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A souncséoox-ron THE DESIGN
OF A

REGIONAL ENVIRONMENTAL LEARNING SYSTEM

¢

" VOLUME VI: CONTENT-ORIENTED RESOURCES

PREFACE,
This is one of six Volumes of a report which, co]lective]y,
1s intended to be a Sourcebook for the Design of a Regional

Environmental Learning System. The report was prepared under

Contract 300-700-4028 with the Office of Environmental Education.

This six-volume report presumes some background concerning
. . ‘
the concept of a Regional Environmental Learning System, and
» &"-\

with environmental education as a whole. Consdderable relevant

background was supplied in Volume 9 of the 4th Quarterly Report

(A Descriptive Analysis of EnVironmentaI Education) and in
the 5th Quarterly Reiort (Conceptual Basis for the Design of

.Regional Environmental Learnfng Systems); both of which are

available from the Office of Environmental Education.

Vo]ume‘] coﬁtains an Overview of ;he.Sourcebook; with

. short summaries of the other Volumes.

st

o




A SOURCEBOOK FOR THE DESIGN .
‘ OF A |
- REGIONAL ENVIRONMENTAL LEARNING SYSTEM

~ VOLUME 6: CONTENT-ORIENTED RESOURCES

EXECUTIVE SUMMARY

his Volume 6 of the Sourcebook for the Design of a Regiona] 4
Environmenta] Learning System.should be seen in the perspective of:
the larger program of the Office of Environmentai Education
The contract under which this Volume was developed was not
intended to focus upon ‘the development of content materials for
environmental educatign Other efforts sponsored by the Office
of Environmentdl Education were targeted toward the deve]opment
of content materials, - _ _
_ "What is presented in this Volume should be viewed as a modest
additional contributjon to the general thrust of. development of
content materials, along with a specific referénce to a major'
content-deveiopment-activity (in Appendix B). o -
Early in our project, it was noted that there'was considerable
public dissatisfaction with the problems accompanying some of the
mathematics curricula. These problems tended to emphasize particuiar .
foods that many believed were being promoted for child use by their
. inclusion in the mathematics curricula. Dr. Robert Waller of the  »
Univer51ty of Northern ‘Towa feht that it would be.appropriate to
repiace such probiems—with problems that provided env1ronmenta1
education. Accordingly he was authorized to explore the possibiiity '
of‘deyeioping a set of probiems that could be used in the mathematics
- curriculum. Dr, waiier has a strong persona] interest_in wood-
burning stoves, since.inﬁhis Jowa situation he finds that wood-burning
stoves offer an alternative means of providing heat in winter.(_ -
The problems that he.has developed focus on wood. There is both
an advantage and a disadvantage here. The advantage is that many
'dif?E}eht-envirOnmentai ideas_can be treated, with minimum
demands -on particular environmental areas, and this 1ends-itse1f_.
to use in the mathematics' curriculum, The disadvahtage, from a
broad environmental perspective is the narrowness otlthe-subdect.
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| On balance, it is feltﬁthat the use of wood as a primary topic
| for the problems- has considerably more advantages than disadvantages. |

Dr.. Nailer and his colleague have produced a set of problems, - ‘).
centered around the Scott, Foresman and Company textbook series, ) '
and designed for eighth graders. By tying the problems to a rather. .
widely used textbook, teachers will be able to take advantage of
the sequence displayed therein to judge how to use the problems |
in any other text that they may be using. _ .
| Most of the‘problems are quantitative. However a few are
‘qualitative, involving the Togical structure of‘issues. It is
felt that students at eighth grade ]evei are ready to'begin to -
~work with qualitative, logical structuring of issues. . o
' M1 of the foregoing appears in Chapter 1 of the report 1 A
which has its .own table of contents. '

In Chapter 2, the primary concern ts with how know]edge is
organized' for learning and for retrieval. In this Chapter,
attention is Focused primarily on. the proposed core theme of |
"human settlements". The science of human settlements, ekistics,: e
Is examined to see whether there is or can be formed a suitable™ =
typology for this subject, so that the organization and teaching'.
of the subject can eventually become more organized. A typology
is developed and presented in this Chapter. It is built largely
around the Doxiadis ekistics grid. Also ‘the organization and
classification of articles appearing in selected issues of the |
‘Journal of Environmental Education is discussed, from the perspective'
.-;of how this jéurnal might. be useful inh developing content materials.

-H-FQfor environmental education,

In Appendix A’ there is’a technical paper showing some princip]esA
jof knowledge organization that were used in exploring the typology
.of human settlements. .

In Appendix B, there is a short description of a significant
| development of content materials. These materials, developed around . .. |
the concept of energj, are intended to be used in both preservice and - - (‘'
inservice teacher'training The Appendix gives a description of the | ‘
~several volumes that are available, and provides ordering and
approximate’ co§t information. This material was developed by the
Far West Laboratory for Educational R&D with support from OEE

TP & ) : . S - ’
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mental education occurs'in both formal settings (educational instith-

. partial an%wers to the following questions. e

v

- o
. .~

SYNTHESIZING ENVIRONMENTAL EDUCATION * . . "
WITH MATHEMATICS EDUCATION - C

Robert J. Waller™ , o IRV

James M. Wilmesmeier

. . , o ) .
The overriding purpose of "Development of an Interpretive Struc-

-

tural Mbdel'and Strategies.for Imﬁlementation Based'on-a Descriptive -

.

d Prescriptive Analysis of Resources for Environmental Education/

Studies" is to improve the. quality of environmental education in Amer- ‘
ﬁ;

-

N ica.,eThose inyolved.in this project recognize, correctly, that environ-

1

S )

~

’ tions):ghd-informal settings (community seminars, local_and regional = .

'task fofces; etc). This report focuses on the former -- environnental

education in the public school system.

More specifically, the purpose h‘re is to provide at least

l. .How can environmental education gain entry into
already overloaded public school systems?

"2. How can people be,helped to think clearly about _
~ complex environmental problems? (This' dilemma . Y
o is alsdmpresent in informal settings.)' "

The response to the first question thus far has been to attempt .

- » .

to integrate it (environmental education) fnto the natural science

-

curriculdéb The second qUestion, to the best of the authors' knowledge,

has not even been addressed. It is our contention that the probld\

L posed by each of these questions may be solved simultaneously.; The

' "idea we propose will be called "piggybacking." We discuss-this idea

.

P - o - BN Cer,

. . : .
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" in tbefnext section of the report. o

SR . .PIGGYBACKIN'G'

Certain subject matters - such as mathematics, music, art, and

- -

N

v >

English — are not restricted to any particular content or context.

B A few simple examples will mhke this clear. Basic mathematical ideas

.';.' E ¢

Dy such as addition, algebra, and calculus are used in the diverse fields -

A
o of science, business, and engineering

R

o handled differs, ‘the mathematics remains, the same.

»

Even though the content being

equation such as Y = 6X can be used to solve certatn. problema in each

i of these fields.

<

The content and context change, but the basic mathe-

_matical structure does nqt. _ } >
. 4
7,> \ . < . « \_ . )
. progression._ These songs can encompass love, or war, or.the sea, OT.

-

::g. .the land or the railroads, ybt the underlying chord structure remains

~ the same.',It s'
¥ .t . 1
.have properties similar to mathematics and music.

'are, in a sense, languages that can- be used to "discuss many contents
Ay [

A :in many contexts, just as a metalsmith's 8kills can be used to build

swords ‘or plowshares.- ' L
-'Q - . . . ' ‘ "

;Thua,'any:of the subjects just mentioned could be used as_the

. ) N ] \ - ~ '
focus of this re We have chosen mathematics since, as teachers

. o ) . 4 . ) . .
. . B Lt . . —2-
.. . . . : .
. ' : . . .

For examule, an. .

uld be obvious that.the visual arts and English also .

‘o
.-

Likewise, thousands of songs can be sung Go aC~F- G7 -‘C chord

,o .

A1l of these subjects

i

3

]
[




'feasihle.

I

In brief, then, ve believo the following to be both truve and
' .

Environmontal coneepta and ways of thinking about environ— ' o

4

'”imentaljnroblema can be_piggybacked on to the existing,public school

- winjteacher work.loads and p6r pupil cost.
.o
' might:be accomplished.

two caveats are im order. -

system mathematics curriculum with zero (or véry 1ittle) net gain . .
P . e

The remainder of this

report.will provide some philosophy and il}ustrations of how:this

Before wve turn to these tasks, however,

b . .@ . .
v . .

0

F#st, we are not public schodl»teachers of mathematics. hence,

v

v we recogndze ohr considera le ignorance of such issues as how mathema

~

'-so. Séﬁ‘nd fcertain environmental issues (e g., energy) are politi— o

‘. g
N

‘mnthamatics as it 1s taught in grades'¢§8.o There arg two reasons for -

-

.sortg/of problems. o

tics may best be taught at the elementary ‘and secondary levels and
learne;.readiness:for the various mathematical contepts. We have nolhfﬁfﬁi
‘ . - -y N
desire to: enter such arenas, and we will make every attempt not to do

-

cally explosive. Such considerations ‘also are not our domain. We N R .4‘0

B, ‘ .
‘trust that textbook puhlishers and authors know how to deaf’with these oo

“q v o
& ' . ' ‘ S C !

- : . t

In short, our purgggggis'to demonstrate the feasibility'of an

Development and implementation must be left to pfofessionala .

iaéac
»
in priméry and secondary mathematics educdtiona

N

exceed both. our competence and our funding.

o K ’ ~
s

To attempt more would

Our discussion in the nemainder of this report will focus on .

L d

*his restriction. First we take it as axiomatic that students should--f
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. . ' S d
‘be exposed to environmental ideas eariy on. Sacond, most K-8
»;hathematics curricula are built around'ona of{the several mathematics
:jjkhgﬁ?_ ~ series broduced by various publishers. An attempt is_mada.in each
S ) _';?:' of these-series to_aéhieve:some reasonahle level of conceptual ihte-
| gration from‘kindsrgarton through the eighth grade. in terms'of
& environmental education, this series approach“provides a rich oppor-
tunity for. key environmental cOncepta to make repeated appeqrances '
year after year as the student moves through the K-8 sequence. Our .
focus on K«B in this report is not meant to imply that environmental
;7 h¢*5:¥' ~ wjfcducation shoubs_stop at eighth grade.' In fact we would argue that
' the increased intellectual maturity of the high school student should
‘ allow some rath r sophisticated coverage of environmental ideas. But,
’«n,¥ . because all'(or most) studenta in a given public school system

generally study the same ‘texts, it is the K-8 sequence ‘where. the

foundations of environmental education can best be laid.

e
.

oo T CURRENT TRENDS IN MATHEMATICS' EDUCATION -

: It is convenient for our purposes to break down the totality of
\ !

' mathemstical ideas into three somewhat overlapping categories:\

1. Quantitative or Numerical Mathematics. Those"
. ‘branches of mathematics dealing with space,
A " numbers and numerical manipulation (computation).
e . Examples: Addition, subtraction, multiplicationm,.
... .- . division, decimals, fractions, measurement, algebra,

. gaometky; trigondmetty, calculus, ' ‘

S N ThduMathemstics of Uncertainty.@ Examples: statistics,
e ’ probability. : '

1




3. Qualitative or Non-Numerical Mathematics. Those
branches of mathematics dealing with situations
where questions of space and numerical magnitude
are either absent or irrelavant. Examwples: sorting
and classifying objects, set theory in general,

ordering, relations, . . . Y

Even a cursory examination of the various leading ‘mathematics

A

textbook series discloses:that category one,‘nu:erical mathematics,
receives the dominant emphasia'in the elementary'and-intermediate-
“ Vo

zrades. Statistical concepts, such as measuring objects and using

4graphs are sprinkled throughout: the concepts taught in grades K-8, and

probability makes an appearance in grades 7 or 8 Qualitative mathema- -

tics is introduced as early as kindergarten, in the form of sorting
and classifying, but overall receives little attention in gradea K~8.

\This'current_neglect of qualitative mathematicq'in~the K-8

cnrriculum-a arently stems from two sources; first,rthe emphasia '
on computation 1 skilla‘is symptomatic of the "back to.baqicsﬁ movement
that.preeentlv‘sehms to peﬁapde'public,school systems in5general;
Second, and more specific to'mathematice education,'the muchjpublicized
failure of the "new math" haa.éenetated a'strong counter movement .
Sinte many of the key ideas in qualitative mathematics were.closeiy
associated with the new math enterpriee (e g., set theoty), the result
- of" the backlash has been the virtual banishment of qualitative mathematv
ics from public school curriculums. l “
We find the neglect of qualitétive mathematics and the- relatively

smpll amount o£ atténtion given to the mathematics of uncertainty in

. .
] -5.0 ¢ b
Al -
) i i "l 2 b

(.




K-8 diatreaeing. Both of these .areas of mathematics are invaluable,

for doaling with probloms involving complexity and uncertainty -- ,(/)

!oaturoa that characterize most of our. contemporary peraonal. social,

R }

."and onvironmental dilemmas. Moreover, the Environmental Education
Act itself ia quite specific in its insiatence that interrelationshipa
'among various environmental systema and subaystema be emphasized.
_fﬂence, at the very time when abilities for dealing with complexit;

-

-

mathematica'curriculuma have moved in the opposite direction!
This complicated our work considerably. In fact, we were

confronted with the following'dilemmat Should we simply iﬁﬁo;e urrent

‘three previously-mentioned categories of mathematica-for conveying

[ . h

environmental concepts,~or should we ‘attempt to liVeléithin the struc—_h;.

tures imposed by the current trends in mathematic education? The
tirat approach we felt would‘be more interesting and useful, .the -
second more practical in terms of gaining accgptance of the ideas

espoused here,

We decided upon the following'approe . We would write a problem
set involving environmental concepts us g only those mathematical

| ideas found in one of the current math tics textbook series. The .
purpoae ‘was to domonstrate that.aome e vironmental educatidn could be
| piggybacked onto a mathematics curricylum compoaed mostly of numerical

wathematics. This approach has the a

. C . . '/" . - \ S . ,

[

vantage of not trying to Creagr

&
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~—

l,)}evolutign in mathgmatics education at the same time we,are.trying;
~ to demonstrate the feasibility of piggybacking. |
ﬁ/-d/.neyond this, however, we also have developed a seqqne_ahorter?

and the mathematics of qncert‘inty. The purpoae in dping thia is to
demonstrate that if one is really interested in convqying the essential
nature of environmental complexity, sqmething beyond,etraight numerical
concepts are needed. _l , y
ad R S | Problem Set #1‘- N J.\-

) Backéround Information\ o - \ ‘
The notion of a person's environment is-a ri”h lode of topics that

; l
" can be used to generate mathematica problema. One can select a spe~

s cific river b881n288 a vehicle for writing a series of problems or

simplyruse riVer basins.in general, Simi arly, fore ts, oceéns, energy,

socio-economic environment, which ﬁe think is appropriate, the oppor-

. \
L]

’ . 7 For our first\pfoblem set, we chose the general topic of energy.
Our reasons for choosing energy were not complexa{'First of all, it is -

timnly. S‘COHH.'VO felt this topic would prqyide~wfny opportunitigsj

». for writing problems in numerical mathematics. - t\ =

-7-

probleﬁiset‘that makes'use of soﬁe key ideas in qualitative methematica ,

-+ and-so forth can be treated at varioue leéels of specificity. In addi- .

tion, 1if environmegtal education is construed ee-encompassing a person's.

tunities for devei:::ng'mathematical problems increase_substantially."'. }/"_ :
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_ psrt of one' 8 heating tequirements.

) for 90 percent of the 9nergy consumed in the United States.

: in these forms of home heating being ‘Ke&erred to wood-in'the last

of the home heating requirements.

. vantages Eor us.

o

Within this very large topic of energy,-we focused on home heating.,’

Specifically, we decided to deal with one type of energy used in home ,

heating sytems: wood. The justification for this choice 1is discussed

{ .
- ‘ '
' To some, ‘wood as a_source “of h?me heating probably. seems ‘quaint,

-As one ‘'of the authors of t .8 report can

*

if not downright bsrbariC.
testify, however, it is a perfectly practical way o? supplying all or

As late as 1860, wood accounted

L3

'But the

'i‘relative convenience of electricity, oil,~and natural gas has resulted

\.
“~ ¢

' cgntury Thish however, is changing. - .:; - . _ :(f

’/ ’ .Y

ARSN

T The rapidly escalating costs of fossil fuels\hqu caused a

e

resurgence in- the use of wpod as a sourCe of ‘home heatihg. Some"

estimates indicate that parhaps 251percent of tHe homes in the North-

i

eastern United States now have a woodburning unit supplying all or part

Moreover, the modern airtight high~-
< . ¢

efficiency woodburning atoves and furnaces bear little resemblance to
S @

ths old pot bellied stoves msny people still assqciate with wood heat.

As a source of problems to illustrate how environmental concepts
f

) can be conyeyed via ,mathematics, the use of wood heat had many ad-

.,

First it 18 a small enough topic that we could be

'rsther thorough in our coverage of it, even given the relstively short

 time span we had to develop the éroblem sat. A second advantage is that

g i Vi .. ) N .-

.

>

‘¢




. 'should be noted, not_ touting wood heat as the Best'method for piggy«

s,
) )

the ideas of trpes, woodburning stovaa, chimneys, and 8o fortn'are
fairly concrete} That is, atudents should be able to grasp the esgel
1 featurea of a woodburning operation. The same cannz>;be aaid of

uopica such as OPEC and.heat pumps, Theae'lhtter topice;gue emphasize, -
- : : . Y B - ' :

' fcanﬁbe‘grasped by students."But,‘for an introductory;problem set, the
notions surrounding wood heat are somewhat more straightforward..
third ad%xantage is that it 1g easy to conceptualize an entine
‘8¥Tles of trans ormations beginning with trees in a forest and end#ng

. with the prod ction of heat.. All onple who’Burn wood seriously are

'very-aware of is_Prpcess. Going out to the‘woodpile”in the‘middl

S
.’

’of a nidwestern;ﬁiizzard is just not the same-as turning up the -
thermogtat.’ . . - o S S o
Pinally; if you really think about-it,wyou can see that'a~rich

assortment of topics can be spun off £ rom the simple idea of heating
'

with wood These range all ‘the way from woodlot management and forestrv'
: , ‘

to -, watersheds, to wildlife management, to comparisons with other

~

| forms of energy in terms of cost and efficiency, to the economics of
family management, In this senae; wood heating is 1like almost‘any-other
 topic in environmental education' Qne starts with a small_ideé'and a ' {'

'universe of systems and subsystems can be built from: it. We are, it

¢ e

- backing environmentwconcepfs onto mathematics education. We are simply o N

saying that it seems to be a good one for our purposes here. “{) { ’

\
/ " \
;The prpblem set -that follows contains some 200 problems. Each o‘/ o o

: "
. Il - . -
-9-- . .
[ . . $ . ’




.’\.‘ .

_these deals directly with the idea of heating'with wood, The problems

‘were_developed using Mathematics Around Us, a textbook series authored

’

‘cooparatively by 10 people and publisiled by Scott, Foreaman; and Com*.

pany (Copyright‘l978 uaed by permisaionl' We chose to use'thia-series'

simply because it is quite typical of such series and because it is the

.

4

text used in the Cedar Falls, Iowa, public schools, which made it easily

available to us, since that is where we 'residenw

e //;///\\‘We‘eleefed to use the book designgd for grade eight in the K-8

- sequence.

.

., Admittedly, this provided us with some nice 1atitude;.since
. . .- ° / ’

- the student at this level.can be assumed to have some £amiliarity with

a fairly broad range of mathematical ideas. We would- conteqd however,

)‘ .
that 80 percent of the problems we developed are easily adaptable to

I's

lower grade levels with.a minimum of revorking.
" Our approach was_simple.'.We went through the text, and at each
place where prohlems wvere presented in a "theme" context, we rewrote

1
these problems in terms of heating with wood. - Thus, for example,)where

~ the book used the theme of postal services to illustrate "Multiplying

Whole Numbers y We- used a problem involving computatign of a utility

bill. R !
‘The text is lavishly illustrated,4eontaining-notesfand pictures :

[ S

. that provide the student with enough written and visual inforhation to

put the ptoblems into the'themeicontext.' A textfincorporgting wood

"heat in a ‘number of theme contexts would have pictures of stoves, in-

stallations, chainsaws, foresth; and so forth. Obviously, we dd not

‘v

e » -10- oo
% .
- ’




;ngidé'theae;in our préglem get. But the reader should be aware that

. We assume they would be provided if our problems were to appear in text-

book form.

The Problems

| Multiplying Whole Numbers . | - C“\ N
' Pages 10-11 AR IR I - :  B

\

~

1. Mr. Jones has just received his b111 for natural gas from the gas
( ' SR
company. Last month he ‘used $127 00'worth of gas. If he 818 this

much for five months, how much will he spend on gaa for the ive
mont:hs?
J' T ’ |  Est1mat1ng;

Pages 12-13 .

1, Tom 8 father owns 20 acres of timber If each acre has about 150 -

o

trees.on it, about how many trees does Tom's father own? -

.

- 2. .About ten trees are destroyed by insects each month. How many trees

will be destroyed inthne year? i
3. There are about 30 epiﬁals_pér acre in the forest. How many animals . _

-. ' . . y ! % - -

‘1ive in Tom's father's forest? = ' ' '

-~ . . e




1.
= 20l

C 3

4.

6.

Jim helps his mother sharpen chain 8aws. A chain saw-blade'has 2 . .
~ teeth does he sharpen each minute on the average?

; can Jim wait on in three hours?

should Jim charge‘ the customer?

t‘ l : Division, Careers -

- Pages 18-1)'
Page 22 Careers

Jim 8- mother owns a stote where -she seils equipment,for cutting '

"'fire’wood. Last year she aold 432 axes in 12 months.. How-msny'axes“

did sheiSell per month on- the average? | ) t: ' _.p*' S m'f4.'

teeth.‘ It takes Jim 10 minutes to sharpen one. blade. How many -

1f Jim can wait on a customer every 15 minutes, how many customers -

3 *
»

Thésé,are thefprices_qf some of_the_items sold in the.store:

. Axe o $°18
‘Chain Saw | $200 - - L L
Gas Can $ 2 - s
" Splitting Maul = § 20 . :
‘-_Safety Helmet $‘27 _
N .

1f a customer wants to buy an axe and a splitting'maul how much -

Y

LI,

If another customer wants to buy a chain saw, a gas can,_and a

safety helmet, how much should Jim charge the customer?

t “»

For" the chain saws to run properly, 32 ounces of gas must be mixed'

with dne punce of oil; If a gallon of gas weighs 128 ounces, how -

'many ounces of oil must be mixed with the ga%}on of gas? g- o

N

ey

LIS




Writing Addition and Subtraction Expressions

Pages 26—27

Write a mathematical expression for each description.

1. -The price of a professional chain saw that costs n dollars more than |
| 3100 regular chain saw. «
:2: 'The weight of a regular chain saw 1if it weighs six pounds less than
a professional chain saw weighing g pounds.
3. The sale price of a professional chain saw if the reéular.price of.
W '}$312 has been reduced by d ‘dollars. |
_ 4..‘The totak length of a chain saw if theqnotor and handlefmeasure 18_
inches and the bac meaaures n'inches.' |
Solving Addition and Subtraction Equations
Pages 28-29 S _ i o |

* Jim's mother also sells wood burning stoves in her store. |

.1,

.large atove ‘weigh? -

. : < " -
One of the large stoves she sells 1s 14 inched wider than & smaller

A N

stove. If the large stove is:37 inches wide, how wilfe is the smali

_stove?

Y

v

The.weiéht of a small stove is'128 pounds less than the weight of a

8]

large stovs, The small stove weighs 135 pounds. How much.does the




e

Using Addition and Subtraction Equations to Solve Problems. -

¢

Pages 30-31 ' - e

. Sue 8 job to help tend the stove. ) ;.f~“

1,

Part of the heat in Sue 8 house comes from a wood-burning atove. It is

t‘l- 7

..‘.

Before the stove was installed 1t took 7000 kilowatt hours per _'

o month to heat Sue's house. Now it takes 1700 kilowatt hours per

l.o

'month; How many hours per month does the stove savg.

”"‘The table shows his' sales last winter. The pripe per PiCk”“P 1oad

A

‘varies based on. the month of the year.. Complete the table.
S ..,r _ .

