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INTRODUCTION S

Itis usually assumed that education in general, and science
courses in particular,must be inferior in the small rural high schoo! be-

- cause of its limited resources, both human and material. This might be

L . true if there were'indeed "oneu best way" of teaching and if this were the
. , 4 one.uSed i the large urban school, fo_r then it, with its larger numbers of
' subject speciallsts and specaallst rooms and. its much greater complement of
 scientific apparatus, would seem to be better off. But there is no one best
¢ ‘way, and that whlch is generally practiced is far from satisfactory, to Judge
Lo vby the National Scnence Foundatlon surveys quoted later. !f science is
| learning facta from a'bo_ok' and carrying cut more or less complicated
"expernments" to demonstrate somethlng that is already well known to the |
teacher, and perhaps o the students, if science is always adi stlllatlon of
o ; reality and nev-er the real thing .ltself, and if s_cnentnfnc disciplines are
specialized distinct areas of l{nowledge unallied ano urlallo*yed witvh the
..T.other subject areas, then. the. rural school truly is at a serlous dlsadvantage.
lf teachmg is a mass production affair, malnly concerned with those who
will go on to higher education while the rest must.accept a watered-down
version of the same dlet, then again the rural school cannot compete wnth
its urban counterpart. - o v
I1f, on the other hand, we look upon scsence as‘an exploration of
our s;rroundings, as a method of finding oqt abogt_thl.n_gs, and as something
;that, through_ the medium of technology, has a profound effect on all our
Iiiles, then the ruiral school is at an advantage. . For_the'rural environment

is an open book where plants anq animals, rocks and soil, sun, windand __

1
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rain are available for study and where human use of these natural resources
e .

Is also evident. In the cnty, weather ns snmply pleasant or unpleaSant, com-

|
fortable or uncomfortable whereas to the country worker it has a profound

/ \
\

A'effect on life and livelihood. Soil usu{ally recenves scant. attentlon in biology

\
and earth sclence courses and is JUS4 "dirt"\to the average townsman but

/ ,
“___q_n:,the countrysnde it is seen ‘for w7’at it is: the basis of our food supply, the

\
raw material of a great mdustry-—to be battled | or coaxed consearved or ex-—

[

plonted to serve human ends. leung things are there to be enJoyed for

\
A
\

thelr own sakes or to be studied hs resources for mank;nd or as enemues to

be controlled Agalnst this background human settlements and occupatlons

l

have grown ina wa_y that usuallyi shows their clear relationship with the

enwronment and. its resources. \Thus, natural sciences, social scienc es,
and technology can be studied asllwewpolnts of one overall p|cture and not
as lsolated dlsclpllnes. The scale is such that study and intervention take
_on manageable proportions; and the closeness to the social and natural
environments gives point and relev\ance to learning. ; | |
"l\'luch“of our environment,\particularly in urban areas, .ls the
product of technology that is remote from everyday experience and prcbably
must remain so. Food, however, is row the product of a high techinclogy;
yet it is on : that is accessible to most,K though admlttedly not all rural
schools. Furthermore, .in spité of the town dweller's view of the country»
man as unlearned, there 'areffew lndus‘tr-iés in V\lhich the latest sclentlfic
discoveries are pu.t. into practice more quickly than agriculture.. ’ Farms ’
and the: countrysnde in general are a richly endowed laboratory in which

observatlon and experlment can be carried out with a mlnnmum of equlpment

[ 'and“parts; many of which can be réproduced in miniature on the school

‘.
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grdunds. An ln\}estlgation of the wheat crop, for example, could lead to
, :studles of plant physuology, of soil and its management, of the effects of
climate, and of genetlcs and the evolution of modern wheat. Lllnked to these
studues would be an examination of the Green Revolution and its potentlal
effects on world food supplies, study of weeds, pests, and dnseases and
methods of combattlng them, review of the economics and pilitics involved
in the productlor: and trade of grain, and investi gatlon into the energetics
cf crop cro_ductlcn and the mechanics.involved in farm machinery. Under-
K - lying these would be the'necessary understanding of the physics of climate,
of ener gy transformatlons in food chalns and farm machmery, and of soul
structure, as well as knowledge of the elementary ch emlstry of soils and
fertllazers'and of the'_: geology of soils and landforms,;. and so on. -So, in
farming as in cther a';gects of the rural scene, the rural school has re-

sources -which,h lfus;d__effectively, vylll largely compensate for other
' deficiencies. ' _’

The needs of :th'e college~bound s_tudents tend to dcmlnate the
curriculum, often to the detriment of other students. The usual system
might be likened to;" a stalactite in which the top comes first-~the top in this
case being the college~bound students-;;-wi\th everything below depending
on thenr needs. - Once the college-bound have been catered to, then the
rest tag along as best they can, often being offered some watered-down
verslon of "colle_ge’-prep" courses. Ho:vever, stalactites tend to be rather
brittle. Perhaps we should aim at theu stalagmite—-—a more robust structure

i

©od o 4 o N )
which grows‘é_upward from below--as our model . As homemakers, as ordi—

.nary cutlzens, and as, communlty members, vlre alf need to funct:on on a slmz—

i —_— e e e = R — —
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lar level. Tq this extent, we make our way in **e same world, and we need



- the same preparation for it. From this common basis, special needs arise,
‘mainly preparations for work. Predominant among these vocational needs
are those of the college~-bound, for preparation for cdllege is vocational

-

education, though of a rather less specsalized kind than, say, business
training. The specialnzed needs of such groups should bé 2 an extension up- "
wards frbm the foundations of education.’ "Provisions for them constitute

additions that extend the more academically able, as a stalagmite grows up

from its broad bagse.- e Y. ) IR
.Small numbers of students.:.may-not justify the teaching of speoial-
izec‘.courses. of the standard type, espec_ially if these demand a quantity of -
specialized equipment. Howeve&-, suth small classes offer the incomparal:;le
| advantage of allowing young people to be treated as individuals, not as items
ina mass productionj system. ln spite of what some researchers have told
_ﬁus, teaching in smaller classes2 even in tradmo‘nal classr*c_oms, is more |
effectiv'e than in langer classes/ as e\.'f.'ry teacher already knows.’\ If class
sizes are so low that they do net appear to justify staff time, then alterna-
tive timetabling arrangements, individual projects,‘etc. can be used to help
meet the needs of the few.
| The; lack of specialists in each of the separate scientific discip-
" lines--biology; chemistry, earth sciences, and physics--is a grave disad-
' qvantage if these separate disci,plines are required and if specialists_in only
one or two are available*. If, however, interdisciplirary scienc'e cour:.es |
| based on themes 'su‘chz as the energy crisis, dealt with more fully later, ure

taught,- then one or two teachers with sufficiently broad training can cope,

especvally if they are free to design courses based on familiar, local

situations and resources.
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Until such time as more teachers, specifically trained with the
. rural schools in mind, are available, outside rescurces will have to be ;

(, made available to supporta_rurél teachers who wish to change their style of

.

teaching. Teachers' associations madé up of like~minded science teachers

can heip by providing mutual support. ‘Perhaps if rural science teachers -
! . . ' : o » v . .
could find this support from their specialist colleagues living and teaching

“within a reasonable distance and if, togethér,z they. could design science
_ \ ) -
progranfs particularly su%d to their schools and communities, they would

find their jobs a little more congenial and professionally s?tisfying and they

" might be Iéssranzcious to move on to "something better.'"
. = Whatevér changes aré made to accommodate the science program
Yoo -to local needs in\\a rural community, they mus't be consistent with good
'»// science and good:‘educ'atipn. Scienc_:e teaching must play its part in develop-

ing ‘thqée sR'ills aﬁd attributes which we expect to find in an educated pe:rsqn;v
'and, howeverlloca!ly based the pathway to learning may be, it must lead the
" student to an ﬁndérstandingof the basic cc;ncepts, thei'.'big truths" c':f.science.
'i'eaching based on the familiar experience of the studen.t is rr;oré’!likely to
'achieve this goal ;han is téaching by the'tr"aditional approach.
The smaii ..rurai.hi'gh school has advantages whiq_h are envied by
bOth Eeachers and students in larger institutions: small claés size and s-mall
| "J/Ifaculty r;umbers with censequent familiarity and eése of getting together for
plaﬁning meetings. These allow relatively uncomplicated :schec;ules which
allow fpr flexibilityl in the use 65 time for both teachers and students.
The weaknesses of the rural school are weaknesses only if that

rural school plays in the "wrong league" alongside the large urban school.

° e In that situation, it will always be $gcond best in terms of number and

’




vair.ie':,y of courses, sbecialists to teach théfh, and facilities available.
Building on its own strengths, howeyer-ithe closeness of the éémmunity,
the —e_ducationai opportunitiescof it~s environment, its family atmosbhefe, the
relative si!;!p!icity of its timetable and its constant fle*ibility-—-—tl’ie rural
schoél can offé; an education which is differé‘nt from that of the urban school
b;nt which is app.ropriate to the needs of its students a‘nd which is in no. way

inferior to that offered in larger schools.

