in Canada.[9] Theoretically,
these programs are based on educational needs which
in turn dictate the nature of their ingredients. In science
education, the aforementioned needs would be para-
mount. One commonly held objective is that teachers
should arrange the conditions for, and produce, student
learning. Student learning as Turner[42] describes it is
what good teaching is all about: “Teaching may occur
without learning and learming may occur without
teaching. They are not, however, valuationally indepen-
dent. Teaching is valued when it eventuates in learning
and not otherwise. That is why we spend so much time
worrying about teacher effectiveness,” (p. 111)

McDonald[29]  conceptualizes good teaching in
terms of a decision-making teacher behavior model
based on Coladarci’s[10] concept of the teacher as an
effective, instructional hypothesis-maker who facilitates
student learning by choosing appropriate curricular
objectives and designing instruction accordingly. The
resulting plan for learning represents a flexible set of
principles that determine the teacher's behavior toward
predetermined goals rather than a set of mechancial
rules which can only lead to ineffectiveness in the
classroom [6], [39]. The success of alternative teaching
strategies can only be evaluated in terms of learning
situations and the effects they produce.

Since the goal of McDonald's teacher behavior
model is to fucilitate learning, the model suggests an
awareness of the conditions most likely to be successful.
By employing relatively reliable and valid information,
the teacher increases his probability of success in the
classroom. Decisions based on sound theoretical and
empirical knowledge are likely to be both rational and
responsible.

In a later conceptualization McDonald[30] portrays
teacher behavior as a complex interaction of teaching
operations, organization of content, and type of con-
tent, In short, the successful science teacher must
understand, and appreciate, the conditions under which
learning takes place with reference to specific goals,

Teuachers should be familiar ‘with and able to
interpret the results of educational studies and their
relevancy to particular learning situations., The need to
tie educational theory and research together has been
argued in detail as it relates to science education,[19]
Koran, [23] 25. Gallagher [15], Welch [43]. and
Shulman and Tamir,[38] have reviewed selected rescarch
and development etforts in science education and gener-
ally agree that the present mass of work in the field
suggests an absence of theory directed research. or
efiorts to put the results to practical use. At the same
time, Gagné [13], Baldwin [2]. Berliner and Cahen [§].
and Merrill and Boutwell [32] discuss learning theory and
rescarch relevant to classroom practices and conclude
that a competent teacher must be familiar with empiri-
cally derived relationships between various instructional
strategivs and learning.

Learning rescarch and theory in science education
programs are neglected because: 1. science curriculum and
instruction materials tfrom kindergarden to college are
written to best display the “structure of science® without
regard to whether this is the way science is best learned. 2,



understunding learning as it relates to the science class.
room is not an easy task. As Turner [42] points out, it
takes o “very intelligent teacher”™ to make the decisions
fecessary in an interactive instructional situation. Yet this
is the major function of a teacher at any level of instruc-
tion. It should also be a major topic in the science
methods course. As Clark [8] opines:
Daily, teachers at every age level present
variety of concepts to from 20 to 35 children.
The materials and procedures used by several
teachers, each presenting the same concept to
his own class, represent startling variation, as
does the same teacher presenting two diffcrent
concepts to one class. Additionally. teachers
appear to have considerable ditficulty muster-
ing rationale for the materials they select
and procedures they follow in any given con-
cept-presenting experience. With this amount
of wvariation and dearth of rationale, some if
not many of the procedures followed in
classroom concept formation must be less than
eftective. (p. 253)

Science teachers should understand the theoretical
rationales that interpret research findings in the same
way that scientists must understand a theory prior to
interpreting empirical findings. There is little choice of
reactions except in the theories that lead to rational
decision making.

Teacher Education Programs in Science

Any program of teacher education in science must
take into account the dynamic nature of society,
educational goals, the character of learning, the curric-
ulum and the pupils. College professors of science
education as well as the teachers they work with
require skills that permit them to change with society.

The Teacher

1. Only the brightest, the most highly motivated and
committed science students should be recruited as
science teacher trainees. Considerable evidence sug-
gests that highly verbal teachers are most effective
with all students including disadvantaged and low
verbal students. As Jensen[2!] and others have
found. a highly reliable predictor of a wide range of
performance is verbal fluency. Efficient teacher
training methods frequently emphasize acquisition
of verbal and other skills through verbal communi-
cation, again placing confidence in learner verbal
fluency and a demand on it. It is not unlikely that
if one starts with a lighly verbal person, one is
likely to optimize the probability of producing an
outstanding teacher. Motivation and commitment
are important associated factors to consider in a
time of an overabundaace of teachers.

Science teachers should be trained as a decision-
maker, a hypothesis tester, and a risk taker to con-
duct, or participate in quality research relevant to
classroom needs. College researchers cannot be
expected, nor are they always queiified to ask the
most productive research questions and to perform
all of the dimensions of necessary investigations.
They need the help of inschool personnel. Cron-
bach and Suppes [12] describe two kinds of research
appropriate for classroom teacher investigation:
“conclusion-oriented” and *“‘decision-oriented™ in-

tJ

28

quiry, Conclusion-oriented research examines basic

and applied empirical questions designed to explore

freely a variety of parameters and to contribute, in

a general fashion, to understanding of educational

practice. Decision-oriented inquiry examines rele-

vant questions related to educational products and

is more likely to have an immediate effect on a

teacher’s decision.

3. The science teacher must not only be capable of
mastering data gathering activities, and reporting in
professional journals of the practical findings in
areas of student learning, instructional design and’
evaluation, but must also be provided with the
skills to permit a critical approach to teaching and
learning within and beyond these areas. Each
prospective science teacher whose skills and interests
permit hypothesis testing in each of the areas repre-
sented should be thought of as an extension of the
research activities of the teacher training institution.
Concept formation Pella [35], Koran [27] is criti-

cal to learning in every discipline. Concept learning
requires that the learner associate words or events with
objects or characteristics and make decisions regarding
which objects or events, because of congruent character-
istics, either belong or don’t belong together. Low level
concepts involve making a common response to a group
of similar stimuli.

Concept formation requires observation of a wide
range of characteristics, in order to select those which
appear similar or different and to attach a name to the
resulting “concept” Koran [27]. The processes involved
are observing, classifying, inferring, hypothesizing, gener-
alizing within groups of similar objects or events, and
discriminating between dissimilar objccts or events that
characterize the concept or its negative examples. A
concept such as system or subsystem would be devel-
oped in the curriculum by providing many verbal
association and discrimination tasks which the concept
would depend on. An ecosystem then, would require
acquisition of lower levels of knowledge such as identifi-
cation of the organisms in it, and biological relationships
such as parasitism, or predation, and finally the forma-
tion of the concept “ecosystem.” This concept is further
refined through the use of appropriate non-ecosystem
discrimination examples.

Science education should help the teacher traince
to recognize the myriad of concepts in science--their
relationships with other disciplines, with the individual
and society -and their application in teaching and
decision-making. The decisions required demand informa-
tion from a multidimensional learning and teaching
environment which the teacher mwust be trained to
stimulate and derive feedback from. Performing as a
filter, information processor, decision maker, hypothesis
maker, data collector, and systems designer and rede-
signer are skills which can be operationalized, taught to
teachers, and be identified when learned.

4. The aforementioned discussion suggests that clinical
diagnosis is an essential feature of science teacher
training. Small group instruction and individual
tutorial situations are analogs of microteaching
Koran [24] [26]. If the teacher has experienced
this approach in his own teacher training program
the technical knowledge of microanalysis and in-
struction can be transferred to use with school
pupils. Isolating a small number of pupils with a
given set of weil-defined instructional materials and



anticipated outcomes permits the teacher to gather
data and make subsequent decisions based on the
interface between teacher —s pupil, pupil —» pupil,
and pupil —e material as observed under controlled
conditions. '

The Curriculum

Earlier it was suggested that two types of curricula
must be considered: the curriculum for the teacher
trainee and the curriculum for the teacher’s students.

1. Science teachers should gain a technical knowledge
of learning theory, the conditions for learning,
developmental psychology and knowledge of relevant
rescarch findings in these areas from science methods
COUrses.

Science teachers should be uble to identify and
demonstrate their skill in information search, selec-
tion, and processing and have practice in
decision-making relative to both instruction and
curricutum  development. Science methods courses
should provide the topics, setting, and student
_challenges for the acquisition and performance of
these skills.

3. Science teachers should be able to demonstrate a
wide range of verbal and nonverbal behaviors
(skills) relative to teaching science, and using the
tools of science within science methods courses.
Continual feedback from trained supervisors should
maintain the levels of behaviors that are acquired
for years after training.

Science teachers should be able to generate and test
hypotheses about the effects of teacher behavior,
curriculum materials, and student learning through
science methods courses which encompass exper-
iences in instruction and guidance as conditions for
learning with schools and children. .

The curriculum for the education of science
teachers should take place in a context where students
are an integral part of the training procedure, Micro-
teaching (Koran[24], [26]) provides one context for
achieving many of the above objectives. Multimedia or
audio-tutorial approaches, it carefully designed, appear
to have both theoretical and empirical support.

The in<truction of teachers of science should
emphasize those kinds of’ knowledge that have maximum
generalizability, For example, teachers should be familiar
with teacher behavior research related to student
achievement (Rosenshine [36]). They should be able to
identity teacher behaviors that correlate highly with
student success and to relate those variables to appro-
priate goals (Koran [25]). Just as the early curricula in
science for students emphasized conceptual and process
knowledge to the exclusion of extensive memorization
of facts, so must the curriculum for the teacher be
developed. It is theoretically and empirically folly to
teach teachers how to teach by teaching them the
curricula their clementary students or their secondary
students will be learning. In the former case the teachers
are adults and, it carefully selected. should be in the
“ypothetical stage of developnient. Consequently, many
ot the process responses of a curriculum such as Science
- A4 Process Approach are in their repertoire of responses
and need only to be identified, detined, and reintorced.

Modular instruction, while it does permit preservice
teachers to progress at their own rate. still exposes
candidates with a variety of backgrounds to the same
materials in the same ways. As Bruce Joyce points our
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“module nonsense is still module nonsense™.[22] This
rather cynical evaluation is prompted by the reality that
a student learns about one set of materials, in a
contextually confined situation without any of the
intellectual substructure or theory and research to make
the module meaningful. Modular development is costly
in time and rhoney, lacks interest for both the developer
and the students exposed to the module, and, most
damaging, does not present material that has the greatest
utility for a student in a usable form.

Similar criticisms could be made for secondary
teachers using secondary science curricula. For one
thing, most secondary science teachers have a compre-
hensive background in the content of science and it is
insulting to ask them to learn what is in a high school
text. For these people, learning theory and the results of
studies using science content and learners are critical
curriculum components.

In addition, they should learn the verbal and
nonverbal skills necessary to use a single concept file,
the probing, prompting, and cuing skills essential for
managing a laboratory and doing research with a
laboratory block topic. For both of these types of
teachers-in-training the learning laboratory is their major
referent, not the science laboratory. In the learning
laboratory, under controlled conditions and with school
age students they learn how to use the equipment and
content of the science laboratory to promote student
learning of the conceptual and process components of
science.

Finally, the curriculum for science teachers should
emphasize the rapidly changing world and the role
science plays here. This prescribes certain types of
learning that will facilitate the teacher, as learner, in a
changing world and permit incorporation and illumina-
tion of continually changing knowledge, values, and
conditions in an individual and socal context.

School Students

Our efforts of the late 50°s and €0°s in curriculum
development accomplished their apparent goal of up-
dating the content of school ~cience materials and
making it representative of sciencz as the scientist sees
it. However most of tic materials that have been
developed, with the exception of Project Physics, Science
- A Process Approach, School Curriculum Improvement
Study and Conceptually Oriented Progrant in Elementary
Science, amply demonstrate the lack of attention to
how pupils learn and how materials can be devised to
optimize learning. It was fashionable in the *“old days”
for professors of science whose productivity in their
own field had reached a plateau to turn to science
education. These people became the leaders of the
currizulum revolution and teacher training programs of
the 50’ and 60’s and in our judgment have caused
serious damage to instruction in science. While serious
learning research was taking place around the country
on concept formation (Palla |35]), advance organizers
(Ausubel[1]), and observational learning (Bandura[3],
[4]): those developers generally acted in a quite unscie-
ntific way and utilized intuition (an old educational
trick) rather than data to guide their efforts. Where in
the textbooks for students do we see the use of advance
organizers? Where can mathemagenic behaviors (Roth-
kopf[37]) be observed? How many curricula took
advantage of the elements of observational learning
(Bandura, [3] [4]) or the knowledge we have about



concept formation (Gagné, [14], Glaser, [16]; Mechner
[31]). Precious few. It is no surprise that today, what
used to be the most exciting course in the schools,
science, has become dull, routine, and cookbook in
nature. Textbooks and laboratory manuals are not
designed with learning rescarch outcomes in mind, and
self-paced programs become a race to see who can fill
un the pages in the ISCS workbook fastest. And sadly,
teachers have few if any of the skills necessaty to design
or manage instructijon,

The world is rapidly changing (Odum, [34]).
Science education is also in need of a revolution. The
training of its teachers must become empirically based
rather than intuitive and incorporate characteristics
which facilitate the teachers' attempts to stay current.
Curriculum materials for both teachers and their stu.
Jdents should reflect the research taking place around the
country (Novak [33]. Holliday [18]) and the changes in
the world which have science and/or technological
underpinnings. And. greater attention must be focused on
the school student the ultimate consumer. It is
unreasonable. unethical, and deceptive to continue many
of the practices of the 50's and 60’s in the 70’s and 80's
and beyond.

Cronbach's {12] discussion on the importance and
urgency of doing educational research reminds us that:

The improvement of education rests first of all
on commitment to the belief that the life of
every individual and every nation, and society
as a whole, can be lifted to a higher plane of
significance through cultivation of the intellect.
But improvement will be slight if educational
efforts are illuminated by goodheartedness
alone. It is a cruel hoax to hail unsubstan-
tiated wethod as a cure for an educational
deficiency: to adopt it is only to delay the
search for underlying causes and for treatments
matched to these causes ... But the intellect
takes up its proper duty when it tells us how
education and learning proceed, when it tells
us why one approach works and another does
not. when it identifies the variables thai we
must adjust to achieve a prescribed eftect.
Learning theory and research must be considered essen-
tial ingredients in teacher education programs if know-
ledge about how children learn is to be effectively
accumulated, disseminated, and appropriately utilized in
the science classroom. Once this small step is taken,
both teachers and pupils can walk into the future with
the contidence that they can cope.
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A PHILOSOPHICAL-PSYCHOLOGICAL MODEL FOR
TEACHING SCIENCE AND ITS ARTICULATION
WITH CONCRETE CLASSROOM ACTIVITIES

Charles M. Weller, Secondary and Continuing Edu-
cation, University of lllinois, Urbana

“What happens in school is that children take in
these word strings and store them, undigested, in their
minds, so that they can spit them back out on demand.
But these words do not change anything, fit with
anything, relate to anything. They are as empty of
r[ne]a)ning as parrot-speech is to a parrot.” (Holt, 1964,
4

The ring of trivth in Holt’s words cannot be denied
by anyone who has been deeply involved with schools at
any and all levels. It is obvious that students do learn
abstract models and they do learn to operate logically
with abstract symbols. It is also obvious that students
perceive and learn to deal with concrete phenomena,
simply out of the necessity to function in a real world.
They develop their own personal frames of reference by
interweaving experiences unique to them with ideas
acquired from others.

Too often, however, abstract models that students
learn in school are not working models — working
models usually evolve from some other set of exper-
jences. In science it is not unusual for students to defer
articulating abstract models with concrete phenomena
until they have begun their doctoral research. In
education, articulation may not occur even at the
graduate level.

Revision of the programs and conditions which
have led to this apparent schism between the abstract
knowledge and actual performance seems to be the only
viable solution. We can improve the parts of the
educational system which fall within our realm of
influence and which can potentially lead to improve-
ment in other parts of the system. Teacher education
programs fall into this category.

Teachers themselves must have a pervasive under-
standing of science in addition to a facility for designing
and employing teacher strate,ies and techniques that are
conducive to teaching specific types of knowledge. They
must develop a comprehensive understanding about how
people acquire certain types of knowledge.

What is needed is a well-articulated theory of
science education that would provide science teachers
with a comprehensive and coherent framework for
interpreting what is happening in the classroom and for
making prudent decisions about what should he done
next. Such a theory is essential for the development of
colierent personal frames of reference and as a hasis tor
meaningful communication within the teaching com-
munity.

The psycho-epistemological model described in this
paper is an attenipt to bridge the gup between abstract
knowledge and concrete experience by integrating some
of the ideas presented by psychologists, scientists. and
philosophers of science into a conceptual model for



teacher use. The model is a genetic psycho-epistemolog.
ical model of knowledge that integrates the development
of a personal knowledge with the development of
cultural scientific knowledge. ,

The ultimate source of all scientific activity is
natural phenomena; that is, objects and events (inter-
actions among objects). People with little scientific
background have internalized assumptions that are
often: (a) independent from one another and applicable
only to specific situations, or (b) unduly based upon or
influenced by social, religious, or cultural experience
acquired through communication with others rather than
through direct experience. This lack of direct encounters
with natural phenomena often results in inconsistent
behavior which tends to be ineffective, inefficient, and
somewhat less than satistying.

Scientists, on the other hand, assume that a
systematic organization for perceiving, organizing, and
dealing with the structure of objects and occurrence of
events directly is both feasible and desirable. Scientific
knowledge is the fruit of this effort.

Because science is a human activity, scientific
knowledge is a human creation communicated to other
persons or stored for future reference through symbols.
As a language of symbols scientific knowledge becomes
a part of our cultural heritage- to be used, abused, or
ignored. Studying this evolution is a genetic, develop-
mental, or historical approach to the epistemology of
science. In contrast, logical empiricism, nught be likened
to taking a “snapshot™ of the scientific enterprise at
some moment in time and analyzing the logical interrela-
tion of wvarious eiements, The genetic approach, best
exemplified by Kubu (1962) [3], and thm (1965)
[2]. is a dynamic analysis of the activities of scientists
and scientific knowledge particularly well suited to
teaching science to children.

During carly stages of development in any field of
science, categories of objects and events and classifica-
tion systems are formulated to facilitate the search for
consistency in the types of interactions that occur
among a selected set of objects under a given set of
conditions. Such a consistent relationship is designated
an empirical law.

Though everyone engages in abstracting and gen-
eralizing, it only becomes a scientific activity when a
decided eftort is made to:

1. explicitly state the characteristics that are ab-
stracted;

2. designate the conditions under which they apply:
and

3. continually check the
against new observations.

A set of generalizations formed in such a manner

provides us with a basis for effectively predicting events

under specified conditions.

To avoid extensive memorization, a major quest of
scientists is an abstract set of relationships (a theory)
which will provide some pattern or order for empirical
generalizations. These logically consistent abstract pat-
terns of relations make it possible for scientists to deal
effectively with problems that arise in the natural world.
provide science with its aesthetic value, and point
toward potentially fruitful avenues of scientific investi-
gation.

Usually a mathematical model, such as calculus,
provides a logical fiamework for the assumptions and
postulates upon which the theory is based. Meaning

resulting generalizations

within the model is syntactic, that is, it is determined
by interrelationships among its elements. The model,
which need not be linked with real objects or events,
consists of rules governing the operations performed to
establish or change interrelationships among the various
elements of the model.

Theories, on the other hand, are logical symbolic
explanative systems. Even though logical models are
used to provide a logical framework for theories, and
though theories do contain abstract clements, a theory
must contain articulating links which provide contacts
between various elements of the theory and experi-
mental evidence, empirical laws, etc. What is important
is that one recognize that various elements or segments
of the theory must be psychologically linked to natural
phenomena, whereby these elements acquire semantic
meaning.

The fundamental assumptions or postulates upon
which a scientific theory is built are not simply
abstracted from data acquired through previous exper-
ience, as are empirical laws. Sometimes it is possible to
explain empirical relationships or to suggest and explain
relationships between otherwise seemingly unrelated phe-
nomena by postulating theoretical constructs, i.e., enti-
ties or relationships which have not been directly
observed. Also, in the process of performing operations
which are allowed by the logical model, certain relation-
ships among the various elements often occur again and
again. Such theoretical concepts (MV and % MV?, for
example) are often identified by attaching a name to
them (in these cases, momentum and kinetic energy).

There is no scientific meaning for a theoretical
construct or theoretical notion apart from the theory in
which it is implicitly defined. Even though some terms,
like electron, continue to be used when the encom-
passing theories are revised, the meaning of the term
changes from theory to theory. This is true simply
because entities that are implicitly defined are changed
as the assumptions and the postulates underlying the
theory are changed.

As earlier stated, some elements of a theory must
be articulated with empirical evidence. However, some
theoretical constructs have articulated counterparts in
physical models rather than in the natural world. Yet
these theoretical constructs are used to perceive and
interpret natural phenomena becuase they are easier to
visualize than a set of symbols, thus concepts may be
manipulated more easily. (Weller, 1970 [8])

As described up to this point, the scheme for
conceptualizing scientific knowledge could be used with
equal justification for conceptualizing almost any kind
of knowledge. What distinguishes scientific knowledge
from other types of knowledge is the extent to which
scientists try to relate these theories to actual phe-
nomena or to organize phenomena so that their percep-
tions of these phenomena support the theory in vogue.
The articulation of scientific theories is accomplished by
complex processes of puzzle-solving and experimentation.

Scientific puzzlesolving can be strictly theoretical.
that is. concerned only with the manipulation of
abstract symbols in accordance with operations allowed
by the logical model associated with the theory being
articulated. These logical manipulations may lead to
another form of puzzlessolving the search for new
articulating links. For example, relationships may be
hypothesized on the basis of implications drawn from
theoretical manipulations. From these hypothesized



relationships, new phenomena can be predicted under
specitied conditions. Once phenomena have been pre-
dicted, the scientitic investigator attempts to design an
experiment  that will demonstrate a predicted phe-
nomenon under the prescribed conditions. If the results
of the experiment are in agreement with the predictions,
then the experiment serves as a confirming instance of
the hypothesized relationship and lends credence to the
theory from which the hypothesis originated. The
argument devised by the investigator to link the original
theoretical notion or relationship to the phenomenologi-
cal relationship may now serve as an articulating link,
provided that in this argument elements of the theory
have been related to the concrete objects of observation
and experiment.

Since theories in vogue at the time usually have the
cumulative  support of many prestigious scientists,
anomalous results obtained by only one scientist are n-.t
apt to be received favorably by his peers. The tendency
of the scientific community is to question the validity
of the experiment -the scientist’s argument linking his
experinent to the theory, the design of the experi-
mental apparatus, the construction of this apparatus, or
the scientist’s interpretation of the results which can be
made to fit a theory by organizing the experimental
data that has been collected.

It this relatively minor internal tinkering, which
could lead to minor revisions of theory or experimental
design. is unable to square theory with experimental
results, then the results are usually set aside as irrevelant
or anomalous incidents to be tackled when the theory
has become more fully articulated. In this case the
scientists who are aware of the anomaly would feel they
had encountered something that they had failed to
resolve, but the failure was not convincing enough to
shake their taith in the paradigm.

It is only when a substantial number of anomalous
results accrue to a theory, some of which raise funda-
mental questions within the theory, that a few scientists
begin to lose faith in the explanatory power of that
particular theory. If a scientist with a good reputation
among his peers is able to formulate a new theory which
dccounts for most of the anomalies accruing to the old
theory, explains the important generalizations that were
explained by the previous theory, and discounts anoma-
lies with the new theory on the basis that they are
irrelevant. then professional support for a new theory
becomes a possibility. In the event that enough profes-
sional support can be marshalled in support of one of
these new ideas then the foundation has been provided
for what Kuhn [5] calls a scientific revolution, whereby
the science community rejects the old theory as a
paradigm for research and adopts a different theory in
its place. The transition is usually neither rapid nor
smooth. It may take a generation before the vast
majority of the science community uses the new theory
as the accepted paradigm for research.

The period of transition from one paradigm to
another is a time of instability and unrest for many of
the scientists in that field. To keep pace in the field
requires 4 comp 2te mental restructuring and a substi-
tution of new structures for old conceptual schemes to
which the scientists had been deeply committed for
many years. Kuhn (1962 [S]) cites the internal turmoil
encountered by Wolfgang Pauli just prior to Heisenberg’s
paper on matrix mechanics which led to a new quantum
theory. Pauli had written to a friend, “At the moment
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physics is terribly confused. In any case, it is too
difficult for me, and I wish I had been a movie
comedian or something of the sort and had never heard
of physics.” A few months later Pauli wrote: *Heisen-
berg’s type of mechanics has given me hope and joy in
lite. To be sure it does not supply the solution to the
riddle, but I believe it is possible to march foward.”

This example highlights the intense involvement of
individual scientists in a dynamic paradigm which pro-
vides both direction for research and meaning for the
knowledge which it encompasses. Without practicing
scientists, each with a unique filter system provided by a
frame of reference that has evolved from a unique set of
experiences, scientific knowledge could not be gen-
crated. Individual scientists are the originators of the
cultural scientific knowledge that is embodied in a
subcultural matrix of the personal records of scientists,
the scientific literature, and the minds of practicing
scientists.

On the other hand, selected segments of cultural
knowledge become part of the scientist’s frame of
reference when he reads professional joumnals, books, or
correspondence, and listens to professional conversa.
tions, reports, or lectures. In this way ideas are
communicated by means of symbols or symbolic sys-
tems that to some extent have common meaning for
members of the group using the symbols. Therefore, the
frames of reference of individual scientists are structured
around models, theories, or conceptual schemes that
have evolved in a cultural matrix, usually over long
periods of time. )

A scientist may interact with other scientists, con-
tribute to or draw upon the cultural knowledge pool, as-
similate new concepts or ideas into his existing frame of
reference and accommodate these ideas with natural
phenomena. Each is influenced directly or indirectly by
each of the others. For example, the characteristics of
objects and events that occur as the result of human
activity are to a large extent determined by the thought
patterns or mental structures that have evolved in other
segments.

To dramatize how these various elements are
intimately related, suppose that a scientist has just
observed the results of an experiment that he or one of
his associates has recently completed. The way he
perceives and structures the objects and events that
comprise the results of the experiment is influenced by
his frame of reference-being a scientist. Sophisticated
structures for perceiving this information would reflect
the theories and traditions of the scientific discipline in
which he has been trained. Let us further assume that
his immediate perception of these new results does not
fit neatly into these structures. If the discrepancy
bothers him enough he will recall and rethink this
particular perception and its relationship to the overall
structure. If he is unable to incorporate the particular
results of that experiment into his frame of reference,
then he may have to modify his concepts and structures
that he has used to organize and interpret phenomena in
this particular area. Since his concepts and structures are
deeply rooted in theory, these conceptual or structural
changes may mean that he has to interpret the theory
differently or even revise the theory to bring his
perception of his most recent experimental results into
concordance with theoretical considerations.

During this revisionary stage he might talk with
associates who are also familiar with the theory within



which he has been working. After hearing their opinions
he might slightly modify his argument and refine it until
he develops it to the point where he feels it deserves
wider dissemination -through an article in a journal, a
paper at a convention, or a local seminar presentation to
graduate students and/or faculty. These papers are read
by his peers, pondered over, and usually commented
upon by one or more members of the reading audience.
As a result of this dialogue, the originator of the
modification may again change his ideas slightly. Mem-
bers of the reading audience might be convinced by the
argument and slightly modity their own conceptualiza-
tions or interpretations of the theory. But perhaps of
greatest importance, there has been a substantial increase
in the information and ideas related to this particular
theory which have now become part of public knowl-
edge in the form of correspondence, articles, reports,
discussions, lectures, etc.

During this dialogue, an experimental scientist who
has been reading these various comments may have some
idea about how this slightly modified version of the
theory can be tested or articulated. The experimentalist
undoubtedly perceives what has been written with a
frame of reference that is in fairly close agreement with
the frames of reference of other scientists within that
particular field. but he would be expected to have some
unique interpretations. To test or articulate the theory
he must develop an argument that ties some aspect of
the theory to a specific phenomenon in the external or
natural world - to demonstrate the phenomenon which
he has predicted. The argument that he develops must
employ a language and follow a logical structure that his
peers will understand and consider valid and legitimate.
Also, his experimental devices and instruments must be
of such a nature that his peers consider them valid
instruments for this particular demonstration. Both the
argument and the devices that are constructed, however,
will reflect this particular scientist’s individual prejudices
or preferences, which in subtle ways influence the way
that the results are organized and accumulated. His
argument underlying this experiment, a detailed descrip-
tion of the instruments used in the vxperiment, and a
report of the results obtained in the experiment all may
be organized and published. The publication will be read
by his peers and hence the cycle continues. The overall
effect of this type of interaction is the generation and
evolution of a body of cultural scientific knowledge.

The individual bits of information, in the form of
symbolic statements, are fed into public knowledge
through the frames of reference of practicing scientists-
in etfect. a filter system. Therefore, an individual
scienzist can influence the development of a theory and
many theories carry such marks of scientists’ idiosyncra-
cies. The extent to which individuality is permitted in
articulating any given theory is controlled in subtle ways
by consensus among one's peers through select publica-
t'on of articles and speakers at various conventions, This
control makes it a stable conceptual system where
practicing scientists within a relatively narrow tield are
usually able to communicate quite treely with one
another.

It should also be obvious that cultural scientitic
knowledge affects the growth of individual frames of
reterence  or individual knowledge. Scientists  receive
their professional training within a science paradigm so
they organize the world they deal with in terms of this
pradigm. Continual interaction with the world, both

natural phenomena and people form the basis for a
person to formulate an outlook or to organize a frame
of reference through which he views the world, It is
through communication that he learns the cultural
conceptual schemes which serve as a basis for perceiving
natural phenomena and through direct experience that
he learns to tie or link the scheme to relevant
phenomena.

Continued communication and common experience
among communities of scientists is necessary not only
for the training of new scientists but for the very
survival of cultural knowledge: otherwise there is no way
of attaching common meaning to symbols. People who
have acquired the interpretations common to the com.
munity of scientists (or scholars) who generated this
knowledge o- are Keeping it alive will understand it and
will be able to communicate with cach other - those who
have not, will not.

If we expect students to be able to communicate
meaningfully in terms of scientific models, then they
must acquire the concepts and understand the models
used by the scientific community. The level of sophisti-
cation at which they learn concepts and models,
however, will vary with the student population. For
generations they have been among the premises upon
which the teaching of science has been based. It might
help to clarify matters if we briefly explore some of the
ways that people learn concepts and models and then
consider some of the ways concepts and models have
been commonly presented to students in school.

The most critical concepts in anyone’s frame of
reference are those absiracted from direct encounters
with objects and events. For example, suppose that each
child in a classroom is given a dry cell, a wire, and
bulb and is instructed to see how many ways he can
arrange the three items so that the bulb will light.
Experience indicates that after a short initial period of
exploration and frustration the children do discover and
identify ditferent arrangements in which the bulb will
light. From these arrangements they are able to abstract
only what is common to each case where the bulb
lights. This closed foop, commonly called a closed or
completed circuit. is a concept that they have abstracted
from a set of experiences with concrete physical
phenomena. A concept that has been abstracted from
experience with objects and events will be called an
intuitive concept,

Either betore or while the children are trying to see
how many different ways they can arrange the items so
that the bulb will light, symbols such as dry cell,
battery, wire, bulb, are often introduced by the teacher
or students and associated with the objects they are
using. When they abstract the concept of complete
circuit, either they invent a symbol to represent this
coneept or the teacher supplies them with a symbol or
set of symbols. Even though it is not uncommon for
children to invent descriptive names for classes of
objects that they observe, the probability is very small
that somcone will invent his own symbols for concepts
that he has abstracted and generalized. More often he
associates a previously invented symbol communicated
to him by other people at the time he makes his
observations and abstracts his concepts. The symbols
associnted with classes of objects or the concepts that
have been abstracted by the group of interacting
students provide a means by which the students and the



teacher are able to communicate with each other about
various phenomena that they encounter,

Regardless of the Kind or level of abstraction, of
which there are many, a concept can be semantically
understoed only by someone who has had some
experience with the referents from which the concept
was abstracted. Concepts such as color, temperature,
shape, form, smell. taste, odor, texture, weight, etc., can
be understood only when they have been abstracted
from sets of concepts of a more primitive order. Color,
for example, is a generic term for what is abstracted
from redness, blueness, greeness, orangeness, yellowness.
etc. But these latter are concepts that are abstracted
from instances where objects provided a source of
stimuli giving rise to identifiable and persistent visual
sensation on the part of an observer, The essence of that
particular and recurring sensation abstracted from several
encounters with objects which served as the source for
that particular stimulus is the concept symbolized by
the term red or blue or yellow. When someone has a set
of these concepts (though perhaps not the symbols) in
his repertoire he is then in a position to abstract out the
notion of color. It is meaningless to try to describe the
notion of color until one has experienced a set of the
more primitive notions that are examples of colurs.

It a person has never been able to see, what is the
meaning of color to that person? Certainly he could not
have the samne visual interpretation as does someone who
can see, even though we are able to teach him that the
symbols red. orange. etc., refer to a property we call
color and that all objects that we can see exhibit this
property. Similarly, if someone were insensitive to hot
and cold, could he perceive the meaning of temperature
in the same way as can a person who can actually feel
temperature changes from moment to moment or can
teel the temperature of objects that are of different
degrees of hotness or coldness? He could observe a
thermometer rising and falling and associate that rise
and tull with temperature or he could watch ice freeze
and melt and associate the freczing and melting with
temperature change. but we would have to agree that
these visual perceptions are quite different from the
sensations of hotness or coldness that one is able to feel.