I,
*

‘2._'Sue went to the woodhox in the basement and - brought 11 pieces ofi.
: wooe upstairs for the stove._ There "are 74 pieces 1eft in the wood—
' box; How many pieces were in the woodbox'before Sue', took out the , P
11 pieces? )
'lThe stovedin Sue's house takes pieces of wood up to 24 inches~in
L 1ength - One’ piece in the woodbox is 31 inches long. How many inches t
must be cut off before the piece of. wood wi11 fit in the stove? ; |
When the stove is full of wood At weighs 315 pounds.- It holds about
'-65 pounds of wood How much does the stove’ weigh empty? ' ;' Jifi-'
| ~ Careers ;
- Pages. 32-33 | h | VA - ?'. } ‘{f.
.l.f‘A wood supplier sells wood to peOple who have woodburning stoves. s




’Number of - '% - Price per “j , ,i-"Total,-

’ - Momth - Pick-up loads ' Pick-up load - - Sales
] October 3o . 335‘. | . .
November 35 : 840 ] |
‘De,cember"_ Y B | . $45.' | e v ,
N % ' J'anuar’yry_ . 54 L " ‘A 848 |
| Febt:uary-;‘ | T4y R 845 " . g /* '
o March . -?210 ‘ G ‘ $30 .

Total sales for the Winter

2. For every load\of fire wood delivered, it costs the supplier $1 15

in gas and oil for his truck. How much did he spend delivering
h y 4 . . )

I . February's wood? T “ -
3. 'The supplier sometimes hires a .junior high school student to help

L

: him. He pays the student $2.80 for each load he helps deliver. If -
‘the student helped deliver 15 loads in March, how.much did he earn?

b, If de takes the supplier an.average of 40 minutes to deliver a load, ‘.
$ N

.- of wood how many. loads can be delivered in an e‘.tg,ht-hour day?

?
5. «Find the total cost of equipment for the fire wood supplier (aside

- from his truck) ‘9

i




Pages 34—35

Wtite a mathematical expression for each description.

1.

1a}partia11y-grown tree that is n feet tqll

.'.cyiin éaw'
;“Qp}intins?ﬂéuls~.'

Splitting Wedges .

Gaopgans “

Sefetyiuelmet

1 «

3 " Sharpening Files 1) ’

1;_ ) _Sharpening Gui_“~ | | .
‘2 _Axes 18 '3' T
1 Hyd;aulic Splitter 600

i /

Totﬁ% Cost of Equipment

Writing Multiplication and Division Expressions f"a L .

L \ ‘ ~ . T N st

0" N * Q«' e . . \ =~ E .
& ) ) " ) . e
L 4

I ‘ . ¥

The height of a fulI—grown Oak tree if it is three times ag ta11 as.

« ( L) . ’

The diameter of a full—grovn Oak tree if it grows one inch in dia-..
® S

*meter for each of - the 35 years if grows. * N "
. }~ . . ' : .
‘The number of. trees‘fut for fire wood each year if n trees-are cut
| v
-~ from each'acrehof'a 12 aore‘pe:cel of timher.a. R Sy
7v. Q B : o ’ ' b !
N . . 'y . ’_.;‘ | . r " R - « ‘
*’ .‘." . ' A . ” ) l i
i IR (D :
. - o
A - ¥ .
' X é
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. ,-“ ‘flx\ . ’ , : .;‘ i 2 _/ﬁ;a
L, A ) )
i _.“". . '._‘ . - " ) .ot o ‘\’ | !
! Se'lvi‘n'grl-i;iriplicatien ‘a‘sd ‘I):I.visic;u--.l‘:qu'at:fl_.om{.’Js .
Pages ®-37 . S | R
??; 1. Bos wants to be sure he replaces the ‘wood he-surns in;his stove..
, _He has 15 acres of land and 75 young trees to- vlant. How ﬁanyfﬁrees_'
.'f‘ - will each-acre get if Bob wants to make sure each acre geta tﬁe . )“
V'_'same sumser% ) | S | ; 'f L ‘ul
i 2, 'Bob aprinkles the “ asﬁes 1eft frqg.burning his. wood on his garden,"
R | . . since the ashas make %:od fertilizer. He hast{'pounda of ashes and :
s ,hia‘garden has 8 rows. -ﬁdw many pounds per r-ﬁ ghould: he use if eaeh | "
N .‘row is. to receive the aame amount? e ?:.. e
T . Using Mg}thﬁlication and Division Equagéons.totSolve'Probiemﬁ ) .
.'ﬂPages‘§8-39 - . X , | I ”;I o,

i )‘ﬁ 1. HOW‘long does it take td’ burn 140~pounds'of wood 1f it burns at a

t
« »

pounds per hodr in a certain wood stove? .
2. If an acre of ground contains 75 pick-up loadsoq‘ wood, how many S ‘
‘.b B , . ~ ‘ " .
‘ _ yearsawillethe wpod 1ast if 15 pick—up loads a year are: taken L, - .
. ° . . . 1 .
e n . o e
o ‘out of the acre?' . ' ) ,

3. If & man with a chain saw can cut four pihkrup loads of wood per
. ¥ ] ‘

‘ day, how msny pick-up loads can he cut in 135 days? .

" 4. - Lf an acre 6 of woods can shelter 45 animals, how many acres would:
Y ¢ ic take to, shelter 405 animals? . ‘\ o ‘ y

S i ; . . : _
3. Hdw chh gastis used by a chain saw in an eight~hour day if it takes.

-

y
&

two héurs to use a gellon of gas? .

RS . " : . . . L. » ‘-17- - : ! e




!quations Involying Multiplicption and Addition . R

Pazcl 4243 R D o T

A}

o1 Rachbel is planting°jouhg walnut tteesfon some land she owns. She

"~ 2, The 150 trees Rachael has planted cost her 4¢ per tree. How mahy

hal ‘planted 150 traes in three houra. At this rate, how many hours

?

will it tako her to plant 1000 trees? C

¢

more tregs will’ she have to plant to reach $20 worth of.plantédh

. ) ' . .
5 trees? ' L | -
. | ' . . : N v . -
Equations Involving Multiplication and Subtraction -

. Pagea 44=45 | | ’ o § N

v

- 24 1f Todd earned $2.50 per hbur, how long would he have to work to -

LU

4

o
1. Todd helps his neighbor cut wood on Saturdaya‘w He is p#id $2 00 per

hour. In order to get this job Todd had to byy a 8afety helmet,
iéloveq. and‘steelftoed shoes. These three iteme cost him $66._ ow
many hours'pust Tddd.wbrk to make a brofit of $30; ' L
make a profit ef $30. |
Adding ‘and Subtracting Inteéers : .
Pages 50-54 - | “ | o ) - ' ”J“ Y
1. Ttm is htlﬁiﬁg a friénd install a wood stovén When thej’stopped&.
ﬁork gn.Monday qight,rthe chimney flue was two feet below ‘the roof.
.The'hcft'day they aﬁ&ed six feet more of flue. How far above the
| rooflis the'top-of the flue. ." A vtf )

i
— 7
~
AV
-
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2. The tomparacurc outsidc was 12 degreea below zero at 7: 00 a.m. It

.

,.'had risen 16 degmeea by noon. What was the tamperature at noon?

3. VWhen the woodburning stove waa'ffnally installed and operating, the

[ | .
' temperature in the room rose from 55° to .78°,  What was the rise in

tempcrature?
. X A
- d Cowparing and Ordering Decimals
Pages 74-75 ' !
1.0 Here ar&ﬁ;ome times showing the length of time 1n hours four wood-. P
burniug stoves kept going on a full load of wood , ¢
<L ¢Stove A | 14.68 hours- |
Stove B 13;52 hours :
«® ) o C T
Stove C ' 14.89 hours , ' )
. : o ' N
' Stove D - '14.48 hqurs -

List t}e stoveb.gnd;ﬁheir burning tiTes in'order starting with the -
! . . »“ . -

lowest., S

/

v . ‘\‘ . - - o . ,.
2. Different types of ,woodburning. stoves: begin to glve off heat’ faster

" than others once tﬁéy have been-started. Here are five stoves and
L4 %/

the time it takes for each of them to start giving off- heat.-

StoquA ) 2:16-08

‘ - " . Stove ﬁ,- ! f3:02.16
- o ) N e g . : : ‘
J ; ~ Stove C '2:12,14 . | IR ﬁ
Stove ¢ 2:16.19

Stove D . 2:48,22

-19~

"
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M_—&m . )
. Y List thc'sttvol and‘thoir timet'in orﬂor. Begin with tho 1owest.r'
| 3,, quctricity is priced on the basis. of cents per kilowatt hour.
¢ l Here are the prices of electricity 1n three c:tiess
| CcleyA $ 0430
Ciey B $ .0436 |
o ‘Citylc ' $ .0429
(1 List these 'ties in order. Start with the highe.st_-pticad citf.
4. Round the prices given‘in problem 3 to the neargst.cent.
Scigntific Notation:; Latge Numbers | ﬁ
N Pageq‘80-8l S | .
Autﬁors' note: The "thome" ﬁeed here by the text 18 power gentration _
by a power co;pany. The problems glven would fit nicely into our -
' scheme ahd,”hence, no new prohlems are presented here.
¢ ' » o 1

3
4

" . )

Adding and Subtracting Degimals.
?hges'86-87 |
. As was tttghwith the scientific notation, the problems presented here -
“center arodﬁd a thems (snowfall) that fits nicely withltur scheme.
A Hencg{ino new problems are presented here.‘ | |
', Using Eguations To Solve Prtblems
Pages 86-89 |

»

1. John's woodburning stove will take logs up to 60 96 cantimeters in

L S Y Y =20~




..‘

length, . One log in John's'woodpile s 71. 35 centimaters 1003.

How many centimeters must John cut off of thia log 1n order for it

1'%%& to fi: hie stove? | 'f_l
e _i. One tree in John 8 woodlot 1s 15. 2 meters high.. The distgnce from :  }: |
the g;ound to the first limb is 5.8 meters. How far is it from the ' H"'"
. f{zg} 1imb to the top of the tree? 'iA
3. One of the trees in John's woodlot is 13 3 meters high. Last year
it was 12.82 metera high. How much did the tree grow 1n one year?
4. John cut down a tree and sold it for firewood He received $32 ,
| “for it. He used $1 78 worth of gas and oil in cuttiﬁg the tree.
What wvas John 8 profit? l \ |
\ . . _
| Estimating Sums .
Pages 90-91 | | ' g -
. Tracy has bought somé items at the local shop selling equipment " for _ o . N .

wﬁodcutting.d While shé waits for the salesperson to find the actual
cast, she estimates the cost herself. -Using -rounding, estimate the.

cost of ?facy's purchases. .

Actual Cost : Fstimated Cost
l,'.“' . \ . . ' ., * e ) ) . ’
- 3.1 | . o .
6.‘12 ' .. - ’ ' | . . : '

.89 T
. . . Yige

T | -

Actual : Estimated
-]




2,

1.

2.

. .
‘ R : Using Multiplication ' )
5 Page 93' “" o ‘.(‘ ) o Lo K
ST 1, A eection of - stovepipe 18 30 inches long. Hov many inches of etove-'
pive are needed if a particular installation rquires‘12 sections?
| 2, 'In problem 1, what will the total cost of atovepipe be if each sec-
- tion costs §$7. 80% ‘
' - Dividing a Decimal by a Whole Number . v
g Page 96 IR . ‘
1.. Five 30 inch lengths® of 1nsulated fluepipe cost a total of $162 50.

\ Find thé ‘cost per inch.

«

128 ounces of oil for & chain saw bar cost $2.29. Find the cost
v : x '

per ounce. . I . ) . T I
v . ; PR :

6 gallons of gas putchased to fuel a chainsaw cost $5.60. Find the

cost per.gallon.

bDividing Decimals by Decimals

_ A stack of tree leaves has 945 leaves in it.

i

timeters thick.

The etack 15,6.8 cen-"
Find the thickness of one leaf.

The gas tank on a,certain chainsaw holds 20.58 fluid ounces of a
, gas-oil mixturo. A can containo 132.68 ounces of this mixture.,.

How many times can the tank be filled' using the contents of ¥he

can? s -

. ]
. . i . [
< . R .
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”Rounding.Quocients

. Page 98 o a A

\ [y ) ‘ o4 ) ] . .
1. 'Andy;¥aid $117 for three pickup loads of wood. 'Find the price per -

Picku load. Round to the nearest dollar. e o .
, o

2. "face cord" of wood is a stack of wood four feet high, two feet '

-

wide, qu eighu feet long. Dave paid $137 for three face cords.
'\  Pind che price. per face cord. Round to the uearest‘dollar.
N B Laat winter. John used 26, 321 total kilowatt ‘hours of electricity to

heat his house during the months of November, December,  January,

v : \ .
February, and_March. Find che average use- per monch.. Round to_che

| nearest kilowatt hour.

\]

| Fotrmulas Involyiug Decimals

Pagee.iOO—IOIJ - S S

1. 5000 kilowatt hour“of'electricrzy.cost $234.45 1in g.midweatern
oity last year..-Eind,the.ooer per kilowaxt‘hour; Rouud to the'

! " nearest cent.

.fMetrlc Unitd. of Length'

N »
- * . . -
1e

Pages 108-109 - _— SR

o et -
0

. 1. A face, cord of wdod is 2 432 meters long. Express th{e in centi-'

. . . o , . . T
m.terso . . . ot . . v

v o . 4 -

2. The diameter of?aﬂperfdbuhar piece of'erovepipe.is 15.24 cenqimeters.

Express this in dec%meters."_ . o




»
v

1 iy 8 ,,.___..’_‘...;x_i
N @ o
Metric Units of Area _ ’ 3 . o
. pages 110-111 . - , | |
rl. The t0p surface of a particular wood etove ie 55 88 centimeters
wide and 88.9 centimetere lon&. What is the area in‘centimeters of

thie surface? ) | o - o
. . - . - . ' ' “ -
2. A eecqnd stove is 5588 millimeters wide and 8890 millimet®rs long. .
3 . -. . ¥
 Find the ‘area of the top surface of thie stove. Give your answer

. R . . X
- .
‘

in equare centimeters.

Metric Units of Volume

Pegee 112-113 ' | _ - R - | i .

1. A cord of -wood is g stack l 216 -meters high 1.216 meters wide, end
| wls 432 meters long. What is the volume of a cord of wood? Give your

. / . :
answer in millimeters. ' : W

»
’,

2. A face.cord of wood ie a stack 1.216 meters high, 2608 meters wide,

and 2,432 meters lqng."What iliﬁ'=LVOlume of a"face_eord of wood. 5
Expreea your angwer in millimeters. . ' - ' : /.

J

3. & certain woodstove is 9 decimeters lpg? 3.75, decimeters wide, and

Ll 4

6 75 decimeters high. What is the volume of this etove? Give your

-ansver in mi!llmetere. E

U .~ Liter and Milliliter

Page 114 ' _ : _' , f :‘N~*T‘TJ

1. A gellon of. gae 1s 3 785 litere. How meny nilliliters ie thia?

M
.
~ N . -~ . !
. N - - X - L
. < . : . . a T
o 4 - . : . . \‘ .
. e N . R -
“ . .
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4 FR] “ ' .
4 t N .
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Metric:Units of Mags

’ ’ f
te X . . . )
. ' - . ) . - L]
. . Lo “

;1. A ceﬁ%ain woodstove weighs 168 7 kilograms. How'many grams does

+

Page 115 '

¢ _ ' - Relationship Among the Metric Units e

1

‘' Page 116
1. When he is worhing'in his woodlot, Frank carrfes 3.784 liters of
gas-oil miitore with him. WRat is the weight of this mixture in-

kilograms?

- i.;' lﬁ - Careers (Chimpey Sweep)
 ‘Page 118 B | - S

-
q

1. If aicﬁimney 13.5.168 meters long, how many centimeters of ;bpe

does a sweep need to reach the entirehlength of the chiﬁney?

2. Lana 8 chimney sweeping service keeps her busy. She setvices

<

a county that 1is 16. 09 kilometers long and 12.87

&

Whpt is the area of the county'she\services? ‘

ui/'\

- Some of the tile chimneys Lana cleans are rectargular,
particular chimney is 30. 48 centimeters wide on one side,- is-
25.4 centimeters wide on the other, and is 487 6 centimeters 1dng
from top to bottom. what is the volume of this chimney?

4. Sometimes lLana uses a powerful vacuuh sweeper to help cledn a-

t "chimne§. Her cleaner moves‘air at the rate of 25485.3 cubic/

— ———— -




" decimeters per minute. How many cubic centimeters is this?

\

. - - ’ . \‘; :
Equal Fractions S | o a
s RPN ' _ ' . “ ' ' : ‘

Page 132 o T - ,

‘1. A ceitain_pieee of tinder measures 10/16 inches in diameter.

®  Reduce 10/16 to its lowest terms. R T C

Mixed Numbers -
Page 135 . ‘ : . | . Ga
..Note: ;his section is desqribed conceptually-here, rather than in

S : A « -
‘ ' terms of.specific problems. . N o

‘ Using the - ruler pictured below, give the 1ength.of each object in inches.

< . Use tixed nu@bers. The "objecta" pictured here would Be all of the 4,

~different screws, bolts, and nai13'nee4ed for a stove end chimney

4

<

iestallation.

o)

o 7 Multiplying Fractions

pagés 140-141 : )

¢

;LA. Mr. Wilson reeéntly purchased some land.

in trees.

Wgat fraction of the whole pilece of land did he plant in. White

-

. Oak trees?

B. Debby's garden eovers‘i/3iof an acre.

~

=26~

8 . : ) ¢
[

.
1

He planted 2/3 of it

She sprinkled wood ashes

He planted 3/4 of the planted 1and in White Oak trees.

. *




1T %

L)

. fxom her stove as aifertilizer,onh1/2 of her garden.ﬂ’Whatff ‘ \\;‘
fraction of ad acre did she sprinkle wood ash on?

% . . ’ . ' .
Multiplying Fractions and Whole Numbers

Pages 142-143 ., e

1. Mrs. Williams owns a 160 acre farm. She had decided to leave 1/8

of this in timber as a source of wood for her wood burning stove.

L T

How many acres did she léaée‘iu timber?

. . . B ' L ' ' L. '
- — g e
N e e . . . . . . BSOS
' . . . ' f A .
. . . .
s - . . .
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2. John lives on a 15 acre "mini farm." Ten.acreé of this farm’arq ﬁf
‘ tiﬁber. of Ehe 10 acres, 1/3.is pianted'in Biack Walnut trees, '.°
an extremel& valuable wood for furniture bui;dingi'fJSHn deciAeg
to save the Walnut for sale to iumber‘millsgghﬂow many #cre; iéi
John saving for sale to the‘mills? . | |
. . o8 ' :
’, l \ v
' | Muitiplyiné Mixed Numbé:s _ '
Pages 144~145 .L'.’ | "
1. :Phillip has drawn a scale model of his proposed stove iﬁgéhllatibn.
. On the dfawing, his chimney is shbgﬁ as 6 1/2 inches long;':Act?aliy,A
his chimney is 24.times‘gs lang. _ How long is his chimn?y? = e
Dividing bf Fracqions |
Pages 146-147 S s
| ‘L. Mf..hilson‘ﬂas-a stgck of extra}nuts ds spare parts for his chain

N,
A}

. N y , _ ",
saw. . The ptack is 6 inches high. Each nut is 1/2 inch thick. How -

. SR/ A




;Bage 148

Pages 150-151

..,

, many nuts does he have? ~ ¢ - » «

2. How many nuts would Mr. Wilson have if the nuts were 1/3 of an

finch_thickl | "Af e I _7.'Q-

. Dividing By’-)iixéﬂ Numhers : . K SRR {
< N - . - -

‘

1. Tim sells and installs wood burning stoves. He finds he can

/

in 10 1/3 days?

-~

2.  Mary helps her family by sharpening the chaih saw uged to, cut '

theit fite wond She can sharpen 1 415 teetﬁ.ev y minute, How

\

many teeth

n she sharpen ig-8 1/3 minutes?
‘ | | o

. Usin Eqbationé Ihvolving'Funétions

+

install 1 1/2.sﬁovgs'pet day. lﬂbw-many‘installations can he do -

1. Terry weighs 130 pouﬁq\. He can carfy 1/3 of his weight in wood

ona single trip in ftoﬁ\{iﬁ wéod pile. How many pounds cah he

carry in-a single trip?

‘the wood plile. She carries-35 pounds per trip. How much does
Mary weigh?

s ’ .
3. The amount of increase of hardwood in U.

”

8. forest.pet year 1#;

about 10 billion cubic feet of wood. If hardwoods account for ..

2/3 of the entire increase each year, how many\total cuy%c




R S

o . o T .

feet are u. s. forests incressing esch yssr? _ .
. v o SN .‘. T ,"‘ .
. ( _ B S o ‘ . .. PN
| | Using Formulas Involviongractions e S \-_
Pages 152153 - . <

1. A certain 'wood stove has a top surface area of 480 square o

Linches. The top surface is rectangld! wﬁ&h a length of 30

<J

_inches. How wide. is the top surface?’

2. The Johnsons are thinking. about how to instsll their new wood

burning stove. They 1ive in an A-frame ‘type of home. The

area of a triangular end wall of their house is 22 1/2 square

*

yards. .The base of‘iH! trisngle is 71/2 yards long. How high
is the wall? . |

3. Alberts paid 3120 for 3 l/2 30 inch sections of insulated chimney

flue. tht is the price per 30 inch sec;ion? : ,*'.' @

<
&

4. The.procective metal floor pad under Ellen s wood stove cost her

$50. The pad®is 6 1/2 feet square. What wﬂ!-the price per square

.

' foot? |
| Adding Mixed Numbers
Pages 160-161 _ ) f | t
. ~1. The legs on a wood burning scove.are 6 3/8 inches -high. The
.‘ body of the stove is 38 1/8diqches high. What is the total
“hetght oflthe_stose?' T -

/

"2, Sally has 8 1/2 inches of ashes‘in the'bottom offthe bucket she

A"uses to carry her wood ashes froni her stove to her garden. *
AT @ 4 . ’ ¢
0. N |

172




‘She haa room for another 6 1/3 inchea of - ashee._ Howl".

(3
uny inchea high is” her. bucket:?

From t:he top of h:la etove to where his :lnsulat:ed flue begina, o S

\

‘Don has 1nsta11ed 3 1/2 feet: /of sheet met:al stove pipe. The
"".inaulat:ed flue ﬂfattached to t:he t:op of t:he stove p:l,pe and
Tuns 7 4/5 feet: l:hrough the ceiling to. a point two feet above

the roof. . What is the tot:al ‘length of his chimney 1nclud:lng
‘t:he atove pipe and insulated flue? SE

L ;"_'Subtttact'i_ngTﬁi#ed.__nﬁnmﬁlez:s: BT |
Pagea 162-163 ,;'wyf ‘,'Fﬁ:ﬂ?f" ,f_;ijf?' ';;y

D }a. At: U{e t:ime when it was settled :Ln the mid-1800'9, Iowé hadw":"-_f":ﬂv'

7 ‘million acres of. -woodlands. : By 1954 2 1/2 million acres

U

of t:his had been converted t:o ¢orn and soybeans.., How many

. oy

\moded acres remainded in. Iowe in 1954? 1

,« I

gy 1975 1 1/2 millgon- aczes in- Tova® remained In woodland.;v;wg

v

"Hom;nany acres of woods were remOVed between 1954 and 1975'?’

LR
. o i
[ ‘




2.- I! Marthl in problem 1, placea her wood etove on a ped 1 1/8‘

i | ] '

inchea high’, how many :anhed' of ch:lmney does she need now? .,

e Pages 168—171

S e i

A}

’I‘lie temperatuﬂe in Ph‘tllip 8 house was 50 3/10 degrees one

winter morniug. ‘l'he sﬁn and ‘his wood burning atove :anreaS'ed'_

L3

. [

t'he temperature in his ’b.ouee to 67 9/10 by noon. HOW much

.+ 3dia the temperature 119':,!#;;3“? - T "..-\v

-4

Use the graph below. How many BTU's are generated by a stove.

surface teu;peratt’:re of 600° ? Write “the ordered pair. ) ' e

}low many BTU's are ,genérated(@\a stove surface temperature of
\ B E

- 150 ? Write the ordered pair. .- .' E S ' )




L I - , Totnl Energy Tranaferrad - ;1 . ,'T

‘ ..'f"  ' S (BTU'. Per Hours Per Square Faot)
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Temperature of Surface (°?).
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4
3. "The graph below shows the_roldtionahip between the approkimate
. _ \, ' .
" " nymber of BTU's produced by ote cord of wood,and the type of wood,
..v.l . 7 - . - ‘
Type of Wbod~.
o ' § 4

Apple
k

% RoéﬁrElm‘

-

White Oak

’ .

oy

» " American Beech

Yellow Birch

_{White.Ash_----|.

Black Walnut

-

.
¥

£
19 19.5 20 20.5 21 21.5 22 22.5 23

Lo . e l ' ' .
: ~ BTU's per cord

.
s
,

‘R




. How many BTU's does:a'¢btd " Apple produce? . Write this as an
‘ordered ﬁair. !