In looking at what might be done to improve tne science curricu-
lum in small rural schools, it is necessary to consider briefly what the aims

of education are, what part science teaching can play in meeting these aims,

what. special attributes the rural environment has to offer as a resouree for

. teaching, and how schools can be helped to bring about change where this

seems desirable.
The follow“n;g page'sbpresent possible ar;SWers to these ‘uestions:
1. Why'changje? ‘What is yvr;)ng with what we are doing now?
2. Why do we teaéﬁscicnce? Ff‘om the studen@'s point f_c?f view,
"What_ cuioes it mean to me?" ‘

3. What part can science teachin§ play in developing those

attributes that we expect to find in an educated person?

4. Should the small rural school offer a program differant from
that of the large urban school? To what extent are special needs and in~

terests compatible with and ‘tb what extent are they different from nationwide

_needs and aspirations in education?

5. /Cantingent upon the previous questions, can the fundamental

H

s
concepts of science be taught effectively through a rurally oriented science

curriculum? .- -7
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. - 7. What contributions can new programs make to the community '

A

ras a whole?

SOME EDUCATIONAL NEEDS OF YOUNG PEOPLE:
& "INTERMEDIATE SKILLS"

Information is a necessary prelude to action, but packages of

4 ¢

textbook facts are not always the best klnd of :nformat:on, especially in a

world where the facts change so rap;dly. "We spend our time in schno!s
o ,
. packnng for Journeys we never L;ndertake," as one educator put it.- What is

[y

- needed is not so much the memorizing of information as exercise in the

“ability to find out, to havé some idea where to look, and to discover what

2

» technlques are(avarlable. The llbrary is an obvious source and one with
which most students have molgee than enough practice, but students also need
practice in searchlng out mformatvon ina uarlety of other ways: by’ conduct-
ing sqnentnfgc experlmentS' by mter‘v:ewmg experts or communlty members;
by’ observtnq and recordmg, as in a crop survey; by submitting quastionnaires

‘to a sample population; by sendang_ letters of enquiry; by visiting or otherwise

. contacting official bodies; and so on. For example, a survey of the local

. community and surroun'ding countryside, carried out as an interdisci'plinar‘y
class or group project, could involve students in all these ways of collecting

information.

Calculation and Measurement

Simple calculatlon and measurement are part of everyday life:
we measure the: wandows for new drapes, the wa!ls for new shelveS' we
balance the checking account; we estlmate how much gasciine we will use

—



on a vacation journey; in'the garden, we need to work out the area of land
available for each. crop, the zmount of fertiljzer' needed, the length of rows, -
tﬁe amount of seed needed, the weight of pot;ntial crop, and sc on. Howeve.r,
: mény pe-snle are unable to est’mate; they cannot give the rough and ready
answer which ought to be a preliminary to more precise computation. Without
" some idea wh.at the answer ought to be, the now almost ubiquitous caiculator
<an be dangerously misleading, for it is so.easy to touch the wrong button
and get some wrong ar;swer which a little common sense and simple mental
arithmeticgwould expose. We do not give student; enoulgh pr-actice in conimon-
sense estimation and in "thinking with numbers." Sciencg teaching is as much
at fault as mathematics tea'cHing here for the emphasis so often lies in pre-
cision of ineasurement and accuracy of calculétion as the supreme attributes
of the scientist. True enough, tﬁe almost unbeliévably precisé measurements
made by modern science, encompassing dimensiéns from the unutterably small
to the éncomprehensibly lar.gé‘, are among the supreme human achievement#.
Hdwei)er, scientists at work, thinking, are often mof‘e interested in the

' rough estnmatnon——the "ball park t:gure"--than \ln the exact number. As
.modern computmg aids become more commonplace, the need for computatlonal
skills ‘dgclir‘les, but the need for the ability to reach some rough conclusions,-

" to have some idea of orders of magnitude, increases.

'-Communicat_ibn , .
Th_e effectivé use of iahguage, both written and o;al, is clearly -

eﬁéenﬁal . That is, people need’to pass on what they have to say cle‘:-n"!y

and unambiguouély, in logical sequerice, as corcisely as suits the situation,

and as si‘mply as will "a"flow the necessary pfecisioﬁ. Confﬁsed speech and

muddied writing are fr;equeﬁtly~‘_;1"§ign of muddled thinking; therefore,

13 o



language well used is both an indication of, and an aid*to, clear thinking.
Aithough our scientists often set a dep!orable example in their research
repor:ts, developing the precise use of language should be one attribute of
R | our science teaching. |
Mathematics is another typer;f communication. We teach a great’
deal about computatidn in our math classes; yet most péopl.e are unsure of
themselves wihen it comes to using mathematics as a tool ’ ‘as a means of
solving everyday problems and as a means of commurncatnon which adds )
precision to the use of language. We say that this praduct is better than
that; and, if called upan, we can enlarge upon and define more closel); what
we mean b‘y "better'"-~it is thicker, hsavier, mdre resistant, less expensive,
and so on. But how much thicker, how much heavier is it? How much longer
does it last under cer:tain conditions? How much sheaper is it? To answer
these questicns is to describe the product with a higher level of precislion;
yet..‘ so many people do not use mathematics as a language in this way or as
a tool i‘n making de.cisions in everyda} situations. Practical scientific in-
' vestigstion will almosg inevitably ensodraée the more effective use of num-
bers and measurements.

b Y

%

Commur’lication nowadays is increasingly a matter of charts, tables,
maps, .graphs, samples, surveys, and statistical probabilities. We are toid
that this product is so much percent better than that, that. such and such a
politiqisn ieads‘qnother; by so..‘r ANy percentage ;laoints in a sample of so many
thousand, and thaf*the figures are reliable within certain limits. There is

a 40% chance of r‘air; ‘tqmorrow, ard we are shown all sorts of maps and
diagrams in the weather »fo‘.recast to illustrate why this is so. Quite often

this informatlon is fed to us by politicians and commercial advertisers

- - \
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to persuade- us to take this or that course; but often the di ép!a‘ys are unclear,
ambiguous, or deiiberately misleading. So we all need to know how to read
charts, graphs, diagrams, and other visual pres’entatjons as well as textual
rﬁatterxcritically and with ;he ability to ‘dﬁcqiminate bé‘tWeen what may be
suggested and v!hat is actually said. Coﬁ\.fer.s.ely, wé need to present our

own points of view honestly but forcefully and persuasively.

Organizing Information and Making Decisions

+

Information; once coliected, needs to be sorted and organized in
some form to be useful as the basis for making personai décisions, as
material for public display, or as a permanent record or source of reference.

One source of information we are frequently called upon to evaluate is the

: persuader, be he advertiser offering some product-or service or politician

selling himseif and his policies. What exactly does the persuader say?

"Moré people buy.brand X." So what! Perhaps they have poor taste!
“Mar.ly professional c;mks recomm;':nd".i .. N How mgﬁy is "many"? '"Such
aﬁd sucﬁ Ia$t§ lon;lger."' How long is longer? Do the fi gures ring trug? Ié
there an.y‘ Way of‘checking them? Do ché’rts and graphs presént information

in an unbiased way? There is no easier way of distorting féctég than by a
’gr'aph with.no figures, an exponential curve on a legarithmic écale, a dia-
gram in which linear ihcreasés are represented by areas. so that something
that is t.iv‘ice as big is rebresented by, sé;i;‘d squére of'twice. the size, so
that the actual area is four timeé as big.

Studé_ms need aripppg{:tunity to collect information from original

sources and to assess_élternative viewpoints. Too often we feed them pre-

‘digested textbook information which robs them of the opportunity to weigh

_opposing argumerits. In the many ways in which information js collected,

= L - v -
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organized and evaluated, science teaching should play its part for the criti- ]
cal, skepti-al attitude :of the scientist is perhaps the citizen's best f)rotec—

tion against those who are prepared to tell the truth in subtle ways.,

‘Design ' . -

Design may seem rather a str‘angé category alongside the others,
but it embodies something with which we are all concerned in one way or

another. ‘We decorate our homes, decide on our dress, p_lan"o_ur gardens,

.

arrénge vases of flowers, and choose furniture, ornan\ze\nts, and fittings,
and do a host of other things. -We express our creativity and that indefinable
attribﬁte, ;)ur good taste, in a muititud: <® ways. But design, in the sense
intended here, ié more than aesthetics. It embodies fitness for purpose,-
functioﬁal efficiency, appropriate chbice of m-ateria_ls, and their effective
use. Beyond all this it demands'kﬁt;wlédge. Té design a solar collector
one ngeds a scientific knowledge o_f_ the behavior of materials to be_‘used;
light tfansrﬁission, reflection, and absorption; conduction; insulation; and
“the incident sqlar radiation. Further, one needs the technical knowledge |
to coﬁstru"ct the apparatus of appropriate rﬁéterials; ohé needs to know
‘strengths and durabilities of these matetjials and the tecﬂhniques needed tc

assemble them. One needs also th_é aesthetic vision to see that the finished ’
p_rodut:f is pleasing in appgarénce, well made, and functionally effective. )
It is in this sense that we are all more or less involved with design, whether
it is som‘ething ‘as new and compl\ex'és cons’tructiﬁg a solar collector or as
familiar and simple as icing a cake or making a skirt." Qesign is certainly

a great.deal more than putting paint on paper. F Usually it will involve

aesthetic judgmént and technical skill, but when scientific design and care-

ful calculaticn can.be added, as in the example of the solar collector, it

. 1s



is to be welcomed as a way of bringing science intc everyday situations.