There are myriad concepts, especially in science.
which can be described in terms of specific relationships
among other concepts. For example: displacement may
be described as a change in distance in a given direction:
velocity may be defined as the rate of change of
displacement with respect to time, and acceleration may
be defined as a rate of change of velocity with respect
to time. A concept that is described or defined in terms
of other concepts will be referred to as a formal
concept. When trying to teach the above :oncepts to
students, it has been common practice to assume that
distance. direction, and time are intuitive concepts in
the students” frames of reference and displacement.
velocity and acceleration are acquired as formal concepts
by learning definitions similar to those above. When a
student hus learned these definitions, it is asswmed that
he understands them.

The assumption that distance, direction. and time
are acquired by students as intuitive concepts betore
they acquire concepts of  displacement, velocity, or
aeceleration is open to serious doubt. Piaget (1969) [6]
has  shown that children have intuitive notions of
velocity betore they have a coneept of time. In fact. he

argues that the child's construction of time begins with
a correlation of velocities, '

A second assumption is that a child's intuitive
notions are identical with those held by the instructor.
Such commonality is rarely the case. Referring to the
previous example, a child’s early- notion of velocity is
not a distance/time relationship but “is bound up with
that of overtaking, i.e., with a purely spatial intuition
involving a change in the respective positions of two
moving bodies.” (Piaget, 1969 [6]) In a similar vein,
children can have an intuitive notion of acceleration
before they have a formal understanding of velocity.
They can associate it with forces exerted on their bodies
and changes in speedometer readings when a car they
are riding in “speeds up” or “slows down.” To suggest
that their intuitive feeling for acceleration is the same as
a physicist’s formal concept would be delusionary.
Commonality of concepts within a community cannot
be assumed as a starting point but as a gosl to be
pursued.

A third implicit assumption is that students a»ply
the same rules for combining the intuitive concepts to
derive formal concepts as does the instructor. Rules
themselves, or the way words are put together to form
rules, are learned implicitly by their use in other
circumstances where the various elements that are being
related and the way they are related are well understood
by the learner. We cannot expect all or even most
students to have acquired a common understanding of
specific rules or the way that certain words are put
together to form specific rules.

It is more often the case that students apply
misunderstood rules to combine vague or ambiguous
intuitive notions to arrive at even more vague and
ambiguous formal concepts, We cannot understand for-
mal concepts semantically wuntil we have established a
common base of intuitive concepts although we may
establish verbal or symbolic connections between sym-
bols representing higher and lower level concepts

[t is through the manipulation of symbols repre-
sentative of perceptions, concepts, and ideas. that man
has been able to deal effectively and efficiently with his
problems. It allows him to think about many things
from the concrete to the most abstract. Relating these
things internally and attaching these internal concepts or
structures to external referents that can he observed by
others provides him with a means for communicating
with other people so that each person may take
advantage of the other person’s thinking. However,
having symbols in one’s vocabulary and even being able
to manipulate within a system of symbols does not
imply that a person understands the ideas underlying the
symbolic system or is able to use the system in solving
the problems for which it was devised.

Symbols go through the same filter process as does
other input information. But, if a person has had no
concrete  experience that can be associated with a
substantial number of the symbols that are part of the
system he is learning. then his reference frame cannot
provide referents abstracted from actual events that he
has observed. He will sometimes substitute or invent
referents through analogies tfrom things he has observed.
This may provide him with totally erroneous ideas ubout
what the symbols represent, As new svmbols from this
symbolic system are fed in. he can recall previous
symbols of the system. He can interrelate the symbols in
this system and eventually organize them in such a way



thut he gets o tairly accurate mental representation of
the symbuolic system. He can operate quite suecesstully
within the system. Givenr & problem within the system,
he Knows what syntbols he has to work with and what
maniputations are allowed in that system.

For example, consider the nonsense system below,
It would not be a ditticult sk for o student to study
the system until it had been memwrized, then to auswer
the guestions that tollow.

Urg-los-pap System

The clements of the system are: wrg, jos nd fap.

The relationships among the clements are: and

Rule I: WaYbandd ¢ then g Ye; and

Rule 2: 1fa Y b then b g, where ¢, b and ¢ repre.
sent clements of the system,

Given Relationships:
Rel. A wrg v jos, and
Rel. B: Jos ¥ fup.

Questions
. I what wavs are urg and jos related?
2. In what ways are jos and tup related?
3. In what ways are urg and fap related?

The answers to these three guestions may be found
below, Answers la uand 2a require only memorization
and recall of Rels, A and B given in the description of
the system. More complex processes are required to
obtain answers b and 2b, In addition to memorization
and recall of Rels. A and 8, they require the application
of Rule 2, a logical operation. The rules prescribe the
logical framework tor the system and all manipulations
in the system must be carricd on within this framework,
While no new mental processes are required to answer
question 3. the logical manipulations are more complex.,
Answer 3a requires menmorization and recall of Rels. A
and B and the application of Rule [, Answer 3b requires
the application of Rule 2 to the relationship expressed in
answer a.

Answers
Ju.jos ¥ tup
b, fap 7 jos

Ja.urg 7 fap
b. fap ¥ urg

la. urg ¥ jos
b.jos ¥ urg

Assimiing that the student has answered the three
questions correctly, then he has learned and operated
within a logical abstract system, But what does this
system “‘mean to him? Probably not much if anything
at all, 1 it does have some meaning for the student, that
is, it he has attached some significance or interpretation
to the elements or relationships in terms of objects or
ideas outside the system. then it is meaning that he has
invented or supplied and was not suggested by the
system itselt. The only meaning implied is a meaning
internal to the system. It is syntactic meaning that it
comes  from the relationships among the elements
telationships  left undefined  outside the system, but
implicitly defined by Rules | and 2. Mathematical
systemy are examples of such closed logical abstract
systems,

It is one thing to learn and operate within a closed
logical symbotic system and quite another to use that
system tointerpret or deal with some aspect of the
world externtal to the system. Especially in science, the
theories and ideas about the natural world have been
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developed [ seeordanee with uctual physical und blo.
fogicdl phenomena, These theoties have heen developed
to interpret and deal with these phenomena,

A system (model, scheme, ete)) that s learned in
isolation from other systems - symbolic or natural
may be thought of as an encapsilated system  used
only to make decisions when direct reference is made to
somie aspect o element of the system and resulting in
expressions or statements in terms of symbols contained
within the system. Unless some verbal or phenomenolog.
ical cue from outside the system of maodels, schemes,
theories, ete. can trigger one to think in terms of that
system, then the system is encapsulated for that person.

It scems that it has been a basic assumption of
cducational institutions that it theories, schemes, models
and so forth were taught per se to students that the
students would be able to develop appropriate appli.
cations of these systems, The thesis here is that this is
not the case, Yot much of a student's time in school is
spent “learning” symbuolic systems which for the muost
part remain encapsulated. The teacher talks about the
model, the teacher has students read texthooks about
the madel in short, the entire classroom activity i:
carrfed on in an abstract manner. These sy mbol systems
are not linked with their referents -the real objects and
events that are necessary  precursors to g semantic
understanding  of the madels. Consequently, students
assimilate only the symbol systems and lfater are able to
apply them only in formal instructional contexts.

Tests are designed to determine not it the studen
can apply the system but to determine if' he has
niemorized the important elements uand cun operate
accourding to the rules,

When a student is confronted with a real life
situation in which a model that he has learned in this
abstract muanner is relevant, he does not perceive the
situation in terms of the model. Certainly in science,
where the goal is the dewelopment of models to
interpret and organize natural phenomena and to expliin
generalizations about these phenomena, it makes little
sense for the lay person to learn the models unless he is
able to relate these models to actual objects and events
with which he is confronted.

Certainly physices is an abstract system--the degree
of abstractness determined rimarily by the level of
sophistication of the mathematics involved, For those
few theoretical physicists whose work consists of operat-
ing entirely within a closed symbolic system there may
be some justification for learning physics isolated from
other aspects of the world, For someone who is not
going to make theoretical physics his life work, such
isolation becomes very difficult to defend.

How do we teach science to students so they do
acquire working models for perceiving and deuling with
natural phenomena and are able to communicate with
other people in terms of these models? A brief sketch of
some ol the obvious points is all that can be dealt with
here.

Since learning is influenced by reference frames, it
is crucial that a teacher assess his students’ frames of
reference  as quickly as possible, ideally through a
student’s physical interaction with some set of objects
and his description of what he is doing while he is doing
it. When a teacher has formed some ideas about how his
students perceive and organize phenomena related to a
certain field of science or even phenomena in general,



then he can begin helping his students acquire working
scientitic models, :

For a student to acquire a working knowledge of

scientitic models, he must be physically involved with
the phenomena relevant to the models, consciously
trying to perceive and organize the phenomena in terms
of the models, and communicating actively with other
people, at least some of whom have a good working
knowledge of the models. Physical involvement with
the phenomena while he is thinking in terms of the
model enables a student to articulate the model with
conerete referents. In the presence of someone who has
a good working Knowledge, the student is able to
determine it he is articulating the Knowledge in a
nunner similar to the way it has been articulated by
members of the scientific community. This latter step
requires a teacher skilled in communijcating with stu.
dents and Knowledgeable in the ways scientitic come
munities carry on their work. The classroom must have
a relatively free and open climate so that they can
probe, and assimilate their observations. During these
exploratory stages, the students should communicate
with one another and with the teacher who, ideally, is
tamiliar with the scientific theories developed to deal
with the phenomena under investigation.

When students are confronted with unfamiliar situa.
tions (assuming they do not just ignore them), their
frames of reference must be accommodated so that
various aspects of the situation are perceived and
assimilated by reorganizing only what resides already in
their own trame of reference or by communication with
someone else. For the latter to occur assumes that the
frames of reference of the communicants have enough
elements in common so that when one describes an idea
in his mind, the other is able to recreate that idea. But,
in teacherstudent interactions, the teacher is often
trying to help the student acquire a working model
where there is none to begin with. If the student does
have a working model it may be so different that there
is no basis for communicating about it with mutual
understanding. A student often finds himself in a
¢ ‘mma trying to create an unfamiliar mental model
from verbal descriptions provided by a teacher or text.

Mental models 2re developed slowly, at least in
initial stages, through a fusion of concrete example with
specific aspects of the model. When students are
working with materials such as the +- ‘*eries, bulbs and
wires and creating various circuit: .hey should be
encouraged to express their ideas about what they see
and what they believe is happening. If one takes time to
analyze these student conceptualizations, he often finds
that on the basis of the limited evidence, their con-
¢ ptualizations are just as legitimate and valid as are
those which the teacher has in regard to the same
phenomenon. In this way, the teacher gains valuable
insight to a student’s frame of reference and has a basis
for meaningful communication with him.

A student should be encouraged to develop a model
whivh is different from the one that is a part of the
paradigm in vogue so long as his interest holds and he
appears to - gaining experience and there is no illogical
step in his argument. If a teacher feels that a certain line
of theorizing is unproductive. then the teacher should be
able to create a situation whereby the student is
confronted with & v anomalous phenomena. If he is
asked to explain them in terms of his ideas, then he will
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have to face up to the anomaly and recognize that the
direction he is taking may be unproductive.

To encourage a student to pursue his own way of
conceptualizing certain phenomenz does not preclude
encouraging him to look at the phenomena in a
ditferent way. However, before a teacher can suggest an
alternate way of perceiving and organizing something, he
must have considerable insight into the student’s frame
of reference.

If we expect students, through honest “enquiry” to
“discover”™ a way of looking at the world that is
identical or even similar to the scientists’ models at
present, then we are not only deluding the students but
ourselves as well. There are a number of ways that we
can perceive, and organize what is in front of us. On the
busis of isolated personal experience there is no more
justification for organizing it in one way than there is
for organizing it in other ways. However, scientists have
organized certain sets of natural phenomena in particular
ways and they have generated theories for perceiving
and interpreting those sets of phenomena. Sooner or
later we reach a point where we must tell students that
if they want to communicate with scientists or with
other people about particular aspects of science then
they will have to know something about the models
scientists use.

To help a student learn a scientific model -not at a
sclentist’s level of sophistication but at least at a
descriptive level—-the teacher mwust be in close communi-
cation with the student. He must know what the
student is thinking, what his symbols represent when he
uses them, what his experiences have been so that he
(the teacher) can try to determine what physical
referents the student has for the symbols and ideas that
he expresses verbally. He must play an active role in the
student’s learning process, not as a dispenser of infor-
mation but as an analyzer and assesser of what the
student knows. It is a role of determining what kind of
action is appropriate to help the student acquire
understanding requiring sensitivity and creativity on the
part of the teacher. He must also be flexible and willing
to consider any new evidence which may suggest a
modification in approach or of immediate plans.

This individualization should not imply that
nothing is ever done with the class as a whole. When a
class comes together and talks about what each person is
doing a common base of understanding is evolved and
eventually the students and the teacher are able to
communicate within a common tlieoretical structure
with a common semantic base. On the other hand, there
should be time when a student can work and investigate
on his own, when he can talk or work with the teacher
on a one-to-one basis. or can work with other students
in small groups.

At least two projects, the Science Curriculum
Improvement Study and the Elementary Science Study,
were based upon psychological and epistemological
frameworks not unlike the one presented here. However,
the extent to which certain approaches to the teaching
of science have been developed and promoted in the
form of curricula is of secondary concern to the way
these and other materials are used by teachers in their
classrooms.

The new curriculum materials have proven to be a
valuable resource for those teachers who understand and
are sympathetic to the psychological-philosophical basis
underlying their development. On the other hand, if a



teacher does not have the proper orientation there is
little hope that he will or even can use the materials in
the way intended by the developers. The curriculum
developers themselves were among the first to recognize
this problem. Some projects provided special courses,
institutes, or workshops to help the “trial teachers™
develop the *necessary” outlook. In any event, the
number of teachers who are able to function in an
enquiry-oriented environment without some continuing
inservice course or workshop is relatively small. This
seems to be true for elementary as well as secondary
school teachers and for recent graduates as well as
experienced teachers.

Faced with an increasing demand for teachers who
are prepared to teach in open and enquiry-oriented
school environments, we must create programs that will
help them develop the qualities required for a successful
performance in that role. There are at least two sets of
desiruble qualities: (a) the feelings that on¢ has for
himself, for others and for his work; and (b) the special
capabilities or competencies that one needs to cope with
a particular school environment.

Among the first set of qualities are:

1.  commitment to the open enquiry-oriented mode of

teaching and confidence in its long range benefits

to students;

a willingness to recognize and tolerate other ways

of viewing the world:

3. internal security, that is. the teacher knows who he
is. likes what he is. and is not trying to present
some phony image of himself to the students;

4, approachable to the students in the sense that they
feel at ease when they are talking with him; and

5. an abundance of patience. '

Among the cognitive abilities are:

1. a working knowledge of a psychological-
espisteniological model for teaching science which
provides meaning and organization in what other-
wise might prove to be a hopelessly confusing and
directionless set of activities and events. It allows
him to place what he and his students are doing in
some overall framework and thereby into some
perspective. This perspective allows him to help
students plan strategies for growth to a more
comprehensive level of understanding. In addition
to the natural phenomena which serve as foci for
student investigations, the model must account for
individual students’ reference frames, the inter-
action and communication among a community of
students engaged in scientific activity, and the
cultural scientific knowledge which bears on the
problem at hand. Moreover, the model must deal
with the interrelationships among these various
parts.

sensitivity to various aspects of the student’s world.

On the basis of what a student says and does, the

teacher must be able to weave together some

“picture” of the student’s frame of refetence with

some notions about the influence of motivational

and physiological changes on a student’s behavior as
well as the intluence of the social milieu.

3. the ability to communicate with other teachers or
educators concerned with similar problems by shar-
ing experiences. insights, and whatever resources at
their disposal. It is important that teachers feel
they are a part of a concerted effort to solve
problems with which they are confronted.

[ 9]
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4. considerable practical experience in interpreting real
situations with students in terms of the psycho-
epistemological model. As students of teacher edu-
cation develop a better understanding of the role
for which they are preparing and as they gain
confidence in their ability to perform in that role,
publicizing the desired traits and providing feedback
to students about the traits they seem to be
projecting might help them modify their personali-
ties to some extent. However, it would probably be
overextending the role of a teacher education
institution to attempt to change these personality
characteristics (affective feelings) in a direct way.
Therefore, our efforts should be directed toward
building a program designed to help teachers de-
velop the cognitive traits,

Teacher education programs following present prac-
tices cannot provide prospective teachers with the
experience and comprehensive understanding necessary
to cope with an enquiry-oriented school environment.
Today, a typical prospective teacher’s fragmented and
compartmentalized educational experience is based on at
least two assumptions which serve as obstacles to the
integration of knowledge and experience.

Change in verbal behavior reflected after students
have read or been orally supplied with some information
does not necessarily become part of their functional
frame of reference (i.e., use of this information in future
decision-making and interpretative processes). Yet,
nearly all of our educative efforts are directed toward
changes in verbal behavior with the implicit hope that
other behavior will change as well. Even though teach-
ers, especially college teachers, have extensive inter-
action with students this interaction is almost exclu-
sively verbal-—-often limited to a closed abstract system.
Furthermore, changes in verbal behavior can be detected
and quantified under classroom conditions—hence effec-
tiveness in verbal learning can be demonstrated and
measured with relative ease.

Our teacher education programs have become en-
capsulated. Unquestionably there is a dearth of feedback
loops from teaching performance to preparatory pro-
grams. As a consequence, success within a program often
proves to be a poor indicator of success later in real
teaching situations. The criteria for success have been
weighted too heavily on willingness and capability to
manipulate symbols and not enough on the ability to
use these symbols to interpret and deal with concrete
aspects of the world.

The second assumption is that each course taken by
a student is supposed to represent a different piece in a
puzzle contributing, by the end of his college career, to
a comprehensive and coherent frame of reference includ-
ing social, political, philosophical, and professional ele-
ments. However, it is a rare individual who is able to
modify, transform, or reject pieces until he has de-
veloped an internally consistent and functional big
picture. It is the tragic individual who attempts to fit
the pieces together just as he received them and thinks
that he has the big picture. The usual result-—-a great
number of students who are confused, frustrated, and
even angry.

Presenting students with a unitary point of view
which would preclude any contradictions would certain-
lv be an undesirable solution to the problem. On the
other hand. exposure to ideas in the seclusion of
classrooms, where the range of experiences provided for



the student is rigidly controlled and a student’s behavior
must conform to the expectations of a single instructor,
has the eftfect of glossing over any incompatibility that
these ideas may have with other ideas. Students form
the habit of finding out what each teacher wants them
to do and attempting to do it. If they took time to
scrutinize what they were doing, and there are few
rewards to do so, they would often find that their
performance in one class is at odds with their per.
formance in another. Many instructors are reluctant to
praise students for pointing out ideas that are incom.
p#* hle with the ones they are trying to promote. If a
$.. Nt recognizes contradictions but supnresses any
urge to comment on them or to alter his tehavior, this
does little for his self-image. Diversity should be recog-
nized and students helped to deal with it.

A teacher education program should be organized
around the concept of community - continuing com-
munication among all participants in the program --
prospective teachers, master teachers, and specialists. All
members of the community would not be together all of
the time, nor even most of the time, but would be
expected to meet on some regular basis as a group, and
would be engaged in similar activities when they were
not together as a group. The size of the community
should be large enough to provide a critical mass but
" not so large as to be unwieldy.

Included in the program should be the opportunity
for extensive and varied experiences with different
groups of children at different age levels in a variety of
learning environments.

A scholarly or reflective atmosphere should pervade
the community with students and staft engaged in some
ongoing research which would provide both incentive
and focus for intensive involvement,

Feedback loops should be built into the program at
all levels. The student-scholar should not only receive
feedback that has been filtered through others in the
community, but he should be learning how to improve
his own techniques for direct feedback from his stu-
dents. Staff and students should use feedback to assess
the effectiveness of the program and to make revisions.

Finally. provision should be made for individual
planning and programming within the broad guidelines
established here. A prospective teacher should be al-
lowed to choose the type or types of teaching roles he
wants to be prepared to fulfill. Some speculation about
how a specific teacher education program might be
moditied to incorporate the desired characterisitcs de-
scribed above would provide at least a basis for further
discussion.

At the University of lllinois, an undergraduate
candidate for a certiticate to teach science at the
secondary school level is required to complete approxi-
mately twenty semester hours of education courses.
These courses include educational psychology. history
and philosphy of education, principles of secondary
education, an introductory course in science education,
a science teaching methods course, and student teaching.
The candidate is also required to take approximately
seventy hours of science or science related courses
(history or philosophy of science, mathematics, etc.).
none of which are specifically designed for teachers.

It we moadified our program at the University of
[linois by pooling all the education courses and twelve
hours of the science or science related courses, we
would obtain thirty.two semester hours which would
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give us the time and flexibility needed to create an
integrated program of scholdrly activities and coricrete
experiences, Spread over a two-year period, a partici-
pating student could concentrate about half his total
study time upon the integrated program,

All the basic ideas covered in the pooled separate
courses could be covered in the new program by
integrating them into & unitying framework -the psycho.
epistemological model, The new program would be a

- dynamic activity involving proivssionals and scholar-

apprentices working on common problems within a
common theoretical framework. A continuing seminar
and concrete experiences with children, schools, and
materials would provide a focus and a realistic base for
this activity.

Each community would be composed of approx-
imately twenty students plus the participating faculty--
master teachers as exemplars of good teaching, and
specialists in psychology, sociology, history and phi-
losophy of education, philosophy of science, science
education, and the various science disciplines. The
faculty, as a group, would be responsible for planning
the requisite experiences, for setting the standards or
criteria for success within the program, for constantly
evaluating student performance and providing feedback
to the students, and for assessing program effectiveness
and making revisions when warranted,

The seminar would meet for two to three hours at
least twice a week for the duration of the program.
Each staff member would be expected to attend at least
one general session each week. The seminar would
provide a forum for students and staff to present and
compare points of view and discuss teaching experiences
within the context of the underlying model. Each
specialist would interpret experiences common to the

- group using models characteristic of his particular

discipline or specialty. The similarities and differences
among the various interpretations and the compatibility
of a particular interpretation with the psycho-
epistemological model being developed would be pointed
out and discussed. Even though the community is
committed to a particular model with specialists sym-
pathetic to that model, we would expect to find
considerable disagreement among these “experts™ with
regard to particular interpretations or applications of the
model. These differences would be discussed in the
presence of the students who are encouraged to partici-
pate in the discussion. Under these conditions, a student
would have the opportunity to recognize contradicting
viewpoints, judge the various interpretations and assim-
ilate those ideas consistent with other views that he
holds, and perhaps. to recognize that some fundamental
ideas pervade many different fields, and that other
people might hold different but equally valid points of
view.

Equally important are the experiences with schcol
children and teaching environments. A student's first
encounter with children should include one-to-one inter-
views or *“tutorials” at the primary. upper-intermediate,
junior high, and senior high levels. By working with
children over a broad age range, a prospective teacher
acquires experience with various stages of intellectual
development of children and adolescents.

The primary purpose of the one-to-one encounters
is to provide novices in the program an opportunity to
analyze children’s frames of reference in terms of the
psycho-epistemological model. Therefore, the children,



not the prospective teacher, should do most of the
talking and acting. Preferably, the child should be
engaged in some physical activity. By observing a child's
verbal and physical performance at the same time, a
careful observer often acquires insight into how the
child’s mind is organized with regard to a particular
object. The student then reports his observations and his
interpretation of these observations in writing or orally
to one of the specialists who, in turn, expresses how he
would interpret the same situation. The reports and
related discussions provide feedbuack to specialists and
students so they can judge tor themselves whether or
not they are operating with similar frames of reference.
The specialists must observe, either directly or by video
tape recordings, enough of the.encounters with children
to provide a common experiential base for the discus-
sions,

When faculty and students feel that they are
speaking the same language and have articulated it to
common concrete referents, then the student’s ¢ xper-
ience should be expanded to include groups of children
and a variety of teaching environments. In addition to
analyzing individual frames of reference, the student
should search for patterns in the ways children respond
to environmental and social influences. Following the
same format of observation-analysis-report-feedback, the
student gradually expands his conceptual framework so
that he is able to interpret and respond in a consistent
way to specific classroom situations. Because the com-
munity is developing a common framework for inter-
preting a similar set of experiences and acquiring a
common language with a common semantic base, the
students benefit from sharing verbal descriptions of
different individual experiences.

During the second semester of the program, stu-
dents should have organized and articulated their ideas
to the point where they can anticipate what is apt to
happen in a particular classroom with specific children
under certain conditions. Then students should have the
opportunity to experiment with their own teaching
strategies and styles in their own mini-classroom environ-
ments of four or five children. By continuing to expand
this teaching experience under the supervision of master
teachers and other specialists students should be able to
manage 25-30 children at one time.

If school administrators and teachers are directly
involved in the planning of activities, their suggestions
are listencd to and given serious consideration and
weight. then facilities and children are usually available.
The master teachers are an essential part of the program
for they provide the children and classroom facilities.

Another important set of experiences deals with the
study of scientific knowledge-the epistemological di-
mension of our model. We cannot expect many students
to enter our program with a background in science
appropriate for the type of science teaching they are
being prepared to do. The way they have learned science
has left them with the impression that science is a static
body of knowledge, they do not see scientific knowl-
edge as being intimately tied to the minds of practicing
scientists. Nor do they interpret objectivity in terms of
common experience, modes of comrmrunication and faith
in a paradigm by members of a scholarly community.

The contradictions between former ways of viewing
science and viewing it in terms of the psycho-
epistemological model will surface during the first
seminar sessions. New insights can be developed by

discussion within the seminar or in ad-hoc groups
created to pursue particularly intriguing or confusing
aspects of the new model. These new ideas must be
linked to concrete objects and events, preferably
through activities common to the group. Therefore, a
science laboratory must be accessible to the students. In

“this laboratory, available for the whole program, mate.

rials appropriate for teaching in an enquiry-oriented
science classroom may be designed, tried, and tested.
The science subject specialists would have primary
responsibility for this aspect of the program. Another
major problem which they could work on with the
students would be how to teach advanced concepts of
science from an elementary viewpoint.

The laboratory and resource facilities are obviously
a crucial factor in conducting the necessary activities
and maintaining a sense of community. Ideally, the
seminar room, the library, the laboratories, etc., would
be in one central complex, accessible to staff and
students during the day and until some reasonable hour
at night, such as the Science Teacher Center at Austin
Peay University. Extensive curriculum materials—books
and other written materials, apparatus, supplies, and
video and audio taping facilities would be available. The
surrounding and atmosphere should be as pleasing and
friendly as possible to make staff and students feel
welcome and comfortable.

The desirability of establishing a scholarly or
reflective atmosphere within the community was ex-
pressed earlier. A coordinated program of research
designed to articulate the nsycho-epistemological model
which would involve both students and faculty would
provide such a scholarly atmosphere. When someone
becomes involved in research concerned with a particular
aspect of a theory, there is strong incentive to under-
stand how this aspect is related to the rest of the
theory. The researcher must understand the whole
framework in order to understand the part he is working
on. Any attempt to acquire greater understanding of
the psycho-epistemological model will increase the num-
be:i of student discussions carried on ourside the seminar
and the number of unassigned books and articles related
to the model that are read by the students. The mutual
searching for and sharing of insights would give students
not only a better working knowledge of the model, but
greater insight irto the epistemological structure and
evaluation of models in general. Research completed by
the students might or might not contribute significantly
to knowledge outside their own community. However,
the experience that students would acquire by conduct-
ing the research would give them more insight into
science and scientific knowledge than all the books they
could possibly read.

Research conducted by students and faculty can
also serve an important function in regard to the
dynamic program. The faculty as well as the students
would be constantly learning. On the basis of continual
re.ppraisal and vanous research projects, the program
could and would be revised if the evidence, as inter-
preted by the community, supported the need for a
change. If students are aware that their ideas and
research findings are important enough to lead to
revisions in the program, interest and incentive increase
greatly. Studies that follow up what happens to grad-
uates of the program would provide feedback to suggest
ways that the program might be improved.
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Student evaluation, like program evaluation, must
be a continuous and integral part of the program.
Because of the types of activities provided and the
involvement of the faculty in all these activities, con-
stant evaluation of actual teaching performance is
possible. This constant evaluation, which is immediately
fed back to the student, provides him with a basis for
improving his performance. In addition to staff evalua-
tion video or audio taping of interviews or teaching
sessions are excellent ways for a student to record what
happens so he can review and evaluate himself. Review-
ing the tape recordings with an experienced teacher or
staff member for the first few times often helps the
student focus on important aspects of the session.

Evaluation of a student's performance in teaching
situations is also necessary for faculty decisions about
whether or not the student has the qualities requisite for
a teacher. Students that do not exhibit the necessary
qualities should be informed of the opinion of the
faculty as soon as they have formed an opinion. If the
faculty feels there is little chunce to develop those
qualities, then the student should be encouraged to
pursue some other career. In this program, the license to
pursue a career in teaching would be controlled by a
team of professionals who had worked closely with the
student in a variety of teaching situations. Moreover,
they would be able to recommend with considerable
credibility the types of teaching environments in which
a pﬁrticular student could be expected to do his best
work.

Students should have considerable autonomy in
determining their own programs. Because this program is
designed to help teachers acquire certain understandings
and experiences that would prepare them for a specific
teaching role, we would assume that participants in the
program would be willing to follow the general format
described above. Undoubtedly there are students who
would like to prepare for different teaching roles and we
would assume that there are other avenues open to
them. For those students who have chosen the route
described, there is still opportunity for the choice of the
types of teaching environments within which the student
wishes to acquire experience, and the choice of research
topic, within certain limitations. If a student were able
to present a convincing case that he could acquire,
through activities different from those prescribed in the
program, understandings and experiences similar to those
provided by this program, then the program should be
flexible enough to let him follow his own route.
Whether or not he actually accomplishes his objectives
would, of course, still be subject to the combined
judgment of the facuity.

The hypothetical program just outlined was de-
signed with secondary science teachers in mind, how-
ever, a similar model would be just as appropriate for
elementary teachers preparing to teach in open class-
roomns, open schools, or in individualized programs.
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SESSION T

ELEMENTS OF SCIENCE TEACHER EDUCATION
(abstract)

Ronald K. Atwood, Department of Curriculum and
Instruction, University of Kentucky, Lexington

This paper attempts to systematically abstract infor-
mation from the fifty contributions comprising the
ERIC-AETS publication In Search of Promising Practices
in Science Teacher Education. 1t also includes expres-
slons of general impressions of the contributions to the
report and takes a position on its merits as a source for
developing a futuristic science teacher education pro-
gram. A fourteen-item check sheet was utilized by the
author as a principal mechanism for abstracting informa-
tion. Based on the results of utilizing the check sheet
plus general impressions of the document, it was
concluded that In Search of Promising Practices in
Science Teacher Education is not in itself an adequate
basis for synthesizing a science teacher education pro-
gram model for the future. However the document
would be highly useful in planning a good elementary or
secondary science methods course. It also reveals a great
deal about the state of the art in science teacher
education which could be useful in establishing priorities
for action by individuals, faculty teams, institutions, and
professional organizations.

SESSION U
TEACHING FOR MEASURABLE OUTCOMES

Louis A. Gatta, Chairman of Science and.Health,
Deerfield High School, Mlinois

Before a case can be made for the desirability of
teaching for measurable outcomes in students, there
must be agreement upon the purpose of formal educa-
tion in our society. There are numerous approaches to
the analysis of the purpose of the American educational
enterprise. Many dedicated and thoughtful persons have
tried to formulate statements of the goals of formal
education. Individuals, some from within and some from
without, the ranks of professional education have pro-
pcsed many diverse and varied statements of the
purposes of education. These statements range from
developing moral character, attitudes, adjustments to life
and self-confidence, to developing a happy individual.

To support this case, the educational enterprise as
it is today must be examined. What is going on in the
schools? What are the schools doing best? What are the



personnel in the schools trained to do? By focusing
attention on the activities and students in the schools it
is soon apparent that the activities, content, and
procedures of the school are geared for the purpose of
facilitating learning and the school functions best in this
capacity. It also becomes clearly evident that the schools
are not functioning well in curing the ills of society.
Many uninformed people would like to delegate this
function to the schools but the schools are not equipped
to handle most social problems. To believe the whole
responsibility for moral character, life adjustment, self-
confidence, and happiness is the responsibility of the
schools is very naive and unintelligent.|[2],[3]

_ What type of training do the professional personnel
in schools have? Again, they are trained for the purpos:
of facilitating learning. This is what they do best and to
imply that their time should be devoted to other areas is
foolish.

Tyler points out that the purpose of formal
education in the school is to set the stage for the
potential change in an individual’s performance.[5] This
definition should be expanded to include the observa.
tions about the schools just discussed. The school is an
institution designed to facilitate learning and promote a
change in an individual’s performance. Unless one
accepts this viewpoint there is little reason to engage in
the arduous task of specitying measurable outcomes.