‘ . o 4 . . ‘
2. How many BUT's ddé@ a cord of Yellow Birth produce? Write this as

“

an ordered pair. : *

Making Line Graphé for Equations

+ -1, The ambunt of wood supplied by a firewood supplier is related to its

\
- : - S
price per cord. Use the formula to complete the table. "
| Cords Supplieé‘ Price Per Cord _
) Y - Y |
1. ¢ . e ‘ ' ‘ ! \
P }I s o
* . | ‘$ O O C + ’ " \
50 100 T '
60
. — )
/. .
70 . — e . (Y *
80 , S \~
. o,
90
100 , ‘
- e e ’

34~

<




I

P

4

» ’ v . * " i
2. Make a graph on a grid. Locate points for orderqd pairs obtained

. from your table and connect the points. -

Price ‘

A

Cords Supplied.
\ S .
J . ’
Writing Equations for Tables and Graphs
Pages 176-177 o “ |
1. The graph shows the relationship between kilowatt hburs of eiectrig—

ity used and one person's monthly electric bill. Write thé ordered

. : \’.- ’ \
pairs for four points on the graph.

Which equatidmtfits the data?

bwk+s4 '- b =6k




Monthly Bill in $'s
\.

360 ®e . N 0 ;.
320
280
240

200

160

120

n - 80

80 , 90

150

SV 30 . 40

‘ i_ Hundreds of Kilowatt Hours (k)f . ..

1

A : Ahﬁéading Curved Graphs
‘rages 184-185 - L
" The 3raph b!low shows the relationship bexween.the total "burn" time of

. [

k . a w004burning atove and the surface temperature of the stove.

R Whac was the temperdture of the stove after seven hours?
N . - N
‘ 2. When was the temperature highest? .
- : _' ‘ !.
i , “36- '
L - . b N t
o | v ‘
o '\A s @ - . .
! o | - ’
: ‘ , . SN .
“ . .
M I

- 100

‘
. e - - .
, . ) . .
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3. TIf it takes a-stovc'tompefature of at least 150‘ to

on a certain da

Stove Temperature.

(3 ¢ e

y, how ﬁany‘hqurs_will you be warﬁ?

]
By

& '

.

. .

»ﬁh%iqmyi
keep you warm .

L] \

‘

¢
.:‘ .
o
. l\
A : "
. . 1 2 3 4 5 6 * 8 9 10 11 12
* » T . - )
< \ - |
"Hours !
‘
® ‘
’ _ o . S Y .
< . - o
; s
A\ . ,\ «
‘A N IR
¢ t 0 h
1 4 -
5 "'37"" ! o
f 0
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'{ Areas of Rectangleh~anﬂ Psrallelograms \\ _ L
Paso 218 ‘ o .‘ ,/ ’ ' l. \ - ;.jr:x'v'.ﬁ.

¢

l.' Prank has installed a sheet o# quarter-inch asbestosymillboard to

’protept the wall behind his vbod stove. The sheet of\millboard is
- . 33 inches by 48 inches. What is its area? - ‘} ‘
' P , I o
-2, The area of the rectangular top of Frank’s wood stove" is 558 sxre

inches. If the width is l& inches, wha! is the length?

’
3. Don 1is going to plant trees on'.a rectangular plot ‘that 1s 220§yards
!
long and 180 yards wide. fHow many trees can he plent if he allows 9

| )
" square. yards per tree? | o B , \

l .

;. 4. Bob bouzht a rectangular Fiece of plastic to cover his wood Ppile.

The piece is fifteen feet long and twelve feet wide. Bob paid 4¢

';per square foot. What was'khb cost of the piece of plastic? . -

yoo o . Areas of Trapezoidg and Triangles ‘*\t

Page 221 | ﬁ' o

~

l.‘ Tom ‘has placed a piece of quartérvinch asbestos millboard. under his
-stove to protect the floor._ The - piece is the shape of a trapezoid.
The bases are about 5° feet and 7 feet long. They are about 4 feet

apart. What s the approxinate area of the millboard? .'

IS
/

© 2, Sandy has decided to. place her-woodsto‘e in a’ corner of her‘livin2
room. She muat buy a triaﬁgular piece of asbestos millboard to pro-

tect the floor. The base 1s 8 ﬁeet and the height is 4 feet. What

X

is the cost if the piece of millboard is $l 25, per square foxt? :
3 /\0

A PR 1. WA f.g--:m- LT T
N B T
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© Page'222 .

s

4

~ Surfage Area of Polyhedrons

a . '__..

1. Sarah wants to paint her stove: To dgéérmine how much baint‘to buy

she needs to estimate the total surface area of the stove. Her
~stove is roughly the shape of a rectanguiar prism measuring 30
~inches by 24 iﬁghes by 36 inches. What is the total surface area of

the stove in square feet?

s . Cizcumference of a Circle ‘

(‘Page 227

1.

. ‘ - % . X
- What is the circumference of a stove pipe.that is 6 inches in dia-

Wayne plans to. make a sék of passive.heat_exchangers thét.a:Qach to

1

the stove pipe.- He ﬁeeds to know the circumference of the pipe. .:ﬁ,

meter? What is the circumference of a pipe that is 8 inches in - ?

.giameter? , ’

—

néusan wants to extend ;he'height_of!her_stéve pipe. She needs to

. : » N ) : )

. know the diameter of the pipe. She does not want to climb up on

. ¢ . ‘ .
the roof to measure ithe diameter. Instead she measures the circum-

ference of the pipe inside the houée. - The ‘pipe fs'just,unde; 16 ;

" inches in circumference. ‘What.is_;hq’dihmetér to the nearést inch?




¢

‘The maximum input capacity of a chimney depends on the ‘area of the flue. .

What 1s the cross sectional area of a flue that hde a radius of 3

- 2. Depending on where he places his wood stove, Steve will either use a

Page 212

_ ';Area'of a Cirgle’ ‘ S
, , | | . B /
Page 228 : SN | |

\ o '

)

_inchea?

. Vélume of a Cylinder S
Page 230 o

1, What is the volume of a stove pipe 15 feet long havfng a radiue'ofo

three inches? o . | | )

9 ~

15 foot section of 6 inch diameter stove pipe or 12 foot section of

8 inch diameter pipe. Which atove.pipe has the greater volume?

3. George is cutting up. a tree'trunk for firewood. The log is cylin&

cal in shape. It‘is“12 feet long and 16 inches in diameter.

- many cubic feet of firewood are contained in the log?
‘Surface'Areas of Cylinders _—

Sarah wants to paint her stove pipe. To deterLine how much paint to buy :

. she must know the surface area of the pipe. The pipe 18 4 inches in

-

/
diameter .and' 22 feet lonqgt What is the surface area of the pipe in®

square feet?




Pige 247 | ',' N

1. ¥ind the length of the straight section of the stova pipe..
L ' L - : .
( 50" ) . ’
- -7 - '
. < . |
J LA
1
l/. “‘ -
/ y *
N -~ ot
=2. A.yyod stove chimney shodid be at leéstJZ feet higher than the
h t - ‘ i
highest point of the roof within 10 feet, Find the ginimum height
' of the chimmey. , \ N "
‘/7 - - | . ) .j
‘ L4
. ! { .
_ Y j_‘b ' '
: ” . =41~ ’ ’ -
} ~ * <
X / 't\ . “
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o ’ o "
3. Bab is installing a wood'dgove in an A-frame hpuac.' How tong ‘ia the
. : \ : - &

. atove pipe from the stove to the ceiling?

{

. 2R

N [
) .

” L. a :
g / 4. If '\t:t\xe.stoye is placed 2 feet closer to the wall, how long ia the
/‘,"} -'\ ' .‘_\ .' . . :

el stove pipe? : ' o : AL
L~ . \
\\
.




. . ) ) » - R . )
: o | - - .
- 3. Ted is going to build;a croasbuck for sawing logs. How long are
the legs? | | .
- B
hY
\\. ' :
| i
¢ :
. !
. Y, .o
_‘ \ P ,
' . " ‘4’ . < . ) . A . ’
Using Proportions - -~ = S 1 .
Page 262 : : | _ : , e ' .
1. Don counted lé-dead_Elm trees on a 1/2 acre sectibﬂ“bf his woods.
He has 12.5 acres of woods. About how mgny dead Elm trees afe in - ;r
his woods? c . . o y
-2.._Don can cut 1/2 of a cord. of wood in 2 hours. At this rate how ‘
~ much wood can he cut 14 5 hours? |
, s ) v . , ‘ < . . . ;
3. Don can run his chain saw 40 minutes on a full tank of gas. The oo
tank on his éhain'éaw holds 3/4 quart of gas. }Hoﬁ long can he run :
hig chain saw if he has"6 quarts of gas on hand? .
: o " _ '
* . ; Loty
‘. o~
‘ -63“ e . ’
» ~ L] ) ’
'] V,_ . . 4
o
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A

A now long will 486 1bs. of wood las: him?

4

"rdg. 268 g "3

liltld below.: o

S

Don burna about 12 1bl. of wood in his stova every 2 1/2 hours.iﬁ?ﬁ

)

LangthJ
Model (inches)

« 'Height.
(inphes)

™ Ashley ' - 30
Fisher o
: thélf

v _ - Winowood | . ;

V@kmont

0 /4

3012 .,

’
v
'
’
-
.ei
.
.
~
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pig..27o’ ST e . D T

. . ] . - \V ' . ’
;_1.' Bob neada to estimate the height of . the tree. he is cuttingbdown to

aqo 1f Jit will clear nearby power lines.. What ‘18 the apprakimate

heighh of the tree? . .
- . . - - . N
~ o ® _." _. v /.;'..‘ _" .
i ' ) ' )
'. e'.
.”
«
Q




v
hc _0. . , ]
- ne ".',
V‘ . S o : S e ’ i I.
3 . 2. George is conbtructing a -croaobuck. ‘The end piaces are made from
“ boards 48 inches lons. How lﬁrgo .8, 103 (dtameter) will \hia “t 0
T croubuck hold? '
S ‘ tt . '
[ \ | )
S . " ‘ RE
& - -
| ' n' oo I
0 \ . N i *
3 -/- v ~ A ‘ ?.V
~ , . ' RN . N Q . .
» - S 3 ~+ Percents and Eﬁagtiong"'?‘ ] ( :
| ',_'Pagezaa o . - |
iy 1. ‘A cord of- Oak contains about 30. 8 milLion BTU 8+ A wood _stove gives
R - off ‘about 15 tg/lion BTU's per*cord of Oak. What percent:age of the
o . !
P — »heat value of wqoi is utilized? v
. \ T C ¢ = _15
o . , 100 ° 3°_°8 L
- N , ... . y.
\.




Z.f Aﬁgallpn of fuel oil contains about }40,000 BTU's. The heating
o!!ett frdm'one-gaiion~o£ fuel oil burnéd.;nba fﬂrnaca is 91,000
; BTU's. What percentage of the heat vq}de'of fuel oil is utilized?
R
3. A cubic foot of natural gas has a heat'value‘of about 1006 BTU's. A
~ gas - furnace generates about 780 BTU's of heat per cubic foot of gas;
FWhat petcenta:; of the heat value of naturaL gas islutilizedk
. Y 100 - 1000 ‘
Finding Percents '
Page 291 . . B c;

"

1. Bob’s wood ‘pile 18 3 feet high and-24. fei‘jEOng. The first 16 feet

L 2
3.

be

' 1s Osk. What percent of tﬁb wood pile’ 1s Oa ?

Bob paid $64 for his wood The load of Oak,cos:?$45. ‘What percent

of the total cost is the cost of Oak?

B&b estimates that his woed pile should last about 45 days. What

percent of the wood ﬁile is used after 10 days?

A pick-up truck load of wood ‘costs ;BS and $5 of that cost 1s for

) staqking the wood. The. cOst of stacking is what percent of the

total cost?

. ~—
D
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Pinding a Number When'a ferccnt*ia Known ' |

Page 292
: (@ I o K
L rrank purchased ‘a wood stove and had it inatalled. The total cost
wag $1200. The price of the stovo was 401 of the total cost. What

- vas the price of the stove? .
2. In Frank's weighborhood, 6 of the homes have wood atoves. This 1s
302 of all homes. How many homes are in the neighborhood?
3. Frank'alstove is 75% [as wide as it is high. His;stove 18 24 inches
| wide. How high is his stoVe?‘ ' ! I
4. Fraok's stove weighs 280'1bo. This is 87.5% as heavyfas_his oeigh-
bor's stove. How much doos his neighbor's stove weigh? -

L 4

Using Percents. T ’

Page 299 . . _ . &'

1. The fuel value of Elm wood is 21.4 million BTU's per cord. This is

about 67Z,qf'the fuel value of Hickory. What fs the fuel value of
" Hickory?y . '
o /

21.4 18 672 of what number?

+2. A cord of Elm weighs about 3400 lbs. and a cord of Hickory weighs
, 3

about 4400 1lbs. The weight of a cord of Elm 1s what percent of the .

weight of a cord of Hickory? N - !’
¢ . \ : o
3400 is what percent of 44007
\\-{ .

' P
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Tend

Stove | Cut

( 25% Wood
, Maintain 60%
. Chainsaw
102~
7 5%

Clean Stove

’

L

This circle graph shows how the time}is'apent by one home owner who heats

with a wood stova,

L]

» .A cord of Oak w:igha abour. 3900 1bs. and a cord of Birch wdigha
: _about 3400 1bs. The weighc of a cord of Oak is what percent&ge of’ ' “ﬁb.
* épn weight of a cord of Birch? |
3600 is phétu;ercéu:ago'of 34007 ’

4, About 201 of the weight of seasoned wood is due to ﬂ%istura. A cord . ‘l ii'..,
of seagoned Maple .ontains about 820 1bs. of mnidtnre.’~ﬂhnt ds the | )
total weight of a cord of Maple? ;Qgixg@jg’iiﬁf?'

890 1 20% GF what nusber? “,
’ ' !g“;¢i i 6
. . " Circle Graphs | |
. fasev302\ 1 o '
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."-. ‘4 Q ‘ . - : | ‘..- ." . <
O 5 ‘ ‘
If the home” owner spends 450 hoﬁ%s,a"yoar_in wood stove relatad activi-
® - [ R . - P o

fign, how.maﬁy'hdurs,are spent ‘ | o
‘ | 1.' tondiné the stove? |
.2.M cutting wood? ”
. 3. oaintaining the chain saw?

‘ 4. cleaning the s;p&e? .
P A L i

.‘\.

.
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. ' .' FIOV Charta o ‘( o .‘—"‘" Al" o ;’ : . N

[y

Page 308 .- T S
: . - J ) ) A. | .
" Here is a flow chart ghowing how to start a fire in a woodstove.  *

[

¢ . - . . i.

& : T -~ | ' . C .‘ . ) : ;
o , - Start Cea \
- - Put‘tindgr_fh firebox | = o

Open secondary air . o _
_aupply ‘ L ' . o . '1‘ o

+ o ‘ o * .
. . ]
“ * h 74 -~ : ¢ ) ) . = .
Open Thermostat - - R '
- v oA - < - T . '

N

" L‘ﬂ: Tinder = g } o
. . *‘ l> .

i

' o . - . ﬂ Close firebox door | ° . S ‘ X
A —,—— . o

<Stove warm?

Addmore [,
v+ | Tinder °
. Lot —— ) .

- g —Add- logs

Yes ‘ ‘ _ »

%;ﬁe. ' ,
; Set THermostat - L - - -

] -

N o
. 2

. Sto l : ‘ . . .
C v ~> - . /

Pes

. - o
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2,0 cu. inh engine only. An automatic chain oiler is stdnda:d equipment o
1

AR

on - sawa with 3.0 cu. in. engines end is not. available on 2, 0 cu. in._~ W o

T T

‘ wr “y \\Q_A‘-‘ v 5 k d o e .“\“_‘ I S 2 |
SRR RCN DR ‘ R . "
.‘ l:‘ A'.:". A 55;. e . .I ¢ _ b H’: : < o . : . . N
R B RN D R
- Ay 4 Ca 5 e
e :\‘ .-'TA . - ~v." : S o # T . '
BN " TR R U ¥
LA S '\1%* ey ' e .
0quntink. Guessing'& Estimatings - . g B
. ‘\\ | o S o 8 '-"'A : A _ :
‘N‘tell whqther you would make an exact count or try to make a reasonable ?v[‘ fﬁ
* astimate. 1f ygh want_to know "'_.;‘”"3 y.f‘_ ‘?; L _ R f’l
. 1. The umber of dead,elm trees in-s 12 ecre wood loc, | S L
2 ‘The number of loga buxned in a wood s:ove in a month. i
.3, The numbef of logs burned in a wood etove on a day in January.__: ,
L . ?
4. .The numben of logs in a "cord of wood.-.« - Ca . T e
5. The numbeg of houfs neaded to’ cqtrand sﬂlck a eord.of wood "
6. ‘The number of”logazﬁeeded to mnke a wood pile 4 feet ﬁigh and 10
¢ feet.long. ,f, . . | | A
. ) : s
_*7. The number of pints of gas used by a chain saw in cutting up a cord o
of wood. - | . . . | '
= o T S ER K ‘ R '
- . _ ‘ v '
y Counting: Tree Diagrams o N
. | S ‘ | 'y
?age 326 - - - 2(, - h; S » - .
Bgb is going to buy a chain | snw.‘ ‘ N ;
'r Sears chain saw hae‘;hree”different blade lengths available:. 12", g
16", or 20" o 'ﬁ T
v :
There are three different sized engines available. 2 0 cu in., 2.5 cu; «f
id\, or!3 0 cu. in. A chain.saw with a 20" blade requires an engine
with ac least 2.5 ir. in. A chain’saw with a 12" blade comes with a .




1]

et

1. an automatic chain oiler?

"3, an automatic oiler

¢ ’ . 3
t '] .'
' L '
] N .
s, “ -
L) "\(.

VA

engines. An 4_utomatic oiler or a ’m_a'gual oiler ié_ a;ra'ilalile- f,orj 2.5 cu. . | ‘

in. engines. *
4

v
=

Blade Length Engine Size

A tree :ﬁiam shows W manf mo(igfls of-'_chaih -gawé ai'e% available.

I3

3

f

v .

4

Yo

Autoﬁtié Oilér o

p12" —— ; 2.0 cu, in,

| 2.0 cu. in. -

s

16"

2.5 cu. in.

Al

3.0 cy. in.

L]

'yés

20"

Pl

_i2¢5' cu. dn. \ oo
. N : . » ' . : no .

3.0 cuo inc ..

* .
. N .
o .
. AW .
. o ~, .o
S T,
B . N
Al i .
~

llowmn); models are available "’w'ith .

-
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-
.

%

. ~

2. .a 2.0 cu.. in. engine?

‘.

N\

: 6\3 25 cu ‘in._ .engine &,.' a 3.0 cu. in. éngige? -

o ) . R .
5. an automatic oiler & a 16" blade?

s . Lo ] ) .
Tl .
: ! .
3 Y 4 . ¥ co
i < . ) . .
x . . » L
. N ) A

& 2,0 ¢u. in. engine? * .

K4
— yes
yes
W :
’ . - 14 ,
Y
e
{.'.‘. !
] !
] v




.

Solvc.cnch problen, Uge a tree diggran to hélp you. |

‘6. Suppqge an ;utomatic nller is optional om nll_modnls. Hov m[nyn
different models will then be available?. d o |

# 1f egch engine size is available for each blade size, how many ,

models-will be aVailable? - ' y

The Counting Ptinclple- t

Page 328

';;*- ...

Johnson ﬁbSaws stbcks chain saws with three different blade lﬁy,Fhs and.

two differedt engine sizes, Hoqipany diffe:ent models are- available?

'A. Sally made a tree diagram.-

Engine size Blaﬁe-Length : | Choices

| | o 12" ' 1 h.p., 12"
" 2 cu. in. -<16" o 1 h.p., 16"
‘ . S 20", = | 1 h.p..“ 20"
. 12" 2 hep., 12"
3 cu. 1n.--f""~'—’—_—_e—16" : 2 h.p., 16"
K T T =20 2 hip., 20"

#

>

She found that there are six different_modela.

B. Nancy counted _

Number of - e Number, of " Number of
' Engine Sizes _ blade lengths | Choices
2 X 3 N

She qlso-found that thege are six moddls. Some.timen it is easier to

multiply to find the total number of choices.




-~ "

_ firebox size f

Page 332 ' .

| many outcomes are possible for two months? -

. . ' ) . . ' - "

Using the Counting Principle

Pags 330 L, S s

Portland Stove Co. has eeveral featurts available for their suoves.

| Count the number of different models available using the counting | -
principle. _ | 9 .
'_ number of number ) of number of . number
choices for ‘choigcds for choicesfor . choices for of

flue locatMon draft control mpdels

t

- Independent Qhoitea

Choices are said to be independent when they have no influence oa each /[
other. |

Independent choices ‘often occur in rgpeated trials. Each month Sally/

norders a load of firewoqd. She can place her order with one of the

suppliers. There are 6 outcomes (choice of'suppliera)'the first mbnth.
4 ) : . . - . y ‘
How maify omtcomes are possible the;second.monthz _The third month? How
r " : ' .

RS

choices for ~ choices for ' possible

* lst month = ++ 2nd month outcomesg
" R o , for 2 months
/ 6 x 6 R I
. ; ~
N
? .
, =55

‘9




Dependent Choices . | ., .\ -\

Page 334

jChoiéas‘are said to be dependént because they have some influence on
l‘ ' . . - . 7 ' “r

each otler.

LY

~ Each month Susan orders a Ioad of firewood from one of six supplﬂgrs._

She never places .an order with a eupplier she has used before. How

many different ways could she pla!e qmders the first three months?

'number of number of - number of a number of_
" choices for choices for . choices for ' possible
the lst month  the 2nd month .the 3rd wmornth * choices
6  x | 5 x4 - _ 1120
o ’ ‘ B -~ a “, s
"w' o " . . " v ( oL : 'v

' Using Diagrams |
Page 338 o s ‘ ’

, SR . »
. Mr. Lott collected this dhta{\ |

" There are 32 homes in his ﬁeighborhood :

14 have wood stoves . -- - '};" | ;q
16 have heat pﬁmps | ' | R . ‘ A

b

12 have neither a wood stove nor a heat pump.

'Ke aqked»Barbg;a and Lillian-to find out how many homes have both a

wood stove and a heat pump.-




&
. A. Barbara used dots cp; : '\~ . .-.‘b\. e ee f-' B o iy ;_f
find the answer. She , e .}.': . . { .
| :marked 32 dots to rep- o, ¢ .. c e el . R
' resent the 32 homes. - o« o . R
. . 'L . 1
T .First she circled 12 dots ' Y § : Z//' L
to represent those homed - . e
that do not have a wood - oee o ’ B
’ " atove or a heat pump. . Y
’ > C
_ Then she circled 14 of T T
the remaining dotg to - |, . of+¥ . . .|
”tépresent hpmeg‘with ﬁ}-.'. t . .'.
WOOd SCOVQS. ’ . ® o o) e o e o6
) T She ‘then circled i6 o « oo T{: ;T:{71 .
T ' o _ . ) - -f" -
o dots to represent = = . . v e : o o h o _
. ' homes Vith heat ’ - o o eoffe :. ‘e ol o ; ) ’ '
. . ' ' .’-r h L g -
pumpso ;' * - e o ofloe e o o . “. .
3 N - - o ‘ -l ' h‘ ‘
The 10 dots inside both dotted circles represents homes wit#-#gﬁﬁ a
wood stove and a heat pump. : ‘ o - :
’ -
‘e ® P




Lillian computed her anawer.

..~ -, 8he subttactcd to find the number of houaea‘having a wood stove or

a heat.pump.

B

'Homes with either
"a wood stove or a

" Homes with néithgr
- a' wood stove nor a
heat pump

" Homes 'in
- Neighborhood

heat pump’

- et ".,.bf‘ - . .
She then added to find thé number of.homes

|.§

v

L

‘that have a wood stove

or.a. heat pump.

" Homes with ¢

_Homes with “Homes with

heat pump or-,
wood stove .

.wood stove heat pump

Next'ihe subtracted to find the number of homes that nfust have

.both a wood stove and ; hgqt-pump._

"Homes with Homes with .

\ Homes with

wood stove.or
heat pump of both

weod stove or
"heat pump .

There . are .10 homes with both a wood stove and§g:heat,nump.