~

Values
Young people expect their elders to have values and to. be pre-

pared to stand up for them. They don't necessarily want to be led, certainly

.not coerced, but they do need standards against which they can judge their

-own opinions. From a scientist they can expect reliable facts, or the means

to lget at them, some gtiidance as to possible consequences, acquaintance
with. balancing opinions, and objective asseesment before subject_,ive c_:o:n_ment.

Now science teachmg has no monopoly in teachlng these skills, but
it has the rotential for makmg a signmcant contmbutuon to all of them. Beyond
thus it can make ar. important contribution to the teaching of ""the 3 R's." If
students are engaged in mvestigatlons that are mterestmg and stsmulatlng,
they want to communicate thelr fmdungs and they want to find out what other
people have learned in the sarr}e areas. They will read because they need

. .

to, and they will tell other' people\‘abodt their work—-certalnly by talknng,

perhaps by writing and by preparing graphs, plctures, diagrams, or other

-appropmate forms of communication. For an aud:enc_:e that is not.immediately
.:6resent.4._wri,tfi_et.i.!angu._ase_wf.ﬂ almost certainly be needed, but it is charac- -
B tefistic of science that etétments must be made as accurate as poesﬁble."

' Thts meens thet not only must Iangnage be used with precision but also that
' m.ees‘ulrement and _calcuiation will enter into t:h'e description. la this way,
. s;cienc“e teeching wili c‘:ontribute not only to :t!'ie' development of the students'

) abmty in the intermediato skills but in the basics as well.

A Iocal survey, which might be updated from year to year. after

“~

the initial survey is completed, would be one way of engaglng students in

,A

Awork tbat comblnes all ‘of the basic and intermediate skills, and science

.5
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and mathematics would be important components. Varicus modes »f enquiry
Would be needed: observatnon and mapping in a land utitization survey,

experiments, perhaps |n0record|_ng solar energy and determining what ¢on- . |
tribution it could make tou the community energy budget; social survey tech—

niques to find out whei-e people go for shopping or other amenities or to find

out how much energy-—electricity, gasoline, wood, etc.—is imported into

the community; interviews to find out about local history; enquiries of local,

state, and federal agencies to find out sources of acvice, :r'egulations, and

SO on. .

Heving.been collected, the information would l‘;ave to be sorted,
euqluated and organized in some logical manner. Several courses might g
then foliow.: Perhaps an exhibition would be arrén‘ged for the rest of the
school, but since this w'ould be of interest to-the community as a whole, a
public exhibition might be held. A Jlocal guidebook: mlg,ht be another outcome
whnle the collection \of mateRial should be maintained |n some small "Iocal
records office," which in tun might iead to some sort of local citizens'
advice center. The 'p'r-esentation of the information, then, Would’require a

wide range of methods of communicatlon—-wrltten reports, oral presenta-

Atlons, wsual displays, statlstical summaries, araphs, maps, and so-on.

“

: The effective presentation of the matemal would_ be a fine exercise

B design,' but a study such as this should bé concerned not only with what

-was and is but also with what might be. How could the community be im-

-proved; how could change be accommodated—an influx of new people or new

Industries, fon-example——-so that planning for the future could be incorpor-

ated mto the design of physical lmprovements" Thus, young people would

'have to examine thenr own and other people's values in deciding what

18
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changes are desirable and what aecommo_dation should be made for differing

- needs and interests. .. ...

All of this suggests not only that the science teacher has a part
to plav in many aspects of academic life not usually looked on as "scienrce"
but also that some form of interdisciplinary s;tudy, of collaborative teaching,
is almoét a necessity for preparing youn§ people for their varied roles in

the community.

LOCAL INTEREST AND LIBERAL EDUCAT ION

A major problem in deveioping a curriculum for any special group
is to determme to what extent the special needs are to predommate and to
what extent -general educational principles are to apply. Minority communi-

ties rightly demand an education which takes into account their cultural

situation. Yet we are all citizens of the same ceuntry. Special vocational

< groups such as teachers or engineers ne_ed an education suited to. their:

v

pa'rticulér needS'-yet as private individuals they are much Iike the rest of

us. S:mnlarly, students growing up in rural commumtnes need an education

‘that is meanmgful to them in their envnronment, yet they share many problems

with students in city schools. Ina socuety as socnally and geographlcally .

v

mobile as ours, our ed_ucatuon must prepare us to function as citizens in the
common culture: ‘we vote about issues of war and peace and on public policy
which‘regulates our nation; our mass media cater to nationwide audiences;

and we are part of one society éharing'é common heritage. We are realizing

' . more and more that we, along vyith all other people, are voyagers on the

spaceship earth. So tHe problems o/f thétspaceship, its-ditninishing re-

V
q o

sources, its pollutuon, and so on, affect us all durectly or indirectly. Yet

.,

o}
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‘consequence to their li\)es and corditions. On the other hand, one determined
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at the same time we want to feel that our-educaticn will enable us to come to
grips with the particuiar environment in which we live at the time.

Though students in rural communities live in an environment far

" removed from that of the urban or suburban dwellers, they share the same

heritage of human achievement: the music of Beet'.oven, the sublime language

of Shak‘eSp‘earé',v the.artistry of Michelangelo. The laws of natuEe apply

equally in town and country, in northern city and mouﬁtain ranch or fishing

village. The same sun shines on a Navajo village, a black’ghetto, and a
wealthy 'suburb; and educatc;d'persons ih any of these situations might be
expécted to have mucH the same understanding o{*the m.eans of corﬁmuniéation,
of the laws of nature, and of the use of figures, for exahple.

A ;.achool iﬁg designéd to produce an edqcated péréon in one situa-
tion ouéht to ;uit in any ofher. »But, of co‘urse, life as it is liveci in these
diverse communities is not the same. This is as true of science teacvhing as

of anything else. One of our prbblems is to decide to what extent universal

truths, the "big ideas of science)," shall occupy the curriculum and to what

extent local conditions, problems, and interests are to dominate. A curricu-

lum determined by the former is likely to seem to ruial children to be of little
purely by immediate local interests and vocational needs is likely to be super- .

ficjal and shallow.
. One of the c‘hallenges of a new and revise;i rural science curricu-
K “
lum, therefore, is to use the local envi ronment as a mediv:xm through which
to uncover underlying scientific t-m‘.zths; It must involve étudents in’'matters -

of clear importance to them and the community. It-must explain what is going

on in their surroundings; yet at the same time it must inculcate in the students

20
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something of the spirit of science and provide them with a sound grasp of

some of the important scientific concepts, some of the universals.

TOWARDS A SCIENCE FOR RURAL SCHOOLS

The»folllowing suggestions, all of which have been weli tried in

one settiﬁg of another, incorpbrate one or -mpre of the principlcs outlined
invthe. previous secfions. They all illustrate_ science in é less gsoteric form
Vthan is co‘mmon‘Because they .deal with human situations and man's use of the
and on the one hand and with the present énergy situation on the other. They
are’exampl'es of the sort of thing that might be doné, not preégriptions for
. wha\t should be done. In no i;nstance'is it suggested that they are eveﬁ.outé
lines\ of a probosed _syl.labus; they merely indicate lines of approach.

The first five suggestions illustrate ‘an expandiné épproach to food

production and thg' life aind work of the countryside in general. The proposals

move frorﬁ\a narrowly ecological approach in farm ecology, through & more

gén'eral bio\logy based on crops and livestock husbandry, to an interdisciplinary

"rural science,' and then to an even more broad!y interdisciplinary approach
In "rural studi'es',’f" and finally.to a world-encompassing view of food pro-
duction which, -tho‘t.'lgh based on the pri_nciples' and.practices of agricultural

production, -of necessity incorpora_te% a:;rccts. of politics, economics,

LN

. sociology, and history and which indeed might be"an integrating theme for
. .

N
a curriculum~wide study. The core of all these approaches is the study of

agricultural production.

At“'\é‘,l_l\ levels of education, a-gr_ji'culture seems to be treated as a
\\ . ’ V .
vocational éubject:‘-s\omething that coricerns cnly future farmers--but it is

Vargﬁable that a study of food produ

ction should be considered an essential
N . ) i
\"\
=
™~

~
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paht of a Iibehal education. it is_ the world's greatest ind(.;stry. 'ln fact, ‘
agricu;ttureis the foundation of a settied, civilized way of life that has made
po.ssib'!e the grand range of' human"'achievements, and it is necessary to sat-
|sfy our danly needs. Sunce the proportnon of the populatuon employed in

agriculture has shrunk to some 4% and is still shmnkmg, it has been sug~ -

gested that vocatlonal agmculture is now an unnecessary luxury, especially

> e

in areas of family farming, where“it is claimed children can drive a tractor
almost as soon as they can walk. Perhabs the expertise and facilities avail-
able for vocational-‘agriculture might be better employed in giving all students
some feeling for and practical e_xoe_rience in tl;‘g"e__care of plants and anhnals
for human ends. If our land is to be qsecf?wj.sely and agrieulture is to thrive,

it is not sufficient that the farm community understand its imbo_rtance, as-of

course they will. Politicians and bankers, businessmen and planners, and

in fact the whole of society, must reallze the |mportance of a healthy agri-

cultural industr'y. These outsnders in the aggregate are likely to affect
agmculture as much as those within the industry.