There are still those who would say that the
purpose of the school is to develop attitudes, values,
self-concept, and a happy individual. Critically consider
these possibilities. First of all. a person's attitudes,
values, self-concept, and happiness are strictly a personal
matter. They are ends in themselves and not functions.

Examine some of these common experiences. No
matter what it is, the better one can do something, the
more one knows about it, the more one enjoys it, the
happier and better the attitude is towards that activity.
No “duffer” gets the pleasure out of a golf game that
the expert does. No ‘*‘hacker” in the handball court
enjoys the game as fully as a trained player; no
“chopstick™ pianist can find equal satisfaction in a piece
of music to that of the virtuoso.

Nobody will attain the deep pleasure of proficiency
without hard work and possibly some boredom. Atti-
tudes and values do not come easily and are not
guaranteed.

Learning is a perpetual tension between the polar-
ities of work and pleasure. The more someone grapples
with a problem, the more enjoyable and satisfying the
resolution of the problem. The most fun and best
attitudes seem to come when a person works the hardest
to accomplish a specific goal. The best the school can
do is to facilitate the internalization of knowledge which
will give the student the necessary tools to becoming
happy and to developing positive attitudes.

For those who would insist that the development
of a good self-concept is one of the primary functions
of the school one must consider how a person's
self-concept best be developed.

Everyone knows the empty teeling that exists when
a completely new or foreign situation is encountercd.
One does not teel very confideat about successfully
handling the situation and the individual’s self-concept is
not very positive. Self-concept in this situation becomes
more positive as the individual increases his under-
standing of this foreign situation. Self-concept seems to
be a many-dimensional force in one’s personality. It can

be very positive for certain situations and negative for
others. A person's self-concept seems to improve as he
becomes more knowledgeable and experiences some
degree of success in a given area. Purkey, in his review
of the research on self-concept, indicates that there is a
significant relationship between a person’s academic
achievement and his self-concept. A change in one seems
to be associated with a change in the other.[4] Studies
have shown that the students who experience success are
more likely to develop positive seif-concepts and feelings
about their abilities and those tha: experience failure are
most likely to develop negative views of themselves.

The best way the school can help develop a positive
self-concept in an individual is to help him succeed in
the process of acquiring usable knowledge.

What Makes a Good School System?

The question of what makes a good school system
has been answered in different ways. The old answer
was that a quality school system maintained the highest
standards of physical plant and equipment, had a small
student-teacher ratio, had most teachers with advanced
graduate training, and was in-step with new curriculum
developments. This yardstick for measuring the quality
of a school was all right so long as those characteristics
were in a one-to-one correspondence with learning,
Through years of educational research it has been found
that this simple, direct relationship does not exist.

A school system can no longer be judged by the
number of things it possesses. There is a great pressure
on the schools to be accountable for the education of a
child. The question of whether children are receiving a
quality education will only be answered when attention
is paid to the performance of students. Bloom suggests
that the criteria for judging the quality of a school and
its educational functions would be the extent to which
the school achieves the objectives it has set for itself.[!]
It is evident that the success of a school cannot be
measured by school characteristics or by fixed national
norms, but by the results achieved by the school on
specific and well-defined measurable objectives set to
meet the needs of the particular school and the
particular set of students in the school.

Why Teach for Measurable Objectives?

All activities of a school system should be means to
accomplishing basic measurable objectives. By stating
objectives, a school is able to systematically and intcl:
ligently assess their educationul program and the degree
to which they are accomplishing desired objectives.
These objectives should be statements of specific and
measurable behaviors which indicate what the student
will be able to do following instruction that he was not
able to do before participating in an instructional
program. These objectives then become the criteria by
which materials, activities, teaching strategies--in short,
the whole instructional program--s evaluated. Objectives
which are so vague that they are impossible to measure
are not likely to be of much value to the teacher or the
student and are extremely difficult to defend as being
important educational outcomes.

It is also important for the teacher to understand
that one of his important roles is as evaluator of student
achievement. Decisions about student achievement can
affect a student for a long period of time: in fact, those
decisions may affect a student’s entire life. Therefore it



is important, when making decisions about a student,
that the intormation on which the decision is based be
supportable reliable evidence of his progress.[6] The
evaluation of specific measurable outcomes also enables
the teacher and student to know exactly where they are
and where they are going. To teach without evaluating is
unthinkable.

A systematic approach to curriculum design is also
made possible through the development of well-defined
measurable objectives. The learning experiences devel-
oped by teachers can now be geared to the accomplish-
ment of stated measurable objectives which will help the
student see more clearly where the instructional program
is going. This increased clarity should also increase
student achievement because the student knows in
advance what performances are expected of him. He will
alsv be able to better relate classroom experiences to
these stated performances. The lack of measurable
objectives often shifts the emphasis to the activities
rather than the purpose for which the activities were
designed.

The specification of measurable objectives will
make it possible to evaluate the objectives of a particu-
lar program as to their contribution to the total
curriculum. One of the basic criticisms of a curriculum
based on measurable objectives is, that the teachers will
only concentrate on the trivial outcomes and lower level
cognitive objectives and avoid the higher level objectives.
This is an unfounded criticism because the stating of
objectives makes it possible to evaluate the content of
these objectives and discard those objectives that are
trivial and meaningless. It is also possible to analyze the
cognitive levels of these objectives and a more intelligent
assessment of their appropriateness becomes possible.
This content analysis is not possible unless the objectives
are specified for the educational program.

This approach to the teaching-learning process also
makes systematic monitoring and reporting of a stu-
dent’s progress possible. This quality control function
made possible by the specification of measurable objec-
tives and the evaluation of these objectives allows the
teacher to indicate to parents and students which
objectives the student has mastered and which objectives
require additional prescriptive assistance. The parents
and students can understand with greater clarity where
deficiencies occur.

The diagnostic and prescriptive function of teaching
is made possible through the specification and evaluation
of measurable objectives. Through the use of well-
defined measurable objectives the teacher is able to use
the evaluative process as a means of diagnosing deficien-
cies and prescribing appropriate remedial work leading
to the eventual mastery of a set of learning objectives.

The approach toward the gathering of output data
will lead to the strengthening and support of effective
programs and to the elimination of weak programs. This
can happen through the use of cost-cffectiveness analysis
of existing programs possible through the development
and evaluation of measurable objectives. The actual cost
to the school system can be determined for any program
by examining this cost factor in conjunction with the
degree of success of a program in meeting its desired
objectives. More meaningful and intelligent decisions can
be made when dealing with the appropriate data.
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CESI OPENING GENERAL SESSION

ETHICS, MORALITY, AND VALUES IN SCIENCE
AND SCIENCE EDUCATION (ABSTRACT)

Harold G. Cassidy, Professor-at-Large, Hanover
College, Indiana

The subject is approached troms a scientific point of
view. We start with the statement and definition of two
boundary conditions: our awareness of self and of
other-than-self. We also know that we are not independent
of our habitat, but depend upon it for life. A related pair
of boundary conditions is that there is a personal,
subjective, private inner reality inaccessible in any direct
sense to others, and the public, objective reality of science
that can be validated directly by others. The clinical and
theoretical work of Piaget and co-workers has shown how
these two realities develop. The newborn infant does not
distinguish itself from its habitat. As it acts, at first
randomly, then in a more directed way, it gradually comes
to realize and construct an outer reality. We may consider
that the individual, during growth, constructs both an
inner set of frames of reference and an outer set, and
endeavors to make them correspond. In this process of
construction the individual discovers invariant relations
between the frames. Science is most successful in this
respect. The constructs and the laws that connect them
and make up scientific theory serve well to deal with
external reality. They form a pattern that carrics great
meaningfulness and that confers meaning and a sense of
identity on scientists in teaching and research.

In inner reality, also, there are invariants. These are
absolutes that serve to bound and give meaning to the
range of relative values, morality, and ethics. Like all
absolutes they cannot be attained, yet are as definite as
data and a theory that allows extrapolation to the limiting
absolute can make them. Scientitic knowledge, too, is
relative. This can be seen because scientific knowledge is
not an end in itself. It will be used. The ends for which it
is used may be good or evil. This being clearly the case the
scientist is individually responsible for his work.

The applications to science education are many.
Students may properly be taught the relativity of science.
They may be shown the bounding absolutes that give



meaning to and control over this range. Values are
properly introduced: honesty, integrity, responsibility,
concern for consequences, and so on. If these values
were also  demonstrated by the teacher, sclence
education would have its greatest impact in helping the
scientist and layman to become a better person, Berrer
people Jhrough science education,

CESI CONCURRENT SESSIONS
SESSION C-3

CHILD-STRUCTURED LEARNING IN
ELEMENTARY SCIENCE: HUMANISM VERSUS
BEHAVIORISM

Charles C. Matthews, Associate Professor of Science
Education, Florida State University, Tallahassee

In introducing his book, The Hidden Persuaders,
Vance Packared wrote the following in 1957:

It is about the large-scale efforts being made,
often with impressive success, to channel our
unthinking habits . . . and our thought processes by
the use of insights gleaned from psychiatry and the
social sciences. Typically these eftorts take place be-
neath our level of awareness; so that the appeals
which move us are often, in a sense, hidden. The
result is that many of us are being influenced and
nunipulated far more than we realize, in the patterns
of our everyday lives.

Of course Packard was writing about behaviorism as
it applied to massive advertising campaigns to create
markets for products for which there existed no consumer
demand. The truth of his 1957 predictions are
frighteningly obvious as we see our 1974 environment
under serious threat of pollution and depleted resources.

I am concerned with the increasing use of behavior
management techniques for the purpose of manipulating
children who have not yet had the opportunity of
developing their own unique personalities, interests, and
needs. This paper and the associated videotapes and
demonstrations are intended to communicate a set of
systematically developed educational alternatives—alterna-
tives to behaviorism. This systematic development and
dissemination of these strategies seem of critical necessity
if we make a reasonable assumption (or observation) that
the following 1957 statement by Packard applies in 1974
to our treatment of young people in schools:

Some of the manipulating being attempted is
simply amusing. Some of it is disquieting, particu-
larly when viewed as a portent of what may be ahead
on a more intensive and effective scale for us all.
Co-operative scientists have come along providen-
tially to furnish some awesome tools.

In connection with these concerns, I should like to
deal in this paper with two problems.

Problem 1. For several years, | have been hearing my
colleagues in psychology telling teachers and teacher
candidates, “Show me an undesirable behavior in a child
and I'll tell you how to extinguish it in two weeks.” More
recently. [ observe my colleagues in elementary education,
early childhood education, and in various fields of special
education and secondary education devoting numerous
courses and many hours to teaching these behavior
management techniques to inservice and preservice
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teachers. Fortunately, these university-level educators are
not very skilled in the use of the very techniques they aré
advocating. This results in fairly few teachers becoming
effective in the use of techniques identified as positive
reinforcement, contingency reinforcement, behavior mod,
etc. So far, the children are relatively safe. But soon the
teachers of teachers—and subsequently the teachers
themselves—will get it worked out. This will render the
children completely vulnerable. For how many teachers
will resist the pleasant, gentle, and effective “laying on"
of their values to the children by the oh-so-convenient and
completely-acceptable techniques the “experts” have
taught them? Add to this the observation that many
school systems are requiring teachers to attend “behavior
modification workshops” and then to demonstrate the
newly-learned techniques in their classrooms; you find
that there is not only no escape for the children but no
escape for the teacher either.

Problem 2. Many teachers have never had oppor-
tunities to analyze their own motives for working with
children and subsequently to develop interactive processes
which are consistent with these motives. Consequently
many teachers use instructional  strategies which are
consistent with behaviorism when they, in reality, have
motives which are humanistic. Within this incongruent
framework, they communicate erratic and confusing
messages to childre:i and accomplish little more than the
alienation of themselves and their students. Teachers are
exhausted at the end of the day and feel defeated in their
teaching—truly feeling as if they’ve been trying to sink 30
inflated balloons for six hours,

In attempting to communicate my ideas and feelings
specifically associated with these two problems and
generally with the conflict between behaviorism and
humanism in education, [ shall present the framework
from which my ideas and feelings evolved. The remainder
of this paper describes 1968-74 act.vities of two related
research and development projects which have influ-
enced—and have been influenced by--all the teaching of
elementary, secondary, and college students I have done
during that period. The CSLA Project (Child-Structured
Learning in Science?, which I directed from 1968-1972,
has gradually evolved into Project LEO (Learning
Environment and Outcomes), of which I am currently
co-director. The CSLS Project developed humanistic
strategies and materials and Project LEO has developed
quantitative definitions of these CSLS Strategies—which
are now identified as “student-structured learning in
science” (SSLS). Project LEO has also identified and
defined quantitatively a set of frequently used behav-
joristic instructional strategies which are identified as
“teacherstructured learning in science” (TSLS). Project
LEC! is now studying differences in environments and
outcomes associated with these forms of behavioristic and
humanistic teaching.

ll’rojcct LEO investigators are Ron Good, Jim Shymansky,
Pat Kolebas, John Penick, Jane Leonard, Tom Allen, Dorothy
Schlitt, Charles Matthews, and a number of teachers and teacher
candidates at FSU.

Child-Structured Learning in Science, 1968-1972

The CSLS Project was an effort to identify and
implement activities and materials which would facilitate
maximum affective and cognitive learning in science. The
project began in 1968 with initial funding from the
Georgia Department of Education and the National



Instructional Television Center, Funding was subsequently

received from Florida State University and the ‘}‘turida

Department of Education. Much of the effort which went

into this project, however, consisted of donations of time

and expertise by psychologists, scientists, science
educators, students, and teachers in many parts of the

United States and Canada.

The CSLS Project reflected the following assuinp-

tions [19] {20]:

1. 1t is possible to logically derive learning conditions

from goals and characteristics of learners.

Learning conditions must reflect what is not known

as well as what is known about student.

3. Teacher behavior and learning materials are the
dominant factors in determining learning con-
ditions -since these two factors communicate to the
students both conceptual and operational meanings
of learning.

o~

4. Learning how to learn can be facilitated by school
experiences.

S. Self-actualized learning is the most important goal of
education.

6. Learning conditions can be tested by studying

interactive processes and outcomes of educational

activities.

The broad goals of CSLS activities are outgrowths of
value judgments made by several hundred scientists,
science educators, human development specialists,
teachers, parents, and students. These goals can be charac-
terized as “humanistic” in intent because they: (a) focus
on the development of the individual’s full potential, (b)
facilitate individuality in learners, and (c) are associated
with productive learning under conditions of maximum
freedom.

CSLS goals emphasize conceptual learning over skill
learning. According to CSLS, skill learning can result from
imitation (verbal or non-verbal) but conceptual learning
grows out of the cognition and affect of the student.
Conceptual learning is that learning which is created or
structured within and by the student. All CSLS activities
have the following long term goals:

1. To enhance systematic and creative thinking abilities

of students in pursuit of investigations or solutions to

problems.

To enhance students’ beliefs that they can interpret

and manipulate their own environments—that they

are part of their environments and dependent upon
them.

3. To facilitate for students the development of positive

self concepts with regard to independent learning and

responsible manipulation of their environments.

To facilitate individual development of interests,

attitudes, personalities, and creativity in order to

enhance the continued development of individuality
in students.

5. To facilitate students’ tendencies to accept other
individuals—especially those who have ideas and
values which are difterent from their own.

These long term conceptual goals are operationally
defined by more specific statements of desired affective
ana cognitive learning. CSLS affective objectives are
associated with the development of positive self concept
with regard to independent learning. Within the CSLS
Project, this means that students:

1. Identify themselves as persons who can successfully
study their environments, and choose to use what
they learn about their environments.
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2. Describe learning in terms of activities which make
sense to them and feel comfortable with these
descriptions.

3. Accept their own explanations for natural phe-

nomena and modify these only when they cease to

be compatible with their own interpretations of their
environments.

Feel comfortable in stating alternative explanations

for observed phenomena.

5. Identify and accept tentativeness as an important
characteristic of knowledge.

CSLS cognitive objectives are associated with the
goal of communicating how creative and systematic
thinking relate to solving self-perceived problems.
Students should be able to design activities without
prompting and complete activities without instruction in
which they:

1. Manipulate objects or systems in ways which are
dependent upon self-perceived properties of the
objects or systems.

2. Identify relationships among properties of objects or
among the factors which affect the behaviors of
systems.

3. Manipulate objects and systems to test the usefulness
of the relationships which they have identified.
Although CSLS activities obviously take into account

physical characteristics of learners, the research base for
CSLS activities is associated primarily with emotional and
cognitive characteristics of learners. The work of
numerous researchers has shed considerable light on the
emotional characteristics which most people have in
common. The following research based statements have
relevance to CSLS activities:

1. The human being is characterized by a tendency
toward learning. Unless barriers have been erccted a
person will choose to learn. [25]

2. “Need to know” is insatiable and contmually forces
persons to rearrange ideas into patterns which make
more sense to them. [9]

Cognitive characteristics of students are those
characteristics associated with the thinking which is
available to students. The Piagetian school, Bruner's
group, and certain of the Soviet psychologists envision
these characteristics as representation systems available to
individuals for dealing with future encounters of the
organism with reality [24], [S], [29]. A brief listing of
research supported statements on cognitive characteristics
which grew out of Piaget’s work is given below [24]:

1. The cognition of human beings progresses through
stages characterized by increasingly powerful repre-
sentation systems.

2. The ordering of these stages of ¢
ment is constant and has been foun
studied.

3. Chronological ages associated with stages of cognitive

development vary from one person to another.

Interpretation of the environment and problem

solving associated with this interpretation are limited

by representation systems available to individuals.

CSLS takes into account the following well known

examples of resaerch supported statements associated

with facilitative classroom behavioral patterns:

1. Openness and self-directiveness characterize environ-
ments which tend to facilitate goals associated with
creativity in the sciences and wisdom in those fields
with social concern [28].

2. Students tend to copy the behavioral patterns

gmtive develop-
in all societies



exhibited by the teacher. If the teacher tries to

dominate students, students try to dominate each

other; if the teacher accepts students, students tend

to be accepting of each other [2], [3], [4].

3. Directive teaching behaviors tend to produce

disruptive anxieties in students and reduce the

learning of new concepts [7], [6].

Constraint teacher beﬁavinrs tend to produce a high

l[ev’ell of dependency of students on their teacher

12].

5. Directing students to engage in manipulative or
verbal operations which they cannot engage in
mentally tends to erect knowledge superstructures
‘ivlhlich crumble under the slightest cognitive stress.

6. Long term learning seems to be characterized by
personal involvement, self-initiation, a sense of
discovery, pervasivencss, self-evaluation, and
meaningfulness. [25]

In identifying CSLS materials, the following two
research based statements were heeded.

1.  Knowing an object requires acting on the object—
modifying it, transforming it. Learning seems to
result from what one does to objects in the
environment and the doing must be both physical
and mental. [24]

2. Logical thinking does not derive from verbal learning
but, rather from a total coordination of actions on
object. [24]

This led CSLS to distinguish between representa-
tional and non-representational materials and to place
almost total dependence on non-representational ma-
terials—until the student initiated an interest in the use of
representational materials. Objects were used for them-
selves rather than as representations of other objects,
events, or ideas. A blue glass marble, as a non-
representational object, is whatever the student perceives
it to be. It is not presented as a representation of glass
objects, blue objects, spherical objects, or any other class
of objects. Obviously, it is not used to represent an atom,
a nucleus, or a molecule. Printed or pictorial materials, as
representational materials, give way to manipulative,
non-representational materials Words are used but never
substituted for objects or events by CSLS teachers.

A major activity of the CSLS project was the
derivation from goals and student characteristics of a set
of learning conditions. CSLS classroom conditions, which
grew out of the previously stated goals and research on
student characteristics are characterized by:

1. student access to a variety of materials with freedom

to use or ignore them in an environment, that allows,

but cGoes not require, interaction with the teacher
and/or other students:

unprescribed specifications for what students must

learn or how they must learn since a teacher cannot

know a student’s precise cognitive levels.

3. sessions with no specific beginning, middle, or end:

4, student freedom to use the materials in any way
desired so long as other students are not disturbed or
materials damaged unnecessarily;

5. student termination of the sessions determined by
each individual;

6. student decisions about whether to work individually
or in groups with the option to change.

The role of the teacher is to:

l. make awailable the greatest possible wvariety of
materials for student use.

o )
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2. respond to what students are doing rather than giving
directions for students to follow. Printed materials
do not prescribe or give directions.

3. respond to individual students rather than giving a
generalized response to groups of students.
4. respond by asking questions or making neutral

(nonevaluative) comnients, to which students may
respond or not as they choose.

S. avoid rewarding or evaluating students for their
activities, as these acts would communicate to
students that the teacher wants them to discover the
secret objectives of the lesson.

6. accept (but not reinforce) both “correct” and
“incorrect” statements by the students. To do
otherwise would suggest that the teachers know
what the student’s perception is better than the
student knows himself. Neither does the teacher
provide printed feedback for the purpose of
establishing ‘*‘correctness” of the student’s per-
ceptions,

Investigations [16], [17] conducted during the
1968-69 school year compared three different science
programs for children within the age range 5% to 6%
years. Nineteen teachers and 570 students were studied
for the purpose of comparing: A textbook-based program,
Science -A Process Approach Part A and CSLS Level
One. [19], [20]

Utilizing the Science Curriculum Assessment System
[18], teacher behaviors, student behaviors, and student
cognitive developmental characteristics were studied.
Examination of the data from these investigations made it
obvious that CSLS Level One involved decidedly less
teacher directiveness and decidedly more teacher inter-
action with individuals and small groups of students. The
study also made it clear that CSLS Level One students did
more self-initiated and self-designed activities with no
increase in disruptive activity or idleness. Data on
cognitive developmental levels of students revealed no
significant differences among programs and placed the
majority of students at Piaget’s preoperational level.

Project LEO, 1971-1974

In September 1971 a project was initiated to study
learning environments and outcomes associated with the
strategies developed previously in CSLS. These were to be
compared with a contrasting set of strategies which had
been observed to be in widespread usage for K-12 science
teaching. The two sets of strategies were identified as
“student-structured learning in science” (SSLS) and
“teacher-structured learning in science” (TSLS). Although
these strategies are defined quantitatively in terms of
contrasting teaching behaviors, the overall framework for
the study is better understcud in terms of contrasts
between SSLS and TSLS goals and activities—as well as
teacher behaviors.

SSLS goals are identical to those given previously as
“CSLS Goals.” TSLS goals are derived from the practices
of numerous K-12 science teachers and reflect what the
Project LEO investigators consider important contrasts
with SSLS goals. Whereas SSLS goals emphasize
conceptual learning and an open (humanistic) environ-
ment, TSLS goals emphasize skill learning and a closed
(behavioristic) environment. When implementing TSLS
strategies, the teacher investigators of Project LEO
generated behaviors from a framework in which learning
selecred skills was of major importance and training the



student in these skills was a major goal. More specifically,
TSLS long-term goals are to enhance and facilitate:
I. the verbal and manipulative skills of students in the
pursuit of activities compatible with the structure
and processes of science and the competencies of the
student - as perceived by the teacher or other experts.
students” beliefs that their careful attention to
directions based on the judgment of authorities will
preserve their environments,

3. the development of pusitive self-concepts in students
with regard to following directions in the manipula-
tion of their environments,

4. the development of interests, attitudes. and personal-
ities which (it into the expert's perception of socictal
needs.

5. student tendencies to seek ideas and values which can
remain unchanged throughout their lives.

These long-term, skill-oriented goals are operationally
defined by more specific statements of desired affective
and cognitive learning. TSLS affective objectives are
associated with the development of an accurate concept
of selt’ with regard to skill learning. Within the TSLS
framework this means that students:

1. Correctly assess and accept their own science skills
relative to those of their peers.

2. Accept science as overt verbal and manipulative skills
and correct knowledge.

3. Feel comfortable in stating what experts recognize as
correct explanations for natural phenomena which
they have covered in their svience program.

4. Feel comfortable in stating the explanations (for
observed phenomena) which have been detailed
previously by the teacher or another authority.

5. Identily and accept correctness as the most
important characteristics of scientific knowledge.
TSLS cognitive objectives are associated with training

stidents in the skills of science and how these skills are
used in  cfficiently and correctly solving practical
problems. Students who complete the TSLS program
should be able to follow instructions which require that
they:

I, munipulate objects in ways which correctly identity
and measure the properties of the objects.

2. correctly identity relationships among properties of
objects or among the factors which affect the
behaviors of systems.,

3. use expert sources to check the correctness of
properties of objects. the relationships which they
have identified. and general knowledge.

A madification of teacher behavior categories
developed by Matthews [18] in 1968, was utilized to
detine SSLS and TSLS teacher behaviors quantitatively.
SSLS teacher behaviors are essentially responsive (non-
directive) and neutrully accepting (non-evaluative) toward
students. Both SSLS and TSLS teacher behaviors include
questions and observations,

An important condition for SSLS and TSLS is the
nuntber of students with which the teacher interacts at a
given moment. Although group size for both SSLS and
TSLS was 25-30 students, 99 percent of teacher behaviors
nvolved interaction with fewer than seven students .
usually one or two, Therefore, the teacher was essentially
“roving™ among students. Both SSLS uand TSLS are
“individualized  science.”™ TSLS being prescriptive and
SSLS being non-prescriptive,  TSLS teaching narrows
alternatives for students to those which the teacher
identities as mosi efticient for the student: SSLS teaching

tJ

maximizes alternatives (short of endangering the rights of
other people).

SSLS and TSLS Activities
In studying the effects of contrasting teacher
behaviors on students, all other conditions were held

. constant. This included materials and other physical
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facilities. Since all materials for SSLS and TSLS are

identical, the differences in the activities result from the

differences in the teacher behaviors,

During the summer of 1971, quantitative definitions
of SSLS and TSLS teaching behaviors were finalized and
the teacher learned sets of contrasting behaviors and
demonstrated these consistently within the runges shown
in Table 1. Activities were identified, materials were
collected and pre- and post-test instruments were
developed. Research assistants were trained for datu
collection,

Beginning in September 1971, a pilot study was
conducted with 52 students ranging from 9% years to 10%
years of age. Twenty-six students were randomly assigned
to SSLS and the remaining 26 constituted the TSLS
group. Students were assigned with a class ranking
restriction on randomization to insure a range of students
in each section. Using the California Short-Form Test of
Mental Maturity and fourth grade achievement grades,
students were privately designated as high rank, middle
rank, and low rank. During daily SSLS and TSLS sessions
students were observed individually and their behaviors
were coded on a modification of SCAS Student Behavior
Categories [18]. Utilizing Forms A and B of the TAB
Inventory of Science Processes students were pre- and
post-tested. These two studies were consistent in findings,
yielding the following conclusions [26], [23]:

1. SSLS low- and middle-runked students did as well as
SSLS high-ranked students in problem-solving.

2. TSLS high-ranked students did about the same as
SSLS high-ranked students in problem solving.

3. TSLS low-ranked students did not do as well as TSLS
middle-ranked students and TSLS middle-ranked
students scored lower than TSLS high-ranked
students on problem solving.

4. When SCAS behaviors of SSLS and TSLS students
were compared to the TSLS students:

did more “observing the teacher”.

did more “following teacher directions™.

did less “self-designed activity™.

did more “initiating interaction with teacher™,

and

e. did about the same amount of “fesson-related

behaviors™ as did SSLS students,

S.  SCAS BEHAVIORS OF TSLS low-ranked students
were different from other TSLS students in that the
low-ranked students:

4. exhibited less “lesson-related’” behaviors,

b. ‘*‘observed the teacher”™ more, and

¢. “followed teacher directions™ less.

6.  SCAS behaviors of SSLS low-, middle-.
high-ranked students were about the same.
Based on these findings and utilizing new or maodified

instruments, a 197273 study was  designed and

implemented with 250 students ranging in age from $% to

10% years and with SO high school students enrolled in

tirst-year general chemistry. During the 30-week SSLS and

TSLS treatment. students were studied in the following

wdyvs:

1. Classroom behaviors, Utilizing SCAS student be-

o o

and



havior categories, students were observed individually
and behaviors were coded. [13]

2. Problem-solving ability and confidence. Utilizing an
individual interview students were pre- and post-
tested for ability and contidence in the solution to
ten selected problems. [15]

3. Cognitive developmental characteristics. Utilizing an

individual interview students were pre. and post.

tested on conservation and similar tasks. [8]

4.  Self concept with regard to science and independent
activity. Utilizing a group-administered instrument
(with individual assistance and monitoring), students
were pre- and post-tested on their feelings and
tendencies regarding science and other independent
activities. [27]

5. Information acquired. Utilizing a set of standardized
tests students were pre- and post-tested on science
information acquisition and information acquisition
in general. | 14]

6. Teacher impressions. Teachers made subjective
judgments and kept daily logs of what they
considered signiticant events. [11] Participating
teachers and investigators met once each week to
discuss these and to plan for the next week.

To summarize briefly the findings indicated that,
after one school year of SSLS and TSLS conditions, SSLS
students exhibited higher levels of’:

1. ability to solve certain problems,

2. confidence in their ability to solve certain problems,

3. self-initiative and self-directiveness in engaging in
learning activities, and

4. verbal creativity.

TSLS students exhibited higher levels of:

. listening to and watching the teacher,

2. carrying out teacher-designed activities,

3. copying other students, and

4. initiating interaction with the teacher.

In general, it can be stated that the investigations
conducted thus far have consistently indicated that
students are more independent and fully functioning
under SSLS conditions than under TSLS conditions with
no increase in disruptive behaviors.

The 1973-74 schoo!l year is devoted to a second-year
study of 52 of the elementary school students who were
studied during 1972-73. These 52 students were retained
in their original groupings and are currently continuing
under SSLS and TSLS conditions. Additionally, two new
groups of high school chemistry students are being
studied—one group under SSLS and one group under
TSLS conditions. Data will be analyzed in Fall 1974.

The 1974-75 school year will be devoted to
comparative studies of more subtle contrasting strategies
within the SSLS framework. In addition to continuing the
investigations of learning and outcomes, Project LEO will:
1. provide consultation services to groups who wish to
conduct their own research or who wish to
imglement SSLS- or TSLS-related teaching strategies,
an
publish instruments, techniques, findings, and
implications of CSLS and Project LEO investigations.
[ believe the purely cognitive arguments and research
presented in this paper clearly support the following
statements:

1. It is possible to differentiate quantitatively between

humanistic environments and behavioristic environ-

ments.

It is possible to

[ 28]
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identify differences in the

educational outcomes associated with humanistic and

behavioristic environments.

3. The freedom assoclated with humanistic learning
environments does not result in the chaos and
irresponsibility that many people fear.

4. Children develop more positive self concepts in the
absence of overt verbal and other rewards which
many behaviorists advocate as essential.

§. Skill development and information acquisition do
take place in environments which do not require
students to engage in specific skill development and
information-oriented activity.

6. Teachers can establish humanistic environments
through systematic efforts to channel their behaviors
into patterns which are consistent with their
humanistic values, motives, or goals.

There are alternatives to behaviorism in the
elementary school classroom. These alternatives, once
learned, can be implemented without high risk to teacher
or student. Teachers can develop congruency between
values and instructional practices. Through systematic
effort and introspective analysis, teachers can comnuni-
cate consistently and continuously to students, “I love
you; I am concerned for your welfare; and I believe in
your responsibility to yourself.”

References

1. Almy, Millie. Young Children’s Thinking. Teachers
College Press, New York. 1966. .

2. Anderson, Harold H. and Helen M. Brewer. “Studies
of Teachers’ Classroom Personality: Dotninative and
Socially Integrative Behavior of Kindergarten
Teacshers.” In Applied Psychology Monograph No. 6,
1945.

3. Anderson, Harold H. and Joseph E. Brewer. “Studies
of Classroom Personalities: Effects of Teachers’
Dominative and Integrative Contact on Children’s
Behavior.” In Applied Psychology Monograph No. 8,
1946.

4, . “Studies of Teachers® Class-
room Personalities: Follow-up Studies of the Effect
of Dominative and Integrative Contact on Children’s
Bclehaviog” In Applied Psychology Monograph No.
11, 1946.

S. Bruner, Jerome S., et al. Studies in Cognitive
Growth: A Collaboration at the Center for Cognitive
Growth, John Wiley & Sons, Inc., New York. 1966.

6. Cogan, N.L. “Theory and Design of a Study of
Teacher Interaction.” In Harvard Education Review,
Vol. 26, No. 4, Fall 1956.

7. Flanders, Ned A. “Personal-Social Anxieties as a
Factor in Experimental Learning Situations.” In
Journal of Educational Research, Vol. 45, October
1951.

8. Good, R., et al “A One-Year Study of Comparative
Effects of SSLS and TSLS on the Student’s Cognitive
Developmental Level.” Presented to the 47th annual
NARST convention, Chicago, 1974,

9. Kagan, Jerome. Understanding Children. Harcourt,
Brace Jovanovich, Inc., New York. 1971.

10. Kolebas, P., et al “A One-Year Preliminary Study of
Comparative Effects of SSLS and TSLS on the
Student’s Behavior and on Affective and Cognitive
Learning in Secondary Chemistry.” Presented to the
47th annual NARST convention, Chicago, 1974.

11, Leonard, J., et al “‘Teachers’ Perceptions of




14,

15.

16.

17.

18.

19.

20.

21.

23.

24.

. Shymansky, J., et al

Comparative  Effects of SSLS and TSLS on
Elementary and Secondary School Students.”™ Pre.
sented to the 47th annual NARST convention,
Chicago, 1974,

. Lewin, Kurt. Dynamic Theory of Personality.

