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About thi thirty years ago, a leading professor of ‘astronony was

very much in demand as a lecturer. His topic, "The'Day the World Would

Come to an End * was most popular and his regular fee for th%e—iecture

——

was $500. One day a civic group invited him to give his lecture but they
-, 0 B were willing to pay only half of his fee. During the lecture, the pro-

fessor described the effects of radio-active wagtes, hydrogen ions ex-

ploding and melting space vehicles and otpeﬁ objects in space. People

/ .
stiddenly found themselves walking in a dense, hot liquid. At this point )

. - the- professor announced, " Thank ydh very much for your kind attention,"
~ T — ‘
) and “EE‘HB’ . The person in charge of the civic group asked the professor
L3 ’ L . . .
to please continue to forecast the events that will mgke the world come =~ |
- — .

to an end. The professor replied, '"you gaﬁe me half of my fee, so I give

- 74 youhalf of my lecture." ’ - '4 :7

a ' d

. FOBECASTS AND DECISION MAKING

“ / L, ~ )

It is most interesting to observe how human behavior demands .

[ 4

forecasts or prédik‘/cns, espec}gL%f’where personal and public welfare

|
F - % Presented as The First Vaden Miles Memorial Lecture at the annual

| - meeting of the National Association for Research in Science Teaching
l on April 25, 1976 in San Francisco, Califormia,

) + Professor and Coordinator of Science Education at Queens College of
\ the City University of New York.
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are concerned.- For purposes of planning; the Federal government uses

-

forecasts pertaining to population trends, energy and fopd re irements,

ply\and demand of manpower, use of natural res

‘bﬁxsnd’dezelgpment"’ﬁany fnstitutions and agencies thrive because of
/ -

scientific predictions and technologicaE/,Qrecasts and are dependent
upon the sgceess‘ﬁitﬁ’agich a small number of variables are mddified by
P )

intuitive judgments.- . At present, no adequate theory has been proposed

which provides us with all of the conditions for technological change.

How accurate are projections based onndasagobtai ed in 1969 to make in
' ‘“\i\
1976 a forecast for the year 19867 . B )

Donald Schon maintains, "...w: see forecasts as tools or aids

'
= !

for decision rather than as assertions the future, We must look

to forecasting tools, in their present state, for insights rather than'
©. for answexggband guard against the public use of forecasts as self-

fulfilling prophecies. We should seek to improve forecasting metho-

S
dology by determining data requirements and improving data availability,

» and by developing more complete theories of the socio economic-technical
M (1-)
systems in which we are interested." *We need to test, confirm or

-

disconfirm previous and ¢ cientific and technological foxecasts.

In teaching science one frequently hears‘the importance of

$

learning science to understand the nature,’behavior, and predictability

-

of science. Students .seem to think it is important to repeat or verify .

@ -

the ‘experiment so that the prediction or forecast is correct. Many of

us_ were indoctrinated with the-concept that if a hypothesis can be
L e ——— 2T \

verified and forecast, it is sciemtific. Unfortunately, our scientifinahnh

pr . .
- ; .
L4 .
. .
‘
. ’
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5 .
a given unit}of time to yield accurate forecasts. Yet, the collectionm,
observation, interpretation, and evaluation of data are essential_}or

. making prediftiong, not prophecies, in order that one can make intel-

ligent decisions.
' POPULATION, FOOD AND ENERGY TECHNOLOGY,

One of our major goals in science education should be to enable
~

individual citizens to make better decisions as consumers oé goods, time,
and services. In recent years, we were confronted with the problem of
what sourge of emergy, problems of economits of emergy and inter-

.,‘.

tionﬁi imp}icatipns, conservation of energy and modification of people

behavior and the possibie use of newer technologies to meet future needs.

~
%

*vs Forecasts show that there are limits of natural resources;.the continuous
increase in the demand for enmergy and food requirements cannot be met at,

a future date as long as there remains a geometric'progression in world

¢

population. The & billion mark was passed in our world population in

1975. Yet the United Nations forecasts that by the end of the year

2000, the world populatiop will be 7.5 billiod based on the birth and
—~r ’ 5 5

‘mortality rate. The United Nations estimates for every one death there
ig 1.9 births. This means that in 35 years,,the.population will double

again. Can this geometric progression of world population be sustained

" on this planet? What are the economic and political consequencek\gf\
. . /

continued world population increases? What are the important implica=

-

& tions for world politics and for levels of liying?