The opportunltles for realistic pract_‘l\calz work that abound in
these studies are of primary importance. ~Much of the laboratory work in

biology mvolves the handling of dead specnmens, ‘but here is the opportunity

to care: for and ob’serve living organnsms—-crgamsm‘s whxch are maintained

1

" to contmbute to human welfare. Here science can be seen, not in a stereo-

type form_‘enelosed ina !aborator_y full of glassware and.chemical bottles,
but literally in the field. Students will be tackling practical problems.

While experiments with animals must be limited to those that one can be sure

“involve no cruelty, the possibilities for experiments with crop plants and "

their environment abound. ‘

20



the energy dram caused by weeds ’: pests and dlseases" How are they

Agricultural E¢ology

-

[

"~ We live at a time when ecology is a real issue. Now we realize

_ _that "everything is connected to everything else" and that a more compre~

hensive, hollsttc view of nature and our puce initlis needed if we are to

<

: 'undef'“tand and moderate our- Impact on our surroundmgs and to use the
’ flmte resources of the earth wssely and to the best long—term advantage.

Most courses and te!ttbooks on ecology concentrate on natural systems-—

.

the ecology of grasslands, forests, seashores, etc. Often these are not

easily accessible for practical study, are fragile, or in some other way

are not of |m'nedrate relevance to_the lives of the, students. But the subJect

matter and resources for ecological study of the man-managed ecosystems
lie all around us in farms, gardens, parks, and anywhere else that man
closely manages the lives of plants and animals.

The idea of enérgy flow through food chains and webs is central

in ecology. What is'more important than to apply'this to the human food

. supply as exempllfled in local farms and gardens? How effscoent is th;s or

i

that crop in convertmg solar energy into &man food? How many calories
' per acre do local crops produce and what does this amount to m terms of_

: human sustenance?" What i< the efficiency of converting this food into meat,

-

i eggs. .or milk and what Implicatzons has this in terms of the pruce of food

d of feedmg a steadlly growmg wortd populatlon? What are the losses:

\\

. combatted and at what cost in mechanical and: chemncal energy and interms

©

L of cash expendsture? How effectlve are our short- and long—term efforts

and at what en\nronmental cost? hhat are the other energy Inpu's In culti-

vatlon, fer‘tillzmg, harvestmg, storage, transport, processmg, packagmg,

marketlng, and cooking in the home? How does this affect the prlce to the -

»
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) - .All the aspects of elementar;y ecology are similarly amenable to

Y 1 > *

treatment using agriculture and horticulture. Population dynamics is involved
in dealing with planting distances in crops, rates of stocking of grazing ani—

o . | _ : L
mals, build-udp of pest populations, and so on. 1n the study of soils and their

management and of climate and the use of artificial climates in such places as

]

-g’re)enho.uses and poultry houses, we see the inte_raction of biotic and abiotic

2l

systems and the steps taken to modify them to achieve maximum productivity .
for human ends.-.

One of the attr’activel"‘eatuces of this approach to ecology, apart
from ults obv:ous |mportance to all of US,‘IS that since these humamzed eco- .
systems are as slmpllfled as the farmer can make them-—-—udeally, from the
present \)lewpoint they would consist of only one specnes-—-they are relatlvely
easy to study both theoretically and practlcally. Apart from other considera-
tlons,~ the sheer'_ problems of identification which are so tlme-consuming and |
frus’trating |n natural systems are greatly simplified.. Such ecosystems can

be cr'eated on the school grounds, on a very small scale if necesuary, are

avallable for study, and can be interfered w’tl‘r and altered at will wuthout

_.any of the restr'amts that one might feel called upon to accept in deallng with

natural systems. The |mportance of studying the population density of a
competing species and the r'esults of |ts removal is quite obvuous in the case

of weeds in an onion patch; however, it is not so clear in an alpine meadow .

Fdrthermore, a school greenhouse enables these studies to be carried on in

- comfort throughout the winter when in many areas outdoor work is impossible

o : Y P .
or at least downright uncomfortable. R

o prjcsu_de_alt with in a rural ecology coUFse might include the

)

e
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1. Energy flows. Food 'chains;. and webs in production systems; °
the farm as a managed ec05y.stem' simplified ecosystems in erop production;
crop effucnency-—gross and net primary production; energy subsidies in the
form of cultuvatlon, fertilizers, etc.; pest and dnsease organisms as energy
drains; the grazsng food cham-—food conversion effucnency in animal pro-
ductlon, its implieation in the food system; the decomposer food chain-—-its
'importance in soil fertility, energy flows, a.nd nutrient recycling.

2. Abiotic/biot' : nteract:ons. the Cycles of Matter." The carbon

- cycle; effect of burning fossil fuels on at‘mosphemc carbon dioxide and possible
climatic_change; carbon dioxide enrichment in greenhouses; the hydrological

& . : . . *
cycle;vzba"lance between evaptranspiration and precipitation; the nitroge'Bl!::g

Py

cycle; iological nitrogen fixation and the use of artificial fertilizers; the
phosphdrus cycle.

3. ‘Climatic Faclors in P'rodu'ction. Variation in yields due to

cllmatlc factors-—-the Dust Bowl temperature and pIant growth' solar radia-

tlon and day length the concept of the growmg season; precipitation and

. lrr;gatnon-—artlflcual rain making and the problems it poses;jl»png;term
climatic chan_gevand possible effects of human activitie; on climate; artificial
: ~'climates'in productien; greenhouses; poultry and pig F\ousion'g. ‘

B 4. Soii Factors. Soils—farmation and fertility; ei'temical and

physical properties—drainage, water reteriinn, PH, humus content; loss
of soil through erosion under various crop regiimes; soil conservation; .
N . . . ’

fertilizers and fertilizer use; artificial composts; hydroponics and aggre-

gate culture.
T a

5. Biotic Factors. Population and pept.ilation intezi"actions;. '

predator/prey and host/parasite relations; ‘symbiosis, carrying capacity,
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stocking rates, and effects of overgrazing; population densities in crops;

population build-—up and decline in pest populations' exponentlal growth'

3

dama‘§e caused by weeds, pests and diseases; chemical control and its

«

‘ dvawbaeKs' biological control o L

Rural Biology

n

2]

lt is surprlsmg, or lt should be when uhe stops to think about it, '
how llttle attentnon is pald m the average b:ology textbook and average ’

blology class to all those plants ‘and an|mals on which human existence de-

a

pends and to man's efforts to manage _and improve them for his own advantage.

Yet cabbages and wheat, cows and chickens matter a great deal to us and-in

i . .
o

the fields or on the plate are much.more familiar than the usual run of bio-

logical specimens, which are not of pressing importance to most of us. Some:

o

elementary study of the inheritance of round and wrink!ed peas is common-
- Y : .

place,.but r‘a,”rely do we find elementary biology courses in which the use of -
genetic kriowl edge has led to cheaper eggs in winter, more wheat and rice

fqr'hungry people, or more attractive petunias for the front’ yard. Yet in

e

- - :
our gardens and on our farms we can see evolution at work in a time scale

short enough to be, understood, even if the"slow progress of evolution by

* natural selection through the ages. Seems remote and unreal .

ER Most of what is to be taught in an elementary blology course can
be dealt with using the plants. and animals of farm and garden instead of the
.textbook diagram or the plckled specumen, and perhaps there is as much to

< o

be’ learned in carlng for and understanding a live anlmal asin cuttlng upa .
dead one! y ) : _ﬂ-
Among the- advantages ol a rural or farmmg b;ology course are

,.the following: - -

o



" S 1. The nlaterials are gererally abundant and easy to come by.
y _~j"° . .. 2. Practical experiments and observations are relatively easy
to arrange.

3. Especially with a greenhouse, materials are available year
.. round. B
K 4, Expemments can be reaiistlc. They are not textbook exercises

- translated into "3D," but genuune mvestngatnons whnch do not have known

i

results and which could conceivably have new practlcal applications.

Perhaps the overall framework of a rural biology course would
% . . '
. . . i . !
be much the same as that-of a sta_ndard course, but it would use different

examples and vary the emphasis pdt on certair\'topics. For examp’le, stem

structure in woody dlcotyledons and the functnon of the camblum Iayer in’
secondary thickemng are frequently cover'ed bu* not thenr‘ importance |n
graftmg fruit and nut trees and ornamentals. The productlon of adventn-—
tlous r'oots |s scarcely touched upon although in pr‘opagatuon by cuttlngs it .
alsp is of first importanee. Our knowledge of grcwth controlling factors
.s.uchla;s photonerioeic 'inductien and 'grothh hormones and giberellins is a
‘_'fasc;inat'ing tebic vyhich offers wide scepe for experimentation. |

Other topics worthy of special attention are the followiné:

- - 1. Bacteria, fungi, and viruses as pathogens.