13.

McGraw-Hill, Inc., New York. 1938,

Matthews, C., ¢t al *“A One-Year Study of
Comparative Effects of SSLS and TSLS on the
Student’s Classroom Behaviors.” Presented to the
47th annual NARST convention, Chicago, 1974,
—— . "A One-Year Study of Comparative
Etfects of SSLS and TSLS on the Student’s
Information Acquisition.” Presented to the 47th
annual NARST convention, Chicago, 1974,

— . “A One-Year Study of Comparative
Effects of SSLS and TSLS on the Student’s Problem
Solving Ability and Confidence.” Presented 1o the
47th annual NARST convention, Chicago. 1974,
.. “CSLS: A Research and Development
Project of the Department of Science Education,

FSU.” In Mirrors for Behavior: An Anthology of

Observation Instruments. Edited by Simon and
Boyer. Rescarch for Better Schools, Philadelphia,
Vol. 1§, 1970,
Matthews, Charles C. and D. Phillips. “EIE
Elementary School Science Project, Evaluation
Report.” Florida State University, Tallahassee. 1969.
Matthews, Charles C. and Darrell G. Phillips.
Handbook for the Application of the Science
Curriculum Assessment System, Florida State Uni-
versity, Tallahassee. 1968.

Matthews, Charles C., et al. Handbook for the CSLS
Level One Teacher. Florida State University,
Tallahassee. 1969,

. Handbook for the CSLS
fggsdbzamr. Florida State University, Tallahassee.

. Student-Structured Learning
in Science: A Program for the Flementary School
Teacher. W.C. Brown Publishers, Dubuque, lowa.
1971.

. Matthews, Charles C., et al Teacher's Guide for

Student-Structured Leaming in Science. W.C. Brown
Publishers, Dubuque, lowa, 1971.

Penick, J., et al “A Comparative Study of the
Effects of Teacher Behavior on Student Behavior in
Fifth Grade Science: A Replication Study.” Pre-
sented to the 46th annual NARST convention,
Detroit. 1973.

Piaget, Jean. “Development and Learning.” In
Journal of Research in Science Teaching, Vol. 2, No.
3, 1964,

. Rogers, Carl. Freedom to Learn. Charles E. Merrill

Publishing Company, Columbus, Ohio. 1969.
Shymansky, J. and C. Matthews. “A Comparative
Laboratory Study of the Effects of Two Teaching
Patterns on Certain Aspects of the Behavior of
Students in Fifth Grade Science.” Presented to the
46th annual NARST convention, Detroit, 1973.

“A One-Year Study of
Comparative Effects of SSLS and TSLS on the
Student’s Self-Perception with Regard to Science.”
Presented to the 47th annual NARST convention,
Chicago, 1974.

. Smith. B.O. “Toward a Theory of Teaching.” In

Theory and Research in Teaching, Edited by Amo A.

49

Belluck. Bureau of Publications, Teachers, College,
Columbia University, New York. 1963,

. Zuaporozhets, AV, “The Development of Perception
in the Pre.School Child.” In kuropean Rescarch in
Cognitive Development, Monograph of the Society
for Child Development. Edited by Paul H. Mussen,
}J;g\gcrsity of Chicago Press, Chicago. Vol, 30, Nu. 2,

¢

SESSION CC4

THE ROLE OF FUTURES RESEARCH IN PRE.
COLLEGE SCIENCE INSTRUCTION

Christopher J. Dede, School of Education, Uni-
versity of Massachusetts, Amherst

As science educators increasingly emphasize *‘sci-
ence for citizens,” the methodologies and the findings
of futures research are becoming important in science
instruction. Over the last 20 years, the gradual emergen. -
ce of futures research as a new field of knowledge has
been paralleled by an increasing concern among science
educators and students for including in the science
curriculum material about the impacts of science on
society. The research that I have been doing leads me to
believe that incorporation of selected elements of the
tools, results, and structurc of knowledge of futures
research could greatly enrich science education for
science students and non-science students alike.

Briefly, futures research can make three major
contributions to science instruction. First, through learn-
ing the strengths and weaknesses of methodologies for
long-range technological assessment (such as the Delphi
technique, the crossimpact matrix, and sophisticated
trend extrapolation), students can themselves begin to
evaluate the validity of contemporary predictions about
the population explosion, ecological catastrophes, exten-
sive biological manipulations, and similar effects of
science and technology on society. Through this know-
ledge, students will become better able, as citizens, to
make intelligent decisions when conflicting claims are
made about the likely -impacts of a technological
discovery.

Second, some of the alienation many students feel
towards required science courses may stem from feelings
of individual powerlessness to affect the future of
society and from a sense of having no influence on
whether science and technology are used for good or for
ill. Through utilizing simplified versions of futures tools,
students in science courses can evolve their own partici-
patory torecasts of how science and technology may
affect society in the next generation. Further, using
normative forecasting techniques, students can choose
from among those alternative futures they personally
consider most desirable. By then collectively discussing
policies which they can use as citizens to bring science
and technology closer to their desired futures, students
can gain a sense of potential control over the impact of
science on their lives.

Third, science educators can use the findings of
futures research to fulfill their responsibility of prepar-
ing students to act as responsible citizens over the next
half century. The major schools of thought in futures
research are a powerful resource for assessing what
science-based skills and information students are likely to



need to make intelligent decistony within our democracy.
To teach students about the energy crisis is 4 worthwhile
focus of the science curriculum, but tar more valuable
would be teaching them about the likely technological
crises we will face in 1990, It we had nnYy incorporated
material from the 198K federal projections on energy
resources in the pust-Sputnik science reforms, we might
be in better shape today!?

For these reasons, futures research is an important
source ot information and ideas for science education.
Betore summarizing the work which has been done thus
far on utilizing futures tools in the science classroom, a
brief outline of the current status of futures research as a
field of Knowledge seems appl‘uj)riatc.

Early work on disciplined prediction ot the tuture
began at Rand Corporation in 1952, a product both of the

growing tield of economic forecasting und of the desire of’

the military  for  longrange  assessiments  of  likely
developments in weapons technology. During the last
twenty years, futures research has developed a large
number of methodologies unique to the field and has
expinded into specializations in economic, political,
social, technological, industrial. and educational Forecast-
ing. The goals of all these ditferent types of forecusting
are identical:
1. the systematic determination of the major alternative
tutures which can emerge from our present, and
3. the delineation of how our present actions can
influence which of these alternatives will occur.
Remarkably little  funtare has accompanied this
growti, partially because most serious futures work takes
place in think-tanks and goes directly to high-level federal
decisicn-makers without much public distribution, and
partially because tuturists are naturally concerned about
the tield’s deweloping the prerequisites of a discipline
befure it receives extensive media exposure, Of course, a
growing number of so-called “futures experts™ are
attempting to seize the public limelight (Alvin Toffler
being perhaps the best known), but their work bears little
resemblence to sophisticated efforts in the field.
My own background in tfutures research comes from

having served as Director of the Program for the Study of

the Future in Education at the University of Massa-
chusetts. The program is not a futures think-tank, but
rather is one of the few groups in the country acting as a
“translator” between futures researchers and the lay
public. For the last four years, we have been selecting
from tutures research those methods and results which
seem to have major significance for education. We then
disseminate this information through an inservice
consortium of teachers interested in “futurizing” their
curriculum, a preservice teacher training program, our
own masters and dovtoral degree programs, and a free
newsletter. Because my own professional commitment
centers on improving science instruction, my work in the
program has focused on those aspects of futures research
which speak to issues of science, technology, and society,
The major futures publications casily accessible to
science educators that  have found most useful are:
1. The Year 2000. Herman Kahn and Anthony Wiener,
{Toronto: Macmillan Co., 1967)
3. The Next 100 Years. 1. Brown, J. Bonner, J, Weir,
(New York: Viking Press, 1957)
3. “What We Must Do.* John Platt, Science, 28, (Nov.
'69) pp. 115121,
4.  The Limits to Growth, D, Me lows et al,, (New
York: Universe Books, 1972)

S. An Alcrnative Future for America Il Robent
Theobald, (Chicagy: Swallow Press, 1970)

6. The Coming of Post-Industrial Sociery, Dauiel Bell,
(New York: Basie Books, 1973)

7. Where the Wasteland Ewds. Theodure Roszak, (New
York: Doubleday, 1973)

8.  dlrermative Futures and Educational Policy. Willis
Harmin, (Menlo Park, CA: EPRC, Stanford Rescarch
Institute, 1970)

Out of these woirks and a large number of more
technical publications | have prepared u three-hundred-
page report on the implications of futures research for the
secondaty level science curriculum, Brietly, the report
argues that post-Sputnik refornns to date do not contain
enough materfal on  science/society issues (such as
biological manipulatien) which will be of importance
when present students are decision-makers in the society.
Specific suggestions are made in the report about what
needs to be added so that the appropriate skills and
information are communicated.

As one step towards putting some of wese ideas into
ractive, during the past year I have been working on the
ormition of a Science Education Task Force at the

University of Massachusetts which will integrate the

efforts of the various natural science divisions, the

professional schools, and the school of education, The

first goal of this task force will be to design a model for a

new three semester core curriculum in science, organized

around the futures conceptions I have outlined.

In addition to working on this theoretical framework
for what cognitive skills science education should convey,
I and the program have been experimenting with adupting
futures research tools to classroom use [a good summary
of this work is contained in “Teaching About the
Future®, Instructor, Vol. 83, No. 1. (Aug/Sept. '73) pp.
65-67]. The tools which seem most productive for
instructional use in science are the Delphi technique, the
cross-impact  matrix, scenario construction, and the
futures wheel. We have also invented some instructional
techniques (such as the “Build Your Future Body™
exetvise) which speak directly to science/society issues.
In-field-based tests of these instructional strategies in
elementary schools, high schools, and college courses have
been very encouraging, although of course these modified
tools are most productive when used as part of an
integrated unit on science and the future, [One such
excellent two-week unit on environmental forecasting has
been produced at Shawnee Mission High School, Kansas
(discussed in the December, 1973 Science Teacher,] .

To summarize, through evolving a new framework
for the content of science education, we can incorporate
skills both from the scientific disciplines and from fields
of knowledge such as futures research, Further, by
utilizing futures methodologies in the science classroom,
within this framework we can help students to gain a
sense of potential control over science and technology,
This integrated approuach will enable us to better prepare
scientists competent to serve society and citizens able to
decide how science should attect their lives.

NSSA CONCURRENT SESSIONS

SESSION N4

INSPIRATION IS NOT ENOUGH-A REPORT ON AN
ONTARIO MINISTRY OF EDUCATION INSERVICE



PROJECT IN ELEMENTARY SCHOOL SCIENCE
TEACHER PREPARATION [An illustrated seminar]

Mitchell E. Batoff, Associate Professor of Science
Education, Jersey City State College, Jersey City,
New Jersey

John G. Cornfleld, Assistant Head of Science,
Ridgemont High School, Ottawa, Ontario, Canada

The central thesis of this presentation is that
inspiration and knowledge, obtained in an inservice
elementary school science course, are necessary but
insufficient to chunge a teacher’s style of teaching once
he or she returns to the classroom after the course. In
addition to a desire for change a tangible ingredient is
also needed. Fundamentally, the missing element is a
pump priming effort.

Many a program funded by the National Science
Foundation,! as well as courses sponsored by other
agencies, has left teachers inspired, perhaps a little more
knowledgeable, but terribly frustrated. They returned to
their classrooms at the end of the summer no more able
to implement some newly acquired grandiose ideas than
prior to the course. Their teaching style remained about
the same as before the inservice course. They wanted to
change (which is an indispensable first step) but lacked
the wherewithal to implement materials-centered inqui-
ry-oriented teaching which was often the focus of the
summer program in which they participated. The tangi-
ble ingredient of hardware was lacking. Accordingly,
“wet laboratory™ situations were still nonexistent. Talk
and chalk still predominated. Manipulative-investigative
materials are needed -in any viable elementary school
science program including those which utilize the natural
environment. Inspiration is not enough. This is a fact of
life, a bald reality.

Surely this presentation offers no panacea for a
complex multifaceted problem (involving hardware and
other factors as well) but does show the efforts of a
novel summer program offered in 1972 and 1973 by the
Ontario Ministry of Education. The writer believes that
the participating teachers’ style of teaching may have
been modified. at least a little, as a result of an
innovative pump priming assignment built into a certifi-
cate course in elementary school science. This belief is
based on the evidence so far accumulated in a five year
follow-up study (in progress) of the summer program at
Owen Sound in 1972 and Ottawa in 1973.

The innovative pump priming effort was one of the
following, required of each participant as the principal
assignment and major project for the course:

1. A Unit Box

2. An Inquiry Centre?

3. Some variation on #1 or #2

All three of these options are shown in the slide
presentation. The video tape vignettes give some flavor
of what the participating teachers derived from this
assignment as well as their anticipated implementation
strategies back in the classroom. The slides and narrative
fully depict the Unit Box Experience. Further details on
this are delineated in a paper available from the author.

Yprior to the CCSS Program of NSF which sought to
alleviate this shortcoming.

2patterned after a prototype designed by Doug M, Jolley
of the Ministry of Education.

N

The Ontario Unit Box Project is an unexpected
spin-off of six years of éxperiénce with this approach at
Jersey City State College, where the writer has had 784
Unit Boxes assembled in thirty-seven classes taught over
an eleven semester period (including S1 currently in
progress during the Spring 1974 Semester).

SESSION N-§
PROCESS CONCEPTUALIZATION FOR THE SCI-

_ ENCE COORDINATOR-MODELS

Virginia Way, Science Coordinator, School District
No. 50, Westminster, Colorado

A coordinator, new to the job. faces many prob-
lems. Out of a personal need tc conceptualize some
processes for myself and others, I found that by
constructing “models,” the steps in a process or task
became clear to me and those with whom [ work,

Four of these “models™ are included in my presen-
tation:

1. A model for operation of selection process in-
volving a committee.

2 ? model for program evaluation and implementa-
tion.

3. A model for EFS, a Title Il project.

4. A model for development of local environmental
education projects.

NSSA CURBSTONE CLINIC N-1

SCIENCE EDUCATION: SMORGASBORD OR BAN-
QUET STYLE?

Gary E. Downs, State Science Consultant, Depart-
ment of Public Instruction, Des Moines, Iowa

Each of six discussion leaders gives a three-minute
presentation relating how their education responsibilities
fit the “Smorgasbord or Banquet Style.” Foods, menu
planning, balanced diet, basic foods, variety of foods
and specific foods will be the “themes™ used to tie the
discussion together.

For the “Smorgasbord™ phase of the session the
participants will be divided into six equal groups. A
discussion leader will initiate discussion relating to
Science Education Topics.

The participants will be regrouped for the *“Ban-
quet” phase of the session. Discussion leaders will
initiate and guide the small group discussions focused on
specific topics:

1. Individualized Instruction

2. Inservice

3. Management and Organization

4, Local, State, and National Science Professional
Organizations

g. Humanization

Curriculum, Projects, and Programs

“All” good ideas initiated in the group discussions
will be compiled and mailed to each participant follow-
ing the Convention.

An evaluation exercise completes the session.

51/59—
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GENERAL SESSION I*

SCIENCE EDUCATION FOR THE
POST-INDUSTRIAL SOCIETY
(ABSTRACT)

Daniel Bell, Professor of Sociology,
Harvard  University, Cambridge,
Massachusetts

We are now seeing the emergence of a
post-industrial society. The lineaments of
this society are appearing and will work
themselves out in the next 30 to 40 years.
There are five dimensions to this society:
1. Change from a goods producing to a

service society--65 percent of the

labor force are now engaged in services
of a professional, technical, and
human nature.

2. Preeminence of professional and tech-
nical classes in the society—skills are
primarily educational skills.

3. Centrality of theoretical knowledge as
the source of innovation and policy
formulaticni—theoretical  knowledge
becomes the directive force in society.

4. Possiblity of controlling the con-
sequences of technology and doing
technological forecasting and assess-
ment.

3. Creation of a new type of intellectual
technology.

In this post-industrial society we will
be increasingly dependent on theoretical
knowledge and service to society. Our
conceptions of science will be as a
method of conceptual innovation and
conceptual renovation. It is a constant
reordering of knowledge, of seeing
knowledge in different ways. It will be
marked by the search for common
attributes of what is studied.

At present, our national science policy
is a shambles, and we will be paying the
price in the next 10 years or so.

The crucial element in the post-
industrial society is human capital,
talent, brains, skills. We know how to
raisc money capital, but we don’t know
very much about human capital, nor

*The full text of addresses by Daniel Bell,
Harold G. Shane, Edward B. Lindaman, Leslie
W. Trowbridge, and Harrison H. Schmitt are
gvall_a;ble on cassettes, Write to NSTA for
etatls.

about how to husband human capital-
also a very important question.

We are witnessing a disjunction be-
tween science and the rest of society. We
must be concerned with the relation of
technology and various kinds of institu.
tional support systems. The automobile,
for instance is a technology, how we use
it in society—our regulation or non.
regulation of it—is a support system, A
single technology can be embedded in
different kinds of support systems. If we
recognize that there are various kinds of
support systems available, we can try to
choose among them and base our choices
on alternative costs and alternative
consequences. We may have various in-
stitutional systems utilizing the same
technology. There are no imperatives of
technology—only ways that people or-
ganize and use technology. Machines
can't have judgment. The distinctive
charactertistic of human beings is their
ability to generalize, to formulate group
rules, and to innovate. We must maintain
the ability to keep open creative imagina-
tion. What applies to all education
whether you call it science or literature,
whether it is in a preindustrial or
rostindustrial society is fundamentally
the ability to open creative imagination.
Any enterprise that can keep that going is
essentially one which continues the
human quest for knowledge.

GENERAL SESSION 11

EDUCATION FOR TOMORROW: OUR
TASKS AND RESPONSIBILITIES
(ABSTRACT)

Harold G. Shane, University Professor
of Education, Indiana University,
Bloomington

Futures research has been of interest
to men for a long time: in fact Louis XIV
of France commissioned the first study of
the future. That commission did a fine
job-but it failed to predict the French
Revolution!

The important thing to recognize
about the future is that there are many
futures and that there are many cross-
impacts among disciplines.

The significance of the future for
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education must include consideration of

such current problems as inflation, the

impact of the energy crisis, and the food
crisis.

Better tomorrows are not merely
todays with their promises removed. We
must be prepared to be startled by
changes.

Our tasks in education for tomorrow
include:

1. Development of lateral thinking—we
need to have at least a 180° spread in
our choices.

2. Development of social thinking.

3. Decisions on topics such as: What are
we going to do about technology?
What are we going to do about our
human surpluses?

4. Development of transnational policies,

S. Behavioral life choices.

6. Restoration of credibility.

We need to alter the structure and
content of education and to get rid of red
tape and fragmentation. Education
should be a seamless continuation of
experience.

A compulsory age for leaving school
should be dropped in favor of open access
to education at any time in life.

We need to substitute content in
education—to introduce young children
to models and computers and to ideas
such as music as a means of communica-
tion; and to increase attention to
non-verbal learnings and to body lan-
guage.

In education our responsibilities also
include doing a better job of teaching
children of all ages what is happening in
the world:

1. Enriching our inner resources

2. Sensitizing children to social traps

3. Developing awareness of alternatives
and consequences

4. Creating tacit learning in the young

S Rediscovering some of the old values.

GENERAL SESSION III
EVERYPERSON'S GENESIS II:
OPPORTUNITIES IN APPLIED

FUTURISTICS
Edward B. Lindaman, President,
Whitworth  College, Spokane,
Washington



Concern about the future is an
obsession of the human species that ranks
second only to obsession about the
present. .

And that’s essentially why ankind is
in its present predicament.

Earth's inhabitants have kept one eye
open to the future ~while both feet were
solidly cemented in the present.

At the personal level, this is typified
by the fellow who “charts his future”
with a horoscope and whose long-range
planning is a matter of choosing between
having a beer while watching “Wide
World of Sports” on TV or mowing the
lawn.

Institutional'y, symbols of our pres-
ent-tense lifrstyle are everywhere: pol-
luted skies and streams, cost of living
indir:s which tell us what our checkbook
already knows, automobile lots crammed
with excessive inventories of luxury-
loaded gas guzzlers . . ..

One way of conceptualizing our
predicament has been advanced in mem-
orable terms by William Irwin Thompson.
He wrote in At the Edge of History that
the lightning revelation of the reality of
our moment in cosmic time has already
occurred and “now we sleep in the brief
interval between the lightning and the
thunder.”

The lightning, we might say, heralds
the flash of the possible. It is preparing us
for a new mentality and enables us to get
in touch with a world that might be.

What could the thunder be? Each of us
has a private, unique vision of what lies
ahead. Perhaps it is that time when
everyone suddenly recognizes reality for
what it is, that moment when we see and
do the possible. What a critical break-
through that would be, for it is only
when we assume a future that we make it
at least probable. Unless, of course, that
future is the unplanned but logical
consequence of the present. And who
wants that, really?

Why not think in terms of a Second
Genesis? Why not assume the future we
want for our world so that we can invent
that future?

The psychologist tells us we can
re-invent our marriages, for example, by
acting upon some basic assumptions
about our partner, ourselves and our

relationships with each other. Similarly,
we can re-invent our approach to the
future.

We might begin our first chapter of
Genesis II by taking another look at the
Genesis [ story in the Bible. God, we are
told, admonished his first created male
and female to “Be fruitful, and multiply
... and have dominion over every living
thing that moveth upon the earth.”
That’'s how we remember it. Conven.
iently, we block out the phrase that tells
us to “Be fruitful, and multiply, and
replenish the carth. ..."”

Century upon century we succeeded at
being fruitful and populating our world
without paying much attention to re-
plenishing the earth. But now we’ve
reached that point when worldwide
production and population growth are
conditional upon how well and how soon
we replenish . . ..

For the scientist, for the educator,
the task of creatively assuming the future
rests upon the formidable business of
phasing out old images and phasing in
new ones.

The word “science,” I suggest, is
archaic. It should be indexed ‘“‘old” ai..
“new.” The old science is Newtonian: the
universe is a big machine, it’s mechanistic,
everything is geared together, the rules
are fixed and clear, one has only to
build -build bridges, trains, cars, snow-

mobiles, skyscrapers, shopping cen-
ters. ... .
The new science is a host of

mind-boggling concepts we’ve just begun
to understand: relativity, quantum
physics, high energy physics, depth
psychology, pulsars, quasars, etc. It’s a
whole new game that’'s much more
complex than we imagined. The content
of science isn’t the only change. It’s clear
that how we know and how we live in
response to what we know are now
post-Newtonian. We've moved from
mechanism to processes and synergistic
relationships.

Mankind has moved beyond the
macro-world of the seen. We're into the
micro-world: shaping, cooking. blending,
tuning, melding, welding the realities we
can’t see. This is where the action is in
science today. And in the meta-world, the
world “out there” we are probing our
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solar system, and beyond. Pioneer 10 in

80,000 years will approach our nearest

star. Scientists are assuming exploration

of the universe in fusion-powered ramjets
which will travel near the speed of
light—and this within 100 years.

Future consciousness isn’t really such
an alien idea. We haven't gone too far
beyond reading tea leaves and gazing into
crystal balls, but it is fair to say that an
awareness of our power to create the
future has become widespread in the
western world. We're asking a new
question in the public arena: “What kind
of world do we want?” We are past doing
something just because we can. Now we
ask, “Why do it at all?”

This really is applicable at all levels.
Recently, in conversation with a group of
grade school teachers, the question was
raised, “Can a sixth grader have a future
consciousness?"”’

I proposed that one way to ensure that
the answer is affirmative might be to
approach a lesson or a subject from a new
direction. Why not, for example, while
teaching U.S. history have students take
the Lewis and Clark expedition across the
continent in 1990? This sort of angle
opens the future.

To explore our own philosophy of the
future, we should grapple with these
kinds of questions:

1. Is the future predictable? Honestly,
what is locked in about the future and
what isn’t locked in?

2. Are there experts on the future? Who
do you listen to; who can you believe?

3. Is civilization as we know it coming to
an end? Or will the future be more of
what we now have?

4. Is utopianism useful? Of what value is
utopianism in setting images of the
future?

5. Who is best prepared to meet the
future? How does one prepare?
Generally, our views of the future fall

into three categories. One view is to say
that it will be an extrapolation of the
past, i.e., the future will be the future of
the past. We will move from an industrial
society to a super-industrial society.

Another view sees mankind swept up
by powerful trends already set in motion
and moving helplessly into the future.

A third perspective is that the future is



not cantrolled by the past or present, but
that men and women everywhere cun
invent the future.

Those philosophic positions generate a
variety of rationalizations and justitica.
tions. And, at the gut-evel, one notes
several typical Kinds of behavior in
response  to one’s verception of the
future. One we hear a lot about is
summed up by those who counsel a
*return to the good old days.” Another is
based on the premise that the problems
would go away it only we would stop
being so complex and get back to the
simple. basic tiuths, Still another re.
sponise is to avoid dealing with the
“whole mess” by losing one’s self in a
specialty.,

There is a ditferent response that
supports the view that we can invent the
future. This is a willingness to exploit
uncertainty. It sounds contradictory-but
it means that we are active, probing
surgically into our doubts and fears,
daring the impossible. It means breaking
out of molds and locked-in categories in
order to make transdisciplinary models of
the kind of tuture we want.

We have several models to consider for
this world of the future. The industrial
model is most familiar; after all, this is
“where our world is at.” This model
presumes ever-increasing gross national
products: taking mwore metals and fossil
fuels out of the ground; manufacturing,
distributing, and selling more produ.ts;
and on and on.

A second model has considerable
currency: this is the person-oriented
muodel. Relationships get lots of emphasis.
Material possessions are played down. We
sing and dance and play. We value
community. We devalue structural
authority.

The knowledge mwodel has had some
exposure, too. We still build, we still
value relationships under this model, but
the basic concern is learning and informa-
tion exchange. The learnirg mode is
dominant.

A fourth model is earth-centered. The
major emphasis is to care for the earth.
We build, relate to one another, and
learn, but the stewardship mode is our
first concern.

Of course, other generalized models

exist for guiding our investment of time,
energy, and resources, But cutting across
all these models are shattering effects of
what has been termed ‘*‘transnational
macro-technology.” Seemingly innocent
technology, mismanged tor peaceful pur-
poses, has the potential of doing more
damage to the earth and its inhabitants
than large scale wars. Weather modifica.

tion is but one example. Consider some "

others—satellite direct broadcast systems,
the space shuttle, genetic stockpiling,
drug controlled emotions.

Each of these technologies has the
potential of doing unimaginable harm or
incredible good. We are seeing what we
didn’t see before. We are asking what we
are doing to the earth and to each other.
We have begun the excruciating process
of shouldering responsibility for the
future. More and more of us are trying on
for size the habit of thinking ahead one,
two, or more, generations.

Of course this beginning won't im-
mediately wipe away the crises of our
time. The crises are real and we must deal
with them. The point is that there is
substantial evidence that hope for the
future is entirely appropriate for us. I'll
cite just one example that is close to
me~the thrust at Whitworth College to
become a college for the future.

As a liberal arts college, we have made
a commitment to creating an environ-
ment for human development. That is our
specific, campus-wide goal: to foster
balanced growth in the intellectual,
spiritual, emotional, and physical dimen-
sions of all members of our community.
Further, our faculty and staff take
seriously their responsibilities to serve as
facilitators for the attainment of basic
competencies such as learning how to
learn, using one’s style of learning to best
advantage, screening and synthesizing
information, and making input into the
system.

Taking a cue from systems manage-
ment, Whitworth has instituted a student
development program that integrates
in-class and out.of-class learning modes.
The residence halls, for example, are
deliberately and effectively used to help
students discover their personal values,
struggle to gain autonomy, attain inter-
personal skills, and appreciate differences.
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All of this happens through a process-
model approach, rather than either of the
two traditional models of acting as
substitute parents (prolonging adoles-
cence and provoking anti-authoritarian
behavior) or simply as operating on-
campus hotels.

These large and small ¢hanges of focus
and application have moved the college
experience at Whitworth closer to what it
must be if graduates are to be architects
of the future instead of its victims.

But inventing the future cannot be the
work of a few-done only by college
graduates or any other group. All of us
must be participants in the process. We
need not all share the same dream, but we
must share in the same hope that for all
of us history has caused the future to
take place in the present. In Kierkegaard’s
words, “He who fights the future fights a
dangerous enemy. The future is not. It
borrows its strength from the man itself
and when it has tricked him out of this it
stands beside him as the enemy he must
meet.” The future is within each one of
us; it only has to be pulled out of us in
some way.

In a very real sense, attitude and
outlook become activity and new reality.
Our world is c1owded with proof that the
frontiers of the possible aren’t deter-
mined by the limits of the actual. All of
us can invent the future with confidence.
After all, everything that is now possible
was at one time impossible.

SPECIAL GENERAL SESSION

A DECADE OF
PROMISE

Leslie W. Trowbridge, NSTA President
1973-74, Professor ~° Science, Uni-
versity of Northern Colorado, Greeley

As | have met with science teachers
this year, I have been happy to note a
vitality and enthusiasm for science
teaching that bodes well for the decade
ahead. The large attendance at this
Chicago convention in spite of energy and
inflation problems is evidence for this.
Last tall, we had area conventions in
Portland, Norfolk, and Boston that were



well attended and of very high quality. So
far this year we have had 14 drive-in
conferences scattered throughout the
United States, with 14 still to be held
before the end of the school year. The
total attendance at these conferences is
estimated at over 5,000 teachers.

This is indicative of a vital, growing
profession. Science teachers around the
country are not shirking their duties in
preparing themselves to do a better job of
teaching science than ever before. There
is ample reason for optimism about the
decade to come.

The program planning committee for
this convention in choosing the theme,
“1984: Minus Ten and Counting” was
conscious of the need and the oppor-
tunity to put science teaching back in
focus during the next ten years. The
theme underlies the urgency of this by
reminding us that certain forces seem to
be at work-in the environment, in
society, in politics, and in education—that
could, if left to chance or mismanage-
ment produce a world in the next decade
that is too near to that nightmare
projected by George Orwell in his book
1984. [5]

Science is a large part of that world.
Recent months have shown us clearly the
burgeoning problems caused by energy
shortages, environmental concerns, and
the depression of the human spirit caused
by prolonged fixation on political and
governmental malfeasance. The communi-
cation arts have reached such an advanced
stage that we are in a state of perpetual
bombardment by various news media.
Today there is a minimal time lag
between actual occurrence of an event
and the documentary or analytical
reporting of it. Assimilation time has
been reduced to nearly zero. No longer
do we have the leisure for reasoned,
calculated decision-making. Our reactions
are frequently on an emotional level-
instead of on a rational level. As a result
we see rapid swings in the scale from
positive to negative or vice versa in
popularity polls, opinion polls, polls on
urgent problems, and the like. The
communications media have an unprece-
dented power which requires our best
thinking to resolve the problems of

balance, propriety, and responsibility in
keeping the public informed.

How does this relate to science
teaching? Sclence teachers are not di-
vorced from the world. Many of the
pressing problems of today are science
based or technology based., The develop-
ment of a scientifically literate public,
attuned to the concept of interrelatedness
between scientific, technological, politi-
cal, and sociological endeavors, is to a
large extent the responsibility of science
teachers.

What does it mean to be scientifically
literate? The Curriculum Committee of
the NSTA dealt with this in 1970 in its
publication, *“School Science Education
for the 70s.” [7] According to that
committee, the scientifically literate per-
son, among other attributes,

—uses science concepts, process skills,
and values in making everyday decisions
as he interacts with other peopie and with
his environment;

—distinguishes between scientific evi-
dence and personal opinion;

—identifies the relationship between
facts and theory;

—recognizes the limitations as well as
the usefulness of science and technology
in advancing humnan welfare;
and continues to inquire and increase his
scientific knowledge throughout his life.

In addition, scientifically literate per-
sons will use the achievements of science
and technology for the benefit of
mankind.

The document emphasizes that
“Science, because it is a human under-
taking, cannot be value-free. Emphases on
values and on the social aspects of science
and technology must be integral parts of
any science curriculum.” In Future
Shock, Alvin Toffler underscores the
extreme problems of adaptation, assimila-
tion, and maintenance of one’s equi-
librium in a society enmeshed in rapidly
accelerating change. [9] With reference
to our rapidly changing society, the
committee admonished that, “All teach-
ers, and especially science teachers, are
challenged to educate young people to
expect, promote, and to direct societal
change.”

Mortimer Adler, in a speech entitled
“The Future ol Man.” described four
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revolutions man has lived through or is
about to participaté in, [1] The first of
these, which occurred about 35,000 years
ago, was the revolution brought about by
man’s transition from the primitive Stone
Age to the age of iron and bronze. This
was a technological change and began to
spell the difference between living in a
brutal condition with ineffective hand
tools and a primitive human condition
where animal power could be hamessed
and small permanent villages or walled
cities were developed.

About 6,000 years ago, the second
revolution occurred when human slavery
became an institution of technological
advancement. Unpleasant as it is to
comtemplate, the class division into free
man and serf provided the time and
opportunities for a few individuals to
engage in pursuits above the leve! of toil
for pure survival and thereby initiated the
beginnings of “civilized” activities in the
arts, music, philosophy, sciences, and
other areas. Fortunately, as an institu.
tionalized form, slavery has largely
disappeared in the world, but one might
reflect on the residual forms of slavery
still. remaining in effect due to economic,
sociological, and political influences ex-
tant today.