. .
. .
7

i
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~
’ .

technology has many vgriaﬁles that cannot be quantified nor‘isolatédﬁwitbin




+  Lester R, Brown repoéts;-"ln a world o 6d Becarcity, where &

there may not be enough food to go .around, N&;tﬁ‘Americg myst decide who
r{ . . !
gets how much food and on what terms." @) _During 1970, there were 56

a

million tons of grain exporced from North America compared with nearly

100 million tons during fiscal year of 1975. The U. S.‘and Canada ex-

ported enough ‘grain to feed 600 million people of India. Since more

b ey el semn Rasdils o lesehd sholiavite 3
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than half of man's food energy Bupplx‘ég_provided by graips-vhem—cton——uo.

g as a food trend ° T \

—

sumed directly, the aggregate of all grains se

indicator. In I970, the U eserves of world grﬁin

.

M ’

compared with 105 days of reserves in 1 In 1972, 1974,

and estimated for 1976, the decline of reserves as days«of wgrld grain

consumption are’ 69, 33, 31 respectively. The relentless populati

-

growth, a rising affluence,'and a. sudden demand for ‘food throughout thes\\\§__-‘;-

world make for insecurit§ and instability. North America is supplying

almost the entire world with grain. . .
I ) . }

<

SOCIO-ECONOMIC AND POLITIéAL IMPLICATIONS .
!
‘ Brown states, "The high costs of this food pride instability
- e ‘ (3) - . .
are economic, ‘political and 'social." Hence, the teaching and

learning oftécience need to be re-evaluated in térms of intelligent,
citizen decision making that take fnto account the economics, pol}tical

- % , ..

and social implications of science aﬁd\technology, In teaching science
for survival, it is no lonéer gufficient to ;eéch mitrition based solely

on‘crop production, plant reproduction, chemical fergiliéers, pest;cidgs




versus biological contrpleog_orgdnis;s; Seme will favon inteFdiseiplinary‘
courses and programs; others will desise new systems of teaching.science
and its socio-economic and political imsact on man throsghout all natioms.
Opposing the notion tﬁat Beientists form a privileged caste, =
Euée;e P. yigner (Noble Prize in psysics,xtggggzsrites: "Their social
- aund pplitical obligations are the~same as tliose of otier citizenss Only ’ o

——

when they are better informed on some question than most of their fellow

ql(

citizens do they have the special' obligation, gnd the privilege, to

1

LN

‘convey information to their fellow men., " () He also emphasizes that
Y
scientists ‘should not.uﬁﬁt‘to dictate the wishes of other peoples.,

-~ \
Alfred Kastler (Nobel Prize in physics 1966) stated that the scientists's

] responsibility ghould”inform the public when discoveries might lead to
. \ 1
. detrimental effects and, at the same time, objectivity and the evoidance

N . of whipping up passions should be maintained. Will‘scientists joig with .
[}?’“ economists and political scientists to advise and-forecast the f;tsre
i@piications';f\tbe_need‘for food supply for mahy nations from North T “_
America? With the exception of Western Europe all geographic areas were’ !

net exporters Rrior_to Woxrld War I1. Today the picture is very dif-

]

ferent. More and‘more countries are importing more food supplies than $

. .they cae produce. How much longer can North America continue.to feed

the world? More than half of their grain supply are now importeé by .

N Belgium, Japan, Lebanon, Libya, Saudi Arabia, Switzerland and Venezuela.

. ] , .
. \It\should be noted that in recent years on several occasions, due to

’ : ‘ ' " . !

~
.

political pressure, exports of-grain were 1fmited to the Soviet Union . -

and to Poland as recently as- in the late suﬁ@ér of 1975, And in many

z.t'

: ’ - il f N . ’ .
countries the negative effects of ecolongaI abuse such as deforestation,




overgrazing, desert encroachment, flooding and soil erosion have added’

A

to the complex economic proplemE/of the 1970's. Predictions are that . .