@

2. Symbiotic and saprophytic fungi and bacteria.

- 3. Silage maklng, alcoholic fermentatlon for beverages anu fuel,

2

methane productnon.

T 4. .Nematodes as agents of plant disease.

5. Systematics of crop plants. The two largest plant families,

‘_th’e Orchidaceae and the Compositae, provide us with remarkably few crops--
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_-vanilla in the former case and relatively few such as lettuce, sunflowers,

.-and artichokes in the latter. In contrast, where would we be-without the

- Graminae which provide the cereals and pasture grasses as well as sugar

r LY

and bamboo; or the Legum’nosac which give us the many kinds of beans and -

)

_peas as well as such important forages as clover and alfalfa.

« .

6. Evolution through selection and-Hybridizing of crop pl_a?\ts and

“ " .
. ~

animals. o _ | .-
7. The development of nev; strains of pathogens and of insec’tieiclie
resistance in insect pests. . \s | | |
8. Bneeding for special purposes such.as disea'se resietance,
_ improved amino acid content-in high-ly_sihe corn, inereased fertilizer response
and wide cli.mete adaptability in Greeh Revolution cereals, suitability fer

o

< - mechanization as m monogerm sugar beeis qmck—matumng bronler‘ chickens
with hlgh food convers:on, hlgh twmmng*m sheep, etc. |
. Naturaily enough, an understanding of the mor‘phologys, anatomy,
and physuology of crop plantg and farm ammals is as |mportant in farm biology
as in general biology, while perhaps more attention can be given‘to environ-
'mental factors such as soil and climate 'and both intraspecific competition and
attacks of Ipes.ts and diseases of crops end etock. Q'l.'his leads naturally to
ecological studies such as those mentioned under agrie‘ultural ecology. '
~ All too often,'pb'ants ere studied in isolation, removed from their -

en\nronment of soil and air; but, as crops, they must be Iooked at in relatnon

to scil conditions and the effects of the veather. Their relation to other
organisms is often all too clear in the results of the attacks of pest and

disease organisms, the competition of wéeds or overcrowding of their own

kind.
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.and mdustr'nal purposes would be included Export of water to other

of weather fobecasting, would be among the subtopics.

plgstleseL would be studied.

A broadly based mterdnscnplmary scnence, ln which the subJect

,matter' of a rural bnology as outlined inthe previous sectnons is augmented

by relevant topics in the physlcal and earth sclences, would form a rural

“sclence syllabus. Such a course might cover, xn addition to purely bm—

logical subjects, the follownng areas:

3

17 Soils and Topography. Thenatural vegetation and the crcps .

that can be profitably made tp,:t'eblace it are dependent on the nature of the .~

~ soll and the landforms upon whlch i.t rests. Underlying geology and pro-

cesses of erosnon and, sonl formatlon are basnc to a study of the rural use

of land, incl.udmg the nature of soils, the manntenance of fertility, the uses
of fertnllze_r_-s-and manure.

o . o

. 2. Climat‘e. Irrigation and water supply for farm, domestic,

regions (or perhaps its |mport in some areas), the effects of clxmaté\_n

' '-_ natural vegetation; on the type of crops that can be grown, and ¢ on the

variation in yields caused by climate fluctuations, as well as the principles

-

3. Substructures. Principles of structural mechanacs, heating,

' lightlng, and incubation in such structures as laying battery houses and

A}

4;.' -Electricity. Generation and distribution to rural areas;

small-scale generatlon usmg wmdmills, etc., uses of electrlclty in heatlng and
P

Highting farm buildlngs and other structures; electme motors; control devices—

- thermostats, relays, photo-sensitive devices, timers, etc.—-all are impor—

.

tant tq the study of rural science.
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T 5. Farm Machinery. The internal combustion engine, including

the basic mechanics of farm implements and the energy they consume, adds'

Liae o c

_another dimension to the study.
¥ - - .6.. Eherglx. Energy sources in the rUral sce'ng: "replacing fossil

f(;lelé by lo_cai.enérgy resources such aé'wind,' Wéter; biomass-—gasoﬁol,
methane, solar eﬁergy; thé ene;gy involved in various primary pr;oduétion
activities; increasing rﬁechanization of‘, aéricu.lture anq the resultant in-
creasing energy demands and reduction of tht; labof foré_e;‘the ratio of

_— calories input/output. in various fa_rmin'g'ehterﬁrise's; the energy used in

6tl'ie_r_parts of. tHe«' foqd ihdustr‘y-#t'rarfsport,‘procgséing, etc. —~have become

. of critical importance.

-TRu:;-ai Séudfes .

| The ma'jor'ity of rural secondary schools in Britain offer courses
Ina SUbJeCt known as ”Rural Studnes." As emphas:zed in the prev:ous
sections of this paper, these. courses. too are based on the study of the plants
and animals useful to man. They orlgmated in school gardening, taught as
a practical craft. In some cases, rural studies have not gone far beyond
that ~tage but qunte often they have branched out to mcorporate studues of
social and economic aspects ‘of life and work int-e countrysnde, wnldllre,
mrnamental gardgmng, and floral decoration. Often there i; close collabora-
tion with the domestic science staff to allo;/v students to see the whole process

from sowing sezds or hatching eggs to a fnmshed meal. More recent!y, as

e e e e

concern ahout our treatment of the envnronment has developed, rursl studnes

have become the~foundat|on of environmental education in many schools.
Rural studies teachers have been hard. put to find a satisfactory

'.definition of such a multifaceted subject, and many indeed insist that it

30




'should not be looked upon as a separate subject at all but rat._her as a mode

- of approach to the curriculum that operates as a general theme. Be that as
- it may, most school programs are built on a subject basis, and an association -

of teachers of rural studies defined rural studies as study of the following

-

: a”reas:
| 1. The 'Ian_ds_cépe'--dit's topograbhy,‘ geology, pedology, and climate.
2. The ecdlbgical'relationships' 6f the.‘plar-xts and animals naturally
.present. | . | . ) .» |

3. The dse of the natural environment through agriculture, horti-

cdlture, forestry, and other forms cf land management.

4. The development of an appreciation and awareness of the,
‘patural surroundings.

This rather stark and terse statement does scant justice to the

mchness and diversity of the educatlonal opportunities inherent in the study
of the countryg'de. A paper read by the writer at a conference on Envnron—

mentai Educatlon at the Umversnty of Leicester in }370 had this to sy about

rural studnes:
{Students ought to know about] the basic ecoiogical relation—-
ships between organijsms and their environment. That life
depends on energy from sunshine trapped by green plarts.
That the soil is involved and the atmosphere. That there is.
a flow of energy through ecosystems and a cycling of chemi-
zals of which 6xygen, carbon and nltrogen are partscularly
" important. ’
That-man is a part of the world complex of ecosystems.
That in simple societies iike our pre-agricultural ancestors

or the snmplest ‘of present-day tribes, people were living
integrated within the system in that they were not dominant
in the way that we are. That the advance of agricultural
man controlled other organisms and their environment. and
so became dominant in limited areas but that he was still a
part of the system of organism/environment. That we may
look at a modern industrial city from the same ecological
viewpoint and trace similar relationships, an. input of food,

A
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air-and raw materials, and an output of poliuted air, sewage,

etc. The critical factor is rate. . The input demands are so
high, the output so enormous, that we have the foed shortage

““and poltution problems that so concern us nowadays. The

__-their development,.conservation and use would also be
“included as would some acquaintance with the implications
. of the exploitation of mineral resources. Since space is

. system cannot recycle at the rate which is requnred

The next step in our understanding of the probl eni on the
‘world scalée is the study of populatlons. Some understanding
of the reaction-of natural population to food supply and en-
viranment wiald lead to'a study of the human population
explosion and its causes and consequences.

Withall his power and technologuca’ skill, man is still a de~
pendent organism in an-eécosystem. He is still dependent as

a consumer on the energy captured by primary producers and

a major' aim has been, and presumably will continue to be,

- to secure an adequate food supply. So the next main area is
to examine the productuorr systems from an ecological view-
: point, looking into man's role, not only of _manager of the
environment of his domesticated plants and animals but of
their growth and their jnnate constitution and potentiai. So
by work;ng with-garden plants and domestic livestock, we
might understand some of the basic problems and re!ate them
to the world’ scale pr'oblem of food production. :

Wlld populatlons also have a use potentnal for aesthetic,
scientific and leisure purposes as well as potentia! in con-
stituting part of the gene pool. So apart from é&thical
cansndenatlons we need to understand and pr‘ovnde for thls.

- -~

Other orgamsms o less thar: ourselves, are dependent on-
a supply of pure air and water, so that the hydrological
‘cycle and the Ooxygen. and carbon cycles with the current
problem of water sipply and &ir and water pollution would
need consideration. Since climate affects us all, we might
include here some understanding of weather as it affects
human activities and the lives of other creatures.