The third revolution, according to
Adler, is still with us. It is the
democratic-industrial revolution of rising
affluence among the world’s peoples. Or
perhaps more accurately it is the trending
toward a universal equality of conditions.
This revolution of course has tremendous
implications for energy use and distribu-
tion, and for an affluent nation like the
United States the prospects may be
disconcerting because of the possible
leveling downward. Basically this revolu-
tion would provide the good life for all,
not just a few lucky or privileged peoples.
Today’s problems of energy procurement
and distribution are part of the birth
pangs of this revolution. The ultimate

realization of its goals may be in- the -

distant future, but the problems of its
execution are with us now.

Adler’s fourth revolution need not
concern us greatly here now but indicates
a direction toward which man may be
moving. It is a future thousands or mil-
lions of decades ahead of us in which man



finally is able to exploit the full potential
of the human mind. The matters of
wealth, resources, sustenance, and work
will be solved technologically. Human
thought will reign supreme. Adler closes
his remarks by saying, *It’s a future in
which men will spend all their time in
teaching and learning, learning and teach-
ing one another, and this after all is the
only really distinctive mark of the human
race.”

But the theme of this convention is
not concern for a period a thousand
decades in the future but for the very
next decade. We have sufficient problems
to occupy our time and require our best
thinking in the immediate future,

One of these problems is the highly
mobile nature of our society. Dudley
Kirk of the Food Research Institute put
his finger on this problem in a recent
article in the Stanford Observer. He says,

We have become a rootless people,
without the stability of a lasting
community life. More and more we are
becoming a people without long-
standing personal relationships, with-
out the informal sanctions of shared
values that keep us in line without the
coercion of the law and the police

Often we no longer live in a
community of friends and relatives: we
live in a community of strangers ...
Muny of our young people, especially
our most idealistic young people, are
turning - to life styles in which they
attempt to recreate the more human
personal commitments of the past.
They are reaching for roots and for the
deeper levels of human association
that characterized more stable com-
munities. [4]

As science teachers, how are we coping
with this problem? Are we cven aware of
it? Does it not tell us something about
the importance of establishing warm,
human relationships with students in our
classes? Are we not obligated to put our
science teaching in the context of human
interrelationships instead of in terms of
mere organization and structure of
subject matter?

A rclated problem is that of science
for all students - not just those who aspire
to scientific  pursuits. Bentley Glass

referred to this problem in a recent
edition of the Pacific Science Education
Newsletter, when he said,

It is obvious that only a small
proportion of all citizens will cver
become directly engaged in scientific
and technological pursuits. Should
science education, then, be concerned
mainly with the training of profes.
sional scientists, engineers, and tech-
nicians, or should it be directed more
appropriately at the far larger numbers
of future citizens who will live in a
world molded and changed by science
and who must make political decisions
affecting every aspect of their lives?
(3]

Glass identifies some of the short.
comings of our recent past efforts in
science curriculum reform by stating,

As [ see it, the fault of our new
science programs of education is that
they have largely ignored this need to
instruct all children, without excep-
tion, in the nature of human life in a
world that is so rapidly and progres.
sively modified by science and tech-
nology, by man’s own power to
change and to destroy as well as to
create. The alternative would be a
technocratic society run tyrannically
by an educated elite. That way lies
madness, war, and the end of human
civilization. [3]

Our thinking in recent years has been
affected by the impact of serious
technological problems. Confusion
abounds with respect to the differences
between science and technology. Many
people look at these two facets of our
modern life as synonymous. The lines
between them have been blurred, and
sciennce has been blamed for many
technological problems. The highly bene-
ficial aspects of both science and
technology have been overshadowed by
the specter of calamity in certain sectors
of our life.

Kenneth Dowling, specialist in science
education at the Wisconsin Department
of Public Instruction, has expounded the
point of view that science is dead, that
“the beneficient image of science created
and accepted by the non-scientific public
has been pummeled and cast out with
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little chance or reason for revival,” [2]
Yot Dowling reports that
Science and technology have
brought higher aspirations and the
possibility of a materially better life to
the masses, but at the same time a host
of domestic and international prob-
lems have arisen highlighting urbaniza-
tion, population explosion, and en-
vironmental collapse.

Paul Saltman, vice chancellor for
academic affairs and professor of biology
at the University of California, San Diego,
has commented on the “intense and
polarizing struggle for man’s mind be.
tween the forces of faith and mysticism,
and science and reason.” [6] Yet, says
Saltman, *“this is the very moment when
the fundamental problems of man have a
base in science and technology and
cannot be solved without them.” He
believes that mysticism and reason need
not be polarizing forces. Saltman believes
that few scientists and technologists
recognize and are willing to admit the
acts of faith that underlie the very
scientific methods that they employ.
Among these are three underlying as.
sumptions of faith that every scientist
holds—there is order in the universe, man
can understand that order, and it is good
to understand that order. The recent
rising interest in astrology, the super-
natural, and occult societies, particularly
among many young people, causes us to
reflect on the directions we in science
education must take to restore science to
the realm of the rational and the
forefront of reason in society.

In the face of the multifarious
problems and forces at work in our
society, what hope is there for the
future? Are we faced with magnification
of the problems of environment and
energy, repetition of crisis after crisis in
our daily existence, and continued
downgrading of the human condition?
How does science education fit into the
picture? How do science teachers and
their students begin to cope with some of
these dilemmas?

There are some significant signs.

Dudley Kirk reports that the birth rate
in the United States has been going down
since 1957, is the lowest in our history.
and is still going down. Population



distribution, mobility, and affluence have
become much more serious problems
than total population and growth rates.
The NEA reports that there were 15 per-
cent fewer children under age S in the
United States in 1970 than in 1960. Since
1970 the birthrate has continued to
plummet so sharply that the Census
Bureau now reports fertility is below the
replacement level. This means there are
fewer births than are necessary to replace
the parents and compensate for pre-
mature deaths. However, the total U.S.
population will continue to grow well
into the next century. because overall
births will still outnumber overall deaths
for the next several decades.

We see a responsiveness to serious
problems by the general populace. Wit-
ness the cooperation in regard to speed
limits, car pooling, alternative forms of
transportation, lowered thermostats, and

- the like, in our present fuel shortage. It
seems we can count on people to pitch in
and cooperate when they understand the
seriousness of the problem, Young people
in our science classes have in many cases
led the way. Some examples are the
student-initiated “earth days” and **clean
up weeks” we experience each year.
Science teachers have a responsibility to
provide opportunities and encouragement
for student efforts at coping with
problems of energy- conservation and
reclamation of the environment.

We se¢ a growing awareness of the
need for humanistic science teaching.
Count the sessions at this very conference
relating to humanism. A quick glance at
the program yielded cight titles of major
sessions involving humanistic approaches
to science teaching. There are probably
many more. The Earth Science Teacher
Preparation Project was a significant
effort at bringing student needs and
interests into consideration and of provid-
ing alternatives in their education at the
college level. Countless other activities
along the line of humanizing science
teaching are evident at elementary and
secondary levels as well.

Now what of the future? Can we see
any directions emerging for science
education in the next decade? Perhaps
some of the following projections will
seem more like hopes for the future than

true indicators, However, I think there is

evidence to substantiate each of them.!

1. There will be more concern for
children, their progress and self.
concepts. Our present trend toward
humanization of teaching and learning
is evidence for this. :

2. We will see greater cooperation and
recognition between disciplines.

3. Teachers will be better prepared in
content, in psychology, in methods,
and in ability to relate to children.

4. There will be more recognition of the
multiple talents of children and adults,

S. Schools will put more emphasis on
success and less on failure.

6. There will be more emphasis on
environmental problems and their
solution.

The next decade can be very exciting.
Decisions we make and directions we take
today will set our course for tomorrow.
This is not the time to throw in the towel
or retreat from goals that seem remote
because of the difficulty of the road.
Nincteen eighty-four can be a bright date
in the future. Dream for a moment with
me about what education in science could
be like in 1984:

Children will enter their schools with
anticipation. While there they will be
provided with a stimulating personalized
education, with a reasonable balance
between prescription and freedom of
choice.

They will have many options and
alternatives. The open school, after a
shakedown period, will become a viable
option among others. We have had
considerable research in child develop-
ment, maturation and growth of self-
concepts. We know the benefits of a good
self-concept and the productive potential
of self-actualized persons. We understand
much about the psychology of matura-
tion and growth. This knowledge will
help us provide education in science that
will nurture interest and positive attitudes
and combat the antiscience attitude
frequently encountered among many
youth today.

MThese points were further developed in Dr,
Trowbridge's address to the convention and in
his article on *Trends and Innovations in Junior
High School Science Teaching in the United

States,” which appeared in the May 1974 issue
of The Science Teacher,
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It is almost certain that we will have
smaller school enrollments, The NEA
reports that smaller enrollments due to
declining birth rates will be experienced
by some districts this fall and will become
widespread by 1976, continuing at least
until the end of the decade. [8] If the
birth rate maintains current levels, the age
structure of the population will change
and the school age group from § to 22
years will become a smaller and smaller
segment of that population. This does not
in itself insure smaller.classes, however;
and it is important that teachers continue
to defend smaller class sizes in science
and to resist movements to economize by
reducing the number of teachers and
allowing class sizes to grow to unwieldy
and educationally unsound numbers.

School support by the lay public will
probably improve, not only in terms of
financial suport but also in moral support
of the educational enterprise as well. We
find that more bond issues are passing
these days, indicating a reversal of the
recent downward trend. Teachers salaries
are still improving, although not yet
matching the annual cost of living rise,
and it appears that state legislatures are
becoming less reactionary after passing
through a period of severe cutbacks as a
result of the student uprisings of 4 to §
years ago. Some viable solutions to the
financial problems inherent in the use of
property as the whole basis for school
support will probably be found in the
next ten years.

It is likely that the oneness of science
with other school disciplines will become
an accepted fact by 1984. The frag-
mented nature of our present curriculum
particularly at the secondary level will
begin to disappear. Teacher training for
the secondary level will begin to foster
interdisciplinary teaching approaches in
order to prepare teachers for their proper
role. The general education function of
the secondary school will probably
prevail over the highly specialized func-
tion we frequently see today. Non-col-
lege-preparatory students will begin to
receive increased attention in accordance
with their larger numbers in our schools
and in recognition of the multiple
pathways to success in life; not exclu-
sively that of the college education route.



Teaching status will be achieved by
qualifying as a master science teacher, not
only as a chemistry, physics, or biology
teacher primarily interested in subject
matter. Preparation of teachers in these
spacialities will continue with a broad-
ened base of understanding and develop-
ment of ego involvement in the total
teaching profession. The influence of the
competency-based teacher-training move-
ment currently underway will have
resulted in better prepared teachers with
skills in communication, classroom man-
agement, and development of teacher-
student rapport, as well as subject-matter
competeney. It is likely, however, that
the highly mechanistic plans for teacher
training using Skinnerian methods will be
rejected in favor of an overall humanistic
approach to the complex problem of
teaching.

Colleges will begin to recognize their
responsibilities to the total education
process. It will become as respectable to
teach as to do research. To accomplish
this, the reward system for promotion
and salary advancement at the college
level necessarily will recognize good
teaching as well as other talents. The
multitalent approach will pervade all
educational levels in the form of differen-
tiated staffing or whatever term best
applies to efficient and effective use of all
the varied talents embodied in the
professional teacher.

The foregoing remarks are not merely
wild dreams for the future. We have the
expertise with us already to accomplish
every one of tie proposed goals. Our
responsibility is to set our sights on these
goals and direct our efforts toward their
achievement. This is not an impossible
task, arid the year 1984 could find us
well advanced toward achieving most of
these desiruble objectives in science
education.

We are in an exciting tield of endeavor.
I can’t imagine a more satisfying career
than science teaching today, where we
have potential for growth, excitement,
recognition, and no dearth of worthwhile
problems to challenge us. It is a high
honor to represent this outstanding
organization as it strives for better
education in science for all of today’s
youth. I congratulate you in your choice

of profession and for your dedication to
its high ideals, I am proud to be one of
you'
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THE EARTH AND HISTORY
(SUMMARY)

Harrison H. Schmitt, NASA Astronaut
and Pilot, Apollo 17 Lunar Module,
Lyndon B. Johnson Space Center,
Houston, Texas

From the vantage point of the moon,
an astronaut can find enhanced awareness
of what was so willingly left behind on
the earth. Astronauts can only explore,
others will make decisions. Man must
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always satisty his curlosity by seeing for
himself.

Visiting 16 foreign countries (since the
moon) surpassed all of my previous
education. The hopes and feelings, the
chance for these people to leap into the
twentieth century impressed me.

The “education crisis® though not so
well known as the other ones is upon us
now. We must examine the consequence
of choices. We are slipping backward in
education -reading comprehension, his-
torical comprehension, and technological
awareness are not entering our conscious-
ness. No longer will the consequences of
man’s actions or inactions be postponed
beyond that generation.

How will history view our explora-
tions. As most unusual. There has been a
revolution of scientific thought about the
moon. Our debt to the men and women
of Apollo is incalculable. Our children
will be the beneficiaries of the discoveries
from this exploration and others of space.
Solutions to our problems will require the
dedication and imagination of everyone.

We must protect freedom. We must
carry the seeds of freedom to the solar
system. If we cease to be the leading
explorer of space the freedom, the light,
will be lost. There is no greater legacy to
posterity than the preservation of that
freedom which is impossible without the
aid of technology.

Historians will write of this decade as
singular in the history of the world, in the
evolution of the mind. Man found that
his reach could include the stars. That
was no mean accomplishment.
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;VHAgR IN THE GEOSYSTEM: PHASE RELATION.

Ira W. Geer, Professor, Department of Earth Sci-
ences, State University College at Brockport, State
University of New York

The temperatures and pressures at and near the
earth’s surface are such that water, ice, and water vapor
can be found anywhere around the globe. While the
major oceanic, glacial, and atmospheric “reservoirs” of
water are more or less permanent in quantity, water is
constantly on the move.

The flow of water through the liquid, ice, and
vapor reservoirs of the earth is often called the hydro-
logic cycle. This cycle can be explained by the existence
of water in the three states of matter and the relative
ease with which water can change from one phase to
another within the temperature and pressure ranges
found in the earth environment. Evaporation, condensa-
tion, sublimation, freezing, and melting are processes
inherently part of the hydrologic cycle. The formation
of clouds, fog, dew, and frost, the initiation of precipita-
tion, and the transformation of snow to glacial ice are
only a few examples of these processes in action as
components of the water cycle.

A detailed understanding of the hydrologic cycle
and the processes resulting in phase changes require
knowledge of water phase relationships. A phase diagram
for pure water, depicting wide ranges of temperature
and pressure in which the various phases of water can
exist and co-exist, is helpful to gain this understanding.
However, being based on assumptions of pure substance
and flat interfaces between phases, the phase diagram
cannot be used to explain all the mechanisms involving
phase change in the hydrologic cycle. The initial growth
of cloud droplets and the aging of snow are examples of
situations where mechanisms can be acting due to the
presence of impure water and/or non-planar interfaces
between phases.

NUTRITION AND COGNITIVE DEVELOPMENT

Elie A. Shneour, Director of Research, Calbiochem,
La Jolla, California

The human brain is most vulnerable to chronic
malnutrition during the earliest period of life. Its growth
during gestation is one of the earliest, most rapid and
most extensive developments of the whole organism.
Atter birth and during the first year of life the brain
weight increases threefold, and th:reafter continues to
grow at a faster rate than the rest of the body. By the
time a child is four years old his brain will have reached
90 percent of its adult weight, while the rest of his
body will have barely reached the 20 percent mark.
During these critical periods much more than just an
increase in weight is involved. Maturation of the brain
involves profound and complex changes in its anatomy,
metabolism, and physiology. These processes require the
availability of a sustained supply of a wide range of
nutrients without which the rapid development of the
brain may be impaired. There is a growing body of
indirect but significant evidence which suggests that the
consequences of such chronic early nutritional deficien-
cies may be demonstrable for a long time and might
even be permanent. The U.S. Senate Select Committee
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on Nutrition and Human Needs (1969) has defined
malnutrition as *“an impairment or risk of impairment to
mental and physical health resulting from the failure to
meet the total nutrient requirements of an individual.”
This definition is particularly significant in its recogni-
tion that the brain can be impaired by malnutrition.

Structural deficiencies are likely to be accompanied
by dysfunctions involving cognitive potential. A number
of responsible investigators in this country and elsewhere
have reported striking correlations between chronic early
malnutrition, brain damage and mild-tosevere mental
retardation,

While it would be misleading to suggest that
chronic early-life malnutrition is the sole environmental
factor influencing later mental functions, that relation-
ship among disadvantaged human populations has been
abundantly reported. That there are hereditary dif-
ferences among human beings is an undeniable fact.
That we are all, individually and collectively, the
product of our genetic heritage is equally certain, But it
is also well established that expression of genetic factors
can be strongly influenced by such environmental
factors as chronic malnutrition and the lack of social
stimulation. Thus the existing evidence does not sustain
the argument that superior mental ability might be the
favored province of any one human group at the
exclusion of others.

RADIATION AND SOCIETY: A PROBLEM OF IN.
FORMED CHOICE

Edward I. Shaw, Professor and Chairman, Depart-
ment of Radiation Biophysics, University of Kansas,
Lawrence

The development of nuclear power as an alternative
source of energy has generated many heated debates
over the questions of reactor safety, radioactive waste
disposal, land usage, possible environmental contamina-
tion, and the expected consequences of exposing popula-
tions to low levels of radiation. This course is concerned
with the presentation, evaluation, and use of the
available information in the quest for the achievement
of a balance between conservation of natural resources
(land, water, air quality) and their use in the production
of energy and goods. Special emphasis is given to the
evaluation of hazards and risks associated with both
nuclear power generation and medical and industrial uses
of radiation, and their biological and environmental
implications. These will be compared and/or contrasted
with the hazards and risks of alternative processes.

Toward this end, the nature of radiation and
radioactivity is discussed to develop a basis for under-
standing the mechanism of production of radiation
effects in biological material. The relationship between
radiation dose and the frequency with which somatic
(leukemia and cancer) and genetic radiation effects are
examined with the objective of determining the level of
risk associated with particular levels of radiation ex-
posure (natural background, medical, industrial., and
nuclear radiation sources). The solution to problems of
radiation exposure from development of radiation associ-
ated technologies (such as nuclear power) cannot be
developed in isolation from problems of population,
levels of current energy usage, the levels of reserves of
fossil fuels and other scarce resources, the allogation of
scarce and depletable resources, environmental deteriora-



tion, etc. These problems are all interrelated and action
upon one will affect the others, What are the possible
courses of action that might be taken to meet energy
needs? What are the costs (or risks) involved for the
benefits to be derived from a particular course of
action? When the consequence of all-possible choices are
known, how can a decision be made which is generally
considered acceptable? What is the role of value judge-
ments? What is the role of a science teacher?

THE SOIL AS AN ECOSYSTEM (ELEMENTARY)

Albert Schatz, Professor of Curriculum Instruction,
College of Education, Department of Elementary
Education, Temple University, Philadelphia, Penn-
sylvania, and Most Distinguished Professor, Univer-
sity of Chile. Faculty of Chemistry and Pharmacy.
Santiago

The soil is literally the basis of our environment,
and an ecosystem which schools have not yet adequately
exploited. Suil science can be profitably used in teaching
biology, chemistry. geology, physics, and other subjects.
Studies of the soil have a particular appeal to students
who are concerned about pollution. Many of them have
become interested in the organic movement, which
begins with the soil, because they believe it can
contribute toward alleviating environmental problems.
Some important educational objectives of the urganic
movement are indicated by the philosophy expressed by
J. 1. Rodale: “The organic way is the golden-rule way. It
means that we must be kind to the soil, to ourselves,
and to our fellow men.”

The soil-food-health chain links man and Mother
Earth as two components of the ecosystem in which we
live. The fertility and productivity of soils have made
possible the rise and decline of civilizations, influenced
the kinds of cultures which developed, and determined
the survival of some animal species such as the Giant
Sloth. The fertility of soils can also affect the nutri-
tional quality of foods produced on those soils, and in
that way can influence the health of man and animals
which consume those foods.

From the point of view of the classroom teacher,
many soil activities require only simple, inexpensive,
familiar. and readily available materials. Children them-
selves can bring in much or all of what they need to do
the experiments. Also, no special preparation such as
workshops, in-service programs, summer institutes, or
“awareness sessions” are necessary. Teachers can read
about soil activities one day and begin doing them in
class the next day or so. It is not necessary to order
expensive, prepackaged, commercially-produced materials
which increasing numbers of school systems can no
longer afford. Soil activities offer teachers *instant
science,”” which is a “Do-It-Yourself Science” that
students find interesting and relevant.

POLLUTION
Thomuas H. Keil, Associate Professor of Physics,
Worcester Polytechnic Institute, Worcester,
Massachusetts

The flow of energy. resources. and waste in modern
high consumption society is discussed in a general way.
The discussion centers on the eight strategies available
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for designing waste disposal systems consistent with the
societal goals of pollution “control, conservation of
energy and resources, and material wealth, The eight
strategies can be applied in varying mixes to the disposal
problems associated with a varlety of wastes, including
solids, liquids, gases, noise energy, and thermal energy.

A particular solid waste management problem, that
of designing a system for the disposal of municipal solid
wastes is also discussed. Technological constraints estab-
lished by the current state-of-the-art and economic
constraints are considered as part of the design process.
It is observed that, although optimum designs are fairly
easily obtained, the designs are rarely implemented for a
complex mixture of social and political reasons. The
implications of these implementation problems and
prospects for the future are discussed.



NSTA FORUMS

(fes




FORUM |
POPULATION

Thelma Wurzelbacher, School of Natural Resources,
University of Michigan, % Arbor

Minus 10 and counting. Counting what? Counting
3.8 billion people in the world. Counting 210 million
people in the United States, Counting 800 people in this
room, Counting 6 people on this platform. Yes, count.
ing populations, and experiencing issues related to the
number of people, their locations, and their needs.

By United Nations declaration this is World Popula.
tion Year. The World Population Conference will be
held this August in Bucharest. This will be the first
worldwide gathering of delegates to speak out on
populiation concerns in the name of their government.
Four symposia have been held to prepare materials for
the international meeting. The symposia dealt with
population and economic development: population,
resaurees, dand environment; population and the family:
population and human rights. Proceedings from these
four symposia will be used by participants in the World
Conference.

The urgent task of World Population Year is to
mike people in every country aware of the complexity
of the issue of population growth. Global population
policy is in the making.

This forum is challenged to highlight World Popula.
tion Year for science educators. Qur goal is to encourage
you to deal with population education, to help you
learn a few basic facts and trends, to share with you a
working model, and to provide you with teaching
resources and selected materials,

THE BALTIMORE EXPERIENCE IN POPULATION
EDUCATION

Caroline S. Cochran, Coordinator; and Lester
McRue, Director; Urban Life Population Education
Institute, Baltimore, Maryland

The enormity of the population situation has come
upon us so suddenly that few people have dared to face
the terrifying realities. However, the 1965 National
Academy of Sciences' report on the Growth of U.S.
Population urged the inclusion of population studies in
the curriculum of secondary schools; and, since that
time, the Baltimore City Public Schools and the Planned
Parenthood Association of Maryland (an affiliate of
Planned Parenthood-World Population) have accepted
that challenge. Their most recent effort has been
through experiments with the Urban Life-Population
tBducation Institutes (ULPEIs) to find ways in which
awareness of the population situation can be brought in
a non-threatening way to all of the children in the city
school system, many of whom are poor and Black.

Population education is the process by which
students investigate and explore the nature, meaning,
and effects of population growth and its various charac-
teristics, thereby learning that individual acts have
demographic consequences for their immediate and
future lives. Although knowledge of reproduction and
contraception are integral parts of both population
education and sex education, population education is
not sex education. Qur experience has convinced us that
efforts to combine these two necessary areas of Know-
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ledge dilute the effectivenoss and importance that each

deserves.

Since it is a relatively ecasler process to bring
population education to the suburban child than to
urban children who are already feeling population
pressures firsthand, a new approach had to be developed
to deal with and explore the basic fears and racial
sensitivities of people in a realistic and humane manner.
We, therefore, concluded that, until teachers intellec.
tually grasped and personally understood the implica.
tions of the population dilemma, they would be unlikely
to teach it.

Our pilot Urban Life-Population Education Institute
(ULPEI) for thirty selected Baltimore City Public School
teachers, K-12, was held in June, 1971, During the three
days we not only discussed the problems of the city but
also dealt with the many pros and cons of the
population situation, including genocide, white fears,
and whether the United States should or should not
change its immigration policy. We never tried or asked
for consensus: all discussions were open-ended, a fact
some teachers found rather unusual.

The response to this pilot ULPEI was gratifying.
The participants felt that population education should
be included in the public school curriculum, K12, And
there were resounding pleas for all variety of materials
to assist them.

On the basis of our initial experiment, the Rock-
efeller Foundation gave Planned Parenthood Association
of Maryland a grant to continue their work with the
Baltimore City Public Schools,

The population education program in Baltimore
started with several principles:

I.  All teachers in the school system should be given
the opportunity to receive training in population
education regardiess of their particular area of
competence.

2. Education in population processes can and should
occur at all grade levels from K through 12.

3. Population education is meant to educate, not to
propagandizé or indoctrinate. Population is not
viewed as a problem to be solved but a phenome-
non to be understood.

Nine Urban Lite-Population Institutes (ULPEIs) for
thirty teachers each were held during the 1972.73
school year. All teachers in the system could apply for
the three-day session whick was held during school
hours. (A major portion of the grant was used to pay
for substitute teachers.) An evaluation team from the
Population Dynamics Department of the Johns Hopkins
University School of Hygiene and Public Health random.
ly sclected the 270 participants by computer. Those
who did not attend served as the control group in our
follow-up.

During the three days the problems of our city,
Baltimore, were divided into four major categories:
Living Problems (housing, family, neighborhoods, recre-
ation, density, pollution, crime, justice): Health Prob-
lems (medical care and services, nutrition and hunger,
mental health, drug abuse): Public Problems (education,
employment or the lack thereof, transportation, fiscal
and legislative matters); Attitudes (suburban vs. urban,
white ethnic, welfare, and in the role of Black women).

For each of the aforementioned areas we invited
three local experts to hold brief panel presentations,
These were followed by discussions with the teachers
who had been divided into groups of ten. We consider



' ~-our discussion on attitudes our most important feature.

It had a large impact as it exposed a teacher to different

strongly held attitudes and beliefs.

At the end of each ULPEI the participants were
asked to make a formal and informal evaluation. The
formal one was for the Johns Hopkins University
évaluation team. The preliminary results have demon-
strated that there was an increase in knowledge about
population and its effects as well as a constructive
change in the teachers’ attitudes toward population. The
informal evaluation, for the purpose of updating and
improving the quality of the ULPEI, showed that the
teachers felt the ULPEIs were thought-provoking, educa-
tionally sound and rewarding.

In summer 1973 nine imaginative and creative
Baltimore City classroom teachers, all of -whom had
attended an ULPEI, developed materials for curriculum
use in grades K-12. We have received an additional grant
from the Rockefeller Foundation to continue our work
through the 1974.75 school year.

The materials developed during the summer of
1973 by the nine Baltimore City classroom teachers are
being piloted in the Baltimore City schools during the
1973.74 session. Hopefully, after evaluation and re-
vision, most will prove acceptable and will become an
integral part of the school curriculum. The materials on
the elementary level, while primarily designed for the
social studies curriculum, can also be used in mathemat-
ics, science, English, music, and poetry. The secondary
package is designed for a twelve-week unit, a minicourse,
or a tri-semester. It has six self-contained units entitled:
1. Mathematical scicuce i> aus integral part of dem-
ography.

Population is a world problem.

Population exacerbates urban problems.

Family life and composition affect the individual.

Personal decisions and life-styles have social and

demographic consequences.

The earth’s natural resources are finite in relation

to the infinite demands of continuing population

expansion.

Each of these two-w ek units is complete with detailed

lesson plans, bulletin board instructions, evaluation

devices. games, and various types of audiovisual materi-
als.

In addition to these self-contained packages for the
secondary level, packages on population (POPS) have
been developed. These packages are designed for stu-
dents to use independently at tiieir own level and pace.

It is significant to note that there are many
principal problems and obstacles in the introduction of
population education into a large urban system.

1. There must be a person within the sytem, who
knows the system, and an interested outside person
to cut the red tape. Face-to-face contacts must be
made.

2. Those in charge of the system must be involved in
the initial planning of the program and kept
informed abcut every step in its development.

3. Teachers should be notified by staff publications,
word of mouth, and at departmental meetings.

4, Most large urban systems have a severe shortage of
funds. Therefore, most materials that you will use
for teacher awareness must b2 compiled and dupli-
cated in-house. If teachers are to be released for
training, substitutes must be paid. Thus, you can
see the need for outside funding. If it were not for

o whwun
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the Rockefeller grant and the help of Planned

Parenthood, our program could not have been
successful.

S. In order for teachers to relax and actively partici-
pate and vent their true feelings, an area outside of
the school must bé utilized. In our case, the
Planned Parenthood facilities in downtown B...i-
more were used.

6. The community must be made aware of the
grogram. We received publicity from the Sun, News

ost, and Afro American newspapers and inquiries
from various community organizations. We an-
swered queries successfully, thereby eliminating any
adverse reaction from the community.

7. In a population awareness program the issue of
genocide and the varying - attitudes of the com-
munity must be presented. We further believe, in
order to be aware of the population problem, that
teachers must be taught some basic demography.

8. When planning for teachers, one must be aware of
the ability levels of the teachers. That is, SO
percent medium, 35 percent good, and 15 percent
imaginative and creative teachers. Materials must be
geared for all teachers.

9. We believe the teachers are the best indicators of .

levels and grades at which population education

should be taught, We, therefore, asked the teachers.

They responded, “K-12” and, believe it or not,

“shop, music, physical education, and foreign lan-

guage.” We also contacted standard subject-matter

heads, who offered assistance (social studies, sci-
ence, mathematics and English).

Our efforts in the Urban Life-Population Education
Institute have been highly illuminating and full of
impact. The response of the participants sustains in us
the belief that we have set in motion an exciting and
meaningful curriculum effort. The knowledge and skills
that our participants have obtained will be of inestima-
ble value in the classroom setting. Our efforts, to be
sure, have been pragmatic.

It is our belief that additional resources, support,
and time will enable us to prepare teachers to form a
potent cadre to teach and buttress population education
in the Baltimore City Public School system.

POPULATION: FACTS AND MATERIALS FOR THE
CLASSRGOM

Carl A. Huether, Department of Biological Sciences,
University of Cincinnati, Ohio; Director, 1973-74
National Science Foundation Summer Population
Institutes, Cincinnati, Ohio S

My objectives for today are: (a) to provide some
basic understanding of population dynamics with which
you may not be familiar, and (b) to maximize the
possibility that you will vigorously and enthusiastically
implement population education upon your return to
the classroom by discussing and presenting some excel-
lent pop. ed. materials to you. (Aithough a pretest was
given to lecture participants it is not included here due
to space limitations.)

One of the first items necessary in understanding
population change is to have an overview of where we've
been, where we are now, and where we might be




: ;he'adihf on a worldwide basis. A fiveminute film
originally produced by the United States Information
Agency for showing to our Latin American neighbors
was an attempt to encourage them to slow their own
rates of population growth. This edition is the same as
the original, exvept pictures of the earth have been
added by the new producer, Southern Hlinois University.
This i$ a superb visual display of how our popula-
tion has increased dramatically within the recent past.
Population distribution, population reductions during
various periods, are also clearly shown. It is one of the
excellent pop. ed. materials available for use at almost
any grade level. The film is entitled: World Population.
The film makes it very explicit that we have had,
and are still having, a population explosion on a
worldwide basis. Thus, without getting into semantics on
the definition of a fact, I will state that the population
explosion in the world today is a fact. However, I also
feel that whether there is a population crisis is opinion
rather than fact, an opinion which each of us must
decide for himself.

The emphasis placed in the film on the finiteness of
the earth is a very important point. While we have
known this elementary fact for a long time, and were
introduced to the concept of a “Spaceship Earth” by
Buckminster Fuller more than two decades ago, it seems
to me we have only very recently begun to understand
and accept what this means. The opportunity finally
given us in the late 60’s to observe our own spaceship
from a smaller man-made one poignantly brought home
the realization that our biosphere clearly has limits. The
pictures atforded us by our astronauts, such as the one
shown in the first slide, were an important trigger of the
Ecology and Earth Day movements beginning in 69 and

In terms of population size and growth, it helps us
to formulate what are, and are not, the important
questions. No longer is the proper question: “Should we
have a zero rate of population growth, or ZPG?” for on
a planet of finite size, it is obvious that nothing can
grow indefinitely. Charles Darwin was the first to give
this concept biological meaning through his views on
natural selection and survival of the fittest. It is
interesting to note that his thinking was significantly
influenced by a contemporary named Thomas Malthus.
No population in nature continues its growth for long
periods, but rather, comes fairly quickly into either a
stable or dynamic equilibrium with its environment.