1)

o

|

1

|

. - ~ . ;

[ scarcity of food supply will persist and only sporadic surpluses will i
| |

appear locally for short periods of time. It also .appears that depen- .
, dence on North America for grain will continue to increasej“’m . N
? o _ : On February 20, 1976 SCIENCE magazine devoted its entire issue .
T "_?M“‘H'—'t; materials.and,energy. Abelson and Hammond write: Renewable resources -

- are crucial to an enduring civilization. The articles herein dealing/
-

Sy

wifh this topic leave the impréssion that this nation has not yet goé

its Ppriorities straight. Indeed, materials of all kinds are 80 basic

'-~...

to the continuance oF our society that the country would be well served
.
by increased attention and - more to the point - some constructive

- . . S

(5) . -~
action to insure a;continued supply.”t . " s
T ee— . ~
.. Co, .

.
~ . "

- TECHNOLOGY AND INTERNATIONAL IMPACT : -

=4

-

The technology of’éktract&ng essential metals such as aluminium

" from theiy/ores may serve as dn illustration which can aggect a national

or perhaps an international economy. From the middle of the 1800's to )
B ) / . */

- , 7
the beginning of this century the price of extracting a pound of —

b

. aluminium ehanged from over $500 to mere pennies per pound after the a
Hall prdcess was discovered The uses of aliminium in manufacturing {

.
- hl

materials for housing, small and large electrical appliances and vehicles

e

A
-~ ‘N*

‘. . for Eransportation such as airplanes are vital for a growing economy.
The™ sho;tages of a critical méferial such as the aluminiim ore, bauxite,

were noted in the early period of- Wbrld War II, wh///ﬁitler had to - | . -

.
.
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conquer The Ruhrland and ot’ner’ar%{ﬁa %tbat aluminium

. colleges today help citizens to intelligent decisio king? What is

- nation. Edga.r W. Jenkins of England states, "Science is what scientists”

would be available To manufacture airhb\e eaching of the extra -

(Q;a\l\@inium from its ore and its uses in soc] adequate

for ci z\cfecision making that affect political and econom‘rc\{val.

'I‘he critical s tages and their impact on milita,, itical and 3
. /

economic needs may determine the nature of [dtermationa] 8. '

How will scientific literacy as It iwde\rstood —sctiools and

the relationship of sciemtific personnéqto 1<egi/slators and govern-

S

ment leaders? ' -
\ e
INIERNATIONAL MEANINGS OF SCIENCE /
N - ‘ .ot ﬁ“‘\\
During the /p/ast/ﬂ'ﬁee years I met with many scientists and

—~—— T~

science _educators from various nations and I asked them to express their

meaning of science and how \i?:.s technology affects the people in their

do!" He is concerned with the fact that little is known of the ways in

/
which society produces an responds to science and technology. Ethical ,

issues wi11 continue t be raised until more resources are devoted to e ]

the underst)am?i/g/o‘f the interaction - betwein/lsociety and scierrceﬂ:ech-wi

nology. Jenkins dhaintains that science and fechnology are among the

¢

most potent, if not the most Apotent agencies involved in socialjchange.
. /’ .

32

He also indicates that today we are more suspicjous and even frightened -
. ] . 3 , . .
8f technology as compared with the recent past. ) T .

¢

Throughbut the various interviews, discussions and correspondence

3

1 “ ’ . )
| . o
S ‘

. ’ . -

Lo i . 4
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> with scientistd and science edncators;~l<EEEEH‘in>almpst all Instances"
3 EEN . ) B . \‘.' ] .
he need for a greater emphasis on fechnology in our scjence courses. ///,//””

-

Lt

,;«”"——‘ R. P. ' Tisher of Australiﬁ suggests that science probably most affects .

people in his nation through its\?aterial and Eechnological aspects.,

NI

- —1imitations, and dangerous aspects E technological advance. To him,

g “Bctence is an exciting, creative endeavour by man in prowv t g ex- _”;;;;5;:>a

\ ‘ .
. . "o

. planatiods and interpretations of the:world. The aim, according .to .