2
. °

As dwellers. on the surface of the earth our lives are
affected by the characteristics of land surface. Such
consideration might be given to land forms and their rela-
tion to underlying rocks as is necessary to reach an
understanding of the use to be made of the land.” Soils,

one of man's essential requirements for living,.production
of essential primary preducts for work and for leisure,

. the course might culminate in.an examination of the way

in which planning decisions are made.

3
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" This apprtoach offers something which most curricula have
falled to ‘offer——a humanized science, a subject which puts
. man at the center and aims to illuminate his impact on the -
* environment and its effect on him. it is science with some-
thlng of a social conscience, not a series of .encounters with
: - _ “hardware but personal involvement with the resources of the _
e . earth which develops from the study of the impact of science 5
i - . in Increasing the bounty of the earth for its people and which
Fooa T warns us of the folly of reckless exploitation: This, it seems,
' might just be.the sort of scientific discipline which might ,
. appeal to-the young people who are turning away from tradi-
_ tional science because of its cold- detachment from the people
and problems of the day. ‘ .

World Foéod Supplies |

~ . . . . -

_—

A fmal step rn this series of broadenlng views of studies based - ——
:: }’A:’l'- .on agriculture _'might be to. examin&the—problems of feeding—a hungry world.
- ThlS is'a matter of’ supreme lmportance—-perhaps the most critical facing
_ the whole of humannty——-whether v:ewed from a human:tarnan vnewponnt of '
' o the- §ufferlngs ‘of 500 mnllllon people .(perhaps many mo‘re) or from the more
_?"- '_ .}materiallstic vievypoint-of _the threat to world‘peace that must eventually be
"posed by the ‘g’ross lnequitles in the distrlbution ofthe basic necessities_of
llfe. Such a study offers an approach to scuence through |ts impact on
human affalr's and an approach to ecology more closely allled to everyday
_ - .experlence than is usually the case. Thls study of the acqulsmon of the
E ) baslc necesSsty for lnfe--food-should be part of a lnberal educatnon,
particularly in view of the facts,that the lnyentson of agriculture made

’

possible. the &levelopment of a settled civil’ization and that -throughout the

-~

ages agrlculture has stnmulated scientific. and technological advance. 'Such

1

~

B vstudy ls broadly mterdrsclplmary, involving the humanltues as well as the
natural and socsal sciences. Furthermore the farmers of this country . -
play a crltncal part in f‘eednng manknnd since they produce the bulk of the

A

grain that entérs the |nternat|onal world.’
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A survey of the problem of feedmg an ever-—mcreasmg world

populatlon mlght |nclude the following topics: ‘ S

S P The Origins of Agrnculture_. Centers of domestication of major

‘crops and livestock; the imbaet of food production on populatio'n and social
" organization. o oo : v o .

2. The Dlmensions of World Hunger. Undernutmtlon and malnutri-

thﬂ;—bﬁSlC nutrition; nutmtional needs of the lndnv'dual the history of fam:ne'

/
/

underemployment and poverty in less deveioped countrzes as factors' responsi—

s L
bllltleS of the developed natlons. .

3. The Bai‘ance between F"opulation and Food Supplies. Exponential

‘

, growth of populatlon and increasmg expectatnons. o .

- 4 The Ecology of Food Productuon. (a) :nergetncs of food pro-

ductlon' crop eff:cnency, food chaln effncnency, ecolog:cal versus economlc |
efflczency; outputs in terms of calories per acre'-‘ the energy balance between
Inputs and outputs, subsistence farm:ng and energy—subs:d:zed agrlculture-
the ecologlcal mefflcnency of meat productlon' vegetartanlsm, the energy
demands of the total food system-—praductlon storag\ transport, process-

~ing, packagmg, marketxng, home energy consumptlon in storage and cooking.

Ibfbrmatlc tactors and climate change: the Dust Bowl cllmate modlflcatnon'
artificial cllmates-—greenhouse.., animal productlon units such as battery
laying houses. (c) Soil conservatlon and land utllnzatlon. (d) BlOth factors:
,,pests,_dlseases, and weeds-as. compet:tors wnth man, beneftcnal organxsms -
and mtegrated control; the problems inherent in chemucal control . -

i

. 5. Preserving and Utilizing the Gene Pool of Domesticated and.

.WllngeCIes. S

6. Some Major Problems. Possible cl:matlc change; water




: shortage, pest and dlsease' soll erosnon, desertlflcatlon and urban use of

land, pollutmn, energy shortages, the impact on the land of fuel shortage m

: less devel0ped countrles.

7. ,Prospects for lncreassng Pl oduction. Breedlng better crops

-

and farm animals 1mproved management techniques, nmproved control of

- - pests, 4iseases,‘ and.~we_eds;.greater control of soil and climatic factors,_

: , S L
cloud seedings, protected cultivation, hydroponics; technical and financial

- aid to LDE's; the Green Revolution.

“ - 8. New Food Resources. For example, meat-analogous, single-

cell protein.

\

9 The Resources of the Ocean. Securlng optimum sustalnable

[y

yaelds, over-—fashnng, progressnon from hunter/gatherer to marine agricul-

.tural modes of usnng the ocean s productlve potentlal .

- “y

10. Food Qualltz. Food addltlves and pestlcide residues; quality

L.

versus quantlty in production; leglslatnon. :

“11. International Organlzaflons,an'd Their Work. United Nations,

FAO, WHD; lnternational aglric'ultvural research'organlzations.

‘The Energy Crisis
~ We are all becoming, or ought to become, "energy conscious,"
‘. aware of our own depenoence on many different energy sources. We know

that some of those sour't:es are well on the way to being exhausted and that

1,

—Q——'~-~e-:-»wehaverim«reduee—energ\‘ y-consumption-and look for-alternative sources.
Part of the solution must&'e in education. The -stucl;-/ of the present energy
'cri'sics,lther'efore, meets tl’kcriterion ment'ioned earlier: science teaching

" mus‘ take into account the impact, of science on human affalrs. Probably

-

" no topic lllustrates this better than a study of the energy situation. In

35
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. Sscience.

: and soc!al science and humanities, slnce an understandmg of the sltuatnon

31

support of this assertlon, it c/an be. sand of energy ﬁhat.
e

l'. lt .itlustrates the social impact and-social responsibility of

\

i
1

2. itis clearly relevant to ’-stu‘dents'Nliye"s and is a matter of

i~ R . . XN

current conce rn.

3. lt is an lntegrating factor in the scnences, tnvolvung blologlcal
physical, and earth sciences. S

. 4. Beyond thns, |t is an mtegratnng facton between natural science

’ l

lnvolves matters of polntncs, eo.onomtcs, mathematics, law, htstorv, geography,

et"qlcs, agmculture, and home economics as well as the natural sciences. "1~lt
could be the subJect for interdisciplinary studles in the bPoadest sense. ‘ It

cnvolves study of some of the basnc pmnc:ples of physacs, blology, and

~chemistry. _ oo

5. When it comes to matters such as wind power, solar energy,

and biomass energy; there are oppprtunities to link science and technology;

to work ‘with an accessible "intermediate technolc>gy"' to get science out of

- the laboratory snto real—world situations; to investigate local condltlons to

" discover local energy use patterns, ‘sources of energy, and the possibility

of local development of alternative energy sources; to involve students in

N
N ) x

real design problems, i.e., using scientific knowledge and simple technology

e .. to_produce e ,__ti solutions to such_p_pblems as collecting solar energy

and also to involve them with the aesthetjcs of the situation: equipment must

not only be effectiue and well constructed #;ut must be satisfactory in appear~ -
ance; to directly benefit the community by providing a loca!l information

service; and, conceivably, to establish some small~scale local industry.
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A cour.seabout "erergy" might embrace the folloMnQ topics:
1. A study of personal energy use, lncludmg a quantntatlve
assessment of energy used in the home for heatlng, hot water cooking,-

llghtlng, entertainment, cleanlng, food storaqe, etc.; of energy consumed

‘in food systems sncludmg energy used to produce food, as well as to store,

v

‘ transport, pro’cess‘, package, and market it; of energy used in travel; of.

g energy used for services such as schools, pohce defense, etc.; and of

energy used in producmg gouds such as tractors and newspapers. It would~
lso include a compairison of per capita use of energy in this and other
countries.

- 2. The energy flow in biological systems, including uatural and
m,an—managed ecosystems~ production of food energy; energy use on the
pris,es. .

3.. The history of energy consumptnon in the country, the exponen- _
t|a§ growth of energy use. _ ° |

4. The depletlon of fossil fuels and the need for alternatlves.

. 5. Conservatlon measures, such as home msulatlon.

6 Alternatl\_/e energy sources--wind, geothermal, solar, biomass,
etc. | |

7 Nuc.l,ear power, its prospects and the hazards involued .

8. The laws of thermodynamlcs‘ heat transfer', the forms of

* energy, their measurement, and the“conversion of energy from one form

to another. | . 7 - c

One would hope that such a course would‘make students aware of-

patterns of energy use on personai, local, national, and world levels, of
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the present and poasible sources of supply and their limitations, of the possi-~
.bilities for conservation, and of the pro?‘:able ‘changes in lifestyle that the

current energy shortage is llkely to brmg about. F’arallel with thls, orie

. would expect them to understand the energy relatuons in buologncal systems

5 -

and the place of our own food system in the overall energy patter;n. Above -
’ all, they should develop a commitment to using energy more carefully in their
own hves and to helplng to improve thei energy situation in their own commun-—
| | T‘he demand for greater freedom from im?erted oil will continue to
i.iave pr"qfound-effects on‘:rural"areas. ‘Alternatives are cbnstantly' beiﬁg

.