The questions we should be asking are: ‘“When
should we have a zero rate of human population growth,
and How? On a worldwide base, the how is by births
equalling deaths, which means either birth rates must go
down or death rates up. Since none of us will
realistically argue the latter, the only significant question
is when. For those who believe population change to be
a crisis, their answer would be as soon a; possible. For
those who believe population not to be a serious
problem, the answer is generally somewhere in the
relatively distant future. At a current world population
size of 3.86 billions and a yearly increase of 2 percent
the projections for the year 2000 ar: approxitnately 7
billions. Clearly, these rates cunnot persist for many
future generations.

Two slides show estimates of population sizes and
growth rates throughout man’s history, and current
population figures for 1973. While these data can only
be taken as approximations of the truth, they are
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viewed by both anthropologists and demographers as

“representing the corréct scale of magnitude.

The next question is obvious: why has this explo-
sion in population numbers occurred over the past 200
or so years? The answer is perhaps surprising; but is
because of rapid reductions in death rates rather than
increases in the birth rates. In simplified terms, these
death rate reductions were brought about by the
development of the industrial revolution; the advances in
food production, and the advances of modern medicine
in controlling disease. The availability of food and
medical technology to infants particularly, allowed a
dramatic reduction in infant mortality rates. The coun-
tries which brought about and experienced the industrial
revolution are generally termed Developed Countries. A
slide depicts an idealized graphic representation of how
their death rates dropped over a period of roughly
75-150 years. As industry and technology were further
developed, social changes also occurred in these coun-
tries to cause a later reduction in birth rates, One of the
important sociological changes involved where people
lived and worked; they moved away from the farms and
into urban areas where better jobs could be found. This
shift changed children from being an economic asset to
an economic liability, and encouraged parents to have
fewer children. The change from high death and birth
rates, which had been the norm for all of man’s history,
to low death and birth rates is called The Demographic
Transition. Modern technology was transferable to
underdeveloped countries which were not developing the
industrial revolution on their own, so during the early
and midcle 1900, many UDCs were also able to realize
a drop in death rates, but one mucl; sharper than that
experienced by DCs. Because the technological advances
were developed externally, UDCs have not experienced
the sociological changes found in the DCs, so that their
birth rates have remained high. They have yet to
complete the demographic transition, so their yearly
rates of growth are currently very high.

As a class activity, you can generate data on your
own which demonstrates firsthand for your students the
significant reduction in infant mortality which has
occurred. This is accomplished by taking your students
on a cemetery field trip. We have done this for three
years with secondary teachers at National Science
Foundation Institutes on Pop. Ed. at the University of
Cincinnati, It is a way to get the students actively
involved with data collection and analysis out of the
classroom, and at the same time to demonstrate an
important demographic principle.

Our next point is to understand what effect a rapid
reduction in infant mortality has on the age structure of
a population. A slide shows the age structure pyramid
for a rapidly growing population such as India. Reduced
infant mortality means an expanding base of the
pyramid, which in turn means a higher percentage of the
population will be reaching reproductive maturity them-
selves. As the percentage of the population which is
reproductively active increases, if they have the _ame
number of children as their parents, or even significantly
fewer, they contribute to a continually expanding
population base because of their large numbers. This
then produces a positive feedback cycle, and results in
the population explosion.

So far, I have tried to cover briefly: (a) our
demographic past, showing little or no growth in
population size throughout essentially all of our history,
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2" (b) our recent control of death, particularly in reducing

infant mortality, has been the cause of our very recent
and rapid increases and (¢) UDCs have not yet been
successful in reducing their birth rates to complete the
demographic transition. Here it is also true, however,
that the great majority of DCs have not as yet brought
their births down exactly equal to deaths either.

If the discussion has been clear to you so far, you
have a general understanding of why the world has
experienced such rapid population increases in the
;tlecent past. Now to concentrate on the United States

one.

Three slides show how birth rates have dropped
almost continuously in the U.S. throughout our history;
yet population has increased at a rather substantial rate.
This is due to an even more rapid reduction in death
rates, and also to a large amount of immigration. This
emphasizes the third human activity which must be
measured besides births and deaths to determine the
growth of a country’s population—migration—both
immigration and emigration. This of course has no
current meaning when discussing world growth rates.

The next slide shows births and death rates per
1000 population (called “crude” birth and death rates—
not because they are uncultured, but because they do
not take into account the age structure of the popula.
tion). This shows our levelling off of death rate decline
in the past 3040 years, and also how violently our birth
rates have fluctuated during this period. This informa-
tion is critical to understanding the reasons for current
growth of the U.S. population. Throughout the decade
of the 30’s we had a low birth rate, brought on
principally by economic incentives not to have children
at that time. Rather than not having these children at
all, couples decided to delay having them. Thus, births
began to climb again during the second world war as the
economy regained strength, and of course, birth rates
shot up dramatically after the war, producing what we
all know as the post war baby boom. These high rates
continued from 1947 to approximately 1960, with the
decade of the 60’s showing once again a declining birth
rate. Perhaps the two most important reasons for this
are: (a) that the births delayed in the 30’s and early
40’s had all occurred by the end of the 50, and (b) the
lower number of births in the 30’s meant a low
percentage of females in their prime reproductive years
of 20-30 during the 60’s. This is dramatically empha-
sized in the slide showing the age structure pyramid of
the U.S. population in 1960. Certainly the introduction
in the early 60’s of the pill, as the most effective
temporary means of fertility control, contributed as well
to the declining birth rates.

A slide shows in detail what has happened to birth
rates since 1970. Other than a slight increase in the
curve in 69 and 70, the birth rates for the U.S.
population have been falling steadily, not only in the
60’s, but also in the 70°’s to date. The drop of the past
few years has been labeled the birth dearth because the
birth rate was expected to rise as a result of the post
World War Il baby boom children coming into their
reproductive years. This is shown in the age structure
pyramid for 1970 on a slide. The black outline shows
the 1970 pyramid, and indicates the very large percent-
age of temales now in or approaching the reproductive
years of 15-45. (While we understand males are a
necessary part of producing children, females are the
important demographic determiners.) With this high
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percentagé of fecund fériiales, if they had averaged
anywhere close to the number of children their parents
did, we would have experienced a second baby boom.
But right now, they are averaging only 2.03 children per
family, which is actually below the replacement level of
2.1. Does this mean we are actually a nation experi-
encing negative population growth? The answer is no,
because our current age structure is so very different
from that which would be needed to have ZPG if the
average number of children were 2.1. The necessary age
structure to allow equating 2.1 with ZPG is shown in
rust color. This is one of the two key reasons why we
currently are still a growing population even though
women in the reproductively active years are producing
only an average of 2.03 children—they are simply a large
bulge in the population! This is a point that far too
many public media newscasters miss, which leads them
erroneously into writing we are not now replacing
ourselves, or are therefore below ZPG, because they see
the 2.03 figure.

Slides dealing with demography show exactly how
ZPG and growth rates are calculated, and give actual
figures for 1973. This is our natural increase for the
year (1,177,000) to which 375,000 legal immigrants
must be added resulting in a 0.74 percent growth rate.
The population of the U.S. is currently 211 million, our
growth rate percentage is 0.74 per year. As of 1973, it
would take about 93 years to double our population at
this rate. The current U.S. population, since our average
of 2,03 children per family is below the replacement
level of 2.1, yet we still have a growing population, and
24 percent of our current growth is attributable to
immigration. Besides our peculiar age structure, this is
the other important component contributing to our
current growth. I should stress that this is only legal
immigration being included; estimates are that an addi-
tional several hundred thousand aliers may enter each
year.

A final demographic slide shows the projections
made recently by the Census Bureau. Since demo-
graphers have been notoriously wrong in their past
projections, the Census Bureau tries to overcome this by
presenting a series of projections, a series that will
hopefully “cover the waterfront.” For reasons we will
not go into here, their Series F (at 1.8 children per
family) is closer to our current fertility rates than is
series E (2.1 children per family). However, even series
F projects a population size of 250 million in the year
2000.

You might ask: “is all this demography really
necessary to teach pop. ed.,” or another question may be
“is this all there is to population education?”’ In answer
to the former question, I believe teachers must have a
general grasp and comprehension of the broader view of
population change before they themselves can expect to
educate others. Additionally, while it is true we seem to
respond more to local population concerns which are
closer to our own self-interest, this self-interest is
considerably affected by what happens on the national
and international levels. On the latter question, there is
of course much more to pop. ed. I have spoken mostly
to the causes of population change, and not to the
consequences and ramifications of these changes; e.g.,
correlating population with environmental deterioration,
resource depletion, energy needs, food demands, high
density problems, etc. These are lifelong pursuits, but




we have materials and activities to be distributed which
will aid you considerably in beginning. ’
You may want to look at population politics, or
perhaps encourage your social science teachers to do so.
If you do, you will find that while President Nixon was
the first president to deliver a message to Congress
specifically on population, and the first to appoint a
Population Commission, he also has largely ignored the
Commission recommendations, except to state flatly that
he disagreed with two of the 69 they presented. I want
to close with a resolution of particular interest to this
forum passed at the last meeting in July, 1973 of the
National Education Association in Portland.
The National Education Association recognizes that
population change in our communities, our nation
and the world have continuous implications for our
lives both professionally and personally. The pro-
cesses of population changes whether local,
national, or global are "difficult to understand.
Schools can play a vital role in educating the
students and general public by presenting facts and
alternatives for future growth patterns; thus enab-
ling both students and the general public to make
wise decisions concerning population growth.
The Associc’ion shall make available data about
population change. The Association and its state
and local affiliates shall encourage public schools to
include studies of population education in their
curriculum.

FORUM II
WOMEN, MINORITIES, AND
CAREERS IN SCIENCE

WOMEN AS SCIENTISTS

Helene N. Guttman, Professor, Department of Bio-
logical Sciences, University of [llinois at Chicago
Circle, and Professor, Department of Microbiology,
University of Illinois Medical School, Chicago

Should young women consider becoming scientists?
Why not? There are so many different branches of
science, each with their own requirements for type of
specific knowledge, that a wide array of interests and
personality types can be accomodated.

The more timely question for you is why you feel
that the question js a fitting one to ask about your
women students and not your men students. The answer
reveals all the societal pressures and mixed messages
received by young women students with aptitude for the
sciences or for any other profession in which women
role models are scarce. Thus career advising is an
important pivotal point in the development of young
women scientists in that it can either reinforce negative
societal pressures or supply the necessary encouragement
and direction at a crucial time. Clearly, you are aware of
these problems and are here to help institute corrective
measures or — as we say these days — to institute an
affirmative action plan which will insure equal opportun-
ity for all based upon their merit. As a Woman who is a
scientist and an officer of the Association of Women in
Science. I am pledged to work with you to accomplish
this. Only in this way can we fully utilize the most
precious natural resource of our world community, the
intellectual capacities of all people.
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Now that my caréer is more thdn half over, I ¢an
speak about some of the past exciteménts and aspects of
my own developmental pattern so that you may use
some of my own experience to serve as the basis for
your questions and discussion and as a means of
selection so that we can try to pass on only the most
supportive aspects to current and future student genera.
tions.

The sine qua non for an experimental scientist is
curiosity. In my case, this was manifested by an early
desire to have some one read to me and then to read to
myself. Many embryo scientists can be recognized by their
collections of dead and live plants and animals and
this was indeed the pattern exhibited by my 13 year-old
goddaughter who is here today to help me field your
questions. My parents however were not nature enthusi-
asts and | grew up in a-city with summers by the sea
shore, My outdoor interests ran to all sorts of games and
sports with omnivorous reading sharing time with art
and modeling as rainy day activities. I read Amelia
Earhart’s biography and admired her. But flying always
seemed to be an avocational adventure, not a career
choice, so that only now have I finally attempted to
find time to learn to fly. At age 10 I read Microbe
Hunters by De Kruif and found my childhood hero,
Louis Pasteur. As the years passed, I unconsciously
gravitated towards his pattern of being a microbiologist
and also a multidisciplinary scientist. Other interests in
art, history, politics, and writing remained as potential
careers for some time because these wereareas in which |
had some ability and were then though. to be more
appropriate careers for a young woman. Because of the
mixed societal pressures, I was forced to reconfirm to
myself continuously that my desire to be a s~‘entist was
stronger than other possible career choices.

To be a scientist is every bit as creative as to be a
painter or modeler. In all instances there are techniques
you must learn first for they serve as foundations for
the more imaginative work. For both the arts and
sciences one can choose to be either a technician or an
innovator for our world needs both of these types of
people. Early in my career, I was fortunate to have been
exposed to an unusual research laboratory environment
in which beginners sought their own more advanced
collergues and through such exposure and individual
study, could advance at their own pace. In addition,
working hours were flexible because our lab was poor
and most of us held other jobs to support ourselves and
at the same time went to graduate school. Such an
arrangement tested my desire to be a research scientist
and taught me how to compartmentalize my life so that
I would not have to sacrifice any of my avocational
interests. In retrospect it prepared me for the ever
increasing tempo of our technological society. Because
our poor laboratory was not air conditioned for several
years, two of us developed a summer work schedule
which included working early in the morning, swimming
all day long, and returning to work in the evening. We
ended our first summer tanned, happy and with our first
major scientific contribution although neither of us had
yet completed even our first graduate degree.

Because I was allowed to find myself scientifically
in a somewhat unorthodox laboratory, my own labora-
tory always has been open to young peopl. who want
to learn even if they are not technically registered for a
course | am teaching. In my university career, however, |
have worked to restructure courses and curricula so that



. young students can awjuire, within the normal school

framework, the type of foundation information, op-
portunity for research, and conversation with interested
senior people that [ picked up largely outside the
classical academic environment.

For me, continued association with universities is
the foundation of youth. Since my research areas are
fast moving, 1 will be a student all my life and so am
one with the people I teach except that | am physically
older. Training young people in one or more of iy
areas of interest and then following their contributions
towards making this a better world is my connection
with posterity even more than the papers [ write.

FORUM Il

THE ENERGY CHALIJ.ENGE-1974
AND THE F-.TURE

COAL-A NEW LOOK

George W. Land, Director, Market Research, Amax
Coal Company, Indianapolis, Indiana

In the 1840°s, tossil fuels supplied only 5 percent
of the world’s energy ~men and animals 94 percent--one
hundred years later, fossil fuels supplied 93 percent,
men and animals 6 percent. Coal made up more than
half of the fossil fuel. But in the U.S., this was down
from 89 percent in 1900, and the decline is still going
on. In spite of the fact that coal reserves represent 88
percent of all proven energy reserve in the United
States, in 1972 coal supplied only 17.2 percent of the
total energy used here.

The United States now has an energy supplv
problem of major magnitude. It was not unexpected,
nor did it develop overnight. It can be overcome but not
overnight. If the United States will make a commitment
to research and development, manpower, and dollars of
the same order of magnitude made to the man-on-the-
moon effort, we can achieve energy independence by
the mid-eighties. One principal ingredient in this accom-
plishment will be coal’s new look —clean energy from
coal through improved combustion systenis -combustion
gas emission controls and clean gaseous and liquid fuels
made from coal can supply busic energy not only for
stationary but also mobile prime movers. Coal will have
a nlew look and once again become *“king” of the fossil
tuels.

ELECTRIC ENERGY OUTLOOK

George A. Travers, Executive Assistant, Cominon-
wealth Edison Company, Chicago, Hlinois

I.  Introduction: Electric energy is not a raw material,
but a manufactured product. Its supply is, there-
fore, determined by two factors -- the availability
of fuel and the capability of power generating
equipment.

A. The data in this presentation is limited to
Commonwealth Edison Company, serving 8
million people in Chicago, and northern Il-
linois, and its interconnected companies, the
Mid-American Interpool Network.
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The presentation includes an appraisal of the
demand for power in the next decade, the
planned power supply to meet that demand,
and the long-range future of power generating
techniques and sources.

The Demand for Electric Energy: Historically, for
the past few decades, the demand for electricity has
doubled every 10 or 11 years in the Chicago land

area.

In the next decade we expect this to

continue, with some possible slowing down in the
decade to follow.

A.

There are present.and foreseeable social and
economic elements that will act as deterrents
to electric energy usage in the years ahead.

1. Saturation levels are being approached in
certain high-usage commercial and residen-
tial loads. The growth rate of air-
conditioning, for example, for the past 20
years cannot be expected to continue for
the next 20.

2. There is abroad in the land a resurgence
of the pioneer conservation ethic: *“Waste
not, want not.” This will tend to reduce
consumption, not only by householders,
but by better energy management in
plants and offices, by better design of
structures (glazing, insulation, etc.), and
by better utilization of equipment.

3. Assuming some elasticity of demand, any
increase in the price level of electric
energy should have a negative effect on
consumption.

Conversely, there are offsetting social and

economic elements that will spur the future

use of electric energy.

1. The gradual rise in population, families,
housing units, jobs, and gross national
product will exert continuous upward
pressure on the demand for electricity.

2. The increased attractiveness of using auto-
mation, electronics, and other power-
consuming hardware to replace and auy-
ment human labor will cause industrial
and commercial usage to rise. Similarly,
the use of electric vehicles, from fork lifts
to “second” automobiles, whose batteries
are charged at night, will add useful load
without adding to the peak load problem,

3. Recycling solid wastes, re-processing glass,
reclaiming paper, reusing metal, and in-
creasing municipal sewage treatment all
use large amounts of electric energy
Better water waste management, increased
precipitation of stack emissions, and other
clean-up devices will add further to in
dustrial demand in the years ahead.

4. The goal of increased and vastly improved
mass transit systems in large urban and
suburban areas will also add a sizable
electric energy load in the future, re-
placing petroleum consumption.

The net effect of these many complex and. at

present, unquantifiable vectors appears to us to

be an upward usage of power of between 7

percent and 8 percent annually; we expect this

to be several percentage points lower during
the present Arab oil embargo.
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Ul. The Supply of Electric Energy: Commonweilth

' Edison now has a total capability of producing
approximately 16,500 megawatts of electric energy.
About 5,000 megawatts of this is in nuclear units;
over 9,000-mw in conventional fossil-fired plants; a
little less than 2,000 in fossil-fired peaking plants;
and 500 from the pumped storage facility in
Michigan.

A.

C.

Edison’s fuel budg.: for the current year is
roughly: 20 million tons of coal; about 3
million equivalent tons of coal in the form of
oil and natural gas; and about 12 million
equivalent tons of coal in the form of nuclear
fuel; or about 35 million equivalent tons of
coal, in all.

1. We have long-range coal contracts for

both [llinois and western coal which will

be sufficient for the foreseeable future.

The total national coal reserves are equiv-

alent to something over 500 years’

supply.

We will be importing low sulfur residual

fuel oil for a great many years to come.

The present oil embargo will, of course,

have an adverse effect on our ability to

use foreign oil. Premium oil and natural
gas will also be used for peaking units,

Our use of these domestic fuels will be

subject to the limitations of our suppliers,

just as for all other users, and this may
reduce our generating capability from
time to time.

3. The nuclear fuel suppliers do not foresee
any serious difficulty in mining ore and
processing the fuel for the present genera-
tion of reactors. The development of the
breeder reactor and its salutory effect on
the supply of fuel holds great promise for
the future reserves of domestic uranium
ore.

Commonwealth Edison’s planned additions of

electric generating facilities by the end of 1982

call for some 4,300-mw of fossil-fired units,

and about 9,000-mw of nuclear capacity.

1. An additional coal-fired unit at Powerton
(840-mw), near Pekin, will be installed in
1975, and an entirely new oil-fired station
will be built on the Illinois River near
Morris, capable of 2,500-mw (five mw-.
units). Both will use cooling lakes. An
additional 1,000-mw will be installed at
Will County Station, using cooling towers
in 1977-78.

2. Eight nuclear units — four pressurized
water reactors, two boiling water reactors,
and two as yet undesignated - will be
placed in service before the end of 1980;
these include Unit 2 at Zion Station on
Lake Michigan; LaSalle County Station 25
miles down the [ilinois River from
Dresden; Byron Station, using cooling
towers, 18 miles southwest of Rockford;
Braidwood, 25 miles south of Joliet on
abandoned strip mine property; and two
near Savannah, lllinois on the Mississippi
River.

The total capability at the end of the decade
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should approximate 29,000-mw, dbout half of
which will bé nuclear. During these years,
generating reserves (capability in excess of
peak lpad) will range from about 12 percent to
over 20 percent, based on long-range load
forecasts and anticipated start-up dates for new
equipment,

The availability of both firm and emergency
power from our neighboring utility companies
provides additional capacity should we be
caught short by unforeseen delays or un-
planned equipment outages. The amount of
energy available will vary from day to day and
year to year, depending on a variety of factors,
including weather conditions.

Conclusion: We foresee no shortage of electric
energy if all our plans for new construction are
met; delays in construction and equipment delivery,
over-long hearings and other procedural delays in the
regulatory process, and selected fuel shortages of oil
and natural gas could all have a bearing on Edison’s
ability to meet the demand during a given period of
time. We remain optimistic about our ability to meet
customer’s demands throughout this decade.

A.

Many of the governmental and private projec-
tions of the long-range energy supply situation
in this country include a great deal of conjec-
ture and depend to a great degree upon
undeveloped technology. At present, the
breeder nuclear reactor appears to be the most
promising next step in energy production with
minimum impact on the environment and
natural resource reserves.

Beyond the breeder in the nuclear area is the
great promise of fusion, which is now deve-
loped only in theory. Escalation of the theory
to workable bench models and prototypes to
commercially operable machines is at least 25
to 30 years away.

Natural energy sources — hydro, solar, geother-
mal, winds and tides — all hold some promise
for limited local energy supply by the end of
the century, but cannot be depended upon as
meaningful supplements to man-made electric
energy.

Exotic man-made generation concepts, such as
magnetohydrodynamics and electro-
hydrodynamics, are also promising for limited,
localized usage, but do not now appear to hold
any hope for replacing present large-scale
methods of generation.

Coal gasification and desulfurization could be a
very significant development in years to come
in optimizing the use of the great coal reserves
of this country. Research and development is
already well underway in this area and a large
prototype system is expected to be in opera-
tion by the end of this decade.

In summary, the energy ‘crisis” is not im.
minent, as far as Commonwealth Edison sees
the situation; but there are many unknowns,
many variables, and many challenges to which
Edison’s management will have to be con-
stantly attentive and vigilant.
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SESSION A-3

PERSONALIZED SCIENCE -
A HUMANISTIC APPROACH

IS KNOWLEDGE OF SCIENCE SUFFICIENT?

Michael Gonzalez, Science Learning Specialist, Hills-
borough County Public Schools, Tampa, Florida

The human mind can endure many taxing stimuli in
a hostile and toxic environment, but only through some
meaningful and reinforcing experiences will it be able to
combat this milieu. Whether this situation becomes a
tragedy or not depends on the empathetic responses that
other minds have for this one struggling primate. May we
all recognize the real human predicament of every
individual living with today’s ecological frame-of-
reference.

The educational environment certainly is recognized
as a more sophisticated niche than the noneducational
one. Ironically, we continue to proclaim that the total
environment in which we live should be educational, but
being hunian we continue to separate the total environ-
ment into niches. Unfortunately. we have not allowed
ourselves to perceive the repercussions.

Can we really communicate totally with an individ-
ual it his knowledge within the science spectrum is the
only thing that interests us? It would be totally absurd
to think that the attitude of a student toward science
has no eftect on his accomplishments. Should we not be
concerned about his 1ttitude toward the subject matter?
I distinctly remember tho. science was a subject that |
strongly disliked throuZiout my junior high and high
school years. 1 can also relate the reason for this most
unfortunate experience. No one really cared whether 1
liked science or not until I started to attend the
university. Interestingly enough, my hospital job, not
my academic experience at the university turned me on
to science.

It has been my experience that human beings are
extremely alienated from each other. One prime ex-
ample of this ulienation is the apparent separation
between the young and the old. It seems to me that
many of us can be held accountable for depriving
human beings of happiness. The young are regarded as
lost hippies. the old are regarded as hopeless, unhappy,
depressive. forgetful people.

It sv happens that both the young and the old are
filled with fe:lings. They aren’t feelings that can be
measured. So the result is that a hearing loss implies
that there is 4lso a loss of feeling for life. Why do we
continue to behave so illogically?

The teacher alienates himself from the student as he
dues . »m the rest of humaniiy.

T2 teacher faces in the classroom the same type of
tragic experience that he faces in the “outside” world.
As a matter of fact, considering the classroom as a
completely separate entity from the rest of the world is
even mure convincing cvidence of alienation. Recog-
nizing a student simply through his credentials is the
same as recognizing a human being solely through his
nationality. They are both very objective characteristics
of the same kind of being. It distinctly reminds me of
the attitudes that one encounters on a trip to a foreign
country. Most of the people on the trip are traveling
from one country to another country without getting
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involved with the unique features of thé second country.
This is a cold fact, but that is typical of the American
tourist. As long as we can repoit on the physical aspects
of our glorious visits, that is sufficient. These trips
apparently don’t teach us arything about what to do in
the classroom. Wouldn't you think that the recent
report by the Civil Rights Commission on the academic
status of Chicanos in American classrooms would be felt
by American educators? Is it really a sin to speak the
mother tongue in an American classroom? Maybe
English sounds like a cleaner language than Spanish. It
surely does make the poor souls fee! alienated.

The only thing that seems to matter is that we are
able to see the highlights that typically happen in the
classroom.

The highlighting characteristics indicative of Troy
re:
He does his laboratory work.
He never answers back.
He always does his homework.
He gets “A’s” on his tests.
He dresses nicely.
It doesn’t really concern us that he may have some
inner feelings that are trying to jump at us. That isn’t
part of our role. Our role is to objectively report the
status of this being in the classroom.

I submit that it is part of our role to get involved.
It isn’t enough for me to report on the physical beauty
of another country, because that isn't all that interests
me. | am interested in the human beings that make that
country what it really is. What they laugh at, what they
do throughout the day, what they think, and everything
that is characteristic of them as human beings is
important to me.

Troy isn't just someone that has received an “A”
on a test. He is also someone who cries, laughs, thinks.
Should we be concerned about his thoughts? Would it
be feasible perhaps to become more empathetic with
Troy? It may mean that we would have to spend more
time relating to him. Could it be possible that Troy
makes an “A’ on his test and really dislikes science?
How can a human being do well in something he
dislikes? Our means of measuring Troy's success is
knowing how well he memorized the specific subject
matter.

But, have we ever wondered how he feels about the
subject matter? How does he feel about anything?
Should that be a tabu territory?

In my own experience certain
teachers and professors in science courses:
1. How well I could memorize the names of the phyla
and their respective characteristics,

How well I could regurgitate the locations of the
origins and insertions of mammalian muscles,

3. Whether I could identity all of the given unknowns
in a chemistry laboratory,

4. Whether I could solve a Mendelian genetics prob-
5
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lem,

Whether I could apply a mathematical formula to a

physics problem,

Whether I could draw “pretty’ pictures.

I learned to do these things well. and the only
reinforcement 1 ever received was a *“nice” grade on a
test. | never was asked if [ liked what | was doing. A
recent anecdote amused me no end since it related
beautifully what I sincerely feel is happening in the
classroom today. At a recent visit to my optometrist he




told me that a young man had posed & quéstion to him
concerning his profession. The young man said, “Doc,
do you like what you are doing?” Wouldn’t it be great if
all students were asked that particular question? As a
matter of fact, the doctor enjoyed this question and
remarked that he thought about his role for the first
time in a deep sort of way.,

Suppose a student dislikes science, That would be
somewhat shocking to a teacher if he became aware of
the fact at the end of a science course. I'm sure Troy
didn’t start disliking science at the end, but due to

- psychological alienation, the teacher wasn’t concerned

enough to know this. It is important to know how Troy

feels about science. since the climate within that science

classroom should be a happy one and not a torturous
one. It is our job to rlacate Troy in every possible way.

There are several factors to consider in relating to
Troy as a fellow human being and some of these aren’t
easily measured. The following are some of my beliefs:
. The student has feelings, and these feelings un.

doubtedly influence his behavior in every respect.

2. It is our duty as educators to have respect and
empathy for his feelings, since he does become part
of our life, and our life should be part of his.

3. To be able to listen patiently to the expression of
his feelings isn’t enough. We must also live those
feelings.

4. The classroom environment is not separate from
any other environment, because the human being
doesn’t live in isolated places. He lives the whole
day, and the whole day encompasses everything
that is part of him.

5. It is most important that his attitude about
learning become part of his total life and not just a
classroom attitude.

6. We should be concerned about his attitude, but not
in the sense that we are going to force our
attitudes on him.

7.  We should all be in the business of growing and
thislfis an art that should never cease expressing
itself.

8. Let our dreams be forever heard, since they are
part of us. It would be a gross injustice to
humanity to deprive human beings of the beauty of
dreaming.

. Let us be proud to offer ourselves to each other.

10. It isn’t enough simply to care, we must also show
that we care.

Maybe I'm asking that we all become Don Quixotes
in our own unique way. That includes students, too. We
each have a dream that is beautiful. No one wants his
dream to be destroyed. Socrates wanted to help the
young by getting them to think. Martin Luther King
wanted human beings to express their love for each
other in every pussible way.

Would it be totally illogical to think that some
students may want their total environment to be like
Camelot and that what happens to them in that
classroom can destroy that real dream? They want to be
shown that their likes and dislikes are part of the
make-up of Camelot. It is important to know how they
feel about everything since that is part of being a human
being.

gThere is no end to the diverse topics that can be
covered with students. They are filled with meaningful
facts. and they can express themselves in an indefinable
manner. There is a sincere feeling behind each verbal
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expression and their faces epitomize the “realness” of
humanity, The uniqueness of each student never ceases
to amaze me. They are individuals with hang-ups,
beauty, feelings, prejudices, logic, love, and all of the
things we often use to describe *“‘other” human beings.

Recently, one of my students who happens to be a
Black prisoner, gave me a poem to read, which really
turned me on, Willie felt good about his poetry, ready
to tell the whole world about it, What he desires is for
someone to recognize this personal ability or trait, being
part of him and constituting a unique element in his
lite. Does it take much to tell this soul that you dig his
poetry?

Another prisoner was quite depressed about his
environment, which he indicated was extremely cold,
sterile, and boring. e said to me, “Mike, if only we
could have some contact with our visitors. It doesn’t
have to be sexual, but only to be able to touch someone
and know that there is some concern for us as human
beings.” The longing for acceptance through the sense of
touch is not a new phenomenon in human history and
yet we continue to deprive each other of this beautiful
means of communication.

. These human beings are declared losers, having
become social failures, similar to the academic failures
that are produced in many classrooms today. For some
reason, we continue to believe that academic problems
can be solved through the penal systems of grades that
have been so beautifully built into our academic
environment. It’s ironical that we seldom talk about the
students that have succeeded, but only about those who
have failed. It isn't necessary to fail any student. Why
can’t a student simply receive an “X" grade, if the
teacher feels that he hasn't absorbed enough facts? The
“X" can be changed to a passing grade when he reaches
the proper point of success. O? cousse, some teachers
may be more interested in thinkers than in regurgitators.
That kind of student is probably more difficult to grade
on a standard grading scale.

Maybe the point of arrival is when educators realize
that the classroom is not only a place to gather facts,
but a place to orient one’s self. One can memorize the
name of every muscle and bone in the human body,
without ever realizing or knowing how they work
together to produce movement of the body. It reminds
me of an episode that recently occurred within an
ecology class while I was in the middle of a lecture. A
student in the class suddenly developed an epileptic
seizure without my immediate observation. There was a
deep silence, indicating that something had happened.
Finally, the students informed me that the boy was in
the middle of a terrible seizure, and [ panicked
internally. Fortunately, I was sensible enough not to
show my fear and I proceeded to ask the others what
usually is done for the student. I laid kim down and put
my kerchief between his teeth. It took me a few
minutes to decide what to do. Human physiology
happens to be an important area of interest for me.
Epilepsy can be defined in a most sophisticated manner
and the proper steps for taking care of a person
developing a seizure have been appropriately memorized.
Yet, | became very fearful, not knowing what to do and
even lifted the student before he had finished having the
complete seizure. Another interesting feature of this true
story is that I didn’t even realize that there was
someone having a seizure, since I was so wrapped up in




developing a wonderful ego trip with my fancy lecture
on the *“chemistry of life.”

Is it really that important to know a fact without
having any feeling for that fact? Maybe the role of the
educator is developing some empathy for his environ.

ment instead of destroying the humanity of that:

environment with the distribution of cold facts.

A student comes to our unique environment with a
sincere motivation to learn. A humanistic atmosphere
should be provided that will allow him or her to create
the kinds of things that can only be found within his or
her inner self. He needs affection; love, and under-
standing. He should be recognized as an individual with
feelings.

The academic environment cannot be separated
from the total environment. Only through the actual
encounter with the psychological and sociological stimuli
existing within his real world can the student learn to
appreciate the educational stimuli also found in this
world.

Here he will be able to communicate with his own
peer group, which undoubtedly helps him to adapt in a
sound manner. Our primary goal is to try in every
possible way to create a situation where humanistic
learning takes place and thus happiness can be found by
each human being.

| sincerely submit that we owe it to ourselves to
appreciate the *“love” within the students in our class
and also share our “love” with them. It is our
responsibility to establish an empathetic relationship
with thein, since they have added to this life of ours as
much as every living organism.

We need them as much as they need us. Let us all
meditate on this important responsibility.