Aact .t




S . 4
. \ . N [
] ' . - * . .
. - .
v . . -
[ B
Iv -
. * X
-
. <
AR . .
. :
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.. Page 339 °
S
B C. Mr, Lott: ma}e a Venn diagram to show t‘.he data, i : v
( . .
A 4 N N ' ’ ' '
4 v ¢ v . ' ,
. . .
' .
: 12 : '.
A ' , . ! :
. \ v ' Q : | o
Circle W shows Huw pany- homes have wood stoves. S o .
@ . . . e -
T : ,..'-1o+4-14 , “
- Cimcle H_shows-how many homes h&ve heat pumps., - 4 ) ’
| . 10+ 6 =16 S
/ ‘ . , -
. - ‘The j.nt:er.sectréik of the t:wo circles (where they overlap) showB
| . - \
how many homes have bot’. wood stove and a heat pump. S, ‘ ‘
| The number 16 outside the circles shows how many homes have - - . ,
- neit;_he‘x; a ~~wo%d- stove nor a heat pump., '
| - - . . 4 . ' .
~ Page. 342 Te . : . o “+
. v . \ . . 4 " -
- - Laura has’ ordered a load of rgod. It will be delivered sometime
during the next week. o - \ R . . o .
" o o -A. | Laura works Monday, Wednesday, and Friday. What are the_ chances . e
’ ! ’ : . \’ . Lo- i ‘ s : ~..'.n
nhh wi]-l be at; .work whtm the wood is delivered? ‘ -
LR
o b4 2
1 ? ' . v
[4




: w o .
v T.‘m‘- v . - —
gt . S . : i oy
. < N ' ) M " ':‘
.+ There are seven days and seven outcomasf"All are equally likely to
occur, There are 3 days out of 7 that Laura will be at work. 'The '
probability thac'Laura will be at-work when the wood is délivered ~

15.3/70 -

, 71 €—Number of possible outgomes

E . _&__4—1 Number of favorable. 7011135 e | '

B. What are.the chances that the wood will be delivered on Saturday

-3

'-or Sunday? '

« - R . 3
* : .

There. are 7‘possib1e'outcoggs All are equally 1ike1y;to occur.,

”"¢he;e are'two favorable outcomes. The probability that the wood

-’

is delivered on Saturday or Sunday 1s 2/7.

2<$+-Number of favorable outcomes
-~ 7 €&—~Number of possible outcomes

1. Whatnis the probability.;hat the wood will be delivered on a'daj
?\J~‘ ; : beginning with the 1etter T?
2. What is the probability that the wood will be deliverei‘?n a day
containing the latter T? -

‘_”Pago 344

*»

The*local utilities company is going to- study the reduction 1n heating

bills in homes uging wood stovee.‘ Two such homes will be studied. of

% b
1

the 34 pqople who»volunteered for the. study, 18 have a heat pump 10~

addition to a wood stove, /’" - ‘ .

What is the probability that the two homes selected for the study have

heat pumps? : Py




‘i

!

] . . . . : c.}
Fir-t compute the number of ways to choose tha two homos.

*Sumber of Number of : Number
choices for choices for .
“the lst home’ the 2nd home outcomes

"  x  33 = . 1122

Thcre artl}lzz posaible outcomes.

Then compute the number of ways to choose the homas with heat pumps.

e

Number of Number of : » Number of
choices for choites for favorable
the\}at,home ) the Jpd home : {outcomas
‘ ' ' '\
18 x 17 -w " 306

(7

Copge YR

of posc;blel".

Therefore, the progability that both homes selected for the 8tudy have

heat pumps is 306/1122 or 3/11. ' ' ) ‘\\T\*;”‘

<
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Using Probabilities to Make Predictioms

o o
Alan wants to estimate the number of days out of ‘the ne 30 days that

he will burn more than 100 1ba._of woqd."'

*

He feels that the chances are 4 out of 7 that he will burn more than .

100 1bs. of wood any given day.

v

He then multiplies to find the expected number of favorable outcomes.

L 4

JProbability of Expectdd
burning more Number number
L than 100 1lbs. of days ' of days
Vs B x 30 = 17 1/7
]

”

.Alan estimates that he will burn at least.IOO‘lba. of wkod on about 17

-

of the next 30 days.
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-

P

Frank aellp and doliveta firewood Last year he sold il4 pick~up

»
truck loada. He made a table to show th&‘humbor of ordeta for certain
types of firewoaqd. S \
T - - —y
v | Viype_qf‘qud____ ) gAOak_" ‘Birch Elm “Hickory | Mixed | |
Numbex‘ of Orders | 42 | 28 21 27 * 96
Use his table to give the probability that an otdet will be placed for
I : :
/ 1. Oak _— L
: , \
2. Birch . S '
]
3. Elm §
4. Bickory: ) {‘ .
‘f S, Mixed

Frank anticipates about 300 orders for wood this year. Give the

A}

. ‘ v
expected number of orders for

1. Oak

"®, Birch S | \ o~
‘3; Elm — |

v b ﬁickory

5. Mixed




\

Frank has increased his prices for his types of fifewood, During the

first month after the price increase Frénk\deliverod 32 loads 6£ wood.

He again made a table.

aQ

.

Type of Wood

Oak ‘

Birch

Elm

Al

Hickory

Miked

13

Numbe; of Ordera

3

3

a .

3

17

Use his new table to give the probability that an order will be for.

1. oak 8 o 5
2. pirch‘ F' |

‘s ewm - PR
4, Mixed

- L
If he received another 300 orders .this year, what is the expected

number of orders for

. 1. Oak .
2, Birch " : o ’
3. Elm )
4, . Mixed - ’ ” h ‘
Ny .
i ' Copditional Probabilities -
 Page 356 |

Frank sells wood stoves. He..is conducting a survey of his customers
by, mail Eo,dete*ming‘;nnggijhaatihg bill savings: About 2/3 offthOSe'
rpspondihg have’reported<savi§ga of at leéac $200. Frank has no;iqdd

}rvchat 8/10 of the homes with heat pumps report savings of over $200.
i ) . S ! : . .

, —63-

]




vy ?

Frank is about to /épen an envelope. cohtaini_ng a response. Tt}a
probability that it will report aavings'of;n(‘l::fé $200 is 2/3.
Fraok observes from the return address that the respongse is from a-
customer with a heat pump. The probability that the response will re- d

¢

port savings over $200 is now 8/10,_

Using the additional information, Frank computed a conditional prob-

lbiiity. -How d'ﬂi he do it? ) S : v
Picturing Statistical Data = ’ \

Page 360 w

Graphs are used to pic;wwe statigtical data. The graph below shows the

net growth in hard woods available per 'year measured in millions of

cubic feet.

..“ Re ion | - » ‘ . T
N . [ : Co : ’ . -
Northeast : A
v ‘ .
. Southeast Emm -
VNo:th Central I ONASHANEANAINILAANSINESRSNIRTALEINRERNY
f : S,
'South Central 7
West ' zrzra

9500 1000 1500 2000 2500 3000
Millions of Cubic Feet , ;o

k o

|




- N

1. In what;;osion is fhero a net groqfh:oﬁ'about 1100 million éubic'
feet of hard woods per year? - | | ' f |

2. The annual 1n;rease in hard woods évailable in the West 19 qboﬁt
'tbplsame ;é in what other region? L N .

3. Ih 19?0,'there was'an'egtimated net growth of 5300 million cubic
" feet of hard woods. What percent;of the growth occuzed in the
North Central region of.the United States? }

Sample Statistics |
Page 365 | B

In Lakeville, a city with‘25,000 homes, a researqi team interviewed 500

people to find out what types of heating systems they had in their

homes.

Heating Systems in Lakeville

Heating system " Percent of sample .

Gas Furnace R | 58

| 011 Furnace _ | 18 .
Electric éeaﬁ 19
Fif!place' ’ ”‘ /”’m_ii*
Wood Stove d T 8

| 8olax ' o - 1

Heat hlnps e 12 ¢ o




e,

1. Add the perconté.‘ Is-the sum grg;;er chan 1002?; thj'reasona .

Etm 1 e -
: N j |

miaht there be for this? - = o o o . ft | e
2. .Estimaie how many'pdﬁaalinupak§§ille.hAVe a gaéyfu:ﬁaée.'h(yiﬁd_$8i .
Coetds,0n T e
Estimate how many homea 1@7Lakevillé have a . ‘_-;:¥;}  ‘ “_-  é“\
3. fireplace. o N o ",' e |
4.' electric heat. m " - o | '.’ :
5. 'wooq stove. | ’ - -
6. oil furnaced ° | o - - AR
7. Of the. Sop_peo?'le i.;xt:eriliewed, _22 had a h .t:\’pump and 'a. wt;od Btc;ve, | o
Whgg percént was 'tl‘_s? .. . S | . \
8. Estimate ho;’many homes in LakéJilie.haveiﬁ heat pump'andha yood
stove. * S i ST
. - ~ Statistics : ; b
Fuel‘ Vqlu_ég of Some Cbmmon ‘{6dds- ' ]
) | _Tv \ Fuel value/cord
Wood (millions of BTU's) | | |
Red Ok .’ k// |
N S - o S
. Shagbaré Hickory . - | 30,8 1 | S - / /fj# .
White Oak | \ : 3_‘0'..8_'_‘_ | \ B A |
White Ash B ; Ll ;25_92?_¢ | N '




..’ - . _' s . I: . 7- N N
o v e
| m' ! ' .' ‘a \
e R ' The Mean |
fPagc 366 . 3 S
) ‘1. Compute the mean (average) fuel value per cord for the woods “*
) ’ ~]-istedo o . . . ' .’ .. \ ) pe
The Median i
_Page 367 | |
’ . e .
1. Compute the median fuel value per tord for the woods listed. °
\ ' ‘dRange and Mean Variation _
Page ¥ | | v . £ ‘ s o
1. %ompute,the rahge of the fuel values per cord for the woods listed.
2. Compute the mean variation of the fuel vaiue per cord for the
woods listed.
-& . R Scattergrams and Correlation

. Page 372
‘Q\’-"EWhiéh~kind.of correlation wodld”ybu expect in'gcattergréms showing
 }b1nts;fqr'thg§e ordered pa’ré;{} A |
'i;.,koucside temperature, cost of heating a home) -
.« 2 '(weishp of wood stové, height of chimney)

0 -.3}%h(moisture'content of.wodd, fuel value of wood) ‘ -

LS N

4. v(weight pef_cord, moisture content of wood)

5. (engine size of chain éaw, cost of chain slw)
o 67~
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mathematics of uncertainty. \i

\\\5?BLEM SET #2

Our purpose here is not to present a reasonably complete proble’:b

LY

-let, as we did in Problem Set #L. Rather, we want to discuss the im-

portance of qualitative mathematics and the mathematics of uncertainty

As part of this discussion, we provide some‘sample problems'dealing

“with environmental concepts. ‘

4 -

As we.mentioned‘previously, we find it distressing that such mea-
ger attention is given to qualitative mathematics and the mathematics
of uncertainty in grades K-8 (and beyond). As teachers of applied

mathematics in a university, the content of our courses is virtually

-

the exact opposite qf the contenﬁ,@ound in the K-8 mathematics cur-

-y —m e )
riculat/,Thaciis ws tend to emphasiie qualitative mathematics and the

£ "‘l \ ..
4 o / -\

- K \
’ AN
Our reasons for sudh an emphasis have very little to do with dif-
ferences between university—level education -and pre-university educa-
vt
tion. Instead our approach stams from our experiences as consultants

_to government and industry, as. well as the opportunitisa we find for

applying mathematics in our personai.lives. Please understand, we are
not deéigrating the usefulness of éeometry, calculus, the "basic facts,"
and aoton What we are:tryiné’to point out is the.importance of fu;-
rently underemphasized subject matters, ‘

A2

Cumplexity and uncertainty are, the dominant featurea of an ox-

ganism 's existence, regardless of whether this organism 1s a person, a

-~/ - J y

’government, or e_businesa. Thus, it is vital that humans be equipped . /
. \' . ) . * . ‘68~l “ * .

-




with skills for making sense of complexity and for making decisions

under conditions of'uncaftainty and conflicting o ectives.

) : o | '

Qualitative Msthematics

Consider complexity first. The key 1ngredients in all complex
situations are (1) elements, and (2) relations among the elements. To-
v-vgethﬂt’ elements and'the/;elstions among them comprise the st;ucture ’
2 of a situstion. Before any.sort.of numeticsl compftation can be car-

ried out, in a problem-solving effortg it {s imperative that one have a B

+

™ &senae of the problem situation's structure. . It is the structufe that

_,h—\zzfdes data acquisition, and it is the data that provide the grist for

v

nnumerical computation | S {
w In attempting“to discern the structyre of a situation, one first !

'identifies elements fe.g., factors in tﬂb energy crisis) and then re- |

lates these to gne another in order to;produce a structural pottrait of

the problem situation. fhis id where the adroit Ase of qualitative

mathematics becomes a 'vir'tu\al necessity. . s ¢
For example, consider the problem of land use in Amefica, parti-

cularly the dilemma of using prime agricultural land for purposes other

than farming. This problem situation is becoming acutely important to
all Americsns, and it certainly should be a crucial topio in environ-

4
mentql cducstion. Some ideas tnvétved in the land use issue appesr "in
L . \

‘the paragraph below. . .. ,

A3 ' D




The yncreasing use of marginal land requires a

. much higher usage of energy and fertilizer. In
_  addition, such land is more susceptible to erosion
N -than is prime land. Buy why must we use this mar-
ginal land? The answer seems clear. . It is because
"of the fllsappesrance of good farmland. This is due
to pre§sures from developers and other interests that
have caused policy makers to make Zoning and other
decisions that have resulted in prime farm land being
‘used for parking lots and similar #3¢s. The long-
term effect would seem to be food shortages brought
about by our decreased ability to produce food from .
food crops. The result will be, as we might expect, -
h%gherlfood.prices-for all of us. ' '

While the preceding paragraph may not be the zenith pf good writ-

ing, it is fairly typical of the sort. of thing one hears on television

news, reads in newSpapers” or hears in casual conversation. It is;furT '

thermore, the tybe,of_idea mixture we continually are being asked to'.

evaluate, comment on, and cast votes on. And, not¢, numbers appear

nowhere in 'this paragraph. In situations like this, training ‘in numer-

, L
ical computation helps only to the extent it has developed genera

. . . . ) . C
capacities to think;aﬂa‘qrganize. . N

’}.Wé.co;:;BH that no special mechanism exists in the human head that.

automatically receives such -input and presents a clear picture of it to

the human being aéked tg think about. it. How, then, does omne go about

waking sense of such-issues?' Ohe'way 1s tQ-use qualitative méthematics,

The questions bélow—will help to illygtrate how qualitative mathematics

¢

may be used in .such situations. i_i-.,_ o ST

1 ! . ' ]




~

Questibn 1: Identify the“element set, u, that contains the rele-' o vsfff

L

© vant idess for making sense of the land-use issues presented in the , & L
; . plragraph - ) | | ;
' Answer. u - [incroasing use of marginal land higher use of v
'S

energy, higher use of fertilizer, increased susceptibility’ to erosion,
. 3

disappearance of} pr

armland pressures from devslopers and other
interests, polici:f_ , cerning land use, Prime farmland converted to » o

“nonfarm uses, foad shortages, ability tg produce food from food crops, L

AY
[ D : .

; higher food priceh] _i . : R .: o | o

Question #2' Yorm the Cartesian product of u with itself.

Answeru The Cartesian product would contain 121 ordered pairs of '

4 .

- the formpy x p = [(increasing use of\marginal land, increasing USe of? S
. _

-marginal land), (increasing use of . marginal land, higher use of energy),
. '« -+, (higher food prices,vhigher food prices)]. The Cartesian product
can be more conveniently,portra;ed in matrix form, as shown below (1g-

. g ' ' R
nore the 0's ‘and 1's in the matrix for now). Each cell in ‘the matrix

represents one ordered oair of'the,Cartesian product )

| '.? Question #3 " Use a contextual relation, such as "leads to" and
S fill(in the matrix according to the following rules. place a 1in. the

' \ cell if the row eLement leads to the column element For example, if

;‘ood shortages lead to higher food prices, place a 1.in the 9th row,

L@th column

Answerg ~Seelma§cix.

: o
““““




’

.
|
v
]
. X
| x
¢ S 5? g
o ~ Ny
Increasing use 0
of marginal land :
 Higher- use of 'Ener.g}q 0 |o ol o 01310
y Highe:@' use of " ) ol
! " Rertilizer = 0 0» 0 0 R U B
‘—I | Ix;crehs.e;l suécep '
' 4 - P 3 . ’
tibility to o Y 010 Qoo
Erosion —
Disappearahcé of | . - .
, Prime Farmland 1 _ 1 0 0 0 0 1
* . Pressures from 1 \ ._1 1 0 1 1 1
~ Developers . , : '
_ | - |
"+ . 7 Land use - S ; .
: Policies 1 1 1 0 ‘Jc'_ 1 1 1
Prime Land in
- Nonfarm Uses 1 1 1 0 0 1 _ 1
/ Food Shortages 1 1 0 0 0 olot1
} ) - ) ' . i
Ability to |
- Produce Food 1 1 0 0 0 1 0 1
~ Higher Food " o . ' !
 Prices , « 1 1 0 0 0 0' 0 |,




cepts could B}é.'iwritten fdr vir.tualiy By 131181 in‘ t':he, ;K--8 {:nr‘midulum

"
IV v.-\“»

"‘. Quadtion #ln Ugt yout answera 1in yow _ypet‘t‘ix. tQ conat

.'

j'us,tx prese,nt:ed, uche St‘oader may

‘. -d"ﬂA ‘0

2
“d . “ \ S e “ "

"wifh &qqt.ructured ncm ntxmer‘iml aituat&ionm A
; '. e

v . . L-u .

;'"-ean perhaps 8&& that sfmp]_er p}'d’tx_fem" j,fluat:’:atihg these °C¢n.

l: av

d ".’0‘.

A, sac‘nd objectj,on might goncem thg spmhs{h_at; contmvérsial con--

'. clusions that: can be drawn from such az}‘ qmcie& i-.e., land developgrs '

»

. » ~\v§ 'o. -,V_O

are evil and are r;eSponsible for soﬂa emsiko;i ai’id" t ]
: " * 4
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truly the cauée of all this migery. The discussion thon turns
- ' ' .

to the reasons for the‘develbpera"desires."The,student'wiii quickly

®ee it is not such a simple world after all. Aside from develepers'

o y 8 vt v e sy b 4 v r e e AR Y § e o e s bk ey
ROV, S e b e e e

, / .
dehireg_@o: profit, there are other factors that, in turn, are pushing
the developers;- Fdf'example,"indreases in population and the American

dream of owning one's own home escalate the demand for building sites
. : : ’ . T f
in pleasant areas, which creates the opportunities for development in .
the first place. S . . o : RPN

>,

These issues go beyond what normally would be discussed in K-8
- | N . Ty
mathemat{c4® classes. 'But, the student can retain their structural
: ' R e .
models for social sclence class, at which time the socio-economic

]

issues can be discussed. The models can again be taken out in a

.natural science clasg to aid in a discussioﬁ of soil erosion or energy
‘- . . , ‘ i . ‘ 3
uge,, and carried with them on a field trip to observe development
’ L ]

\

’ ¥ activities or to look at sevidence of soil erosion. What an axciting -
f \ . .

oo world such integration would be fgr most students!

b ]

A third. objection that might.be raised is the question of teacher
) . ’ . ' ' .
preparation to handle such ideas and techniques. We admit this is a

.

" bit sticky. We do point out, however, that incredible effort is.put .
! ) o ‘ 7 S |

into the teacher's manuals that accompany current mathematics texts. A
aimiiar3¢ffort to aid the teacher in ?réas of qu‘.’tative mathematic?

should make these concepts manageable to the harried classroom teacher.

We turn now to some examples of the mathematics of uncertainty.
i "

] . i
" L]

75~
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‘The Mathematics of Uncertainty - S o e

The mathematics of uncertainty provides a framawork for dealing with

“problems containinguunknowns. “Decialons made“;ddqy are “often based’on S

projections of what will happen in the future. A goPd decision mnker is

not merely lucky, but rather is someone who underat%nds the relution~l

. \ o .
ships between the uncertaintias of the future and the\options available *
,I _ today. : 3 ) ) S T, , R ; SR \\ v

The key to- good declsion making lies in the ability to structure the

Vproblem. Making godd decisions requires an understa‘ding of the problem.

Sy

This: in turn requires that- the relationships between the_eléments of the

4

 problem be identified.
The mathematics of uncertainty, as a framework for structuring

problems th elementB of uncertainty, is 11lustrated in the discussion

. R . [
‘?Q ‘ . ‘.:

£
» \‘Q.‘
-t

K

o f t}ne fo lowing sltuation:

4
. Frank and Mary Simmons are-concerned vith their ever increasing

heating bills. When they built their home;sii years ago, they had\

no choice but to use electric heat. . |

.0
L4

~ Frank and Mary are considering woys of coriserving energy and cutting

L4

L)

their heating bills. One-possibigity’is heating with wood. They

are trying to decide whether or not to install a wood stove.

oyt
) . i / . 0
. . . . . > ,
'
°




The problem appears relatively simple,-particularly since it )

rdquiree h yes or no answer. However, the issue ie complex since there

Comrmrnas — O e e er s e s s s S et e e S sl e v i b e

are several elements in this problem, (A good,decision maker has
learned to identify the key elements of the problem.)

Some of these elements can be contro}!éd by Frank and Mary, such as

- type of wood stove, cost of wood stove and installation and thermostat *

s
Y 3

setting.

However, there are also elements of uncertainty that complicate the.

~ problem. In congidering heating costs, they muse deal with such uncer-

| keep the discussion simple, only two actions will be considered:

taintjes as futunk increases in the price of electricity, future in-

"
creases in the cost of firewood and the severity of future winters.

N : .
The discussilon below will help #llustrate how elements of uncertain-

ty can be incorporated into the structure of ‘the problem. -

. s
. .
’

Step 1: Define the problem and identify the goai of the decision maker,
Answer: Frank and Marﬁ want to reduce the size 6f their heating bills.
Step 2: Deflne the options (ac®™ons) available for solving the problem.

Answer: There are gseveral actions that may be considered, However, to

—_ees .

1) 1install g wood stove;to‘furnieh'all or. pert ef their.heating needs,
. . FEEPR
12) do pot install a wood stove.

14 ﬁ
]
iy

‘Step.B: Define the elements of uncertainty in the problem that affect

»

thelactions being considered.




P L L

Answer: Again there are several areas of uncertainty. Some were men~

tioned in the discussion above. For simplicity, consider only one area

RSN (SR Ty

*

of uncertainty.  future increases in the price of electricity. Assume
that t?e price will incrdase at an annual rate of either 107% or 20??
Step 4: ‘Define the relationships between the options considered. and
the elements of uncertainty. (These relationships are called conse-
quences. They are the Cartesian product of the set of options with
the set of uncertainties.) | <
Answer: One way of identifyinghtnese consequences 1is toﬁggewua picture
‘called a tree diagran. A tree diegrsm is a picture of the structure of
the problem. Refer to the diagramobelow.
Step 5: -In'order‘to compare consequences, (and later compare’options);
.asgess the value of each consequence.
Answer: In view of the Simmons' goal to reduce their'heating bills, it
is convenlent to evaluate the consequences in terms. of heating costs in -
dollars. For example, 1f Frank and Maqvvusé a wood stove angd the cost
of electricity increases at an annual rate of 20%, they might estimate-
an average “heating bill of $800 per heating season. Refer to the tree-
diagram for the remaining'assessments. R . |

The tree diagram pictures the structure of this simplified problem.?'
Vicwing the tree from a ddllar value point of view, it is obvious that
 the best consequence is no stove and a low rate of price’ increases.
" 1f Prank and Mary kncw for sure what wauld hgppen in the future,'it ¥
would be easy to make.a decision. However, they must deal with the

S 7 S |

. .
i N '
. . . ‘ “
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Tree Diagram of the Woodstove Problem ‘ | ‘
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uncertain rate of price increaséi of electricity.
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) ¢ Stap 6: Aasess the value of each option. Compare options by comparing

. values.,_Pick the best oinon.

~ Answei: The tree‘dihgram indicates that the cost of inetalling a wood-
L. - ,‘.___x,\ -y

:k “ atove should be assessed at between $700 and $800 The cost of the
ﬂ

option of not 1nstalling shouAd be between $600 and $1000 Th?re are
.several techniqu?s for making these assessments. Most require a proba-

bility assessment for the chances of each of the two rates of price

14 ’ - . e -

-

increases. v 0 » o
X : :

We have not solved the above woodstdve problem in the sense of

finding-the best option. This was not our goal. The purpose was to

~

' demonstrate the importance of the mathematics of uncertsinty.. The key'"“3

Lo

to making sense of complexity and for making decisions under uncertain-. &

ty lies 1 the‘understanding.of the structure of the problem. #his

~ee L.

requires the identification of the relationships between the elements of T
) / 7 . .. . . .,.."
’ ' .
_the ‘problem. The mathematics of uncertainty provides thé framework for o
) | , e -t
\ " constructing the structure and the relationships. "‘ Lo

The objections anticipated in the previous section (Qualitative -'fk
_ . g

Msthematics) apply here. The responses given in that section are

-

{

appropriste for this one.
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Before a’ student can begin to handle complex relationships among

w o

o 'ongdronmental concepts, -the student must first have familiarity with

the concepts}themselyes. That is, in terms of the elements-and rgla-

tions comprising the structure of a situation, the student must under-

\ ° g

“ .
atand what qhe elements mean before the elements can be related to one

. e¢

anbther.,:FamiliarLty with important environmental concepts can easily

’ )ba devaloped.by repetitive use of these concepts throughout a student 8

erf

. 0

early Years»of-exposure to,mathamatics curriculdms.