»sought—-rhinin'g for fossil or nuclear fuel, dams for hydroelectric power,.

>

wmdmlli systems, ar‘rays of solar collectors, and the productlon of blomass

energy in the form of wood alcohol, or methane.

Solar Enerﬁx

s

‘We are told that, alongsnde conservation measures, solar energy
t:romlses the best hope of a contmuung alternatwe energy source for the
.\ vfu_ture. ~ Therefore, it deserves Special consideration as part of an energy
course such as that suggested ih the previous section or, perhaps better,:
.as 'an additional interdisciplinary course. It would be a science course
that would tackle ;'real world" problems relating to the needs of the local
- community. Students would expe.r'iment wi/th desiéning active and passive L
-syster'n's' which were "'t:ustom designed" to meet the needs of local people

-

and i'nstitu'tion'e. Thus, they would be combining an understanding of some
L of the basic principles with the application of such principles in a manage-

a

’ a able technology. Because _the technology involved is one that is up to date

.and cdn'stantly developing, there is an opportunity for students to make :




[1{10:

JAruitoxt Provided

helr'own dr';lglnélcontr‘il)uti’bn'. The "technology ‘involved is r'elatively

' *star-t wnth a slmple flat-place solar collector and use it to dlSCOVeP the

) the prospect of valuable communnty service' and might even be made into a

'“_‘fi'Consequently, most of our energy resources--human food

e be mcon'por'ated.

»

r)

"T{slmple, and i a mlmmum of apparatus and equepment is needed. The course

also allows a complex—to—snmple teaching mode. For example, one could

L

Varlous parameters lnvolved the’ area needed to achueve certain results,

the omentatlon requured, msulatnon, nature of the l|ght-transm:ssnon .,ur-'

P 4 v

face, color of absorptlve layer, effectlveness of Hot-alr versus hot—water

i syst_ems, and so on.

_In desugnlng even a sumple collector from scratch, a number of -

» dlsclphnes are involved. bas|c physlcs, shop crafts, astronomy, meteor-— '

u( H

o!ogy, aesthetlcs, mathematucs, eco{nomucs, and homecrafts. )

S

Th|s development of home Eolar energy use is natuonally lmportant,

l

'but lt |s par‘ticularly sultable for adépt:on in rural communutues. It offers

s

a.

'commercnally vnable small buslness, requmng minimum equapment and work

e P . Y

space and small capltal outlay.,.r w e : ‘ :

i oo

Whlle the use of solar energy collectuon= by both active and passive

Y.

"‘«,\

L 0
oo systems would be the core of the actnvnty, the subJect invites stucly of the

' broader perspectlves of the sun s role in supplynng energy to the earth.

"gasohol "

-

k methane generatlon, wood, the ossnl fuels, water and wind power—-—would

a

'-;

lndeed, wlth thls,as a basnc theme one could teach all

j . i

" ORGANIZATION OF THE RURAL SCIENCE PROGRAM

¢

a

4h€t’ta/l«es into account the current problems

‘A science program

Team Teachmg L F T o
- ) e T

RS
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R o Afacing society will of necessity bring together the social sciences and the

\l\.

natural sciences, wﬁlle almost inevitably writing and mathemat:cs w:ll be
invo!ved. Therefore, some sort of collaborative teaching is"alm'ost a

necessnty. This term seems preferable to "team teachmg" because the

3

. latter has come 'to mean one particular F'orm of shared teachmg, while there
ar'e many ways in wh|ch two or. mor;e.teachers max work together.~ T hey‘,o._.., e,
_ rmght Just be present ‘with the class as resource peOple when prOJect work
- ..ls under' way, they mlght be in charge of dnfferent groups‘ when a‘local sur-

. vey is bemg carried out, or they mlght lead opposite s|des ina debate. i
. .
Whatever its form, shared teaching can provide an excntmg change of style

«o
.

for students and a satisfying and instructive interchange of'knowledge and )

i
-

_expernence for teachers. _ T certainly provides broader perspect:ves. The

small faculty and student numbers in most ruraI schools make col!aboratlve
N . .

: teachlngv relatively easy to organize. -

e e e 5 .

"Scheduling

One great. advantage that (.1e small rural school has is the potential

flexibility of scheduling, both in class time and teacher assignments. Block-

ing sections of time to make a half day or even a whole day regularly avail-
- able for engaging in away~fromfschool or particularly time-consuming activi-

ties makes a more efficient use of time possible and relieves the tedium of -

[~

doing the same thing at the same time every.day.. It also faciiitates arrange—
: ! Y - :

ments for 'coflaborative t\;aehing and mixed—g’rade classes. When envi'ron- S
mental stud:es was first mtr‘oduced, one group of schools solved the problem
of flttmg this multndnscnplmary subject into the schedule by comb:nmg classes -

for an afternoen and making several staff members available. lnsp’ite of

v the logistical problems of dealing with relatively large groups of -students,
it worked well. g . . ) .

S © 'r !
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The{:e >is no real reason why biology .s'houid be t‘a’ught in the ninth.
Qrade;‘-cheﬁ)iStry in the tenth,. and physics in the eleventh. Indeed, there
| e're:m‘an'y good arguments against such an arbitrary splitting »f science
’ | ~learning. Nor -l_s;there aﬁy better reeéen for‘ splitting young learners into
i" : afﬁltrar‘y%g; gr.'.;ups"‘-—yvith both young childr;en and university-level’ stﬁdents,
| n:ixed-age groups are eommonplace. To.combine two or more grades may .
sometimes be-the best expedient when numbers are too small to justify cer-
tain courses cc_herwlse. Perhaps a little extra tact may be needed to settsfy

‘the egos of seniors who must mix with their juniors, but it should cause no

T ihsbperab}le difficulties! - - b »

Initial Teacher Training

The; Job of teaching science in the small rural high school may be
'v‘er.y.differer.tt from that in the targe urban school, where "speciaiists,in
‘ several scientific disciplines are involved. What is needed in the rural
sehodl is not the highly speeialized physicist, chemiet or biologist, or
~ earth scientist, but the teacher who has a sound er_tough‘grasp of the Basics
~of afl' of~ theée to 'unders;and their relationsh.ips, to interpret the rural en-
,.vlroﬁmeﬁ‘t, aﬁd to guide investigation at the level necessary to satfsfy the
. needs of high school students. For this purpose, a gooa gr'oundmg in bioiogy
andbas:cphysicalscienc ;cessary with some understandlng of the - :
earth scsences and perhaps basic chemustry. An envlronmental science’
t-arogram mlght incor'porate all the eiements needed.

\ris and sciences col!eges are not generally concerned specnfl-

-y

célly with the needs of teachers, and coileges of ~jucation expect their

.o 5 . K2

K recruits to have acquired the factual knowledge in their subjects before

g - . ! = .

o :startidng on their methods courses, so it is ﬁobody's business to provide

-+
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- science teachers with the appropmate range ofcknowlecige t;) suit thelr ‘teach-
“ing needs. However, most baS|c science courses are aimed at gpttmg over -
the ground as quickly as possib!e whllg advanced courses are provided for
peo'ple. who are pr_éparing to be professional scientists, engineers, etc.

o WHat is néeded for rural teacl';érs, pgrhaps even for all teachers;
is thé.oppbrtunity to study the basics of science in more detail and to learn
to éppreciate the many links between th‘e sciences so they can bring two or
thfee scler;etiﬂc discipliﬁes to bear on a tor:;Ic. The title of the Master of .
Basic ‘S":cience Program at the University of Colorado suggests the appropm-—
;-te sort of program, theugh it is needed at first-degree level.

) There is a need for moré programs of this kind specifically de-
signed tq fit the needs of teachers who are preparing to teach science in
rural schools. If science teachers in rural schools werc specmcally
trainled for those sltuatlons and if they were teaching courses especially
devised t‘o suit the conditions of those areas, they might feel more able to
take pride In their wo"rk, more inclined to regard their courses as something
speciél, different from the usual but in no way inferior. If this ware the

B c;;se, they might bg less inclined to "move up' .to !a-rger urbar; séhools.

Then, in this one area at least,“ schools might achieve more stability in their

teaching staffs.

Continuing Support for Teachers

&

Creating new courses and modifying _oid oﬁes is a step towards
impro'v\ed- science teaching, but «imply to offer new courses to teachers,
howéver éppropriate they may he, is only a step. There.must be continuing
support for xeachérs to gnablé them to modify, adapt, énd improve their

_teaching in the light ‘éf experience an& in reaction tc changl%'ng needs and

. clrcumstances.
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Neither the resources of small rural school districts nor the num-
- ber of teachers involved is likely to enable that ''critical mass" of people to

come together-tb initiate and continue a program of curriculum improvement.