Tisher, is to give man the ability to predict and to use, develop and.’®
: . g >

conserve matural resources with a degree“ogtﬁt:;imresponsibility and’ 1 j

1 -

LA e 2Py

+

i ) good judgment. The_need for change, modification and flexibility is .

‘./ * ’
- . noted among many of\the\s:iEntists. Hidea Ohashi Dxre:;or of the Scieneefaaz——//r

v

Education Research Center in Japan'stated that scientifi explanations

are a creative endeavour of en and they aga probabilistic and by no —
, —
:means perfect. lechnological,progress occurs from such creative en-
’deavour’and adds to the‘material'prosperity of a nation; ‘ )
. To Ohashi, science is a body of knowledge about the nature and ¢//. i

<

-—

methpds of acquiring such knowledge or ngui;z In recent years, there

™~
. has been 2 closer, relationship between science and technology, He finds N
that there is a shorter time gap between séientific discoveries and their
i c > .
application to the development of techmnology.

\k;_ i

.
|
i
'

Several Japanese scientists said that science and technology’

“

have improved the standard of living in Japan; there is no deeper un~- ;

o derstanding of the influence of science and technology on the human . a
l v A ] . ] . . . £ ’
mind.' During ipterviews with the Speaken, the words "scientific" or /////Lr////
/
"non-scientific" were frequently used in discussion for advocating dr/ - . e

.
.
- . . -
' S .
f . . '
. - ' -
v

. R . .

" .




opposing given probosals._ This is a suoerficial respect for science

“’\.
and is an, indicdtion of its misuse of the word,‘science as~authority.

LR P

Two. extreme viewpoints of science were'expressed' (1) Those

?

p1ained by science and (2) those,who are "a11ergic to science. The _

-

f— - ol -

\,

few people who try to be scientific in thinking'and conduct themselves . . '

>

accordingly Tn“thgirmgfofessignal or vocational ac\ivities do not behave *

- .

the same in their relaxed homelife situation. They 1ive a dual’ life in - ¥ \\\;

and outs&de the home.

kﬂ&%\ /L, Scienggjié/frainin; people to predict the future according to ; o

Yujiroe akajima, chief supezv’sor for science in Tokyo.

s | ,

/ L SCIENCE FOR GOOD OR?VI/L\

o

<

- - Other scientists referred to.science as a way ,of 1 fg/which

is univ%rsal. Throughout the.wor}d, scientists stated t t peoﬁie are ’

‘ - . . . .. . ‘ .' ; /\/ R
affected by science and that science is intern tional. They insisted v
that science belongs to all people and can be s?d to destroy the pre- ..

i

|

|

\

}

t . /iﬁdicesvand,help unify mankind. Although the gverage Japanese citizen L
i . /’ reads“about science and its technology in’the' aily newspaper, he is -~ //f j
[ istill‘afraid of science. Problems such as pél uéion ané,nﬁciear energy /
| confronting Japan have created a real awareness'of science in the people.

» -

‘ I The continued fear and concern of science 45 mentioned by

. t
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other hand it seems to be a demon which makes mankind walk -the way to
< ) - / ¢ R r ‘
\ catastrophe." \ . e L L

;
i
|
§
1
|
J
{
|
. hd N i
Young people in Japan'are approachiig the meaning of .gcience i
' N . N x :: & ?
\ f s £ ', -
with much caution. Even though they list the ecoromic and health benefits 1
. . . S - ., ° Loy ;
to mankind,'it was interesting to héar a man 24 years of age in*Hirbshimaw- ‘ i
S W , \ SN A i
f

ilosophy

- Ly — - I

: B ’ Tamir of Israe1 stdtes: "Science helps man u erstand his . -

. »*//’ R N
.~ environment and the phenomena around him; it provi

K\\;\\\\\saying~ "Science has grown a monster without his yoke ca11ed
[
L4

8 logical means and ) i

-

~. 7 efficient methods for finding explanations to ghese phenomena and’for

solving problems." He be1ieves that scie
; r M""
X in Israel since it he1ps d e&ﬁ“”the technolog1es which contribute to the

e is respected by most peopTe ,

e

improvement of 1iving conditions and ensure the security of the country«w«r' -

) ., - s

. : Israeii scientists stated only the positive effects of science

a
4

. .
A~

ﬁand technology in terms of gconomic, cultural, health and?military

_ security. 'I'hé Japanese, scienfists on the other’ hand, caug/gnedpeﬁa/i

about tie dangers of scient fic/technology./ . \\& <t |

claims that all knowledge is 1imited. He writes: "There is no absolute

o knowledge. And thos;g

L —

who claim it, whether they are scientists or _ - L‘—‘\\%
. ‘ - . N ',,( / - . "~
dogmatists, open the door tg'tragedy." (6) He discusses the dangers of '