SESSION A-§
GENERAL SCIENCE AND SCIENTIFIC LITERACY

VALUES, INFORMATION, AND STRATEGIES TO-
WARD LITERACY IN SCIENCE

Marvin Meissen, Environmental Education Coordi-
nator, Research and Development Center, Madison,
Wisconsin

It is the responsibility of schools to produce an
intelligent citizenry. The ability of our citizens to
understand national and international problems is
dependent in part upon their scientific literacy. The
layman is surrounded by scientific developments and is
bombarded with much scientific information. A literate
individual must have some understanding and appreciation
of science in order to make valid judgments as a citizen. It
is really this aspect of appreciation which 1 would like to
address in the framework of scientific literacy.

Young people in the 1970’ view life individually and
uniquely. They're developing a variety of life styles that
provide alternatives for the planning of their lives.
Especially in the age group which is taught general
science, many students want to plan for themselves and
their future. Whatever the attitude of a young person his
options have increased over former times. The greater the
number of opportunities the more likely a person is to
find personal satisfaction. More options, however, do
make the task of deciding among them more difficult.
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More values are in conflict, more variables have to be
considered, and a greater amount of information is
needed. This is true today in the environmental and
science areas as well as in the career areas and in many
others that junior high, middle, and high school students
face. Forced to choose without adequate information
based on objective data or personal experience, without a
feeling for future consequences, without sufficient skill or
practice in the process of deciding, the person may choose
unwisely,

An important part then, of scientific literacy is a
strategy to make decisions. I think all of us find ourselves
making pervasive and important decisions in a nonsystem-
atic or haphazard fashion, Generally our schools have not
provided the means by which people can learn a conscious
process for making decisions. School counseling attempts
to help students learn how to make decisions but a major
portion of the time spent in counseling is developed by
supplying information to the students or obtaining
information about courses he’s taking.

I propose that a decision-making strategy be taught
within the framework of science as a means to obtaining
scientific literacy. Science teachers have traditionally
avoided values as ar: unscientific component of developing
knowledgeable citizens regarding science. How you feel
about an issue (such as energy consumption) is not
important. One is taught to be objective, one is taught
that a process is more important than the person doing it.
Just as we know tl:at the teacher variable is much more
important than the program, I also fcel that the aspect of
how students process information relative to themselves
and others is as important as the concepts which are
taught to these students in science courses. Any science
program of a general nature which is designed to develop
scientifically literate citizens should have an aspect of
decision-making that allows students to practice these
skills based upon the best evidence available.

Decision-making courses have become fairly common
in social studies departments as senior or uppe: level high
school courses in our local school systems. A program
developed by the College Entrance Examination Board in
1972, authored by Gelatt, Varenhorst, and Carey
approached this at a junior high level and hoped to use
decision-making concepts and skills to clarify for the
student what is necessary to make good decisions. This
type of decision-making rationale and principles should be
incorporated into general science courses, applied to
relevant problems for students, and be practiced as a part
of the curriculum to develop scientifically literate citizens.

A decision does not exist until there is more than one
course of action, alternative, or possibility to consider.
When decision-making is skillfully utilized it’s more likely
that the outcome will be satisfying. A skillful
decision-maker has more personal freedom in his life
because he is more likely to recognize, discover, or create
new opportunities and alternatives.

We have asked our citizens to make decisions
regarding environmental, social, scientific, personal, and
public concerns without formally addressing in an
educational or systematic manner the way in which these
decisions are to be made. Two people may face a similur
decision but each person is different and may place
different values on outcomes. It is the individual who
makes each decision unique. Learning decision-making
skills increases the possibility that each person can achieve
that which he values.



In the process of deciding, the program 1 previously
mentioned outlines three major requirements for skitlful
decision-making. One, the examination and recognition of
personal values. Two, the acquisition of knowledge and
the use of adequate, relevant information. Three, the
knowledge and use of an effective strategy for converting
“this information into an action. It is these three
requirements that I see as part of a general science
program that would lead toward literacy in science. Hence
the title of this presentation, Values, Information, and
Strategies Toward Literacy in Science.

Values are the foundation and the integrating
framework of the complete decision-making process and
for this reason should be a part of every consideration in
the classroom. We all realize, I think, that science teachers
seldom take up value laden issues in the classroom. Values
determine what is satisfying and this helps a person to set
objectives. Values also dictate the action to be taken to
reach those objectives. Before relevant information is
applied, personal values must be examined and recognized
by the individual. Trying to use some systematic
decision-making process is a value. A person facing a
decision involving a conflict of values accompanied by
strong emotion knows he faces an important decision, one
requiring skill to decide satisfactorily.

A general science course should take students
through a consideration of these topics. First, the
importance of wvalues in the decision. Be it an
environmental issue or a scientific controversy the part
played by human values has to be recognized. Second, the
individual or personal nature of the values that are
exhibited. That all people have values and that they differ
widely has to be acknowledged. Third, a definition of
values. A picture of how values differ from understandings
and what they are is essential. Four, recognition of these
values in others. Five, clarification of one’s own values.
Six, identification of values of groups. Seven, converting
values into objectives for use in making the decision.

There are many ditferent definitions of values. The
definition of values that appeals to me is something a
person prizes, cherishes, esteems; something he expresses
consistently in his behavior. Defined as such, it is broader
than specific interest, feelings, beliefs, or attitudes. The
reason that general science has avoided values is that it is
difficult for a science teacher to introduce such a personal
subject as values without bringing to the students his own
subjective ideas. Despite these complications the consider-
ation of values cannot be neglected if we want to be
honest with students and encourage them to make sound
decisions. Prizing, cherishing, and esteeming lie in the
affective domain. Education has traditionally concen-
trated on the cognitive with the neglect of systematic
consideration of affect and, therefore, values. Values are
learned. They are appropriate subject matter for the
classroom. Students will be better educated, more
competent, and more independent if they learn the source
of values, how they were acquired, values of other people,
and respect for differing values. Student values and the
studying of these values allow the student to know more
about themselves, have a clearer picture of their own
values, give greater commitment to those that they
choose, experience the satisfaction of achieving what is
valued, and become more effective decision-makers.
This, in my estimation, would be one giant step toward
establishing scientific literacy.

There are some sensitive areas in the addressing of
values (identitied by Gelatt) that also apply to science.

First, students may find it hard to be honest with
themselves, their classmates, or the leader as they begin to
look at their values. Values define the uniqueness in the
individual for each person. Fearing judgment on the part of
others or on the part i the teacher may cause students to
‘vithdraw from a public revelation of their values. Second,
a teacher could indoctrinate students with his own values
and, of course, should avoid doing so. The fear of
indoctrination has often prevented any discussion of
values. We are as science teachers, objective; therefore the
value quest'*n has been omitted from our program
completely. A teacher is less likely to indoctrinate
students by remembering the following: There are no
right or wrong values. Values can only be judged by the
individual for himself and the teacher’s own values may be
respected less by some students than by others. Third, the
leader is less likely to indoctrinate the students if he
remembers that values are learned and that a person who
has only one set of values that are applied automatically
without being examined would be functioning like a
machine. Such a person would not be capable of
determining his unique life style as would be the person
who thought about his own values.

In terms of environmental education and science
education there are three major causes of problems. One,
the external effects, the unintended, the side effects that
cause environmental or scientific problems. Be it a new
drug or a manufacturing enterprise. Unintended side
effects may be found that could be desirable or
undesirable. Some values must be looked at in this
context. Two, another cause of problems is patterns of
decision-making in regard to resources. Resource owner-
ship may be thought of in terms of private, corporate,
public, or no ownership. Any owner brings to the control
of those resources, personal values. The same is true of
public and corporate decision-making processes. Values
that exist must be recognized. A third major cause of
environmental or scientific problems lies in the area of
value conflicts. We don’t address this, however, in any
course in systematic form because it is not considered a
part of general science. Concerns about what are the best
values for individuals, what are the best values for society,

~and how conflicts are to be resolved have been avoided.

This causes environmental problems. This causes scientific
problems. Of course everyone feels “‘your goals are in-
ferior, my goals are superior,” without an examination of
“your goals or my goals” and their value input. In a final
discussion of this idea of values it is important to
note that there are four approaches to values as identified
by people such as Don Oliver, Sid Simon, and Irv
Morrisett. One, indoctrination-*‘Don’t examine but you
better agree.” Two, value clarification-*You have a set of
values, you get them clear in your own mind.” Three,
value analysis-*How do my values relate to one another?
Are there contradictions? Are there consistencies?” Four,
value commitment - “Get with something, do it, take
some action.” It seems to me that without an examination
of values we cannot expect general science courses to
address the problem of scientific literacy. We ask students
to apply science knowledge that we give them without
exploring the context of that information.

General science also should teach students to find
and evaluate information. The scientific information and
the processes by which this scientific information was
obtained have been well done in my estimation during the
last round of curriculum developments. Learning to find
information about each of the alternatives to make a




- decision; where to go, what to ask, or what to look for
and then evaluating that information are skills that are
essential to a decision-making process. These vital skills
must be dealt with in the science courses and they fit
most advantageously into a general science course.

Information could be divided into four parts. One,
possible alternative actions that could be taken regarding
some decision about science. Two, possible outcomes or
consequences of these actions. Three, probability of the
outcomes, the relationship between the actions and
outcomes, and four, the desirability of the outcomes, the
personal preferences. A person who has a decision to
make regarding science, the environment, or his personal
life. may think he’s deciding between the only alternatives
available, But if his alternatives could be increased in
number he would increase his freedom of choice. An
individual seldom knows all the alternatives that exist nor
has the time to find or consider them all. A few years ago
a middle school in my home town was built as a result of
using arguments by two opposing forces both of which
wanted other alternatives, not the middle school. A
creative individual who saw another alternative looked at
the arguments for the presented alternatives (location of a
high school) and used these arguments to support the
building of the middle school in a particular location. An
alternative that remains unidentified or rejected on the
basis of insufficient evaluation might as well not exist.

If a group of students were asked to write down
individually all the possible alternatives available to them
upon leaving high school a large number of alternatives
would probably result. By reviewing the list to discover
the alternatives that actually were not alternatives,
students would not only appreciate the importance of
having a number of alternatives in decision-making but
also the need for information about each.

The location of nuclear reactors, the support of
Skylab and future NASA activities, the additional support
of scientific research, and chemical additives in our lives,
all require information about alternatives to the decision
for the person to be literate regarding that choice. A
scientifically literate person needs to think about the kind
of information necessary to him in order to give direction
to this search for information. He may find he does not
want to read all that is available. He may want to make a
phone call. He may want to refer to an individual he
respects. The kind of information that is sought influences
the evaluation of possible outcomes. The sequence
followed to get information may even determine the
decision to be made. A boy who talked to his father about
whether to go out for baseball or track is getting
infermation. If his father advises him that he would not
be able to keep his car unless he gets a job after school to
support the car he now faces a new decision—is he going
out for sports or is he going to get a job. Because
information affects the decision, a person should consider
his sources, interpret the information, its objectivity, and
its relevance.

Another point regarding information is that igno-
rance about what information is needed to make the
decision may cause the person to make the decision on
irrelevant data. [t may be very impressive to know that
80 percent of the students attending a certain university
drive Ford cars. What, however, is the significance of this
data to a person in making a decision between a Ford or a
Chevrolet?

The third important part of developing literacy in
science through general science is the application of
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sirategies. The final phase of the decision-making process
that people would use in a science context requires the
calculation of risks associated with each considered
alternative, and applying what has been learned to making
a decision—integrating the previous steps of values and
information requires the use of a strategy. Estimating the
risk involved in each possible alternative ties together the
personal values and the information that has been
gathered. Most decisions involve some risk in terms of
possible outcomes. Knowing the personal importance of
various outcomes determines the degree of risk a person is
willing to take to achieve them. Few human decisions are

‘made under conditions of certainty.

The conditions under which all decisions are made by
individuals can be divided into four classifications—
certainty, risk, uncertainty, and combination. Certainty is
where each choice leads to one known outcome. If you
jump from a building you will fall. With risk each choice
leads to several possibf; outcomes with known probabili-
ties. For example, when a person decides to flip a coin to
make a choice he knows he has a 50 percent chance of
getting heads and a SO percent chance of getting tails.
Uncertainty means that each choice leads to several
possible outcomes with unknown probabilities. When the
astronauts first landed on the moon there were several
possible results but no one knew the exact chances for
each outcome occurring. The combination involves both
risk and uncertainty. For example, when a person decides
to apply to a college he doesn’t know for certain if he will
be admitted but he can use data to make an estimate of
his chances of being offered admission.

The strategy is a plan for converting values and
information into a decision. This should be addressed in
the general science course. In this sense there is no such
thing as not having a strategy. So we either try to
systematically teach decision-making strategy regarding
scientific and environmental issues or we take what we
get.

Several commonly used strategies discussed by Gelatt
and Varenhorst involve such strategies as the wish
strategy, that is you choose what you desire the most. A
person chooses what he wishes would happen. If [ vote for
the nuclear reactor then my electric bill will go down.
This is the same as choosing the long shot in a horse race.
It's easy to use this strategy. All you have to know is what
you desire the most and have some information about the
outcome. You don’t need to know probabilities at all.

The safe strategy, choose the most likely to succeed.
Don’t build a nuclear reactor because there’s a possibility
it’s dangerous. In a horse race the choice would be the
favorite. It's a little more difficult to use this strategy. A
decision-maker needs to know his objective and have some
information about possible and probable outcomes. At
the same time he is required to be somewhat more specific
about his objective.

A third strategy is the escape strategy -choose to
avoid the worst. It is sometimes called the minimax
strategy, because it minimizes the maximum disaster. It
escapes misfortune. It is relatively easy to use this
strategy. A person merely needs to know a little bit of
information about outcomes and what he consideres the
worst outcome. The nuclear reactor could have an
accident, therefore we vote against it because of its
potential disaster.

A fourth strategy is the combination strategy, that is
choose both the most likely and the most desirable. This
is the combination of the wish and the safe strategies. The




strategy suggests that soimeone suggest the course of
action that has both high probability and high desirability.
That is the highest expected value. This seems the most
logical and reasonable; it is the most difficult to apply and
it presents several problems in terms of making scientific
decisions. First, it requires that the person knows, his
personal values and has some objectives. Second, it
requires knowing alternatives and having the ability to
predict pussible results. Third, it requires the ability to
estimate probabilities. And fourth, it requires the ability
to designate the relative value of something.

In talking with science teachers and in looking at the
trend of the times regarding social science, science,
environmental education, drug education, and career
education, we have been searching for a good deal of time
for ways to get at scientific literacy. Today’s era of
humanistic approaches has relegated science to something
less than' the most popular course in the curriculum. By
presenting students with issues and problems that are
available, that are controversial, and asking them to
investigate their own values, it appears that a good deal of
the problem towards scientific literacy can be overcome.

This alsu assumes a more humanistic approach to
science teaching. It is not just 800 terms to be learned,
nor 45 experiments to be completed, nor lab books and
lab reports to be written carefully, but it is addressing the
human element of the enterprise of science.
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The NSTA publication, “School Science Education
for the 70’s,” contains the major goal, defined as ‘“The
development of scientifically literate and personally
concerned individuals with a high competence for
rational thought and action.” Further, we find that
among other things, the scientifically literate person:
“recognizes the limitations as well as the usefulness of
science and technology in advancing human welfare;
understands the interrelationships between science, tech-
nology, and other facets of society, including social and
economic development, recognizes the human origin of
science and understands that scientific knowledge is
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tentative, subject to change as eévidencé accumulates.*
Also, to promote scientﬂgic literacy, science curricula
must contain among other things, “the soclal aspects of
science and technology and  values deriving from
science.” Further, the publication states that, “all
teachers, and especlally science teachers are challenged

- to educate young people to expect, to promote, and to

direct socictal change.” These are the areas of *“Scien.
tific Literacy” to which I would like to direct my
remarks after a look at “General Science.”

General science today is not the same course most
of us suffered through little more than a decade ago.
About the only thing that held the course together was
the cover of the book. Remember the great enthusiasm

. with which you read several pages, did several exercises

designou to test your comprehension, had a little
discussion with a possible demonstration now and then,
and finally had a mastery test which did little more than
confirm your reading ability? | believe that “General
Science” as presently taught in the middle and junior
high schools today consists of topics arranged in such a
manner that there is a spiral sequential nature to the
curriculum along with an entirely different manner of
learning. Science ability is no longer 1 to 1 with reading.
Most science classes have hands-on experiences for
young learners and many teachers use different testing
means than the old memory-recall method.

Today’s general science is more topically organized
with many schools teaching units organized into life
science, earth science, and pﬁysical science. This type of
arrangement allows prepared teacher-specialists to teach
in their area of major concentration and other teachers
to concentrate on one area rather than several.

Looking at integrated science, meaning those
courses with all sciences taught as interrelated disci-
plines, we find very few if any that are truly ‘integrated’
even though Dr. Leopold Klopfer predicted in 1966 that
“we shall soon witness a strong movement toward
integrated science courses in our secondary schools.”

What happened to this bold prediction of 8 years
ago? Why is it that only one curriculum project, as yet
with no materials available and only beginning to be
organized at Florida State University in Tallahassee, has
attempted to enter this area, and why is it that at this
time I would predict that integrated science has about a
25 percent or less chance of success?

My thesis is that it makes no difference what the
curriculum is, or what the goals of curriculum develop-
ment are. Whether topically organized general science, or
integrated (by any stretch of the word) science, with or
without scientific literacy, the most important ingredient
in any curriculum is the individual classroom teacher. A
coordinator I once knew said, “let me choose the staff,
and the curriculum will take care of itself.” I believe
that statement more and more as I work with profes.
sional staffs.

Going back to our goal of scientific literacy, If we
wish to attain this goal for our present students at the
junior high/middle school interface, the most important
person we must reach is probably not in this room. He
is the classroom teacher.

Most science teachers, who have been in the field
for at least a decade, take great pride in the fact that we
put men on the moon before the Russians. Remember
the big curriculum uphcaval after “Sputnik.” Every
science teacher took a personal vow to beat the Russians
to the moon and we began to crank out curriculum



designed to meet this goal. However, it we veally analyze
the situation, how could a 12.vearwld sciénce student of
the late SO's do much it anvthing to put man on the
moon by 1969 when he was barely out of ¢ollege? Now
we are being called on, after the great social emphasis of
the middle to late sixties, to develop a scientifically
literate person who will achieve the great goals listed in
the initial paragraph of this paper.

How can science, either general or integrated,
develop in the general population an understonding of
the impact and direction of science in our society if we
have teachers who on the one hand say they are,
*aiming at inculvating the beautiful, the good and the
true, while their test questions inform the students that
te 1, really aiming only at the memorization of 4 bunch
of facts and trivii.” (Bently Glass)

[ believe integrated science or any other kind of
science curriculum which has as its goal the development
ot scientitically literate people with heavy emphasis on
humanism is doomed betore it begins by the back-
grounds of' the science teachers involved.

Looking at some fairly typical science training, we
find that most states, administrators, teacher-training
institutions and even teachers themselves are unsure of
what constitutes adequate preparation of junior high/
middle school science teachers. This, is a very neglected
arca. For example, in a study [ did I found that:

1. Cver 10 percent of a national sample of secondary
te *chers reported they were teaching in a subject
arca in which they did not feel qualified to teach.

2. Certification standards for 43 of the 50 states do
not spell out requirements for junjor high/middle
school teachers.

3. About 20 percent of Wisconsin school district
superintendents believed that the junior high group
of science teachers was adequately prepared for
their assignments,

4. Graduation requirements from most institutions

require proficiency in only 1 or 2 usually closely-

related areaus for certification. This is fine for
specialty-area teachers but obviously poor for the
general or integrated science teacher.

Even NSF institutes for the most part, failed to

work on this vital area of the curriculum and even

perpetuated the gap between the junior high and
high school science instructor,

6. Besides not being adequately prepared in their
science area, (40 percent indicated this choice)
science teachers at all levels are not prepared either
cognitively or affectively to implement courses that
are  socially relevant, scientifically literate, or
humanistic.

The present training of science teaching specialists
has produced an abundance of teachers who know a lot
about a very special area of science. These teachers, are
being émployed by school districts whose administrators,
in many cases, select specialists because that’s what they
are. This is not to say that the teachers are at fault.
Many have been encouraged to enter a science area by
former teachers and counselors, then when confronted
with over 750 semester hours of science offered at a
medium-sized University, opt for a specialization with a
related minor. If' the student is going to be proficient in
his area he must of necessity neglect other subjects in
the humanities which would give him the broad back-
ground to teach towards scientific literacy.
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In this respect, the teacher training and certification
institutions are at fuudt in requiring o certdin minimum
preparation in subject areas with a corresponding lack of
recquirements in the humanities. I'm certainly glad to
report that at one institution, the University of Wiscon.
sin-Green Bay. a course entitled “The Conscience of the
Scientist” is required for all science students. This
however is only a small beginning in the development of
students who will be able to teach towards the goal of
“Science for the 70°." Unfortunately, we still require
that all science teachers tuke the same specialized
courses as those students working towards becoming
rescarchers, technologists, and engineers, Couldn't we
design courses which give the background information
needed by secondury teachers or more specifically
middle and junior high school teachers which also
included work in technology, social fssues, moral values,
ethics, history, etc? How can we expect teachers, who
have had to take the same courses as future scientists
and engineers, and who have the backgrounds found in
my research, to develop in their students a feeling of
social relevancy or appreciation for technclogy when
they have never been exposed to it themsélves:

What can we do now to move towards the goual of
scientific literacy whether we teach topically organized
general science courses, integrated courses of our own
design, or any other kind of science course?

I believe that to achieve the goals envisioned for
science education in the 70's we can no longer spend
great amounts of time stressing knowledge for knowl
edge’s sake at any level of education. The explosion of
knowledge, over 300,000 words per day in science
alone, makes accumulating masses of knowledge impos-
sible, The most important task will be to direct
scientific knowledge toward the improvement of the lot
of humanity. How can we develop a sense of apprecia-
tion of science for today’s youth? I believe the first
efforts should be made in organizing ti2 curriculum
from within, crossing discipline lines not only in science
itself but also in other departments as well. Why
shouldn’t we teach social studies, English, history, math,
and science together in the same way in which we live?

It is fairly apparent that today’s curriculum even at
the junior high/middle school level, cultivates two
groups of students. C.P. Snow calls them the two
cultures; George O’Hearn calls them the *“within
science’ and the “‘without science” groups. One group
has a strong science interest but no great knowledge of
the humunities; the other has a strong interest in
humanities but little understanding of science, I believe
we should leave the specialized training of scientists and
technologists to the colleges, universities, and technical
schools and move towards integrating unified ‘general’
science into the twelve years of general education.

Today’s science teachers need to be retrained to
include the vital areas of scientific literacy. I am
personally acquainted with a junior high science instruc-
Yor who is so specializ¢d that he really belongs in a
college job. Yet this same individual is supposed to make
all areas of science interesting and relate science to
humanism, social values, technology, problems of man,
ete. This individual is very definitely influencing hun-
dreds of students, many towards anti-science attitudes
because what he is teaching is not relevant to their
world. His overall goal seems to be the development of
every single student into a miniature scientist. How he
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“was trained, I can understand. How he was certified is
the fault of our present state certification procedures.
How he was hired is the classic story of the decision
being made by administrators who have no background
in science and are impressed by- college grades out of
proportion to their worth, Now, how do you improve
his attitude or failing that, move him out of the
classroom? He really belongs at a much higher level of
education and is presently a frustrated junior high
teacher waiting for something to open up.

We must all ask ourselves what are the important
poirts of humanism, and socisl values in science? How
do we reach the great numbers of people in science
teaching or planning to enter teaching? :

The immediate answer of how to provide meaning
and humanism to dead and irrelevant science courses is
inservice traming, team-teaching, and new and up-dated
courses for teacher training programs at our colleges and
universities. More than any other program, inservice
education, if properly planned, would reach the greatest
number in the least amount of time. The inservice
training program 1 envision would be continuous, con-
ducted by a committee made up of members from the
various science disciplines and other subject areas,
including members at tk elementary, junior high, high
school, and college levels. This would not only allow
diversity, but would ensure a pregram that reached all
levels. The traditional lectures, discussions, practice
lessons, etc., are needed, but more important, work
experiences in industry, business, and the professions
should also be included. How much better attuned one
becomes whon he actually experiences the areas in
which the siudents he teaches are required to work. All
educators may not agree, but I believe more education
about people and life takes plice outside the classroom
than in them. Districts might need to pick up the
expenses of these training sessions and even pay teachers
to attend them. This may sound absurd, but industry
does it all the time. Neither should this be a one-shot
affair as is so common in education. Teachers siould be
required to attend compulsory inservice training from
the day of their appointment to the day of retirement.

Although there appears *o be a rift in how social
studies and science teachers 2w cach other, we must
encourage team teaching in t. se two areas. We must
also convince social problems teachers that more empha-
sis needs to be placed on the role of science and
technology with their attendant problems on the future
of our citizens. A mere reterence to the atomic bomb
and the joblessness created by automation is not enough
when these students will be called on in the near future
to make intelligent decisions on how far we should
proceed in space exploration and at what pace: are
nuclear power plants safe: shall we ban the internal
combustion engine from the citics: can we permit
pollution to continue unchecked in this or any other
country: when should we turn off the machine which is
profonging a life and who will pay for it: and a hundred
other questions that are being crcated everyday. Team
teaching with social studies would give students the
opportunities to learn about cultural and social “plica-
tions of the science they are learning. Some science
teachers might ask why team with social science when
we can teach human values, human welfare, social and
economic development, etc? The truth is that teachers,
regardless of what specialty, tend to be so tied up in
their own little world that they can't see the forest for
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the trees. It is my suspicion, based on many observa:
tions, that once that teacher enters his classroom and
closes his door he is in his own world. And, more often
than not the way in which he was trained is the way in
which he teaches his course.

Courses in science education must change at the
college level as well if we are to change teacher
attitudes. No longer can we be content to certify a four
year graduate in the sciences after a course or two in
teaching methods. | ain not suggesting watered down
college graduates for junior high science, but I am
suggesting a more realistic, more relevant curriculum for
this, the most ir portant stage of childhood develop-
ment. We can no longer except a dissatisfied, frustrated,
unqualified secondary teacher in junior high/middle
school science classes. For those already in the schools,
we must retrain them or remove them. For
those in the education pipeline or coming up we must
change their preparation now. No longer can we be
content to certify a four year graduate in the sciences
without a full background of humanities, and more time
in the nature, philosophy, and history of science. A
former president of NSTA said, “Another area of
teacher preparation which concerns me at both the
secondary and the elementary level is understanding of
the history and philosophy of science. Few teachers
entering the profession today have any background
whatsoever in these most vital areas.’”’ Programs of this
type may take five or more years compared to the
current four undergraduate years and will surely meet
with resistance. Those teachers already practicing in the
field must also be continually upgraded in philosophy
and subject matter. However, courses in subject matter
fields will have to be changed if we expect experienced
teachers to take the courses, for after a few years
absence from the college campus, few teachers have the
desire to pursue graduate level work in a new area or
the background to start at the graduate level.

In this complex world, a specific education may
provide one with the tools needed to provide for himself
and family quite adequately. But, the ethical education
which helps men resolve the confusion which exists as
we try to find ways by which 1.e¢n can live together in
their environment —this is the challenge which faces us
today. We, as science educators must realize that: “In
teaching science we must not forget, that it is sin.ulta-
neously social study and creative art, .1 history of ideas,
and a supreme product of aesthetic ingenuity.”

SESSION A-8
INDIVIDUALIZED SCIENCE-LIKE IT IS

Stewart P. Darrow, Research Associate, Intermediate
Science Curriculum Study. Florida State University,
Tallahassee

In examining the continuum between individual-
ization and independence, there seems to be a g1cater ease
of movement in one direction than the other.
Observations on students seem to indicate that they can
generally individualize quicker and more comfortably
than they can move toward independence. For example,
in a new senior high school program, when students are
offered complete freedom as to the sequence of materials,
they all opt to follow a traditional pattern, page by page
and section by section.




Even when self-diagnosis mechanisms indicate that
the ensuing material is known, students elect to plow
through all of it anyway. At the same time, they are
willing to work individuaiy on choosing the units and on
setting the pace at which they will travel through them.
Only in self-evaluation (and the remediation that results
from it) do students seem to achieve a greater degree of
independence.

A possible reason for this behavior is the traditional
school pattern of teacher dominance. We have espoused
the philosop}:‘y of “accept the student where you find
him,” (individual differences) but we have insisted that
only we can make the decisions as to the means of
progress from there. Whether he works individually or in a
group, we will prescribe the pathway.

The Individualized Teacher Preparation program
(ITP) is complete, with the final modules now at the
printers. Their usage in teacher-readiness programs has
increased steadily. The so-called strategy modules seem to
enjoy more popularity and greater use than the content
modules.

The Individualized Testing System (ITS) is also
complete. It turnishes a means for student evaluation in
which test items based on performance objectives can be
assigned on a completely individual basis. It also provides
tor individualized remediation.

The modular Level 11l program has always had the
capabilities for independence and individualization to a
greater extent than that found in the Levels I and Il texts.
The next logical step toward further individualization of
the materials would seem to be the modularization of the
first two levels.

Work is progressing on the interdisciplinary, modular,
senior high school science program called the Individual-
ized Science Instructional System (ISIS). This program
uses individualized diagnostic tests and individualized
project work. Choice of modules (called minicourses) is
completely free, but once the student has selected a
minicourse, he or she is responsible for all of the core
material. Excursions are graded and optional. Resource
units are used in place of remedial excursions for students
who need help on techniques or concepts that are
common to two or more minicourses,

INDIVIDUALIZED SCIENCE-LIKE IT IS

John F. Thompson, Principal, Flexible All-Year
School, Research Learning Center, Clarion State
College, Pennsylvania

Issues

1. To change science teaching, you must change the
people doing it.

2. To change the people doing it, they must want to
change.

3. For people to want to change, they must first know
who they are and where they fit.

4. With this view, a person can then make some choices.

S. 1t a teacher has not internalized “individualization®

tor himself, his success in “doing™ it to others is

doubttul at best.

The techniques for individualizing are numerous and

tested,

7. We have the sceds and the know-how to grow a
suntlower. The question is whether we want to grow
it or not,

=2
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New Developments
1. Elementary Learning Center, Flexible All-Year
School.

2. Using science in music, art, and guidance.
3. Flexible Secondary science.
4. Learning science by teaching.
5.  Who hid the science?
6. Sunflowers—Who wants them?
SESSION A-10
STRENGTHENING TEACHER CAPABILITIES FOR
EDUCATIONAL INTEGRATION

Jay Lemke, Assistant Professor of Education,
Brooklyn College, City University of New York

College professors scheme and dream, but it is the____

teacher in the school who bears the burden of our
philosophizing. Educational integration, the philosophy of
a truly humane education, often means for the science
teacher an upstream swim against the current of
specialization. He is encumbered by the traditional school
curriculum and far better prepared by his education to
stick to his own subject and leave the integrating to
someone else. If it is desirable that future generations

learn science as an integral part of man’s adventure on the -

earth, then ways must be found to strengthen teacher
capabilities for integration.

Science makes its proper contribution to humane
education when we teach science in its total human
context: as an activity of men living in h:story and
society, searching for meaning in life and solutions to
problems that threaten their dreams. Science is a mode of
human expression capable of beauty and subtlety, of
being personal while striving to be universal. As a human
activity it poses moral dilemmas, has social consequences,
and is not immune to ideology, faction, or politics.
Science in its total human context has as close a
connection with music, art, and poetry as with
mathematics, technology, and engineering. It is no more
distant from law than from medicine, and rather close at
times to theology.

Those who accept this vision of the role of science in
man's life and thought, and who believe that it is only
when science is taught at all levels in its total human
context that students will genuinely understand it and be
able to judge it intelligently, should also bear responsi
bility for preparing science teachers for such a task.
Definite and specific proposals are needed, now, for
providing teachers with the intellectual base, the teaching
techniques, and the public and professional support they
will need for the job. In each of these three arcas, the
philosophy of educational integration itself suggests the
kinds of assistance the science teacher will nogd.

For most science teachers college science courses
provide the only intellectual base for their science
teaching. Those courses did not evolve to meet the needs
of teachers or generalists: their internal logic. rationale,
and ultimate justification are based on the needs of future
science  specialists.  Such courses cemphasize  problem
solving techniques at the expense of deeper analysis of the
origin, function, and limitations of general copcepts. They
anticipate the needs of students who will use parts of their
content as clements in a fturther specialization, not
students who seek to establish the relationship of that




‘content to still broader areas of human life and
“understanding. Our graduates can calculate the efficiency
of heat engines, but not describe the limitations of the
second law of thermodynamics; they can recite the stages
of mitosis, but not discuss the possible evolutionary origin
of the cell’s capacity to divide. And if we should ask them
how thermodynamics can help us make sense of the
tendency of living organisms to remain stable in a

our teachers, and not on science understood in isolation,
but understood in its total human context.
Science teachers must not only understand, they

“must be able to communicate, to transfer understandings

- and stimulate student inquiry. How can we provide them

changing environment, or to explain the seeming paradox -

of increasing order in living systems against the trend to
disorder in nonliving systems, we would be lucky if they
could understand the questions!