Some arrangements need to be made, perhaps through the Reglonal Educational

©

Laboratory System or lntermedlate service units, to enable groups of teachers
wnth converging interests to be brought together and given outside support

in their efforts. These might encompass the following programs:

1. Inservice courses for teachers. These constitute the acceoted

‘ rlnethod) for helping teachers to update and upgrade their teaching. The pro-
visiuns tor helpingteachers create new programs, mentioned in the previous
sectiort, apply here, especially that ot bringing courses to téachers wher-
ever possable instead of taking teachers to courses. These would booLome
worklng parties where outside experts would work with téachem“ to improve

teaching in the sciences, rather than act as ‘instructors telling them what to

do. : -

BN

2. Teachers® centers and science téaching resource centers.

The value of teacherS' centers as'places where teachers can find sustained

. - . .port and en;our_agément has gained greater rec'ognition‘ in official circles,
.'partly ‘through federal grants to new teachers' centers, niggardly though tHe
-'provisiomng be. More speciflcally, it has been recommended that science
teaching rescadrce centers be set up in selected locatlons. However de-
sirable these developments, !“.' seems urilikely that the scattered teacher -
population :m& limited finénCes in rural areas will make them available to _
- most rural teachers, especially as the essence of a teachers' center is

its évailability—fit should:be in a place where teauhers can conveniently

and more or less regularly "drop in." Howev.r, if there is an empty

. Ly

13
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clas_§noom _avéilable, it migﬁt be possible to use it as a scienée teaching -
cevnter, volunta_rily staffed by teachers or perhabs by members of a local
sbiencé teache_rs' assoéiatiop; and supplied 6n a very modest scale.

. 3.. A'dvisors. Good courses nrovide a tremendous stimulation for
teachers, But they are at best highlights in the cont!nuﬁm of t;eat;hing: they .
come and ére all too soon gone. How much of the knowledge and énthusiasm

B frdrn the courses ever gets translated }nto impr‘ovement\of classroom teéch-
| ing? Day-to-day c.iuties and frustrations socn overtake thé" teacher rso that
stimulation an;d enthusiasm for new things soon var‘ish unless some cohﬁnq-—_

;o 'ing encouragement can be found. What ié éo successful elsewhere and is so

badiy needed here Is a sound éd;)isorfy sekvr'vi'ce, so that the teacher will be |

3

helped in his own classroom té ﬁut new ideas into practf'c:e.-
| The people needed are not g:urricu]um superviso_rs, who are part
administrator, whose influence reSt§ on au"t‘hnr““t', and who are tainted with
"head office," bth people with successful teachirig experience and with wide
"knov;ledge'of their subjects, who will be able to spend time visiting schools
and helping and eﬁcouraging teachers. Unfortu’nat:ely, school-district fi-
nances are not likely to be able to support such a luxury; yet, if one looks at
,.the education system as a whole and the enormous sums of money available
- in grants from federal, state, and private foundation sources, the money is
thereﬂ. | M;hat is mis_sing is the conviction that, given sufficient support,
teachers can impfove the educational system froem the ground up, instead of
being reﬁipieﬁts of attempts to change it from above. |
. in Britain, where there is a widespread and we‘ll,-e;tablished

service, some school districts where money was scarce were able to per—

suade the public to provide "advisory teachers" when the same people, if




called "advtsors" or "orgamzers," would have been looked on as an un-

necessany layer‘ of admlmstratlon.,

A group of school districts with, sa‘y, 20 small high schools,_

”could employ a science advisory teacher to spend one day a month in each

LR

s;:llobl-;-:-llttle enough but .at least some continuing support for fhe slaff. If
‘uthéré were, Say, 30 sclencé staff in all, .th‘e;, additional cl'zst in salariles
would mean only a 3-—4% increase in the salary bill for this part of the cur-
_riculum; and if the total slaff were 200 ‘then the addmon would be only 3%--
not very much-compared with 12% inflation.

. 4. ‘Teachers' assocuations. Lacking the support of advnsors,

teachers usually say they get most help from other teachers but the rural

[

science speciahst may have ver"-‘-infrequent chances to meet other teachers
wlth uke inter‘ests. Teachers' g"oups or associations meetmg, say,, once
a month in one or another of the schools whose staff are involvea, perhaps
E movlng a,round the circult, can be f ;remendous help here. In some places
they hal\'/e been highly fuccgs_sfulin"br’ingihg teachers of like intgreéts to-
: géthel* to lmbrove theil* own pl‘ofessionél ,c_ol'npetené 2, to advancé the teach-
lhg of their subjects, and to press *he case for irrlpl'ove('l facilities.
| - A critical matter séems to be the size of the group: if it is too '

. small, it will probably:pot be viable. On the other hand, if in order to

bring ina large membership it cc “rs too arge a lerrit_ory, then again

[P Y

members will not want to travel long distances to attend meetings. In

‘Britain; rurél science teachers formed county' associ'atfons meeting Iocally
every month or two. These were then federated into a natlonal association

/ ’
which held annual conferences and which became” very influential in advanc-

lng _thevcause of rural science t_éac_hing. in geographical scale, a state

B federﬁtiqn in this country might be the equivalent of the rational as§oélation



have the resources or inclination to move away from their base.
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in '%Ita:n. Given very modest financial support for travellmg and perhaps

the preparation and dlssemsnatuon of a newsletter-, teachers’ assocnations

; can, to a large extent, replace teachers centers and advisory services.

Strategy’

The initiative and financial support for any program of rural

curriculum improvement on the lines suggested will almost certainly have to

come from outside the individual school system. Regicnal Educational
Laboratomes and intermediate servuce agencnes are the most likely candi-
dates, along with, perhaps, schools of education and local colleges. But

such'support could even be some form of outreach from,a teachers' center

~or a scierce resource center, although it is unlikely that most of these would

The organizatinn takinQ the i‘nit_iative would then need to approach
school districts to identify teacheis who are interested in'charge. It would
then be necessary te bring those lteac.hers and school districts within a given
gepgnaphical_ area together to form some laose, mutually supportive, educa-
tional network. ., y ‘

'.4~~'Presumab[y most of the expert help would come from colleges and
universities, particularly from those faculty fnembers who are trying to
lbmprcve teaching in their own Enstitution——depantments of general education

and of innovative edui:ation, interdisciplinary studies, integrated studies,

_and the hke. Schook of educatlon, county extension agents, soil serv:ces,
. forest services, and other specialists and knowledgeable community members

‘might .Iend their expertise_, though probably at a later stage.'

Once the potential participants have been identified, a course—or

preferably a conference to avoid any suggestion that the teachers were to be

a

16



B coerced—-could be’ arranged; Teachers should feel that |t is their show,
that they are there because they want‘ to improve, not because someone else.
wants them to. -Courses, conferences, and meetings can then .be arranged
because thei teacher:’s want them, not because someone from outside think\ws:..
they should have them. h

" We all feel more secure in our own termtory, and at every stage
teachers need to be ab!e to meet on thelr own «_n,round. _l f they have to go to
the locai university or cdl~|e§e or state office; there 'is always the i"eeling
of unreality, of having to deal with people .who don't really knew what the
focal cihcurh_etancee are and what problems have to be faced and who probabiy
haveh't taug’ht in school for a long time, if ever. Once new programs are
'underway,- then continue-d support is needed; and again teachers need it in
their Schools, not in some d:stant center. |
| it would be essentlal from the earhest days of the venture to see

‘ that the §choo|'board and local community members v:rere informed about
what wss going on. They would want to know that their children were not
beinr off ered some inferior substutute for the standard vamety of courses,

a watered—down version of what is offered in the big,city schools. Univer-

V .sityfprofe‘ssors vieiting the community can be very reassuring.in this. Com-
muhity members whose knowledge ahd interests qua!ify them’ to do eo.might
be vet‘y useful participanté at some stage of the process of-curriculum im-
provement), and they might do a great deal to further'. community acceptance

*of change. |

| There QOuld be certain expensee: release time.for teachers to

T attend meetmgs ‘at some central locatlon, cost of travel, consultants® fees

and expenses, ‘as well as a modest amount for new matemals and equtpment

o
¢
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and office operaiion an'd~ for ccntinuihg support c&sts to enable the schbool

. ‘digtricig and teachers inQoivegi-to maintéin their collaboratior;». uRegi'onai
. Educqt_ionél Laborato_riés_and grant—awardi_ng bodies sucj'i as the Ne_ntional
Science Foundation might help here. | |

LEN

Rural. ééhool districts do not have’" th.e respur‘ces to support
o te%’zchers' cent"ei"'s,.advisor;,.et_c. ’ buglcongorfia of small sthool di st|r'icts‘
iiight ar‘rang}é ~joiriily to provlde a mcdest teachers' :center' and invite people
into pﬁovide s."ef'r'esher' cour‘seé or to share the se.rvice-s olf a science ad-
| visor. There .wduld probabl;'bg '§ome‘ suspicion that this was.é form of

“"'creeping consolidation," but, on the contrary, it would prove that local

-autonomy and the economics of scale were not inconsistent.

-
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