In facq,»a mathamatics series could be designed in such a way

v ’

that familiarit&wuith environmental concepts gradually emerges simply

d

+

as a byproduct of hsing,these concepts over and over again in "theme"

L
. ¢ n e

' contexts, much A8, .we did with woqdburning stoves in-Problem Set #1.

v 9' )

By the.time a‘student.has progressed through several grades, the

N . . ’o.' 4

- -

familiarity with environmental concepts gained from this approach would '

«h 8ty .
h allow. the! introductipn ‘and,” analysis of fairly complex situations ind‘

volving these'concepts.u_ hen these situations could be interrelated

-wvwwith~other“situatidhs, Buildigg in the student's mind an ever\larger
porbrait ‘of'his or her environment..

o

oy \_»- As we have stated before, we believe such a piggybacking of en-

. .

":,Q vironmental education onto mathematica education to bq,feasible. ‘Dghe
1:.1 R S correctly, with'delitacy dhd intelligence, environmental educatiod can
ride on mathematics education with no additional costs incurred by

" mathematics, or the teaching profession, or public school systems.

J

e o
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CONCLUSION

' In the preoeding sections of this report we have argued that

mathematics education can easily serve as a vehicle £or dnvironmental ¢

4
»>

education, and ,we have presented numeroua 11lustrations of how this
might be done. [~One very basic maxim underlying our proposal is "Never -

do just one thing Though guch. efficiency considerations are impgr- ' S
: '
‘tant 4in a busy world, our belief that a marriage between mathematics

. X

education and. environmental education is appropriate rests n some-~ - S '
. : ) ) . o
thing more than just matters of efficiency. ’

) First of all, there is thelfundamental problem'of gaining”'ntryznx\M\I C

- . _ \
for environmental education into already overloaded school systems. If

it can be demonstrated that'environmental ideas can be piggyhacked onto

_‘ ) e - »
existing subject matters, and we ﬂhink this 1s demonstrable, the dif-

v

'ficulty of puttiag environmental education into place in the public ’

school systems will be considerablyﬁ&essenedw S _ .-;'7 e

-

*

‘"
R . |
Beyond the question of how to gat environmental education into the /’f—‘\u)
uchool systems lies a dilemma central to mathematics education itself

»

. -The dilemma is“this’ Most studen®s-are. alienated from mathematics

We have only our 20 odd years of teaching mathematics at, th; university
level to offer as evidence in support of this contention, nonetheless,
we believe it to be true., The sodroe of this ali€ndtion is fhat stu- A

dents.somehow"miss the central idea that (among other things) mathe~ L )

"matics is a 1anguage ~~\a highly useful language for clarifying and

| ) e ! T




v. . l:. ' v | | ‘ | - . "
solving the problems they confront as hqun beings. Environmental

issurs are serious, significant, and rqal. It has been our experience

. . .
———————— b= T T b

that,.when students see the usefulness of mathematics as a lahgque for

deéaling with the uncertainty and complexity inherent in serious, real,

-and signifiqant issues, their alignatidn declineé. “

»

'Fihally, the real excitement in all of this is the promise that

‘environmental education holds for serving as a linc¢hpin that biﬁds ~ < 'fs
. . ) l [y . A . - )
_ together and integrates<many subject matters. To speak of a person's / !

‘y

environment; the socio-economic as well as the natural %nvironment, is ¢
to speak of all that affecés the person. A careful synthesis of sub-

* Ject matters using-a person's environment as the guiding theme is

possible. What a gfand and_glorious'educational experience it would be
‘to qee:the same cqoncepts approached through literature; mathematics, the
_visua% arts, mﬁsic, soci{} science, natural science, and so. on. . It

would become apparent to the student that, as someone once said, "to
- \ Rid

~

] B v ' ' .
"touch a flower is to disturb a star." And, that's what environmental

’

education is all. about.

N i . ’ (%
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CHAPTER I
" THE NATURE OF THE TASK Lo

INTRODUCTION +

. 7/ . : '
According to the Environmental Education Act of 1970, "environmenta?

]

education". means the educational process.dealing witn man's re]ationship
with.his natural and nan-made-surnoundinbs.' The Environmental Education
'(EE) process has been perceived from the outset as beirig multifaceted,
mu]ti- and interAiscipiinary, and issue - or prob]em-oriented It.
shou]d be designed to help the 1earner both,to perceive and understand the
concepts of "env1ronment", environmental pr1nc1p]es, and to identify and
"assess a]ternative-so]utions‘to'environmenta].prob]ems‘

+ As a result of 1nventory and analyses of ex1st1ng EE programs >
conducted for the Office of Education by the Arizona State Un1versity/
Assoc1ation of American Geogra\FEfs in 1975, the fo]]owing primary
.recommendat1on was made L ‘ ‘

To devezop cone themea and a conceptual structure in’
envirgnmental educat&on xhat Aynxheaczea and integrates.

.pent&nent Q\f;ect matter achoss and between a vaatety

. of tnaditiondx dééciptineb |
‘ .Two supporting recommendations from the same regport are listed

be]ow because they are particu]ar]y re]evant to the 5cope and nature of the

task reported here.. These are:

e




.Supporting_Recommendat1on 1: Engouragement should be g1ven
to those projects that demonstyate an/understand1ng of the
' h interrelationships of Tocal, ationa], and 1ntennat1ona1

Y

- issues and.problems and thejr 11nkage$

. B & . ) B
' Supporting,Recommendation 4: Support should be a]]ocated o ‘//'fg”’.
~ for_the deveTopment of teacher: competency programs to ' ; *if' )
\ ! L
optimjze the: art1cu1at10n of ‘core themes. ‘. | ,/ﬂ/f

The Ar1zona Project selected five core themes as critica] tdyfhe proper

integrated 1mp1ementation of enVironmental education:-

(1) General System Theory .' ' -;i/h/( ,
.o (2) Environmental Unity | . é}f |
(d) Energetics | - /2);/// N
(4) "fconomics [ \ o ;/ j~' . , )/} -
] (5) Human Sett ements. o //“i// i .';-/ L ;

Following the recommendations gf the Arizona Project, the Office of
Enviro mental Educ tﬁdn has supported numerods studies that have made contrif.
'_butio S in the de e]opmept 'of e6re theme materials for EE. * In particular
The ar Nest Laboratory?for Educational Development recent]y/Completed |
. a sgries of Environmenta1 Educat1on Teacher Training. Mode]s (EETTM). concen-
trating on.the;themaon;Energetics, for the'secondary 1eVe1. |
| One df;the_major~prob1ems faced by educatorsdat'aif'1evels‘w1th regard
to the study fé} hvironmental phenomena 1s the amorphous nature of the

ubject matter 1tSé]f ~ Because- of th1s and aftey reviewing*and analyzing.
o anious studies funded by the Office of Enviro/menta] Education (OEE), we

I 1 ]

ee lppendix A ?or a BTbliography'showing spfe of the key documents 1n
his area. v KA | S
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“ul.. beiieve that the study of human settlements by means of the Science. of
L )

Ekistics can contribute to the organization of this complex subject matter
The intent of our report is to concentrate on the core theme of human
" settlements in an effort to achieve the following objectives:

, ~ | . . |
. e To articulate the impnrtance_othuman settlement . . 7 .

subject matter at°the secondary level as one of the
' core themes of EE, 'm
¢ To demonstrate the feasibility of developing materials o
that.can be-used in the secondary classroom for organiz-
l‘ing and understanding prpbiems reiating’to'human settle- -

ments. - // .

e To link content: materia]s with process methods in order .(> .

to build a user-oriented "system of inquiry" relating to
the subJect of human settlements, Y '
e To integrate in\aneééingle'document ideas and materials
" ’-that have been produced by a nunner of -OEE éponsond
projects (see Appendix A) so thakt the EE commynity_wi]]-
begin to appreciate the raie of systamic thinking in.the

practice of EE.

.o To deveiop a typology for organizing Knowledge reievant to EE.

" RELEVANT SIUDIES

' . -

v ,As we have already mentioned, considerable work has already been carried

". out that is relevant to the~sybjectwof“human“settiementST““The”AthENSf" .

Center of Ekistics'.(ACE) “has been doing research on the phenomenology of

L] I'4 - .
hdinan settlements for more than twenty years, ‘and has produced numerous -




N reports‘on this subject. However the m Jority of the ACE work did

: not have an orientation towards edUcati n either in the formal or non-
formal sectors. o B o .

, -
The* Caiifornia State Department of Edﬁcation produced in 1973 a o

pubiicationrtitied Ekistics - A Guide for the Development of an Inter- N

disciplinary Environmenta] Education Curricuium.( ) The intent of this

pubiication is to~extend the stydy of conservation and environmental | o e))‘
protection beyond the .notions of nature study, by heiping chiidren under- |

stand their interdependence with the natural world and providing them f"'. s
l'_ with’the knowiedge and the skiils necessary to understand and solve ,fg

/

env1ronmentai probiems The State of Caiifornia s work represegts the

first attempt to 1ntroduce Ekistics into the,ciassroom However aithough

~ the authors of the repor{ acknowiedge the work of C.A. Doxiadis the .
originator_of,the scienfe of‘human-settiements,'they do not adhere tg.some_ '
of the basic principles of Ekistics,'tﬁe most important'being the roie‘of

" human agent (anthr0pos) in the design and utilization of human set!ﬁements |
This deficipncy 1s very}criticai from the standpoint of an Ekistics curricu-= \;ﬁ
ium that'wiﬂ}pCOntribute to the appreciation‘by the high schooi students o '

o .
- of theirtro}e in terms of human settlemeht probiem-soiving.

. .
A o : o . . I 2
, . r4 ., ) . ) L e
- 'I . . ._’ . ‘

‘The Far West Laboratory Sjudies : - S _,»j-f?.

As we mentioned earlier, The Far West Laboratory recently compieted a

_ series of teacher training modeis for the secondary ieve1 reievant to the.

R 2 YRR L S [T s B e St e i

' study QF urban growth and the quaiity of 1ife *

'$§35"Append1x.ﬁ,f0r a Tist of the relevant documents; I | (ﬁf

\




' The Far west Laboratory studies emphas1ze that the approach ‘to the |
»'study of urban growth and’ the quaT,ty of }1fe should be ho115t1c n nature

and should focus on: “/, : - ': c j' SR

1. ana]yz1ng environmenta] probiems,

2, examining ‘the pro- and con arguments of a var1ety of pub11c

and private 1nterest groups, 1abour, bus1ness, and goVernment

/ , - |
S organ1zat1ons... S v

3. exploring possible side effects bf'various‘envdfonnental

Prob]em so]utions o, i e

. - ,".' : »

4, ‘pred1ct1ng both short term and long term 1mp11cations of local,

state, and nat1ona1 environmental proqrams,

artlculating persona] goals, dES1res, and life sty]e needs

»

. 1n terms of their aggregate (reg10na1, natiopal, or g]oba])
| _1mp11cat1ons for energy_usé and resource a]]ocat1on and
\
6. mak1ng lang term life style decisions wh1ch maintain a.proper °

ba]anée between natura] system and human system‘functions .

Such capab111t1es accord1ng to. the Far West Laborator1es can on]y be

. ach1eved through a curr1cu1um which has the follow?ng characteristics:

-
.

+

o Environmentd? education should be holistic and 1ntegrated -

Focusing on and c]ar1fy1ng the complex re]ationships which .
extst between human system - and natura] system and exam1n1ng

_the c0mponent§ and reciprocal functions of both

. Env1ronmentaljgducat1on should be transdiscip]inary.. T

*;;r Utitizing- nformation- from~a»van4ety«of~f1elds‘4nc1udingvnatura]

/sciences, soc1a1 sciences, and human1t1es

. L}
{ .t . 1 " ]

o’
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| W - ¢ Environmental education should\be prob]em-focused and decision-
L : makinéirr1ented

: Inv01v1ng learners 1n real env1r0nmenta1 problems or 1ssues wh1ch

are broad éhough in scope to the regional, national, or g]oba]
significance. It should engage learners 1n'va1ues c1ar1fication;v
7‘ | .problem;solvtng,Qplanning and dectsion-making procésses which
'prepare‘them for dealing with_envtnbnmental‘probTems affecting_
both individual life styles and societal goals. | _
Essentially, Far West be]1eves that the obJect1ves of EE can be achieved
through a model of 1nstruct1on that 1s based on a general systems apprbach
which can display the many 1nteract10ns that exist within our natura] environ-

ment. Further, they w1sh to develop core themes and a conceptual structure

in enV1ronmenta] educat1on that synthesizes and 1ntegrates pert1nent subject
matter across and between a vartety of'trad1t\ona1 d1sc1p11nes: a |
The work comp]eted by the Far West Laboratory in’ the development of

. | the EETTMs 1s very systemat1c and comprehens1ve ‘They recoghize in the1r

|

work the 1mportant ro]e that 1earner—or1ented tools and strategies can play

.in the problem-solving and choi ce- -making mode of EE " 1In their’report theyy'

e 4

1nd1caté the need for process or1ented techn1ques*for the d1scovery and

, 1ntegrat1on of know]edge “relevant to‘EE. Two suchﬁ1ntegrat1ve techniques

are identifieqd in their report: | BRI . 'l

. . i. Informdtion organization ?rameworks.desioned to collect,
* . . ‘ .

J organize, and store information; and e

»~

2. Meta]anguages which develop a language that can 1ncorporate

the elements of var1ous disciplines.




The critical role those teghniques can play in the practice of EE has. nq\§
o been fully developed in the context of the EETTM approach

' . ' High'SChool Geography Prpject - ' ,;f)3f | - o

°

13
»

The Association of American Geographers prepared a series of materials -

for the introduction of the subject oiLGeography into the classroom.} The

S

subject/natter is- verx,relevant to the human settlement core théme, 50’ it :
will be useful to discuss briefly the nature and approach of this prOJect.'

Due to the nature- of the Subject matter, the geography materials were

< '

separated into different areas of concentration such as: T ﬂ> RN
1. geograph} of the cities® DU -, "
o 2. nanufgcturing and geograph} I s | Cl
- 3. cultural‘geographp g | " - ' | ;;5 h _““l-', P

4. political geography -

, ~ 5. habitat and resources

6, a look at the country of'Japan
T -'Q,l’Each of. these major areas was presented in separate
| coveredtbooks (readers) It would appear that those who designed this
approach felt that the students could hand1éd the broad subject area of A
. geography if}it were broken down into more manageable components
‘ Each of the readers contains content materials which relate to the specific

area that is under study, For example, the reader which dealt with Habitat and ‘

Resourges contatned content material (background information) which related to

. b O,

. 'that particular area of study. Further,'once the initial content material was




N, approaches that could be ut1112ed to solve the probPem | e

TR — mmen&ignwnx.msoume of 1nfor'mat10n

------

‘ . - . ..
.. A . . .
. . . ' ' N
f . ' .
. . . .
N N -
. .. .
: > a,\_

presented and students were asked to discuss and recbmmend\different

Ihanidea of a Regional Env1ronmenta1 Learning System (RELS).: was ,

. first discussed from a design standpoint 1n -the Fifth Quarter]y Report- d/.,d'
e e oo

of the Un1Versity of Virginia contract ( ) This report presents a basis
fﬁh the designfof a RELS and attempts to 1nd1cate ‘the basis for doing |

e “the design as.we]] 0ne of the most 1nterest1ng aspects of the RELS

,9-

¢

s
»

:design apphoach-is’the utilization of the "options profile" technique
we¥w11] briefly discuss be]ow the ne]ationship of this approach to the - =

v : -' ] LA

o study of ‘the human~sett1ement-core theme . ‘_f'f .

1y .-
- . . © e

. . ...' ! ’ . . . _. . . . ' - Y . .‘:: b,
: ” . Options Profile Technique’ - - S A
) ¥, . N ‘ . . ’ . . ) & ‘

AN

Flguré 1-1, 2 modified version of a Figure takenfrom the Fifth

14

Quarterly Report, shows an exaqpfe of an optiohs profi]e for environmental

7 X
education at the. sécondary level * This examp]e appears to be re]evant to

)

the 1ntroduct10n of the human settlement theme ah the sedondary level® class- '

room, The. dimgmﬁjons of the profiJe that will be emphasized in our current .

effort are the fol]owing

P f

S THERELSJbEA T ot

»

_o Dimension G Learnihg resoufces

o Dimension H: Mediator model e N

h

*Tor a detafled’description of the rationa]e and use of the optiqns profile ’
approaoh»to the practice of EE the reader is referred to [3].
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- The usefu]ness of the options profi?e approach as shown 1n the example
',. ,"! ; of Figure'! 1, ¥§ that 1t 'sets. forth th\‘options avai]ab]e to the users in -

| designing a system . The designers/users can make choices along the dimen-
stons of the profile and generate a set of desirable combinations for the
practice of ;E Lt»is-cOnceivable however,. that some of the se1ecttons.
might not be 1mp1emen§ab1e because of the existence of certain barriers or
dconstraints For ‘ex mple, suppose a. designer/user wants to 1ntroduce at

g N . /J
A )
*

SR the secondary educdtion level'the ho]1st1c EE theme of human sett]ements

Given the comz}"ity of the subject matter it w141 be exceeding]y d1ff1cu1t

for the user 1mp1ement a profi]e stmildr to the ohe shown 1n Figure I 1

’

. o v

<

e unless the ol]owing two conditions areﬂnet
he user has at his disposa] process oriented methods for

)
| 5'. p discussion :nd inquiry. These methods must be made ,
| avai] ble, to the user in a simple and eas11y Eomprehensib]e A CL

mode; and J"\:f”_'

S

(2) .The user must. have some- materials relating to thé content of

/f _:.// ;- ohe Science of humafh , sett]emgnts 1n order to engagetibgroup

A /' : meany fu]ly and’ productive]y 1n a co]lective 1nqu1ry session, ' ‘ A' R
| Two point need to be stressed by means of the d1scussion of the *

"above example: - I . oA

[ - N

1
| /"h:- : 'The options profi]e 1! a veny powerful technique in two re-

“ spects, name]y (a) in terms of identifying 1nterest¥hg
. 3
-~ and techgjca]]y feasible combinations 1in' the. 1mp1ementat10n

of a Regional Environmental Learning System (RELS)* d

“l
.ﬂ‘;.'_ ' . \

. * Tn the context of this discussion the’ 1mp1ementat10n of a RELS is equiv- - -
D . alent to the practice of EE as eﬂVisioned in the Environmental Educatioh Act. . "

4

l'. 10(3 . ‘/ ' .  ~._~




u . ..' N .‘.'.-'l' '“. ) L

: .(b) in terms of 1dent1fy1ng 1mportant R&D gaps tq | ‘; ‘~;j‘»‘” )
be addressed through°the grants and contracts agenda of, |
L ':the.Office of Environmental Edncat1on. } -
S " TRANSISCIPLINARY EDUCATION

B Inhis semina] -paper on Toward the Inter- ard Trans- discip]ina;y o
) Universitx(4) Erich Jantsch developed an *nteresting schema for organizing B ' Z:

knowledge The schema 1s reproduced‘ae Figure I-2.- —— - S
U“mﬁTﬂw—}n'accordance with the Jantsch muTti elon hierarchical s&stemc the

hwmn:settlement .core theme be]ongs at the normat1ve Tevel where the concept o

. 'y
L of soc1a1 systems design 1sdintroduced According to this schema ‘the

I

- discigline of p1ann1ng is the appropriate organ1zing 1anguage for the norma-

-

t1ve level. aen J

| 71::? terms of our 1nterest to introduce in the classroom human sett]ement- ' :'

oriented th1nk1ng by means of the*RELS desagnsapproach we can use the |

Jantsch schema to make the foltowing relevant,pbservations . . : .
(1) The maJor1ty of the curriculum materials that haver been.

u;.. r/( . produced so far fail to reco nize the “distinctive character.
| p ar_rai 9 . 1

-o} social syétem design as a result of its'bélonging-to the v .
Y . normative Tevel of the hierarchical system for knowledge N
“organization, | . '=\ |

(2) On account of the dominance of the physica] sciences parad1gm, ~
“ which aCCording to Figg:f:l -2 belongs to the empirical level,

‘there has been a bias to emphasize this particu]ar level in -

« " the prdduction of -EE curriculum materials.
oL e ‘ :

(

",
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- subluvcls indicaty possible Torms of imcr-dislclplinary co-ordlnalion. ( From E. Jantsch ).
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.o . (3) It is very desjrab]e to tr‘y to transcend the 1091(:&] p051t1V1St

approach when dealing with. the social system design level. The
otilization_of'the RELS design approach for EE can do justice

to the distinctive character of ‘the normative 1eve1 of the

organiiation of knowledge gchemo. . *!
' - * SCOPE_OF TwIs RePOY
' ‘ .. o W
This repo?t 1s*pioddced primarily in order to 1ink the RELS conceptualir. b

X zation to a part1cu1ar core theme, namely the study of human settlements at
| the high schoo] 1eve1 , | ‘
On the basis of our.retiew of‘éxisting materials relevant to the study
of human settlements we have(come to the foTlowing'conclusions: '
(1) Ekistics is a very éppkoprtate subject for integrating"p
andsintroducing in the classroom the mejoritylof ” N
' | o the*concepts and materipls that have been produced
by the-EE community to. date; c —
(2) The RELS design concepts are very helpful in . v
1dent1fy1ng desirable outcomes for EE "and .
determining the appropriatelcomb1nation of | | S
* : * options that can lead to the achievement of |
_those outcomes,
(3) The coup11ng of Ekistics w1th the Concept of the -
RELS can facilitate the teaching at the high. school

‘ Tevel of a complex subject ma}ter such as the study
L O

. of human settlements




-

We believe that the above conclusions arehcompatible and-complementary
to.the findings and recommendations of the Arlzod& project, some of'whieh we
rev1ewed previously Our alm in the following chapters of this report is to B
‘lend credibility.to our oonclusions by means of elaborating on an approach'
for the product1ve and meaningful study of the human settlement core theme:w?

" The approach .and the materials are of an illustrative character and are pre~"

.sented in a format and style which w1ll eventually render them (after elabora-

~ tion, simpllficatlon and- f1eld testlng) useful to teachers and students ‘at thefJ

high school level. We feel, however, the need to field test our recommended '

approach hy exposing it to a group of experlenced teachers and/oy curmlbulZm

developers . - e " _ - ._/ _'fi g; "
Chapter II of the report sets up the stage for the development of speclflc

appllcatlons by explalning our approach for the study ‘of *uman settlements

: Chapter IT1 dlscusses two 1llustratlve process~or1ented learning too //;hat

- have been conceptualized as being 1ntegral components of the RELS desl
Chapter IV presents two examples of how some of our overall app ach to t
study of human settlements can be, 1ntroduced 1nto\$he hlgh‘school lassroom
Chapter V examlnes the ekistics typology, uslnq a Systemlc ppnoach,
'and makes some suggestions for the improvement of the typoTogy. 'lt*alSO
proposes a typology for\organlzlng knowledge relevant to En 1ronmental
'Educatlon and 4ests the appllcablllty of this. typology by analyzlng the

content of a sample of papers phbllshed in the Journal- ¥ Environmental

Education. . . o /Z S
_ | o A

M

A

!/
)




(2)

- (3)

- (4)

S q\ .o .
'_ E\&jronment Basea Environmental Education: InventorxifAnalysis, and
~ Récommendations, Arizona State UﬁiverST%y and Association of
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“not easi]y "teachab]e"

programs which 1end\themse1ve: to a disciplinary approach

- ~ CHAPTER II

‘. | * A FRAMEWORK FOR .. |
THE STUDY OF HUMAN SET,

EMENTS | T
fiich is wide]y regarded as
f(EE) is diffipnt to practice’

“the strong disct:

nature of our school systems, bugfiecause the subJect matter of EE is

Too b;jen”school systems seem to initiate EE

-
N

Most

\ environmentai education programs tend to emphasize nature and the

‘ physica] aspects of the ecosystem,‘i e., those areas which are_most
‘ /

"teachable aiong traditiona] discipline ]ines while ignoring man made

env1ronments and the design of social systems' suaﬁyas human sett]ements

S

1ine-oriented"

¢ This chapter examines an approach to the study of human sett]ements

based onLthe 1ntroduction of what we ca]] an "inquiry system". "

'that the study of human sett]ements can help to e]iminate -many of the

]

4

we beiieve

¢

methodo]ogical and subJect matter problems confronting interdiscipiinary g

o

| teacher a grou

_'environmental_education.

\

. . i 1 Il

LI

: [
- i

The purpose& f any organized instructiona] environment is to faci]itate

iearning for th;/intended learner

] / ) “
- ) f . . ) ) .
f - "

[ - S
{ : _ PEDAGOGICAL,APPROACH

A4

oP

;)

In-such a situation it is. usua]ly the

11,
-

\
\

Ty
. -
§ 4

. .
§ ’

.4 3
S B 1

of teachers, or a curricu]um director who creates the

A




| i,5; - IR T S Y ':f o L
11earning experience’for the student. in’this'case the ‘student usualfy

. N - . J
: ;1earning situation s 11lustrated #n Figure'II 1 and is. referred to as | .