To venture outside the narrowest definitions of
science: How well do we prepare them to teach science
with regard for its social implications? What contribution
could they make to discussions of technology and the
environment, national eixergy policy, or the development
of music and the visual arts in the twentieth century?
How would they fare in helping students arrive at
positions on such controversies as: the neo-creationist
critique of evolution, the evidence for and against ESP
and other aspects of parapsychology?

In examples such as these, the question for science
education should not be: What does all this have to do
with science? but: What does science have to say about all
of this? How can we help provide science teachers with
the intellectual base needed to teach science in its total
human context? Traditional specialist science teaching at
the college level will continue, in the itnmediate future at
least, to dominate all learning in science. We must
discover, then, how to build upon existing courses, how to
hel;:i the teacher transform the content to meet his own
needs.

First, we can try to meet the need for a “critical
second look” by the teacher at the science content itself.
We can provide retrospective seminar courses for the
teacher which turn back to the great intellectual principles
of their conventional science courses, to highlight them,
to foster critical examination of their foundations and
broad implications, to do what the first science courses
never have the time to do and the students insufficient
motivations and intellectual maturity for. The only way
past superficiality in understanding is to set time aside for
selective, critical, reflective discussion of basic principles.

Second, we can try to broaden the science
generalist’s intellectual base to include elements needed to
see and articulate relationships between science and other
disciplines. We can provide the science teacher with
courses that focus on widely applicable strategies for
integration and synthesis. The methods of systems
analysis, the techniques of structuralism and cybernetics,
the concepts of symmetry, order, equilibrium, evolution,
stability, and the many other tools of the generalist, can
bc made real and immediate for the science teacher in
genuinely interdisciplinary courses that bridge between
science and the problems of man in society, between
science and the questions of value and meaning posed in
the traditional humanities.

These courses mast be required; they are part of the
professional preparation of the science teacher. They can
be developed in both n-eservice and inservice forms, in
both baccalaureatc nd masters degree programs,
available to teachers as p -rt of their continuing education.
Their importance should be reflected in policy on teacher
certification under stat: and local codes. We must insist,
not on science credits. »ut on science understanding from
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with this second of our three components: the teaching
techniques they need?

If there is truth in the old saw: You teach as you
have been taught, then the two proposals for supplement.
ing the teacher’s own science education will already have
begun to provide, by cxample, part of the needed teaching
techniques. The nature of educational integration,
however, suggests two further f)roposals, ones whose
implementation belongs traditionally in the domain of the
schools and departments of education. Teacher training
and teacher certification are presently moving toward an
ideal which requires that educational theory, so long
useless to so many classroom teachers, be taught
predomiuantly in the context of experience and
participation directly in the elementary and secondary
schools. It is in this context that these next two proposals
are offered. '

The first is a call for increased emphasis in the -
preparation of science teachers, both at the preservice and
inservice levels, and again this can be done in both
baccalaureate and master’s degree programs, on the
techniques of team teaching. The full burden of teaching
science, or any other subject, in its total human context is
too large for the single teacher. Increasingly, as trends in
cirriculum move t{oward an education at all levels that is
more relevant to the specific needs of our contemporary
society and its problems, the science teacher will find
himself a member of an instructionai team, bringing his
own background and the special insights of his discipline
to bear on questions that require an interdisciplinary
perspective, We can help the teacher learn how to
participate effectively in the more complex pattern of
interactions that occurs when two or more teachers must
co-operate. We can help meet the need to learn how to
follow as well as to lead as a teacher, to pass a student’s
question to a colleague or receive one referred, to open up
room for disagreement within which students can explore
alternative positions on issues, and to criticize a thesis
outside our area of expertise and be responsive to
criticism in turn from those outside our own. Indeed
learning to teach science as part of an interdisciplinary
team may become a contritution of science to the total
curriculum as re-evaluated by students, parents, and
educators.

A new teacher, for example, should not carry a full
teaching load in his first year, but should devote part of
his efforts to mastering the curriculum and finding his and
his subject’s place in it. That first year can be the capstone
of a liberal education for the teacher who learns to listen
to his more experienced colleagues, not just in the
sciences, but in the other sutject areas with which science
is to be integrated.

The second proposal calls for an emphasis on
problem-oriented science teaching, not teaching problem-
solving methods for idealized problem types, but teaching
science in the context of non-idealized, real-world
problems. The field trip to park, beach, or nature
preserve; to power station, refinery, or computer center, is
never an idealized exercise in one subject for the student.
The conventional separation of subjects and disciplines is
less easily maintained in the face of what is for the
student a unitary experience. We can help the teacher




nutke the full experience a learning experience, richer for
the integration of disciplines by emphasizing techniques
for real-world teaching. The restriction of education to
the largely artificial and frequently sterile environment of
“even the best-equipped classroom has led to such
paradoxes as the poor quality of education at school
situated in the heart of urban agglomerations of learning
resources. The bus is mightier than the textbook, but less
emphasized as a teaching tool. Extra-mural education
enforces on the aware teacher the need to integrate and
help his students multiply the meanings of their
- experiences. The special teaching techniques must include
in-class discussion of science’s part in real-world under-
standing and problem-solving.

Up to this point we have considered proposals to
provide the science teacher with the intellectual base and
with the teaching techniques needed for educational
integration. The science teacher needs, no less than these,
active public and professional support. Science teachers
are men and women enmeshed in a total society and in
the enormous social organization we call our educational
system. They are members of two professions: science and
education, with duties and allegiances to both in varying
individual proportions. These professions define for the
public and for the teacher the prestige and status allotted
to every activity within their scope. they are the arbiters
of legitimacy, and they are, like all social embodiments of
convention, archly conservative,

The science profession has sanctified specialization in
the public mind and labeled the teacher and the generalist
unprofessional as scientists. The education profession has
also lionized the specialist and legitimized a hierarchy of
authority that makes it encumbent upon the professor to
tell the elementary school teacher what and how to teach,
but unthinkable that the reverse should happen. We
cannot expect qualified individuals to choose careers as
science teachers at all levels and academic educations as
science generalists, unless the science and education
professions provide the needed support. Meaningful public
and professional support for educational integration
requires radical changes in custom, convention, and
attitude.

First, there is need for academic recognition of the
legitimate value of advanced generalist education. The
glory of specialization in the public mind is inextricably
linked with the prestige of the PhD. This certification of
the specialist confers an authority out of all proportion to
the effort required. We have made no provision, however,
for a corresponding degree for the generalist, of equal
prestige and, inevitably, inflated authority, as a
counterweight to the voice of the specialist in our society.
In recent years, as the failure of the specialists and of
specialist training in areas that belong properly to the
generalist, notably in teaching and in advisement on
public policy, has become more apparent, the proposal
has been advanced in various quarters for what will
probably be known as the Doctor of Arts degree. Its
Doctors will be trained in research, authors of scholarly
publications, broadly learned with in-depth knowledge of
several specific areas, but prepared to serve society and
the profession as the specialist is not: by synthesizing and
integrating, by planning and designing on a scale that
requires an overview of many specialties. They will be our
teachers and critics, watchers for the increasingly frequent
danger signs that appear in a complex society where
specialists produce effects whose consequences rapidly
spread outside their areas of expertise.
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The argument that a PuD’s training is not well
utilized in the elementary school would not be valid for
the Doctor of Arts’ training and abilities. The
establishment of a Doctor of Arts degree would create the
academic context for professional acceptance of and
public support for educational integration and the
science-generalist as teacher. The science teacher may not
need a Doctor of Arts degree to teach science in its total

"human context, but he may well need the helr,
d

encouragement, and support of colleagues who do ho
such a degree to do it well, with conviction, and with
public support.

The second proposal calls specifically for the
education profession to niove in each of the states toward
general teacher certification. This proposal will seem
radical exactly in proportion to one’s faith in the doctrine
of specialization. General teacher certification calls for
teachers to be certified without discrimination as to grade
level or subject. This policy has been a workable system in
effect for several years in the province of Ontario in
Canada. Such a system can encourage the public to view
teachers, and teachers to view themselves as concerned
with students and with instruction rather than with ages
or subjects. A man or woman is a teacher first, and
secondarily one who knows quite a bit about science, or
who may be trained to work with very young or with
handicapped students. This policy, insofar as it militates
against the kind of “biology teacher” who thinks that he
can be an excellent teacher knowing nothing but biology
or against the “eléementary school teacher” who thinks he
doesn’t need to| understand science as well as the
“secondary school teacher” does, is strong professional
support for educational integration.

There in brief, are six specific proposals to help
provide the intellectual base, the teaching techniques, and
the public and professional support needed to teach
science in its total human context. They are all based o:
the assumption that we can reduce obstacles to
humanistic education by strengthening a science teacher’s
capabilities for integration. There is a very good
laboratory for testing that assumption and it is as close as
ourselves.

SESSION A-12
INNOVATIONS IN COLLEGE BIOLOGY
DOUBLETHINK IN BIOLOGICAL EDUCATION

Donald D. Cox, Professor of Biology,
University College of New York, Oswego

State

In George Orwell’s world of big brother the concept
of *‘doublethink™ referred to the ability to hold two
contradictory beliefs in one’s mind simultaneously, and
accept both of them. [6] The party member in this
scenario was exposed, from early childhood, to mental
training based on this concept, so that by the time he
assumed his role in the party, he, understandably, was
unable and unwilling to think too deeply on any subject
whatever. To make this system work, the slogan of the
day was uniformity; uniformity in dress, speech, and most
important, uniformity of thought. The most serious ¢rime
against the state was thoughtcrime. The crime of not
thinking along the lines approved by the state.



When [ received an invitation to participate in this
conference with the theme *1984-10 and counting” 1 did
some thinking and came to the conclusion that perhaps
we are closer to 1984 than we would like to admit. To
preface my remarks I would like to point out that
problems in biological education -nnot be considered in
a vacuum, hut rather must be placed in context with the
whole educational endeavor and with the larger society
that supports it. However, this in no way reduces the
responsibility of biological educators to seek solutions to
these problems.

To get back to the concept of doublethink, let us
first examine some of the fond hopes we like to express
for the behavior of our students, and then compare them
with the methods we are using to evoke these behaviors.
High on the list of expectations is the hope that we will
develop in them the ability to think independently—
intellectual autonomy. This goal has been stated in various
wdys: for example, to develop the ability to think
critically, to develop intellectual honesty, to develop an
inquiring mind, or to develop the ability for self
education.

Let us look, now, at the methods we use to develo
intellectual autonomy in students, and let us begin witrx
the curriculum. There is a phenomenon in biological
education known as the core curriculum. This usually
takes the form of a collection of courses which are
re%uired of all biology majors. The core curriculum was
defined in CUEBS Publication No. 18 (1967)as *. .. that
body of knowledge essential for all students of Biology.”
This statement is so omnipotent that one hesitates to mess
around with it, but let’s do it anyway.

It is not unusual to find biology programs in which
students can exercise freedom of choice in only one or
two courses, and in some instances the whole
undergraduate program is prescribed and required. The
usual rationale is that students are incapable of planning
programs that will best fit their needs. (Actually, most

" core curricula are designed to prepare the student for
graduate school). In the absence of competent counseling
this may, in fact, be the case, but this whole issue raises a
very basic question: “What is school for?” The prime
function of school is to prepare students for the future. If
it does not, one must question the whole idea of school. A
required curriculum thus suggests that the faculty can
foretell the future better than the student. A census of the
number of PhD's pumping gas, (or trying to find some gas
to pump) suggests that our batting average at foretelling
the future is not all that could be desired.

What are the consequences of abolishing the core
cunticulum? At worst. the student may make mistakes in
judgement which he will have to learn to live with.
However. this is an improvement on having to learn to live
with someone else’s (the faculty’s) mistakes. Besides. my
personal experiences indicate that learning to live with
one’s mistakes is highly eduvcational. On the other side of
the question, however, and most importantly. a rigid
required curricular structure stifles intellectual autonomy
by submerging the individual. forcing all students into a
common mold and introducing an assemblv line effect to
biological education. It appears. then, that our practice of
requiring a curriculum is incompatible with our goal of
developing intellectual autonomy.

Next. let us examine the teaching methodology that
we are using to develop intellectual autonomy in students.
The almost universal method of presenting undergraduate
biology in this country is in the lecture-laboratory format.
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The main function of the lecture is to transmit

information and that of the laboratory to illustrate the
subject matter presented in the lecture. The laboratory
experiences usually consist of prefabricated exercises with
standardized procedures and predetermined outcomes.

Lecturing as a means of transmitting information
became obsolete with the invention of the printing press
in the fifteenth century. In comparison with the books,
computers, and teaching machines
available today it is a very inefficient way to transmit
information. In addition, a major side effect to lecturing is
that it deprives the student of virtually all responsibility
for using his own mentality to weigh, compare, and decide
what is important for him to learn. Therefore, if one of
the aims of biological education is to develop intellectual
autonomy, then students must be given an opportunity to
exercise intellectual autonomy.

It may be that you, as I, have experienced difficulty
in trying to get students to exercise intellectual
autonomy. I teach a course in general ecololgy for biology
majors that is presented as a series of self instructional
modules. Each module has clearly stated instructional
objectives. Early in the present semester a student
complained to me that she did not know what was
expected of her in the course. After explaining to her that
I had stated as explicitly as I could, and in writing, what
was expected of her, she admitted that she was
accustomed to having the teacher tell her the important
things to learn. She dropped the course.

This is what I referred to earlier when I stated that
many of the problems of biological education must be
shared with the whole educational establishment. Do you
know that there are public schools that administer drugs
to “hyperactive” children, to calm them down so that,
among other things, they will listen to the teacher?
Stephen Chorover [1], who is professor of psychology
aad brain science at MIT states *“I doubt that anyone
really knows how many American children are being
treated with daily doses of stimulants. One practitioner
who uses them estimates that the number exceeds
250,000 nationwide.” Chorover further states that, *“We
are laying the groundwork in childhood for the
psychotechnological control of adults... As the tools
grow more powerful, the prospects are vanishing for
saving our children and for saving ourselves from this
dehumanizing chemical and biological welfare.”

I’'m quite sure the young lady I referred to earlier was
not a victim of drug abuse in the public schools. She has
become addicted to the teacher through normal classroom
practices. I don’t even like to think about a college
population that has been preconditioned to intellectual
passivity by drugs. It has been my personal experience
that a great many, perhaps most, college students are
already Faddicted to, and are over-dependent on the
teacher. Compare this situation to our goal of developing
intellectual autonomy. It scems to me a clear cut case of
doublethink.

Now, let’s ook at traditional laboratory instruction.
The fact that in many biology courses the lecture and the
laboratory are scheduled as separate entities suggests that
there are aspects of biology that cannot be pursued in the
lecture. Chief among these are ihie processes by which
biological information is generated. Pretabricated labora-
tory exercises in which the student follows a set of
detailed directions to arrive at the “right” answer do little
to enhance his understanding of these processes. Striving
for predetermined “‘right” answers brainwashes the



student into a false concept of the way biological
information is derived, because we all know there are no
“right” answers, but only varying degrees of probability.
Furthermore, this technique has the effect of standard-
izing and depersonalizing the laboratory experience so
that all students are performing uniform tasks in the same
ways and:at the same rates.

Unfortunately, it seems that few _bjologists have
addressed themselves to such basic questions as “what
constitutes a valid laboratory experience?’* and “‘what is
the optimal laboratory experience for a given course?” In
practice there seems to be a form of “Parkinson’s Law”
operating to the effect that the number of laboratory
exercises performed by students increases in direct
proportion to the number of laboratory periods available.
The prevailing assumption seems to be that a prescribed
number of hours in the laboratory results in an equal
learning experience for all students. In reality, an intensive
two- or three-week period of investigation ir a better
learning experience for some students than a full semester
of *“‘official answer" exercises. The point is that learning is
an individual process and cannot be treated with assembly
line, mass production techniques. When it is so treated the
student’s individuality is submerged and he-is reduced to
jumping throvgh academic hoops.

Conventionally taught biology courses are typically
instructor-centered in the sense that they provide the
student with little opportunity for self-initiated and
self-directed study. McKeachie [S] has cited research
reports which indicate that learning is strongly influenced
by teaching methodology. These reports show that for the
achievement of more complex educational outcomes such
as long term retention, critical thinking, changes in
attitude and motivation, all of which are part of
intellectual autonomy, student.centered teaching method-
ologies are superior to instructor-centered ones. Thus the
lecture-luboratory format as traditionally used is antithet-
ical te the goal of developing intellectual autonomy.,

Another practice which biological education shares
with the whole educational establishment, and which I
think is contradictory to the development of intellectual
autonomy, is the practice of giving letter grades. I have
heard grades defended on the basis that they give us a
measure of academic achievement. But this is circular
reasoning because academic achievement has no independ-
ent meaning: it is defined in terms of grade point averages.
In practice each instructor has his own interpretation of
academic achievement for each course he teaches. In the
grading process he may evaluate student performance on a
variety of activities, e.g., oral and written expression,
laboratory performance, class attendance and other
activitizs he considers relevant. These uare then all
sumnuarized on a single scale and issued as a letter grade,
The grude, however, gives no information about the
evaluatin that lead to it and the information it does
transmi. is difticult or impossible to interpret.

Grade point averages have been used tor such varied
purposes as admission to graduate and professional
schoals, scholurship awards. determination of draft status.
eligibility for veterans® benefits, eligibility .or extracurric-
ular activities and as qualifications for employment. It
seems absurd to me to even suggest that each of these
purposes requires the saume kind of information. That they
are so used suggests that grades mean everything to
everyone. One is tempted, therefure, to accept the
corollary to this, i.e.. that they therefore mean nothing,
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because “When no meaning is conveyed variation in
meaning cannot be observed.” [10]

When instructors are required to turn in grades
ranking the relative accomplishments of students within
the time limits of a college term, they commonly,
arbitrarily, choose a body of information that they think
will fit the time period. The information and learning
activities are then organized so that grades can be
determined in the simplest way. In order to get a better
comparative measure this often means that all students do
the same things in the same ways and at the same times.
Thus, individual interests of students and individual rates
of learning become secondary to the bureaucracy of
grading. Tie result is that getting grades rather than
learning becomes the reason for taking courses.

Ironically, there is evidence that giving grades has a
negative influence on the learning process. Psychologist
Edward Desi [3] reported on experiments which showed
that when students were either rewarded (as with an *A”)
or punished (as with a “D” or “E”) in a learning situation,
they showed less interest in the learning task after it was
completed than did students who performed the task for
their own satisfaction, when no reward or punishment was
involved,

Grades have become so firmly established in
American education during the past fifty years that both
students and teachers have developed a great deper.dency
on them, We persist in identifying our best with “As” and
“Bs™ on the assumption that they will become the leaders
of our society. Unfortunately, this does not appear to be
the case. The Newman Report (1971) indicates that a
number of studies covering students trained in business,
school teaching, engineering, medicine and scientific
research have found almost no correlation between
course grades of students in these wwetds and their
on-the-job performance.

I would like to emphasize the distinction between
grading and evaluation, One of the essential functions of
school, as an institution, is evaluation. [8] In the absence
of evaluation, by definition, you do not have a school. In
much the same way, without guards, by definition, you
do not have u prison as an institution, Faculty evaluation
of student performance, however, can te accomplished
without recourse to any system of graditg. In fact, as we
adopt more open curricula in which the emphasis is on
self-initiated learning, evaluations of earning situations
are likely to include summary st-.tements about the
student’s progress and performance along with samples of
his work. This is, by no meuns, 1 new and revolutionary
idea. Unless the school has modif ed its phijosophy in the
past two years, the transcript of «<tudents graduating from
Evergreen State College in Olympia, Washington, will
consist of a 32-page buoklet: a much more meaningful
record than a symbolic one censisting of letter grades.
Some instructors may give briet and uninformative
evaluations, but it is hard to imagine an evaluation
summury more briet and uninforn ative than an “A”, “B",
or “C". The practice, then, of gi ing letter grades. while
holding on to the goal of developing intellectual
autonomy in students, is another classic example of
doublethink in biological education. -

Curricular structure, traditional use of (18 lecture-
daboratory format, and grading, are nathing more than
conventions used by biology departments and schools to
achieve their goals. Conventions can be changed without
destroying the basic functions of these entities. I'm not
willing to go as tar as van Illich [4] who proposed the



climination of schools in favor of informal learning
centers, because [ think this s unrealistic. That
conventions can change is illustrated by Evergreen State
College, Gavernors State University, Hampshire College,
and State University of New York at Purchase. Whether or
not the existing establishment can change its conventions
is a moot question. It will not be casy. However, one sure
way to avoid the world of “big brother” is through a
citizenry of autonomous thinkers. If biology departments
and schools have the slightest commitment to the future, |
think it {s imperative that they change some of their
conventions and avoid the anomaly of doublethink.
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SESSION A-14

THE ROLE OF THE SPECIAL SCIENCE TEACHER IN
IMPLEMENTING THE NEW BALTIMORE COUNTY
SCIENCE PROGRAM

Kenneth R. Lawton. Jr., K-6 Special Science
Teacher. Battle Grove Elementary School, Balti-
more County Schools, Maryland

As a special science teacher 1 help implement the
new science program in my school, and more recently,
assist neighboring  schools with their programs. My
responsibilities encompass the actual teaching of science
and the preparation of materials for myself and other
teachers.

The new science program has brought with it an
avalanche of science material which has to be ordered.
received. stored. and organized. distributed when the
classroom teacher needs it. and finally inventoried at the
end of the school year. In schools without a speciul
science teacher. these jobs are usually handled by the
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Administrative Assistant, a faculty science committee, or
by selected faculty. These tasks can be very time-
consuming und tedious if the system of organization and
distribution of the material is ineffective and confusing.
Just recently I met with science representatives from
neighboring elementary schools to assist them in orga-
nizing their science material as efficiently as possible. We
established a system of equipment exchange between
schools so that no school has to drop a unit or an
activity because of lack of equipment.

~ The manipulation of sclence material is really
secondary to the actual teaching and learning of science.
During the first week of school each year, I meet with
the classroom teachers from each grade level to do
several things. First, to establish a sclence schedule: to
determine when and what units will be taught during
the school year, so as to eliminate the simultaneous use
of limited science supplies and to co-ordinate the science
program with the social living program. Second, it
gives me a chance to familiarize new teachers with the
organization and: distribution system of science material
and reacquaint returning teachers with this procedure.
Third, | can introduce and familiarize teachers with any
new units or materials which have been received at their
grade lvel.

When we establish a sclence schedule, we determine
what my teaching responsibilities will be during the
school year. Of the five or six science units written for
each grade level, I will teach two to each classroom. The
choice of the units I teach is at the discretion of the
classroom teacher, with the understanding that the
teacher will teach two to four of the remaining units
herself. Usually the classroom teacher will ask me to
teach new units, with which she is unfamiliar, or units
that she, for various reasons, feels uncomfortable with.
When 1 teach lessons from the science units, the
classroom teacher remains in the room and observes,
assists, and generally acquaints heiself with the pro-
cedures, concepts, and materials of the science activitics.

During and following the activities, we discuss the
methods and materials being used, and if she or I aren’t
satisfied with the procedures or the results. I offer ways
to modify the activity and suggest extensions and
alternatives from other programs, including AAAS, ESS,
SCOPE, etc., or from any other source at my disposal,
provided that the modification or alternative meets the
needs of the teacher and the children. By teaching two
units in the classroom, my primary responsibility is to
demonstrate to the teachers, some of whom may be
unsure of themselves because of scanty science back-
grounds, or because of the diversity and quantity of
science material. that the science program in Baltimore
County is not difficult to teach: that it can be enjoyable
and rewarding for children and teacher.

From time to time, a teacher may desire a special
demonstration lesson to kick-off or culminate a unit. or
on a subject which is not necessarily part of the formal
science curriculum. I try to make myself available to
assist. gather materials, or actually teach the lesson,

When I'm not teaching or helping teachers with
science problems, [ spend a good deal of time preparing
science materials tor the other teachers who normally
lack time to prepare for themselves. A crew of student
science aids helps me prepare and distribute the science
material.

Since ficld trips often serve as valuable supplements
to the formal science program. I also offer suggestions



and help in their planning, and if my schedule permits, |
enjoy going on them. Our county also has established a
program of intervisitations between our secondary and
clementary schhols. If an activity trom the elementary
curriculum rel! tes to s ‘mething similar being done or
capable of peing done in a secondary science lab, the
elementary teacher c¢an plan to take her class to that
school, usually in the same vicinity, to observe or work
with the secondary teachers and students. Secondary
teachers and students are also invited to visit the
elementary schools to assist or just become familiar with
what's happening in elementary science. It is one of my
responsibilities to co-rdinate these intervisitations and
Keep an ear to the ground on what’s happening in the
secondary schools.

Some of my other responsibilities include ordering
and picking-up any live specimens necded by the
teachers from the resource centers in the high schools. |
alsv try to keep the classroom teachers informed of any
inservice or regular college science courses which may
interest them or help them in their present teaching
situations. One of my current projects is trying to
establish special interest groups, such as a Rocketry
-Club, Geology Club, ete. for children with a curiosity or
interest in these areas.

Not all special science teachers in our county

follow the same procedures and patterns. They function,

as 1 do, according to the needs and wants, as they
perceive them, of their teachers and children.

An example of the variations in teaching patterns
among special science teachers is the rather unique
“Explorer” program of Gil Smith, special science teacher
at Villa Cresta Elementary School. Gil devotes his entire
afternoon to investigation sessions with individuals and
small groups of students, in contrast to the familiar
procedure of teaching entire classrooms. He breaks his
afternoons down into 15-20-minute time blocks. Be-
tween one to six children may sign up for a time block,
or severdl time blocks if needed, through their home-
room teachers. When these children meet with Gil in his
science room, which is well-supplied with equipment and
a mini-science library, they can *‘explore.” with Gil's
assistance, any science problem or topic that they wish.
The science topics his students usually choose to
investigate arc closely related to the curricular science
program, but may also include topics of scientific
interest outside of the program. Besides assisting teach-
ers and running his “Explorer” program, Gil also
maintains a live-specimem center which supplies county
schools with mealworms. Bessie-Beetles, and daphnia.

Two of the other special science teachers in our
county. Doris Ensminger and Amy Behan, are involved
in rewriting and adapting activities from selected science
units so that these activities can be done by individual
students at their own rate of speed, according to their
own capabilities.

[ think it is safe to say that while the interpreta-
tions of needs und methods of teaching may vary among
special science teachers, we all agree that our main

function is to promote the teaching and learning of

science in any way possible in our schools and commu-
nities.
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SESSION B-1
THE SECONDARY SCHOOL-COLLEGE INTERFACE
SCIENCE AND FUTURE SHOCK

Robert E. Cook, Associate Professor of Biology and
Education, Southeast Missouri State University, Cape
Girardeau

Back in the summer of 1973 when I was first invited
to address this group on the topic of secondary
school-college science interface, I would have said in
answer to the main question. . . **Yes, many: in fact, too
many college freshmen courses are a repeat of what the
student has had in high school.”” Furthermore, I would
have, with all the arrogance I could muster, decried this
repetition as a sinful waste of precious educational time.

Now before 1 go on, it is necessary to explain the
setting for the formulation of such a statement. For the
past seven years | have been in Southeast Missouri trying,
with very little success, to move a few teachers away from
rote memorization toward a higher plane of teaching. The
stock answer from our majority of the teachers is of
course, “We’re doing all right; “X” number of our
students went to college and got high marks in biology,
chemistry, or physics,” or *“John went to engineering
school and did all right, so why change?” Another
common answer is, “We're pleased with our system, most
of our teachers are graduates of this school and after four
years away still want to return to the good life."

It would not make any difference to these teachers
what was taught at the college, they would spend the class
time allotted, priming their students with facts so that the
student will be able to take freshman chemistry or biology
and obtain his or her “A” for the course.

With this in mind, onc¢ should look at the classes
being taught at college, aside from the traditional. I'in
sure you can cite college biology classes that are not blood
and guts type courses. We have one where | am employed
which we call Life Science. It is taught by several
individuals whose main concern is social and political
change or upheaval. I'm sure we can find high school
classes geared along these same lines. I seriously question
whether we should call these classes biology. Students
(nonmajors) moving from such a class into physiology can
express their feelings about abortion, premarital sex, the
occurrence of VD among teenagers, etc., but know
nothing about cell anatomy or physiology. I'm not sure
they even understand ecology, pollution, or wast>. They
go out collecting glass bottles from roadside parks or
rightaways and then waste gallons of hot water cleaning
them for the recycling centers. There are also miniccurses,
A-T courses, open classrooms, field classes, etc., all of
which have counterparts at the high school level. Most of
which start with the cell and go to organisms or start with
the organism and go to the cell.

The bulk of the introductory college classes have still
not changed their basic teaching techniques of lecture,
memorize, and regurgitate. Laboratories function in two
capucities: (a) to verity principles presented in lecture and
(b) to add additional muterial which because of time
cannot be presented in lectures.

Now there are some of yor who are thinking “*What
about all those inquiry courses that have been devel-
oped since 19577 Aren’t these difterent trom th-: college



class just described?” Well, PSSC is, for all practical
purposes, a bad “fow” letter word, and Harvard
Project Physics is only whispered about outside of college
methods classes. As for BSCS, its Green Version is taught
as one might expect to see any 1950 blood and guts
biology taught, I'm talking about the majority of teachers,
not the minority. However, for all the merits of the BSCS
and CHEMS materials, students don’t want to think if
they have to explain their ideas based on concrete
evidence. The answer to such questions as “Why did you
use this? or “Why did you do that?” is “Because the
book said I should.” It is not uncommon for students to
comment “Why don’t you tell me, you know the answer.”
These types of responses infuriate me. In other classes
students are taught that creativity and emotions are one
and the same. They are encouraged to express themselves
regardless of how weak thieir arguments are.

Recently I was again jolted back into reality on the
topic of “Scientism.” For those of you unfamiliar with the
word, it was used by Eastman to describe the mistaken
idea that science can solve all the problems of society. Can
you imagine, fiftcen years after the birth of BSCS and
PSSC and we still have students with this idea? This was a
straight “A” high school student, but these ideas are still
prevalent, unintentionally of course, in our college classes.
We present such diverse problems as digestion and enzyme
activity or transport of materials in plants and then
immediately tell the student what to do to get his answer.
Furthermore, at both levels we have students cut up dead
frogs, crayfish, or cats so that they will have a greater
appreciation of living things. About the only real
appreciation they have is for the pungent smell of the
preservative. Students still walk out of our classes thinking
of biology in terms of dissection and vocabulary lists.

In answer to the first question presented to this
panel, “Yes, under many disquises, high school and
college classes are repetitious and I still feel it is a waste of
education time.”

Now to examine the second problem posed. What are
the major barriers to changing this situation, if indeed
change is necessary, and I betieve it is necessary. The first
to come to mind is the failure of college professors to
admit to themselves that high school teachers can and do
practice some good teaching. I'm aware of the CLEP's test
and Advanced Placement test which can be used by
colleges. I'm also aware of professors that would place the
standards so high that only the very gifted could pass. I'm
also aware of the argument put forth to the effect
repetition is the basis for learning. But P'm really not all
that concerned with the college classes: these kids come to
college with the idea in their minds to learn only enough
to pass the course tests and then move on to the next
class, especially il the class they are taking is a required
service course.

I'm alse not all that concerned about the classes for
majors. These students will also do what is required of
them in order to obtain the desired grade. They know
they must play the professor’s game and as long as the
rules are laid down and adhered to the students will
accept them. Obviously, I really don't expect the format
of college classes to change.

The change, | would hope, would come from the
secondary schools. We now have a situation where a
liberal arts degree is not to be prized by everyone. More
students are going on to technical schools. In addition to
the students that choose not to go on to college, there is a
percentage, much to the dismay of college presidents, that
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start college and drop out. These people will need science
c;)urscs that will support the para-professions of their
choice.

How are these changes going to come about? What is
it going to take to get the secondary teachers to meet the
needs of the students? Not so long ago I attended a
seminar on the preparation of teachers, When the
fourteen-carat scientist from the panel finished with his
blurb, the session was opened for comments from the
floor. Almost to a person the science teachers wanted the
colleges to offer more courses in the science disciplines
but did not want to take any courses in the academic field
of education. Yet they had the gall to say they wanted to
take science courses that would show them how to meet
the diverse needs of their students. Maybe you have had a
science course which taught you how to look after the
diverse needs of students. [ spent fourteen years getting
my doctorate and have taught in colleges for twelve years.
I have attended colleges in the midwest and west coast
and have talked to others about this problem. They agree
that such courses are not in their experience. What these
people need to do is stop teaching science and start
teaching individual students. I know this sounds like a
cliche but just stop and think how often vou say *I teach
biology, or physics,” and think in terms of subject matter.
Teachers will insist that their course is on “top of it”
because they gave written behavioral objectives in all three
domains. I'll give odds these objectives are written in
terms of the teacher’s concept of what he could do and
not what the student will need when he or she gets out in
the real world.

How many of you have actually tried to find out
what you students knew before they got to your class.
Have you ever looked at a course for elementary and
middle school science. How many of you have tried to get
materials your student can understand? I hope more of
you at the secondary level can answer that you do than
can answer affirmatively at the college level.

I am constantly on the undesirable list of my
colleagues in elementary science when I tell them they
should spend their time with the three R’s so that children
can read and write intelligently when they enter
secondary school. If they can do this, the secondary
teacher can teach them all the science they will need. In
like fashio