I’.

absolutism in science a a‘ma_gr,fa tor in havin . produced a Nazi
g & major fae g/,\

Germany under Hitler -/a principle of monstrous certainty. This type
. . /

.. of" conviction is based on do%mah ignorance and arrogance,//fw

Under the’influence of strong passions, scientists also misapply

’ " © . [}

or misuyse ﬁnowiedge according to Sartons HE writes: ™In any case, it -

T~ i N “~ . . o . N
must not be arrogant, nor aggressive, ioflit,isalike*EIT—EEEEriéhings
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w”/fu;x, ;eﬁeﬁtially impeg’fec,t.) Everything which we .think onr do is relative

K]
s

|
|
|
]
i
to man. Science is no&hing but the ¢ref1ection of .nature in & lquan mirroi‘. 1
E

We may improve the mirﬁ?"r indeffnitely, and thou.gh we 4'nay rid it, or N

3
ourselves, of one c?%of error after another, i is and will ralways

. be, j{{ 8b0dn01’ 3%3;

SN

; irremediably human.," (Q

~ e ~
.

e . [ BN T —

et e e JTHE, SCIEN'LIST AS:AZQITi;EN"“' _
« . , . , % ’ “\ ! \“:/ NS
) : In recent years, many cientists £ oughout the wor havg , :
spoken up forceful.ly on many major social issues. In an int%rview )
- 9
' w:Lth the Nobel Prize winner*in physiology in 1937, Alb Szent Gyorgyi ¥y
7 A
) says that he cannot isolate himself from htma,n/problems,.and.he tries to 7 -
4——// hd
Bring peace and human understa,anding closer together. ° .

Scientibts are participating as cit’f)ens by not only advising

8, .
]

political 1eaders but also by actively engaging 1hﬁs§$cissions to in-

»

’ fluence citizens voting oh many social issdes. Solly ckerman who' . - “q

- ~ .

- was chief stientific adviseri'o the B tish govermpent until 1971 writes

nJ&ﬁﬂlEsts and

_ politicians, From his experiences, .poli icians are usnally more
- s,/ 0 . -
sympathetic and show greater respect to claims made by scientists. The

\

- "\ . on thg_ mutual /tolerance thpt should%ﬂ

et

N o

i s R . ) R
scientists do not show the eguivalent' degree of understanding about
& . ' . . : o

o -political problems' accordfng to Zuckerman. _ . . -~ ,

F -

’
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TEACHING SCIENCE FOR TECHNOEOGY /

Finally, teaching the impact of science oﬁ&gprld;tecﬁngi:gy

’

;Eegnires a humanistic scientific approach and sperious consideration

should. be given to ethical values and judgments. The learmer needs to

. -

recognize his attitudes and emotions as he relates to the applications of
science and to society and to himself. Science s no,longer impersonal.

In teaching scien;e, we should ask ourselves what are the consequences
/- -,

_4_,"7

of applying scienti/ic’ﬁnowledge or research. Have we exhausted the
understanding of vatious alternatives? Can“é\emphasize the learning

of what we don't know in scieance to stimulate further research and L.
developnent? How do people learn that.scientific research is dynamic 4
and that the most'prevalent coqstant'in.science is change? ﬁith rapid
changes'in world technologf‘our cﬁrricula need to be modified to include
humanistic and objective bases for intelligent decision making in solving
prbblems of food, energy and population. Along with.curricula changes

that include technology, the personal interaction between learner and

teacher, scientist anHApolitician, ciﬁizens and their intelligent behavior

[y ‘-

with other societ ‘eg are necessary if what we teach is to produce ef-

ot
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