/ 'has iimited participation in the iearning experience, This type of
I ’ . : . ) X

the archive approach

R . . N )
4 : ' . -~
. . .
. . (X3 . L& X -
B B - 1 . >
; * v
i . .

[ KNOWLEDGE i , - TEACHER ‘ STUDENT

‘¢ - \FIGURE T1-1. ARCHIVE'APPROACH’

'.'|' L
&

.. o
4 l

‘

The above diagram répresents a c]osed approach of instructidn where

| the teacher is the conveyor of knowledge Underlying this pedagqu is
the assumption that the teachers are the qrchive of knowiedge and their
Job is- to pas? knowledge on to their students In return the students
_memorize what is conveyed and through. examinations the teacher is capable

by of obserVing the students expected behavior, i.e., answering questions’

! . on a test,thus feeding back what the teacher originally conveyed.

b

There 1is. another approach of instruction that we feel is more appropriate

i

to the study of socia] systems. It is ‘an open. approach which attempts to
take advantage of the’ resources in the connwnity as weil as the ability

of the teachers’ and students to work together in creating a productive L

oiearning environment. It -can be schematicaiiy_iliustrated by means of the ﬂ'>

?

“diagram shown i Figure 11-2.

4 @

oY With thiS approach experience feeds knowiedge and knowiedge feeds ) g
experience As the students gain more' khowiedge they wiil be mottvated
by the cataiyst of the unknown to- keep open their desire to learn

more. In Figure 11-2, the téacher acts as a

. ¢ .
] : .
. 1 .
. ' . - | ( v
. - . . .
. ‘ . .
N : N L
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"'r<' guide and a faqi]itator for'the study of. human sett]ements instead of ) i; .
c:;<‘the teacher being perceived as the archive: of knowledge. Rather,‘
through ‘an open approach tp 1earning the students are ‘guided by. the
) teacher through a "system for inqdiry" which gradualiy leads to .a greater ' 3.'
v understanding and appreciation of a comp]ex set of phenomena R

. " . In such a pedagogica] approach students can and should learn in»a]]

\]
’

ways - by ‘the presentation of content material (i. e background informa- |
tion) by means of books or audio v1sua1 equipment thrdugh the{:\bwn : -s | ’_'.

-\ investigation ‘and by’ examp]e Neverthe]ess, we’ recognize~the key role

/s - .
EF . .

the teacher must p1ay in- this process W1thout the teacher p}aying a p'”'i . i
¢ .
central ro]e all the 1nstructiona1 aids wou]d be use]ess

Essentia]]y through the study of human sett]ements we hope ;o hekp
change the behaV1or and,attitude of students towards env1ronment 1earﬁ§ng

~

1n severai.ways, such as: | _
’/f ] Recognition@that humang ahe interdependent with their _ | 3?"
o j natural, %‘ nmantf“”‘xg | _ | _
'3 Apprec1atio§:?¥ the importance of a'healthy and safe bui]t :
?.‘-“ environment.;/ I .
(::Bpprec1ationyof systems thinking. - ., '
o_'pnderstahdin@ of the need for futureg-oriented thinking and | , ; .

research. ’
| ] M @

° Increasedhawareness of the ho]istinnaturg of the ecosystem.

e Greater ability totunderstand, organize, and resolve complex. ‘M

probTems. . . »:. : ..: RS




R

The major objectives of the pedagogical appnoach ofgthis_repbrt

- . .. ¥
are: - ° .. ‘ | '

‘; ; Jo. encourage a change’ in behavior of the learner. e )
' *ﬁlfTo focus learning"h the response of the learner. ; _ R
y 1To encourage the change of instructional practice .' |

® .To look at-the complexity of, human settlements by means of *

an ocganized system for inquiry. v - '~7'_».. | R

A SYSTEM‘FOR INQUIRY

In order to. implement the pedagogical approach discussed so far for
the study of human settlements we need a system of 1nquiry which is .
,holistic, foCusing on clarifying the complex relatignships which exist

between human systems and natural.systems, is interdisciplinary, utilizing:

information from a variety of disciplines, an/;is focused on- identifying

' problems and 0pportunities by involving learners in real problems or

| iSSues which are broad enough in scdpe to have lpcal, regional, national

or global signﬂficance

P

“In preparing materials for the study of human settlements in the class--

room it is useful to think in terms of the framework shown in Figure II- 3

we can identify two distinct domains within our system for inquiry.

The inner domain as shown in Figure II- 3

is what: we call content- specific -

informatipn

mation should

‘_research and (3) Ekistics, or the science of human\settlements.

For- the study of human settlements the content- specific infor-w

include ideas from : (1) general systems theory, (2) futures .
- ¥

| These

-
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: lxomp]ex systems,, w111 al]ow them to organize the comp]ex phenomena

“stand the compTexity of- human sett]ements we havé to ‘use educational

0-\ ‘A“‘” n ' . —J/J .,
: T , P‘ ,’ N bl
4 r. " B . -‘ ’a ’ ’ .
1f1e1ds of know]edge w411 give the high schoo1 students the necessary o ;..f'

>

‘:backgngund 1nformat10n wh1ch together w1th heurist1c techn1ques for exploring

K

re1at1ng to human settlements. The second domain of Figure 1I-3 disp]ays

. the Tole of'educatiOnaiwheurist1c tools such as' InterpretiVe Structural

Mode]ing (ISM) and Nominal Group Technique. (NGT), in deriving models. -
(or representations) display1ng their perception of the re]at1onsh1p _=_:~.1y

between different aspects of. human sett]ements. .By linking together these

- two domains, the c]assroom teacher has at hig dispoeal a "s}\tsm for .

1nqu1ry“, or a learning system The class -can thu; generate structura] o v

s s

‘,.mode1s that contribute to greate;'understanding of the comp]ex1tv of

A
T

phenomena re]at1ng to human hab1tat10n - | I | » v ’
Recogn1zing that human settlements are very comp]ex systzms\ne°want N

to stress three things; (1) that in the understand1ng of the environmenta] o

phenomena "systems th1nk1ng“ is abso]Ute]y essential, (2) that system : ~e
th1nk1ng 1¢\represented .by means of the content Spec1f1c informat1pn of

Ehe framework- shown in Figure “1I- 35 and (3) that in order to better under-
w

heur1st1cs technology as represented by such techniques as, ISM and NGT

« o -
o |
N ."

N

.y " CONTENT-SPECIFIC INFORMATION
_ ' . . Y |
The effective presentation of'contentgspectfic information is essential

1f we are to successfully .-fulfill the;objectivés,1dént1f1ed.jn.our.pedagogical_‘
g approach, to'-thg,astudy.-’of human settlements. | ‘ L. o E ' Lu
. 2 * o : . . \\_ -~ . . B
¢

y . o ' . 7 -4
: v :




SO Eisties

s

Ekistic! is a term invented by an Architect Pianner by the name
i.of C. A. Doxiadis, .to describe the science of human sett]ements (])
Recogni21ng that the study of human sett]ements is ‘an interdiscipiinary !
topic involving such discip]ines as bio]ogy, psycho]ogy, economics,
3socio]ogy, architecture etc., Doxiadis advanced the notion that a new

-science was needed,for the systematic understanding of phenomena re]ating

- to sett]ements For example: .. f o
. In the. U S‘~the'phenomenon of urbaniiation has been an * i o ‘
‘ ever 1ncreasing trend for the 1ast forty years,
o .The U.S. was transformed from a country that was . .
- 60% rura], n 190(1 to one that was 70% urban in .
]970 - T L
- 0 Large urban areas . (megaiopoiises) experience‘&rob]ems

" of congestion, po]]ution, poor quality pubiic serv1ces,
/

. ; etc.; and ," L | o ‘.. , o~
'3 Empiricai ev1dence.seems to indicate that the pubiic
\ ¥
po]icy mechanisms being used for. rev1ta1121ng the - ST ,
American C1t1eS are not working. ° o S

e

Phenomena 1ike the ones mentioned above prompted the invention of the science
of - human settiements Cm |

.'Ekistics organizes all knowl

to-five basig'éiements~ Nature' An




'.ﬁ'} | synthesis of the five-e1emen§s,vfofﬁgthe bagis. for understanding,
explaining, and predicting human-settfeMént-bhenomena. ‘The 1inkages
Ao | among the five Ekistic elements are graphically represented #n.the ’ B

-following diagram:

SHELLS

® 7 ANTHROPOS.

A descr1ption of each qpe of the e]ements fo]lows
‘ "(1) ﬂg&ggg_ Th19 category represente natural rbsource? ‘ .
f\\\*\"'g : ecosystems and their structure and behav10r Inc]uded . | ;'; o
o here are such things as land resources," a1r resources,
water resources, and plant and an1ma] dife.  °
.(2) Anthropos: This -category represents.human1ty! as e_system,'
| with ;n.emphasis on those aspects which make up the 17' o
“individual and group 1 image about a'sefting-"This |
\1mage,can be: vieweE‘1n direct 1nte?act10n with natural
Systems on phys1o]ogica1 and- psychological 1e)els .
‘(3) _ggig;x, ?h1s category represents the territorial
'Organ1zet19n;0f human'settleﬁknfs“based:on the daily
movements of people. ,This movement can beieieweq,in
'y ‘




A\.,

.' A ' :
"tevms of. the 1nteractions of human \mstit.utions (economic, .

- pofitica1 and soeial) with natural systems w1th an emphasis ‘j
| on the creation of 1aws and regulations..na A |
1:114)“Shells *This Category represents those structures bu11t by
| humanity to satisfy the various needs of 1nd1v1duals and
Society . _" o ' L |
(5) - Networks: This final category represents.those dynam1c ‘elements
T which connect any or all of the above categories, through the
| movemenf of energy, maqerials .and in rmatton. , |
f Within each one of the U]ementszEkjstics assu

" Nature (Na)

1. Env1ronmenta1 anaTysis S

a;z. Resource ut111iatipn : '_ s | ;
| Land’use landscape S | . o -
. 4, -Recreat1onalkareas-‘ .. - | e N .
.'?'Anthropos (M) X ’ i B ‘ L . - . S L
| 1§ Physiologdcal nédeds - . | Do K ' |
Zl,NSafety; security fur ee - | *:v;f N
3, Aftection, 7be10ng1’ng, esteenm . - i I !

4. eSelf-rea112ation, know]edgc aes)hetdcs
Soc1ety (S)

.
1. Public administra ion, part1c1pat10n, and Taw

2. \\Sbcial re]at1ons, populat1on trends cultural patterns-

Ursan systems and urban change .
i

4. Econom1¢s

[




L}

)

X

4

‘one extending from Boston to Nashington D.C., is e§timated to ¢ontain 100 miiiibn.'

- people. These magnitudes are meant. to be indicative of the size of the twelve

"Shell (sh) i L
1. Housing [ jg . L | ~
2. Service facilities hospitals, fireﬁstations, etc.
| i\3. ‘Shops offices factories u = 1 o ) -“._
™ 4.».Cu1tura1 and educationai units - “

- Networks (Ne) . S | | ’ ., SR
1. Public utility systems: water, power, etc;- |
| 2 Transportation.systems:"road,'raii, air
! 3. Personai’and mass communication systems - o _ S
4. Computer and information technology ' o

1. Physicai pianning . '
2.‘ Ekistic theory ; S
In addition to the five basic eiements, Ekistics introduces an organiza- g7
fion of the geographic space by means of twelve communities extending from
the scaie of the dweiiing group to Ecumenopoiis, éhe.universai~city "Th
five glements and the. tweive communities are graphicain represented by meacs of
the modi fied ekistic grid . as shown in Figure I1-4*. At each;community_scaie '

an assignment has been made of.an approximate population-size. The pppuiation

* sizehas ‘been estimated according to the ekistic iogarithmic scale which /

: corresponds approximateiy to powers of seven (7). That in a small neighborhood

contains approximately a population-of 250, wiile a,Megaiopoiis, such as the -

generic type communities assumed in ‘the taxonbd& adopted by the science of
Ekistics These 12 entitieé'or communities,wiii ‘be shown to be 'very usefui in

our attempt to organize and study the compiexity of human settlements.

M

371 Shapterv of‘fﬂis report we analyze the unmodified ekistiC qgrid and reiate

to thé organization of knowledge relevant to Environmental Education

1 v;‘g‘uﬁ - | “ : .
o . P _
' . ey ! '

»
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~ Futures Regearch =~ )

Andther 1nnqrtan¢.cqmponent of our‘s#Ltem ot inquiry centers around the
~concept of timg.' In mjéw of the fact that most‘contempornry eddCators were
rearedtand trained in naturu? and conceptnal wgr]ds which:are\constantly
changing;'it is not surprisfng_td'find that most'high school curricu1ums are
' geared mors to the past than to thé~futdne. Untortunate]y. this emphasis on:
.lng past has cultivéted an educational environment that is mainly concerned
'with eﬁi§f1ng students to outdated concepts rqther than teaching students .

how to Tmagine a]ternat1ve futures.

Prior to the 1960's the rate of change in societigzns\xgryslow. In such

| \
an environment it was' understandable for teachers:to asgume that the future

-’woqld be a simple extension' of™the past[ With a world that was essentia]]y“' 

- ‘'static and experienced very little change, a well deve}oped memory system
'seemed to be the most tmportant prdduct dt a high school edncation.
However, with the sh1ft from local to global perSpectives, from a world
which was relatively static to one which is dynamic, from 1ndependence to
11nterdependence and from unrestra1ned growth to restrained growth concerned
with the .quality of lifé facing all humankind, the secondary education curr1~

‘)

culum can no longer afford to remain "stuck" in the past. Rather, if students

_ are to successfully cope with the problems of tomorrow, schools must initiate "

courses in the study of altennattve futures and encourage futures-oriented
o ' o .
thinking. Instead of relying mainly on memory, something a computer can do
bettenf the high school curriculum should be incorporated with a philosophy

.that accentuates how the past and present will be different from tomorrow.

]

I
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Today the schobls must develop students that are self—prope]led self--

"\
directed f]exib]e and 1maginat1ve, capable and prepared to engage in the

\ dynamié, 1nterdependent and complex world of the future.

To be sure, we are not suggesting that .schools stop educating about the
past and present. We recogniz'e the 1mportance of how a thorough understand1ng
of the past and present can he]p to develop a greater sensitivity to tomorroqp

Essentially, our intent should be to encourage students and teachers to

" develop a‘futures«directed timeframe, through a sharing of their various

_beliefs and views of what the future may'be like.

‘

- -

Systems Theory - . | 4

General systems theory is essential in the study #f human settlements 'since
it -can be used for integrating the knowledge from the uarious discip 1nes as

they‘(elate to the five basic ekistic elements. Systems prin

methods have the'distinct'advantage of being highly transferable from discipline '4

to discipline. In addition to beify transferable horizontally, i.e., between

disciplines, they can also be applied vertically, with différing degrees of

" difficulty, through the various grade levels of schools.

Accordind to the science of ekistics there are two systeh concepts‘that

are particularly relevant to the study of settlements.

’

The first principle relates to the observation that hunan settlements

A ° : o
are considered to be .complex hierarchical systems. This means that a human

settlementdislassumed to pé’compdsed of many interrelated subsystems each of

which is in turn hierarchical in structure. For example, a'metrqﬁolitan area

v A

\
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Furthermgre 1n such systems the who1e s more than the sum of the parts |

G

‘ composed of neiéhhorhoods and

in the sense than,lgiven the properties and the laws governihg the operation |
of the parts, 1tmis not a tr1v1a1 atter to 1nfer the’ properties or operatingv
laws of the who]e._ Th1s barticu]ar characteristic of human settlements °

is cr1t1ca1 in the practice of the system of 1nqu1ry advocated by our
approach to social system design and study. There is c]ear]y a lot of‘know~

Iédge that needs to be discovered by the student through his or her persona]

and experient1al investigation of a spec1f1c human settlement and its Sub-

\ e
‘.

systems. - - : ‘
The. second princip]e is that human settlements are purposeful systems.
According to C.A. Doxiadis, the purpose,of a settlement is to make its

vinhabitants sefe ahd to help their human deve]opm"ent.5 o

-
..

Policy Perspective

.
.

Another principal component of the system of inquiry 1s that of a’
policy perspective, _ : S |
There are numerous.definitions of poliey. A11 of the definitions basically

¢

~ imply stme form of human intervention in the behavior of a system in order to.

enhance the probability of achieving desirable ends.- Since, as we stated

A

. s v : '
previously, human settlements are purposefu] systems, the exploration and

assessment of alternative policy interventions is obvious]y\very 1mportant:
I L ) R




'jmust tryito,dea] with the~compfex nature of interdependent problems by

fication and reso]ution demands a sensitivity to tqf particuiar cultural:

According to H D. <Lasswe11 the'man‘who is credited as the'inventor of ~ -

po]icy sciences. there are three dimensions tbat need. to%e considered in "
a policy- oriented study of human settlements, name]y. (a- contextuality,
(b) probiem-orientation, and (¢) diversity of methods;(z)

! Contextuaiity means that the students visua]ize their choiées in the
light of a. Jlarger socia] context that goes beyond their individua] needs.

" »
This dimension bas1¢a17y captures the systemic nature of societal prob]em-

a !

solving. Depending on the problem situhtion ‘the participants/students
e

\
* will have to explore “n a'éystematic manner various aspects, such as va]ues,

intuition, ,resources, space and time. B

The second dimension that enters the study of human gettlements from thé

policy. perspective is thekrequirement for a prob]em-orientation. The student

recognizing that'( a) most probiems of policy-relevance have ramifications
‘%

" across. many discipiines and social sectors, and (b) societal problem tyenti-

situation

The five important steps involved ‘in the probiem-orientation dimension

are: : | S I 7

M e
Step 1: Goal clarification: What are the desirable future g

. [ Y
states of the entity under study? What are the ideals and

aspirations of the participants to the social process model?

* Step 2:- Trend extrapo]ation: What are the probate future states

on the basig of measurable, identifiable trends?

j .




Step 3: brobiem‘identification- To what extent have past and

present rends and everits approximated the desirable aiternative.
 futures) spelled out under Step 17 Note that prob]em(s) are defined

as the iscrepancies between the desirabie futures and the probable

futures: . B -

1

Step 4: Analvsis'd?lconditions~ whaticausal factors have. conditioned ®
':gzghe direction and magnitude of the tre |

T%tepth: Invention evaiuation and selection of a]ternativeS' If

.

- current*polccies are continued, what is the probability of goal

ds described above?

achiivement? What a]ternative strategies and programs - Wwill increase
the likelihood for the realization of the desirable futures? :

' .The third dimension of the policy perspective that needs to be built into

\.

2 curricuium for the study of human settlements is the need‘for a diversity of
\methods 'oriented towards coi]ective inquiry. Depending on the ciassroOm
situation and needs, different methods might need tofbe emp]oyed For examp]e,
such methods as ISM. and NGT will be described in Chapter III1. However,
there are other methods such as scenario construption, computer simuiation,.‘.
and the like that can be very useful in the study of human settlements.

Figure II-5 represents an attempt to integrate in one framework some.yf
‘the main steps of'a poiicy p]anning situation based on: perception, thought

intuition vaTues, and fee]ings. A probﬂem situation, depicted in Figure 1I-5

Las a discrepancy between a "probable future" and a "desirable future", becomes

interesting’for study oniy 1f the difference between these two futures generates '

a state of dissatisfaction (a feeiing) for a student or observer within the

>

context of a particular reality perception.‘.Differept_gpservers may, and

" usually db,’pérceive a situation differently.. ‘The role of perception is to

4
g ) L}

[
. h
. . .
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; provide the information on which tp base the derivation of probable and . -
desirable fUtures.'ﬂA ég]ution'to the proglem'situax1on 1s“a course of
action ‘defined by means of. policies andfinstruménts for 1mp1em¢ntation.

The. selected course of action is based on 1ntu1tiona thihking‘dVer the
'alternatjve choices, and preferences (values) about the most desired
| outcome. Finally, plaﬁning‘andﬁanticipating the cdnsequences of actions, |
is a continuous process with each choice of action feeding back and -
Lo ‘generating .a new planning situation in'§ continuoUs_stﬁeamf
S, A
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- CHAPTER ‘111
- 1.
. K TECHNIQUES FOR GROUP .. VT T
: DISCUSSION AND INQUIRY ' I N
. J | S L : oy
ok { . A B
In this chapter we will presént‘some-of the essential ideas relevant to e

- 'tpe use of teqhniqqes for-co]jective'djscussidq and inquiry 1n»the;c1§ssfddm:for -
fhe‘purpose of teaChihg the sc1ehce‘3?%human.sett]emenfs.A‘Béfdré we |
embark on ourf;;gabssion_of these techniques it is appropriate to consider -~

what wewmean by .a modeIJand how the techﬁique§ can‘be implemented ih.the )

classroom for the construction of mode[s.*A.‘" I . ;1' T

TR
\

 MDDELS

\
v .

A A model \s én image-or a simplified représentai%qﬁ'of sqmething in the \ Uy
| real world. - Me ta? models are.fofmed through our expebience, know]edge,and |
.}‘ 1ntu1f10n. The fox ation of ﬁode]s helpS'us txx(a)uyhderstand our_pecceptiqns -
| . about certain ;hing;\qround us, that®is, about its parts or featureé, and (b) '
qﬁr beliefs aQouf how fhg_parts ére‘reIafed. R A |
It-{;§iﬁﬁortant\iq\ﬁéa112e that a model 1is a simp{if{ed version of
~ something. It does not fnclud all the details about a particular area we

“might be studying. Rather, it int]udes those e1ements or parts that we deem |

essential for;odr particﬁ]dr purpose}\\zrerefore,‘a mode! makes it easier
’ o . ) i }
’ o

o - : > B
:"Mbst,of'the material dealing with the exb{g;:tiohof(the Interpretive

Structural Modeling technique has been extracted from Using :Computer Modelin
in the Classroom to Examine Environmental Issues, University of Daytgn,
The purpose oT’inc]bdin? portions of the University of Dayton effort{is to
demopstrate the feasibility of developing a comprehensive user-oriented reader.
for the study of human settlements in the classroom. . = .. B o

[




"1nterdependent and comp]ex subjéct matter such as human sett1ements

- ft\\\ The reason we'.progress from,mental\models to.mode]s built through
- words,\numbersj/o:/::aonams is that: f S . f' g

to think about and work uith complicated‘situat1ons or.in our case a high1y

»

" Through “the use of models re]ative]y less 1mportant/ch acteriStics b

of a sityation or object can be set aside while the~teacher and students

examine the more vital aspects of their 1nqu1ry Dnce the 1n1t1a] aspects :

;_have been grasped a more comp]ex or reatistic mode]l - may be deve]oped
: -

- -

o Mental models may' be inaccurate or’dncoiplete;'
o Mental mode]s may belinconsistent'

o Menta] medels may contain too many e]ements, or pieces '

. V'

| \\5<§ ' of 1nfonmat1on to’ keep stra1ghtr and - :: S .:'.";: | :';' '
N ; o It is diffiqult for persons . to communicate accurate]y a ". N

-‘the1r mental model to other people. .
. ¢

Fina]]y, it is important that we ‘appreciate- the difference between Ad

'quantitative and qualitative mode]s Sometimes this d1fference 1s neferred

s -

“to as the dist1nction between ar1thmetic and geometric models. Essent1a11y

a’ quantitative mode] (ar1thmet1c) 1s a mathematica] model wh1ch often uses a
computer'program or 'd formula that can use measurements or numerical data ass
certain variables to make numerical predictions or forecasts.fonﬁfuture
sdtuations. J. W. Fonrester's systéms'dynamics modeling is & good examp]e of
a mathemat1ca1 model. (1) Th1s method was adopted and used in‘a C]ub of Rome
project studying population and growth which was published in a book entitled ig _S‘

The Limits to Growth (2) This controvers1a1 study examined data on world

. .pgnﬂﬂation’ growth rates, food supplies, po]]ution growth, and predicted a
. . -“0 ) "h. ) ) * . . .

° . e
e ) N . -~
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_rather darkened'pictuhe for the future of mankind within the' next 100

- . . . '. ] . .'. ) . B A

years. S . .et_.”°

[} '
However, the computer modei used in one of the ‘techniques . for inquiry
described here does not require quantitative data, "’ and it does not produce

a numerical mode] 'It can produce a quaiitative (geometric) rodel that

refiects “the ac%::acy of the modelers oerceptions 'and can. be used to ,;?'

L

describe and interpret a present or future situation

I INTERPRETIVE_STRUCTURAL“MODELING

The finai product Of a ciass exercise conducted with the use of the

Interpretive Structural Modeling technique is a geometric modei

” -

)

graphically represents the views of its creators (in this case, the teacher,and '

" the students). ”It heips to iook at the parts of-a problem and the way, in o

-

| which those parts are related, and draws .a diagram tolrepresent the geometric

(XY

~ structure that resuits from the reiationship amohg the parts It is an

interpretive-structurai model because it refiects Jts creator S 1nterpreta- . \ﬁ

,tion of reality. Thus the process by which 0ne creates such a modei is caiied :

A , , S
A Iﬁ?erpretive Structurai Modeiing, or ISM for short _’ S .

For instance the students could write out everything they think is N
. a cause.or resuit of the energy crisis, and every way that thay think our

lives will change as a resuit of it and everythiqg the students think shou]d be

done about it ﬁLf each student were then to- draw arrdws from one cause to aii "

its effects, a smaii part might look iike thds _t;?ﬁlgmll-' ; '.i .d o

f
.
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Decreasing” T o . . ... Increased reliance |
supply of oil” - - - ‘ U * Y On solarsenergy . e
- Increased '
,zcost of fuel
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where the arrows representucausality, and lo'and behold' _they would have’

: created an interpretive structural model without even knowing it. - _"k\?f\

To create thlS interpﬁeﬁive structural model -of :the energy crisis,

! llb’.
,l

T the students had to rely éﬂhthg facts at their command and the;:/9d6lescent T
. " understanding of world econbmics government intervention, con umer attitudes,

‘Q.

;}, , The 1_portant point hEre is that through the ISM process students and .
‘--'_ teachers are able tol share their particular knowledge about a. particular \ﬁ)

< subJect while at the same time, theﬁclearn from_one another

4

v°" . "lhat is where mode] building, apd in particular Interpretive Structural

. ‘o

‘ «Modeling, comes into play When p&ople build a model together, they have a
g ﬁ'f chance to; ST . *tﬁzﬁ,

S

- share their ideas :

K4

o ¥ . !
Y improve their understanding of” the situation being modeled, and

'( e correct false impressions. .~ S~ ”:,l
“ " A good model 1mproves our understanding of a situation anqﬁhelps us commhni-

cate that knowledge to others

Interpretive Structural Modeling can best be utilized when the subJect

matter or issue under study can be. Broken down into its component parts,. when :

the:class sy§tematically examines how these parts, or "elements“ as we will

&efer to them, are’ related to one another, then the essential elements of the

’ .
- issue become clearer and the relationships among them are more explfcit. * .
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o - -~ The Use of a CompUter o .
. . , = = _

A computer will need to be employed to help th@bteacher help the - ;

-class with the process of constructing a model Computers can b made .

they cannot do_anything that a human has not_instructed (programmedff :
. . p . ' :

l
to do very conplex things however. it 1s friportant to recognize that i |
|
. . : |
‘them to do.. c o : Lo o f
To help with our discussion let's stick withmthe-q‘ergy crisis ag an ‘

", examplegof how the computer can"aid us in ouf work. If you want your class

»'to study: the energy crisis, you might well consider the problem from the _'

_standpoint of cause and. effect. If the class were then to list al} the

causes and effects of the enerQy crisis that they could think of, they
- would produce what is called“an "glement list" in the language of Interpre-

'tive Structural Modeling Later on. in this chapter we will discuss another ‘

h fbchnique which is very suitable for generating-a list of ele nts, . namely
the Nominal Group Technique (NGT)

. The next step would be to consider how+each of the e gment s is related
to, each other element ot Thi§ is done by - selecting a relationship by wh\ich

“to’ examine them Since the class is considering causality, the teacher might well

choose the relationship (which s always posed as a question) "Does Element

A cause Element g“i In our imaginary situation the symbols A and B might be

: |
replaced by_the Element 1, decrease supply of oil, and,Element'Z, increased

“The Guestion then would read:  "Does decreased supply of oil

cause increased cohservation?",

The answer to each question must'be "yes" or'"ggf, depending on what the

cl&ss.decides by majority uote; All;possible pairs of elements ,are compared

! i . 4 " l;‘“
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by this method, and this is where the computer comes in, The-computer is

programmed so that, 1f an element 1ist and a‘re1at1odsh1p in the form of a
'oueStiqnnare fed 1q§o it, 1t will then substitute each -possible pair of
elcmenfs.into the qoestion andfprint'the quest1on on paper or on a TV .
mdn{tor So the first reason: forausing the computer is that-itiwrites out
-each question for you, and saves you from having to put each pa1r of
elements on the b]ackboard ' "
The second reason is that the computer reduces the number of questions
that the class must answer. For examp]e, if the c1ass decides that "A «
- relates to B" and that "B relates to C“ ~the computer, by a pr1nc1p1g
;f’known\as "inferential logic", has a1ready been programmed to infer that "A
re1ates "to C", and it w111 not ask that ques&jon The. manner in which it is

programmed to do this 1s somewhat complex and does not really concern us at

. ..

»thist'lme . | | ™

Planning and Conducting an Interpretive

Structural Mpdeling Exercise . : v e

'Prepartng;a Lesson Plan

]

\ The f1rst sign1f1cant activity that the teacher must undertake for an ISM
exercise is to draw up 4 lesson plan. Table IILI- 1 sHows a sample lesson plan that
has been developed by a group of researchers at the quversity of Dayton .-
in order to be used 1in a four week high schoo], (grades 11 and 12) World
Prob]ems class. The topic for this 1esson Was the effects of mor1d N
population on the'globaj environment, with an ov a1f-goa1 of;héfpingtfhe

class to unden&tand fhe enyironmental aspects of world population growth,

»

© p

lwk
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- In terms of the ekistics qrid descrkted in Chapter IT this lesson plan

corresponds to a problem structur1ng exercise at the 1eve1 oq Ecumenopol1s,

/ i.e. .» the Universal city. Table III-1 {s 1ntendedhto demonstrate how, ISM
1kk‘:p1ann1ngqnay be done, Plandpng the lesson simply means that the teacher
| @ - ‘
. determines: ‘ L \
. ¥ ' ]

o what is to be accomplished
.0 how to achieve it; and
® how to ‘know when one 1is successful

The variouﬁ‘aspects of Table III-1 are discussed in what follows,
. 0bject1Ve . | | ‘: '

'Essentially 1h the objective phase of the ISM exercise the teacher is y
| :t striwing for the students to; © ‘ | |
| ) obtaih‘informatioﬁ'on parttcular aspects ‘of world population
e become fadiliar with WodETing-in general B
Y 1dent1fy the e]ements of the probTem situation ' J

f e examine relationships among the e]ements

e create a structural model based on that re]ationship
° ]

This means that the: students Jould move beyond specific knowledge of facts

and trends, which should enable them to ana]&ze the e]ements and -the

¢

1rre1at10nsh1ps between the elements

L .

Activities  * E S A ‘

)

The act1v1t1es co]umn 1ists the spec1f1c classroom and homework actiyities )

o _that would prepaee students for modeling and take them through the exercise.
‘ ey A .
' ,The 1esson woulﬂ end with an examination of the model's. tmp11cations " This

port1on of our~pxerc§se refers to both physical activities_involv1ng the

A3

(71}
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TABLE III-1: Lesson Plan for Modeling Exercise at the Ecumenopolis Level,
’ . 9
" 0BJECTIVE - ACTIVITIES EVALUATION

1. Student will correctly
answer X% of questions
on knowledge and
comprehension of
required reading.

Students will be'assignéd
to read articles in

. Newsweek.

Written test on content
of required reading.

2. Student will be able
to write a definition
of "model" in his
own words :

Teacher will ifitroduce
class to mod in
general and ISM in
particular through a
trivial example,

Test question requesting
student to write a =

definition of "model" and
to name some examples.

>

3. Student will be able
to answer yes (/Y)
or no (/N) to video-
screen question.

Students will enter
class consensus on
terminal, as ipstructed

by computer technician.

' Teacher's observation of
students at terminal.

4. Given a trivial example,

student will draw a

digraph without.computer

assistance. ~

Class will construct a
digraph for the example’
used in class, using
computer output.

™

- | cal, to that demonstrated

“the. given relationship.

Given a simplistic example,
similar, but not identi-

in class, the student.will
draw .a digraph illustrating

. 5. Given a currentﬂworld

problem or cyrrent event,
student wilX¥ identqfy |
parts felements) of

the whole. (problem)

for further study.

Discussion of Third
World growth and
development (initiated
and led by the teacher)
will give students .
practice in identifying
elements and examining
their influence on the

" problem of growth and ‘

. the environment,

In answer to a written -

test question giving a
similar but different

worltd problem, student =~ «
will Tist in his owh :
words X% of the elements
described. ' “

Student will recognize a
relationship among
elements as distinct
from the elements
themselves

-8 - K

{

-be used, etc.’

Teacher wil] guide
class in selection of
appropriate elements,
by discussiop of ele-
ments in genéral,

~expmples of various

elements that./could

L

_eléments to model, student

‘(appropriate) elements,’
“rejectifg the irrelevant

Given a contextual explanation
of a real or hypothetical
problem and a 1ist of possible

will select X% of correct

ones.

7. Student will gecognize
different kinds of re-
lationships among a -

* group of elements.’

-+

. Teacher will guide

class in selecting
appropriate relationship,
by discussing relation-
ship in general, examples

. of various relatdonships

that could be use¥, etc,

pick out X% of

Given a ‘contextual explanation
of world problem, including
two or more relationships
among- elements, ﬁtudent will
the relgtion-.
ships. et

)
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| TQPLE 111-1 (qontjnued)

OBJECTIVE

m

ACTIVITIES

" EVALUATION )

Based on what he knows
already and new facts
and opinions put forth
during class discussion,
student will evaluate

» @lements two at a _
- time with respect to '

a given relationship.

Student will answer yes

" or no to question posed |

by computer, and defend

his choice when challgh-|.

ged by classmates or

. teacher.

" Student. withgorrectTy
. answer yes or no- to X%

of questions on test
similar to those ‘that .
the computer would pose. -

!

. Givenc<individual or

group ‘actions in one.
country, student will
identify potential
environmental conse-
quences outside of that
~countny. "

- prompted q

Duying, ISM modeling -

se§sion, students will -

discuss such topics.

If they do not arise
spontaneously as a.
result of computer-
tions,
teacher will interject -
them as appropriate.

Student will correctly .
answer X% of wiritten
test questions on local
activities and their
global effects.

10. Given a model such as

A

those developed and
discussed in class,
student will pick

out key elements™and -
~discuss possible kourses
of action. : ”

e

\ .

At completion of ISM
session when class has
structured modél,
teacher will lead
discussion regarding
sthe relative impor-
tance of the elements,

" In answer to a written

test question giving an
Interpretive Structural
Model, student will.

select X% of key.elements
for implementing change

* and defend those chosen.

and class will determine|

., one or more possible.
courses of action.
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. ‘..computer and its output and the type of discussion that should occur during
| '_this phase. As the teacher is able to adapt the ISM exercise to fit the ciass-
"room‘néeds, he/she will deveiop variations of these activities.‘ However, the
_ procedure to be foiiowed in conducting the ISM exercise remains fairiy constant.
research, specifying eiements—and a reiationspip, structuring the modei apd |

examining the results, | “

Evaiugtion

. ) [}
‘ . ‘e ]

]

The third column in our iesson plan format refers to the evaiuatibn
procedures the teacher shou1d~fbiiow to determine whether the objectives had
been achieved For each objective we have specified how the evaiuation was

to be conducted e.g., written test, observation or type of question

. NOMINAL GROUP_TECHNFQUE ) \ E

The Nominal Group Technique can be used in a c1a$§ro:n setting for the

purpose of generating ideas relevant to a parttcuiar problem or iSsue 'The'
technique is particuiériy helpful in 1dent1fy1ng problems, estabiishing '
priorities and expioring Aactions to be taken for resoiving probiems It
l‘works particuiariy weii in small group meetings usually 1nvoiving up to ten
participants ‘and in 51tuatidns where theﬁe is uncertainty concerning the .
'nature of a proplem. In_Ehgse 51tuationS it is very desirabie,to generate
ideas from’manf different points of vien and to try, through'e'éystemetic
process, to neutraiize.the.effect of certein partt@ipants'dpminating-the’
.’"'grpup discussion. L v - [ |
The principai resuits of the appiication of the NGT process in a classroom

setting will be: ‘ - By o




oA list of 1deaa re]evant to a probI?n\situat1on,

® 4 more thorough understanding of the ideas generated .

by the group throqgh d1scussion and c1ar1f1cettohJ1L/'

®

S o A pre]iminany pr1or1t‘zat1on of these 1BEas according | ,/

‘to a specific re]atien and - S \e

-t

. ® An opportunity for ehch member of the class tp relate to -,

the group generation of 1deas and to feel as teing part
/. .
of the output. o - ' I

. RN I ) »AppItcatjon of Technique . o 7 b
: , ; o - 4 \ .
The first requirement for applying the techniques 1s’that‘the group "

mus t recognt/g,the need to generate a set of items, o: 1deas, concerning

a particular 1ssue or pr blem The teacher shou]d_act as group ‘leader

and.pust make sure that the 1deas are generated according”td the specifica-
:tions of the technique. \Phe;majpn precess'nedu1rements are: '_-‘.

‘ o Silent generation of ideas in writing by 1nd1v1dua15
1n_re5ponse to a catefpl]y prepqred»trigger‘guestion..‘ ) R .
. @ Round-robin recording of ideas in which individuals

present one idea at a 'time.

U

. v '
b e Serial discussion of the resulting list of ideas for .
clarification. .
o Voting on the priority of generated 1deas 'Q/f .

A diagram depicting ‘the var1ous steps of the précess 1§ shown in Figure III-

1. The diaqram depbcts tpe sequence of operations from the initial statement
of the issue or problem tg‘the final Tist of the prioritized set of 1deqs. o
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, Figure 1II-1: NOMINAL GROUP TECHNIQUE

Faced with a need tq generate Ideas related to an
issue or probfem, facilities are obtained, a group leader -
selected, and a group familiar with the issue chosen. A
simple trigger question is carefully phrased by the
group to stimulate the formatfon of individual lists- of
_ideas. One by one, each individual presents an.idea for
discussion wuntil ; all ideas are presented. -Individuals

', rank ideas according to relevance or usefulness and

T these rankings are combined by & ‘voting scheme to
produce a final list of ideas ranked in order. of
lmporta_nc?. ‘ : 42 , : : :
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_’ . : . .
As mentioned in the previous section the Nomina] Group Techn1qwl‘€an be

[4

p _
used 1n the classroom together with ISM primarily for the purpose 0? engag1ng

the students 1n an idea generation session. F0110w1ng this sess1on the
teachkr with the help of a tra1ned -computer techn1c1an ‘can faci]itate the.

deVG]OPNENt qf a structural model by the class through the util1zation of the
ISM technique. * | | S

A\
[
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- New Yonk Signet Books, 1972.

Forrester, Jay W., Principles of Systems Cambridge Mass..
Wright- A]len Press, inc., 1962. P’ .

Meadows, Donella H., and Dennis L., et. al., Limits 1 to Growth,
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THE INQUIRY SYSTEM APPROACH TO THE 4
.STUDY OF HUMAN SETTLEMENT PHENOMENA

b
'In this chapter we will present two cases of howgthe,1edrn1ng d
\ system we have~discussed'oan'be 1ntroduced into the high schooi/olassroom.”'
Our first case’will demonstrate hol the teacher and students could ; '
- initiate their first exposure to an application of the policy perspective-
for ladD use planning at the regional level. The second case will -
demonstrgﬁh how the teacher and students can study a prob]em situation
§ at the level of a large metr0p011taj\area Tike wasb1ngton, D.C., or
 Cleveland, Onio. . L ey
| - These two cases are being presenteéd pot oecause"they shed great 'J,t
- 1ight on-the comp]exity surrounding the study'of human sett]ements but
pr?mari]y because they will 111um1nate how the 1earn1ng system approach
'we have presented 1s applicable to the present h1gh school curr]culum

\ . ! ' . _ < - .

\ © CASE DNE: THE EGYPTIAN DELTA REGION

\ i . ‘ " .
Before ény-sfgnificant activities could taﬁf pldce in the classroom,

the teacher or team of teachers would draw up~a lesson‘pﬁan for. the implementa-
tion of the poljcy perspectfve'prooess The lesson: p]an (see Table Iv- 1) is

divided into lesspn objectives, .activities for students to undertake, and

~ ways to evaluate the different activities that take p]ace in the classroom  _:fi
' The overall objective of this particular Tesson.plan #s to demonstrate how
? modification of land -use polterng can lead to unanticipat@d environmenta]

problems




TABLE IV-1:
- MODIFICATIONS

QBJECTIVE

/

et

ACTIVITY - a

EXAMINING UNANTICIPATED CONSEQUENCES OF LAND USE

’

" EVALUATION

. )

1. Students will become Read p. 13-17 ’ Individual presentations
familiar with,Aand article entitled . reviewing perceptions

‘i~ use problems i the —Two-Rivers,

Delta region of
Egypt.

of land use problems.

‘\g. Students will deter-

mine what human settle-

“.ment element -is under
stndy.

Review 3 major
ekistic elements.

Groups discuss what
primary ekistic elements
are being examined, and
why.

3.~ Students will deter-
mine the appropriate
"community scale"
being investigated.

Revien'modified, &

wg;wEkistic.Grid.

Each gfQup selects the
ekisticgntity they feel
is most apPropriate for

study.

4. Students will develop
a list of problem
. elements contrit
to the decline o
* - agricultural production,

ting

A
NGT Ted by
/ teacher to help

grOUps identify - | &

important elements
contributing to the®
problem situation.

Given reading materia]s
similar to Two Rivers,
students Wiﬂ—qenerate _
the important elements ° \

‘of the problem situation.

5a, Students will under-
stand the;dfmensions
of policy science and
begin the 5 step '
problem-orientation
. process.

Review materials which
introduce the various
dimensions of po]icy
sciences.

Groups will present their
* interpretation of policy

dimensions and be able to
Tist the 5 steps of .,
prob]em-or1entation

5b. Goal c]arification,

R Y

Based on the list of "

prob]ems, or the
‘student's pérception
of -reality, each group
will list desirable
futures for ent1ty
u@der study. -

|

Teacher will discuss with.
each group why. they

selected their particular
1ist of goals. , . Lo

] ¢ " economic, socfal, and

Each group wi]] extra-
' polate potential

political trend 10 to
20 years into the

future ' .

Instructor could present a

1. similar case to determine -

if ‘the students have learned
how to extrapo]age trends ‘
for this case.

,;.\

¢ Tt
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OBJECTIVE -« .l-

TABLE TV-1:

ACTIVITY

| EXAMINATING UNANTICIPATED conssouencss OF LAND USE
 MODIFICATIONS (Cont1nq28)

BT A e
) g B .
.m; '\ e oo
‘ “\: "“

EVALUATION

5d. Problem identification.

7.Each.group will review

problem 14st and

~ + develop a refined
- 1ist of problems wh ch

are 1nhibiting the

achievement of goals.

The teacher w111 a.k each
group to défend th refined
list of pro ¥

developed o

lb-

Each gyoup will use
their refined 1ist

~ of problems to, .
.construct an ISM of a

X o o A
The iacher wﬂl ﬁa‘ruate .‘
the ISMs produced by “the

various groups,.\. ' .

N7

- " relationship: betyeen > ) -

e o W elements. X v
5f. “Invention, evaluation, Each group would Teacher-]ed'cléss”discussio
" . and selection of initiate policy - will evaluate each group's
f*a1ternat1vgs.- recommendations for policy recommendations.

' achieving goals deve-* - ' -
Toped in Objective 5b.
- : ) - . - - . .: l,,‘.
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“‘ | . | . ¢ .
, ; \\~.,~ ; e
¢ ot . L
- N " ' .
. ’ 14 J !

T s
" y 2} t : .“ )

- » < y y , ./\ v
\ e - jli)l/ v .

. \ '. o ‘q' "

o : y*l. §
. b . . ﬂ/'. . ‘
_ o ‘ ( Y+ Y T 4




AQ' . _ . -

. .o In the fel]owing discussionz%e will e]aborate on the objectives and ' e

R activities 1dent1f1ed in Tab]e IV-1. .
2 “V ’ "-'_ o ' ‘- ; | (. o ¢
ev L : Obaective 1: Become Familiar With ‘
e Ty e o e *[endlUse Pajterns
o f' : Each student in the class: would be expected to read a portion of the
tao article ent1t1ed Two Rivers. ‘This article is taken from the Association Lok
, e — e
. - of Aherican Geographers high schoo] proaect and 1s suttab]e for the study » aon
of land-use patterns at the htgh school leve] The students would read
: I
* pages-13- 17 and be expected to answer questions ora]]y Zbout ‘the article
“(whith has ‘been” reprodugedvand included in the fo]]owing pages).
(] * ‘.. ‘
) S ;o '
“ . ‘:‘ ' e ‘
Ll ' “ _' -. | v . R | *
) \.;. ¢ ‘ | ) '..J /.4' .'l * v h
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Two Rivers

(AN

In ‘this activity you will study two very similar

habitats —the lower Nile River and Delta area in Egypt
(United Arab Republic) and the Salton Sca area in .
‘southeastern California. Both are dry regions that would

- be deserts if a river did not provide water to make them*

places where man could live. :
Yet these two arcas are used dlﬂerently by man.’
Why? : .
Some of the answers. to this pcrplexing question are

- given m the two- peadings that foljow. And you‘lhave

learned 7 some of the reasons in’ the other units of
Cu‘wzraphy in an Urban Age. y

As you read, keep in mind the possible answers to
the question, for you will be asked.to discuss them Inter,

g N
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THE NILE HALH AT

The Nile, with length of 4,100 miles, is the long--

estover on carth and the only major viver that flows
Arom south 1o nonh! Imaginative people have compared
e i flower, The viver s the Fong shender “stem: and
the delta s the Lape blossounr, There is even o bud, 1t
isanarca which lies well below sea level west of the
river not fin lom: the delta and is called Al Fayyum.

The Nie's plincipal sources, near the Cyuton, pet
peak of Loy topical rains from Mareh 1o Seprember,
By July this peak of water Howing nonth has converped

on the nmain channels of the Tiver as they cross Sudan.

“and the United Arab Republic,
Because e volume of water was muaeh greater at this

tme of yeaw than the channels could bold, the tiver al .

Wy wsed o overtlow it banks, The flood stirpe would
st untit October, Until mén began to remodel the land-
seape s the Nile Valley was under o .shcvlgul' water witly
only ridpes of hipher groundrising above the flood. Sinee
Fpaptreceives almost no rainfall, (he vildley of the lower
Nile pets admost @l of its water for the entire year from
the Nile during the few months of it high water flow:,

Rather thian lu-in';v aonating) dicaster, the annual

lood “permited the rive of one of (he Hehest, most ad-
AN

vaneed of ancient civibizations by 3000 n.c. The yearly
Nood helped the people 10 prow food o supporl a Lkupe
Population and o free men for building, leaming, and
art Herodotos, a Greek peagrapher historian of the fitth
centiny e owgote that Epypt was the “pift of the Nije."

CThe Nood waters of the Nile ¢arried soil particles from
Wpstteam and deposited them over the flood plain “Uhe
Dood plin ol viver iy al) the Tand it Ilnnn\\\':lh‘l.\ cover
_jl their Bieheat stage, 10 the tiver tuns 1ho e ninrow
valley with steep wall on both st e will Jave s ey
Shude Bood plain But i it flows thronph a “‘.“”7“""'

EMC, ‘ . . . e ‘ #

Aruitoxt provided by Eic:

B R S TP

broader valley -as does the lower Nile--its flood plain -

may be several miles wide, o

For thousands of years the il deposited:eacl year by
the flood partly renewed the fertility of the gy ptian. ficlds
along the Tanks of the Nile. Man had to dp little exeept
plant after the water receded.

Deltas, like flood plains, are formed by soil deposits.
As the Nile reachied sea level it flowed (oo slowly to keep
the particles in the water movipg. So, as the river emplicd
into the Meditervanean Sea, ‘the soil particles (|I'ﬁ|)p&’L| qut
of the water and cventually built up into Tand. ‘Tht Nile
Delta happens 1o have the triangular slmpc‘of‘ the Grvvky
letter delta, which is written A At the point the Nile
River®veaches the delta it breaks up into a number of
stwtller ehiammels that cut through the Nt soil deposits,

Man Begins 1o Remodel the Landscape

Ficlds and the villages built on stretehes of high
ground that seldony were floaded or on the desert margig
ol the flood plain were the major changes angient man
made in the landscape of the villey and thé delta, After
the water receded in the fall, fields were planted. Crops
grew during the warm dry wintér and were havested in
the spring, "' |

On either side of the feytile flood plain and delta was,
and still s, the desert, As of today, nincteen of every
twenty Eayptians live cither on the flood plain or on the
river's delta, which together are. nly 32 percent of ll\nc
countryls area. ’ r

No other IIl;Ij(%' modifications Were made in the Nile

“habitat untitabont 3100 1.c. when a great teehnological
revolution bepan, Egyptian fvmers learned 1o yse plows

instead of plahing, seed in the natural furrows lv[‘ by

depanting flood water, Ao, man began o dedise ways

to'manage the flow of the water, Earth embankments WL
r .
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built to control’ the movement of flood watérs so that
water could be leg to more of the shallow natural basins
within dhe ood®lain, and therefore coves more land.

~Basin irrigation thus: gradually evolved,, Lake Moeris

(present-day Birkat Qarun) in Al Fayyum was another
carly water-control device. Excessivefloods could be di-
verted there and in years of deficient flood, water could
be fet back ing the Valley. to '

Winter crops were grown: wheat and barley, also
vegetables and flax. At the time of Nero, about 60 A.D.,
Egypt Erovidcd Rome with \vhca/l for four months of the
year. _

In a few places where water could be secured all year
round. more and. varied crops could be grown. Thus,
a little. year-round irrigation began. Perhaps the idea
came from the times when ponds of water were left behind
in fow areas after iheflood receded. Water then vould
be carried in, buckets to other ficlds. Lifting machines,
first the pole and buckettype, later the water wheel, were
brought into use. In some places,” water fram under-
ground wells could supplement the flood supply and also
help to make year-lonz cultivation of the land possible.

On fands which had year-round irrigition, more than
one crop could be grown cach year, and the food supply
increased. By the time these changes had taken place,

~“ancient Egypt had 6 million acres under cultivation and

[

supported a population that may have been more than
7 million. Grain was Fgypt's chiel export.

.Décline ol Egyptian "Agrlcullt;re

But l".[:ylpliim agriculture. fegan to decline, The rca-

* sons for the decline were many. The country’s farms lost
much of-their power to produce. When land is irrigated

year after ycar bhut not drained, the water cvaporates,
Jcaving behind salts thag destroy soil fertility and the salts
cventually ruin the sqil for farming,

'

-

~

““This happened to many Egyptian farms in the aelta

~and flood plain. Besides, in onc great disaster a million

and ong-half acres in the delta were ruTncd_by sca water " -
sometime in the latc Roman or early Arab periods.
As farms failed, embankments and irrigation works
fell into disrepair. Plagucs and epidemics. followed. By
the time of the Arab conquest in.the 600's, the population
had dwindled considerably. In the Middie Ages the pro- .
ductivity of the land continucd to drop. _
But beginnting about 1820, changes .which greatly
lengthened .the growing scason were made. First, irriga-
tion canals were dug deeper so that even low water in
summer before the floods came could be diverted into
many ficlds. But the canals had fo be dugsout cvery year
after the receding floods silted them, work requiring hun-
dreds of thousands of men. So instead of decpening ca-
nals, Egyptians built earth barricrs or smnall dams to
raise the summer water level at intcrvals all along the
river, forcing the water to spill over into shallow canals.
By 1890 this system had lifted the general. summer level

= of water more than twelve feet. In the delta of the Nile

it became possible to grow crops throughout the ycar.

. More summer crops could be grown; they commanded a

better world- market, Other crops could then be pplanted
after the floods, : \ ¢
Egypt turned to growing cotton in a big way. Until

~ summer irrigation. became possible on a large scale, cot-

ton had been a minor crop because flax fared better as a
winter crop. So much Jand was uscd for cotton that Egypt
had difficulty in growing enough food for its pcople.
Indian corn, or maize, which is a summer crop, also be-
gan to replace wheat as the staple food of Egyptian
pcasants, ' )

Early in the twcnticth‘gcntury, more ambitious water
control started with the building of the first. Aswan Dam
in 1902, The system of small barriers in the Nile used
the water incfficiently. The dam was designed in part to

L}
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store some of the Nilc'y flood waters. The previous bar-

ricrs constructed along the river had not stored any

- flood water for later use, but only raised the lcvctof river .

'water so that water whuld flow into intake canals. The

Aswan Flam was heightened in 1912 and again in 1933,

Now a new dam, the Aswan High Dam, hys been con-
structed big caough to hold back an entite annual flow of
the - Nile. It will ‘also provide powgr 1o’ make cheap
fertilizers, badly neeled. by the m{nsw;ly cultivated
farms that aze no longer muruﬁ»y silty Nile water w m.h
previously had renewad soil furnllly '

Good and Bad Effects

At present four filths of Egypt's farms. are irrigated
for summer crops and the appearance of the flood plain
has been greatly altered. Never docs a shect of water cover

That onee life-giving aspect of the Nile would be a
major disaster, destroyihg the summer crops which are
the most valuable of all. The flopd's mud and silt, once

believed to be a necessity for recharging, the fertility of
 the jand, are now considered 8 huisance by many bccuusc
they fill up the canals.

The river itself is hept in its channel by artificial high

banks picreed by hundreds of canals which take the water:

to the fields. Graduually the amount of Tand farmed in
- creased, until today it is back to the 6 million acres of
ancient times. Furthermore, because so much land s
cropped twice and even three times achar’c‘ cffect is
as if Egypt had more thun 10 milliod singl®crop acres
under cultivation,

Cotton is still the biggest cash crop It is suited to
larger ficlds so it is popular with larger lygylowners. Re-

cently, as the cities grew Mrger, wheat acreage has- in-

creased again begauseurban people prefer wheat to corn,
 Trrigation. apd multiple cropping have brought their
‘own problems. When year-round irrigation is practiced,

' ~ 1%{-: ¢ .
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the soil becomes waterlogged. Without proper drainage,
so much water remains near the surface that it cen keep
fromn “breathing.” The salt content
also has incréased since salts can be removed only by
flushing water through the soil and then draining off the

water, Because Of these conditions, some authorities be-
lieve that good drainage for delta farms is as-important to

. the future of Egypt as is the Aswan High Dam.

Inscets, almost unknown in the dry Egyptian climate
a century or so ago, now scriously damage some crops.
The increased moisture in the soil and air has created a
fuvorable habitat for such pests as the boll weevil.

Recent Changes
] : g )
The most recent ghanges in land and water use in
the Nile Valley are relfted to changes in Egypt's political
organization. In 1952 asgocialist form of governmadht re-
placed the old monarchy, Land reform laws limited the
amount any man could own and large land holdings were
broken up and sold to peasants. By Amcncanystandards _
most of the farms are extremely, small, and most of the
farmers corfie to the fAclds from nearby villages just as
they have for centuries. 'The government undertook the
new Aswan projcnt a dam lgrge casugh to store more
than 100 million acre-feet of watcf, three times the ca-
pacity of Lake Mead behind Hooyer- Dam on the Col-
orado River.The aim is to make possible at reasonable

" cost the year-round irrigation of many arcas that still lack

it, and bring;}é to 2 million new acres under cultivation.
e

SALTON SEA AREA

The Colorado River flows ;1,400 miles ‘sodthwcst-
ward through mountains and dc(ert from its source in the
Colorado Rockies before it emptles, into the Gulf of Cal-

ifornia. It is the largest river in the American Southwest.
A
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Area covered on maop at right lrriaptod areas
Pcnplc living in seven states and in Mcx:co use ns wntcr long before white men ever sk the arca But because the
Like the Nile, ibis gn international river. . Colorado flooded in late spring, the'crops were planted
- Most of the upper and middle portions. of the rivkr's,  and grown in tha hot summer months, Corn, beans, and
basin is rough mountainous country into which the river squash were staple items. . .
has cut an immense gorge. The most spectacular’ portion A part of the,Colorado River water is used in a hot,
of the gorge is the Grand Ganyon. South of Hoover Igam dry dc,prcssmn, or basin, towhrd the center of which is
_Ure Tandscapes becomés more subdued, and the Colorado 7~ the. Salton Sea. Although the arca appears to be similar -

has built a flood pjain and a large delta upon which agri- to the Nile Valley, the' development here has been very
culture was dev8loped. Today, phe California-Mexico - unlike that of Egypt The Americans began to odify the
border passes through the delta, habitat in a rcglon of sparsc population thousands of years

' Indians' living along the lower Colorado dcvcloped a luter than dill the Egyptians. In addition, the' Americans

' form of agriculture similar o that of the cavly Egypt:dhs have \largcr capital resources than the "Egyptians, use
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many- more machines, farm larger fitlds, and employ

laborers who work in the ficlds by day and go home to

ncarby towns at night. There are no large citids. Yet, like
Egypt. the cconomy of the whole areg is dependent on
the ow of one river—the Colorado.” 1

Long beiore Amencans” settled in this region, the
river emptied its ater from time to time into a depression
about cighty miles west of its channel. A body of water,
Luke Cahuilla, existed there until several hundred years
ag). . “

The Salton Sea basin is an clongated valley, an ex-
~—temsicn of the trough that formns the Gulf of Calilornia.
The part of the basin that is north of the Salton Sea iy

called the Coachella Vailey, while that part south of the .

“Salton Sea is called - the Imperial Valley., Much of the
basin lies below sei jevel, the lowest point 277 fect below
the sarface ol the Gulf of California.- A Tow ridge. @
portion of the dela fan- of the, Colorado, separates the
basin from the' gulf. Mounlame rise abruptly above the
sides of the basin m);ll.,othq directions:

Larly Spanish scttlergof the 1700's avoided this dgsert
as no sei, or lake existed ‘there. Only a few Lx;ﬂmrq
crossed it. Americans seeking gold tricd this route into
Californid, but many lives were lost in the blazing desert,

Only after. riilroads’ were built in the 1870-1880's
through the region did men begin to think of lurnmg lhu
desert mito farms,

The bottorh of the basin lay below sea level, but only
a few miles to the southeast the Colorado River flowed
across its delta more than fifty fect above sca level. It
secmned to be a simple matter to construct canals to bring

Colorado River water into the basin and, h"PLf”lU’v.. to

turp the dry desert into green farm land. - -
The fitst canal was cut through fhe riven bank near
the Mexican border i in 1901, The valley was renamed the

w[urml Valley to changu its mmgc to attract farmers
d settlers,

The new canal was not trouble-free, for the tremen-

- Bous amount of silt carried by tie Colorado began to fill

up the canal intake. New openings were made. But nature
had another card to play. Although most people did not
realize it, the entire Colorado River bash had been in
a period of drought sinc: the 1f8‘)0'\; In 1905 an excep-
tionally high Colorado flond pourcd into the valh.y along
this can®l and created the Salton Sea.

After many attempts over a period of years, the brhak
in the river bank was closéd and irrigation of shaJnipérial
Valley resumed. Still, there existed mahy problems with
the landowners, water comnpanics, railroad, and Mgxican
government. Besides, the river was still not fully regulated
and in periods of low water; ficlds were dry. The threat
of another flood remained, too. -

The building of Hoover -Dam and othcr large dams
along the Colorado ended both these dangers. A system
of canals has been constructed to carry-water to the fields.
'Umlurground dratns have been -installgd to-carry away
excess water. This means that much of - the arca can be
farmed without the danger of waterlogging or salting that
the Nile Valley has suffered, The main intake canal has a
series of settling basins in which the river sllt |s takon
out before it ;:,cte to the ficlds. .

Farming as Big Buslnoss‘

~ The typical Tmperial Valley ranch is an industrial -
Jarm of several hundre# geres which a farmer may lease -
from.somcone clse. Marly belong to corporations, so- a
farm may be run by th¢ owner or may belong to absentee
stockholders. Few people live on the farms. Owners and
workers live in small towns and citics of the valley.
Most settlements are shipping points and market centers
located 'n rail lines cornecting them to castern markets,

The Tmperial Vallgy farms are highly mcchamzéd
Many operations ar armd out by huge custom outﬁts

160 .
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Produgtion per-acre is T]igh. On some land two or .

three crops per year are grown,‘such’as cotion, lettuce,
sugar ' bects, tomatoes, cantaloupes, watermelons, and
carrots. A rather important livestock feeding industry is
also located in the valley, Beef cattle and lambs are

", . moving from farm to farm. These farms no longer em-
_ ploy hand labor, needing orly the men who run the ma--

c ) 4 ¢ —f,r‘ :

‘A rather important recreational industry has grown
“up around the Salton Sca since it was crcated. Many
beach ‘tottages and homes have been built along its
shorcs. When the Impcrial Vatley farmers irrigate their
crops, surplus water eventually flows into the Salton Sea.
Thé farm drainage system also carries salts flushed

from the soil to help preserve the fertility of the land.
Some sewage from the towns and citics also empties into

fattened on alfalfa, sugar beet pulp, cotton seed meal, and @) the man-made sea.

molasses. :

<

* The Coachella Valley torthe northwest ‘of the Salton

Sca has a different type of soil. Fruit is grown here. Ninety
per cent of United States dates arc grown there, as well as
- scedless grapes and citrus fruits. The Coachella Valley
was originally irrigated from artesian "wells. Later a
branch of the canal from the Colorado was built around
the Salton Sea to bring additional water to. this valley'’s

farms. /

/e

The farmers of the valley still have problems, lik
the boll weevil which often damages the cotton crop. Byt
the change the Americans have made in th?area's land-
scape is even greater and took place in a fa shorter Yime
than that the Egyptians have madgq in the Nile Valley.
The change was from ap almost 1}ninhabitcd desert to a
highly productive farmihg region, While far from being

* as densely populated as the Nile (ﬂood plain, its 500,000
-acres support thousands of peov ¢ prosperously. '

« .
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According to the science of ek1st1cs, the study‘§f'human'settIements
must be broken down into five major elements to he]p the teach r and students’T
worgan1ze the1r perceptions and understanding of the relevant phenomena
The Btudents wou]d have had a prior 1ntrodlfct10n to the study of human settle-

e Ments and they should be ab]e to re902£1ze the, ekist1c e]ements particu]arly _
N 1

relevant to the case~ study We are king at land-use patterns) hence the

ﬂ,’  ekistic e]ement under Study wqpld be Nature. However, the students must be
)

rem1nded ‘that the other four elements making up the study of human sett]ements

are also 1nteract1n§(w1th Nature:

~Objective 3: Identification of Community Sda]e o o

« .

‘The third obJective woqu fo]]ow very closely’ W1th oyr second in 'that the_ '

students, through the use of the’ modified ekistic gr1d (ske Figure 11-4),

_/. are to determane what commun1ty scale they are 1nvest1gat1ng. Afterf’

' reviewing the modified ekistic grid, and following a.classtd}scussion

~ about Qhe relevant socia]..politjcal',and economic tactors of the Egyptian
de]ta reglon the students would be asked to ;zlect what propr1ate commun1ty
scale is belng 1nvest1gated In this 1nstance, it appears that the class
should 1dent1fy the- appropriate community scale as be1ng a conurbation,

The outcome from the implementation of the first three ObJect1ves ,

- of the recommended 1esson plan is to have-students:

o ‘become familiar with the content material of the ‘” *

case study; ; @ \
o .select the relevant human settlement e]ements, and
ﬁ":‘ ) determ1ne the appropriate commun1;;/8€/ﬁe according . )
’ o to the taxonomy of.t‘he zodified ekistic qrid, . ’
N ) o, i
N S 163
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The 1ntent of the rema1n1ng ohjectives of Tgble IV l is to focus tha . *
oo
students attent1on ‘on the "Deoline of Egyptian Agriculture“, using the

R o11cy sc1ences per;pective ‘We believe this approach s, 1mportant because
T 12 allows students and teachers to share their perceptions about a complex ”
problem and to d1scuss alternative courses of :zt\pns that could contribute " ;u -lsz
to the ach1evement of the most desirable outcome fhk\:he studenty become |
fam111ar with. the po11oy perspective they can gradually be exposed to more1.
complex prob]ems Since this case represe a'first attempt to perform
a policy ana1y51s on a human settlement entity, it might be preferablc to -
have the studants work out the}r percept1ons in groups of- 3-5, depend1ng on.

the size of the class. As the- students become more adept-with the pol1cy

oy perspective approach they could be a]]owed to work 1nd1vidua11y f '~‘\ | ‘

ssjactive 4: List of Problem Elements
Ay

] o o

During the.e1ement-1deht1ficationiphase of our'lessoh,_each_group in

the class will develop a list of elements which they perceive as inter-

(
acting with oné another and contributing to the overall problem situation,. t.e.,
to:a decline in agricultural production within Egypt. Each_class group,
through discussion and consensus, might produce a problem element 1i§t

' s ' »

that‘1ooks like the one shown in Tabﬁe 1v-2.




© TABLE IV-2:. IDENTIFICA_TfON OF PROBLEM ELEMENTS

1 . .

. Irrigation canals are dug deeQer to catch more water

Construction of earth barriers. .. R

. - More summer.crops are grown _
."Increase in cotton production as a cash crop .
. Fewer acres of staple crops, are planted

. Construction of Aswan Dam Project.

.Entire flow of Nile River under control %f dam system. -

Increased use of fertilizers. ,.

Less natural silt deposit on land.

. Flooding of silt delta lands from the Nile has ceased
. Year-round irrigation practiced.
. Soi1 becomes "waterlogged."

. Poor drainage of 1rrigated land 1nude1ta region

. Salt content of soil increases. .

. Increase of pests and boll weevits. ‘ '

. Lack of."breathing" for]roots of crops pTanted

. Weather and climate codﬁitions require extensive .

AN

irrigation for farming. "

13

. Drop. in crop production per acre..
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when the grg,ps develop their different element lists, they will ref]ectff

’bn many of the various elements which can contribute. to the 1oss of agricul- .

tuna] production

' o

Since thﬁs is the students' first attempt at this a tivity, the\{é?“h

would have each group present their findings so far, This weuld allow\for an

» ‘e
-open_gi§cussion and provide a usefu] mechanism for checking’each ghoup's -

Tndividual prbgress Further, as we have noted 1n our 1esson plan, the teacher :

could give other reqﬂ1ng material similar to the Two Rivers artic]e to determine .
V.

if the students.are able to develop a 115t of prob]em elements. After the‘ .
complet1on of the different 1esson obJect1ves, it is important that the T
teacher monitors each group S progress to be sure that ‘hey have successful]y
completed the original objective. As the students gain additionatijperience

ut111zing the pol1cy perSpective approach, sych close monitoring may not be

K 4
necessar‘y. ' '
i "
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. . .o ~
' f/ ‘ .
- A
o
' -
v wr a

-




'Adbjectiyv 5a: Understanding Goals_of Pol1cy Science

;EﬁTthe completion of each group s/set of elements the dlfferent f
groups would begin the heart of the policy process. The intent of Objective
5a 1s for ‘the teacher to revlew with the groups the dimensions of- pollcy ' |
”sclences before they apply the flve‘step problem-or1entat10n sequence. The\\
various groups would be reminded that policy science is represented by some "
form.of human intervention 1' the operation 6f a system in order to atheve
the deslred goals of that system. In this 1nstance the students would
real1ze that they are going to recommend certaln policy initiatives which -
, wlll help to stop the continued decllne in agricultural productlon in the g
,Egyptldn delta reglon.

During the five step problem:orlentatlon analysis, the students would

- also be using the "framework for the Conceptualiiatlon of Settlement Futures

and the Selection of A Desirable Future" (see Figure II1-5).

Objective 5b: Goals 'Clariflcation

By means of ObJectlve 4 each group has 1dent1f1ed a qymber of problem

»

elements (see Table IV-2), and they essentially have gained a-greater apprecia-
" tion of the complexity of the problem situation they are studying. Based on-

- their perception of the problem each group can 1ist aome desirable futures

. ’ [}
concerning land-use patterns in the delta region of Egypt. By examining their

particular problem 1ist each group, could devise the. following exempl»in;y 1ist

of goals for this region: ' 'l. .
- Gl: better soil drainage for the delta area.
Gy - Increased crop prgfuctlon
G?,- Plapting of more acres of staple crops
A~ . l .. . ' ) \
1g, ) »

—_oy,




4. ‘Reduction in the faﬂure of sma]ﬂfamﬂy farrqs o | ‘
5. Others, ' |

Objective 5¢c: Trend Extrapo1ation

4

This step qf the process a]]ows the diffarent groups to projecg the

probable futures of agricultural production, if current Yand-use patterns

are a]]owed to continue as they have in the past Dur1ng th1s step students

‘could ask questions 1ike: "What™ wi]] the gpcia] political, and economic

consequences be in 10 to 20 years if certain Qo]icy 1n1t1at1ves are not

_implahented?" e .o

Once the groups havg'generated answers to some of their quéstions, they

could list 1ike?y events which might occur if-local officials fail to attempt

to alter present land-use trends, as..shown -in Table IV-3,

TABLE IV-3: TRENDS WITHOUT ANY POLICY INTERVENTION - , ' n.ﬂ )
T, soil will become completely "water]ogged.“ )J |
T2. Salt concentrations and the.number‘of insects rise to .

a level 'which all but prohibits farming. CN
T3.\ After continued use of fertilizer, crop yie]ds begin

to decline.
T A

‘4, Unemployment begins to riseras farmers are forced to:
stop farming.

o
s, .Already overcrowded cities must absorb those farmers
who leave their lands. »

)
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"With the utilization of this particular exercise, students have

now become increasingly sensitized'tq the need of some form of pqlicy

intervention to prevent these probaple_trends from occurring.

[

’
Objective 5d: Projpiem Identifi cation

At this.point each group can now focus on the primary elements which
are contributing to 1and-use prob]ems in the Egyptian delte regfon. By
referring to their orighna] 1ist of problem elements (see;Table -IV-2), ehch
group cac now ref1ne their 1ist to focus on the problem elements which are
1nterfer1ng Wi th the ach1evement of regional goals described in Objective
5b. The groups .would be reminded that as they deve]op the problem lists,

L}

they have an opportunity to. focus on the. d1fference between their desirable

futures as described in ObJect1ve 5b and the probable futures as deve]oped

in Objective 5¢c. The d1screpanc1es between the desirable and probable '

-

futures represent the real problems that regional policy initiatives must

attempt to kesolve.,

Table IV-4 qebresen{s\}ﬁe_major problem elements interfering with the
. , - ) . '
attainment of regional goals as listed under Objective 5b.

hS

_ . A
TABLE 1V-4: PROBLEM ELEMENTS INTERFERING WITH ACHIEVEMENT OF GOALS

Increase of cotton production as a cash crop. _
Fewer acres of staple crops planted. , | -
3. Construction of Aswan Dam.

5. Floning of farm land has ceased, ’
6.. Year-round irrigation practiced. S~

165 -

Pd, Increased use of fertilizer. , ) - ' 5”0 -

k720




7. Soil is becoming increasingly "waterlogged."
8. Poor.dralnage or irrigation land lﬁ\delta region,
9. Continued build-up in salt content of the soil.

plO. Increased problem of insects. | "
'..p]]. Lack of "breathing" capabilities for roots of crops planted
;'plZ; Reduction in crop production,

| S .
Objective 5e: Analysis of Conditions

<+ | At this point in the process each‘group could review the work they have
« completed so far. | The intent would be for the dlfferent groups to analyze

the list of problem elements developed in ObJectlve 5d The students would

-

try to determine how these elements interact with one another. 'One way the -
different groups could explore the- relatlonship among the elements 1s b(
applying the Interpr;tive Structural Modeling technique. Each group, with

help of the teacherbservjng as a facilitator, could enéage in an ISM exercise,
as described in Chapter III, By utilizing ISM each group might produge a
structure similar to the one shown in.Figure IV-1. This structure demonstrates

d the Tinkages between problems through a "cayse or affects" relationship,

By carefully analyzlng the structural model shown 1n Figure IV-1 the

T -

students can appreciate the causal 1inkages that exist among the problem
elements and how each problem contributes to the ‘fundamental problem appearing
at the top of the h1erarch1cal structure, namely "Reduction in Crgp Production”("-

,g jn the Egyptian delta region.

",.’
. ' {
“" K - ! [ 4 » E




P]Z Reduction 1q,g4qop Production

/

P9 Continued Build up p]O Increased Problem of Insects P]] Eack f "Breathing"
in Salt Content 7 ) = apab?]ities for
of the Soil . L " Roots of Crops

) e _—
*7 soil E Becomming /
fncreasing1¥ "Waterlogged" ,

Fg Poor Drainage of Irrigation .
Land in Delta Region g s

' - "6 Year Round |
\ ~ Irrigation Practiced "

4 Y ) ’
e ' .
_/

ES F]odding of Farmland

A §x<{d;; R has Ceased

; . . N "53 Construction of
' Aswan Dam

- FIGURE IV-1: A PERCEPTION OF LINKAGES AMONG PROBLEM& THROUGH A "CAUSES OR
» ) AFFECTS" "RELATIONSHIP. s _

The question that tpe group must address now is what kind of intervention
R{ght ameliorate the problem situation depicted by the ISM model. One of thg;l"

"~md§or regional éoa]s identified earlier ‘y the group 'of Students was "Increased.'
Croh\Production". ‘They are now ready to_expTore what alternative actions could

be adopted by regiongl policy-makers to achieve the desired regional. goal.

4
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Objective ' §f: Invent1on Ev luation and
L -7 Selectign' o RTternatives

In this final step each group would explore a]ternative' policy actions
to achieve theit desired regional goalo |

During ¢he process each group of students could uti]ize‘the ISM model .
they developed duriﬁg Objective 5e. In this case the group of students
that developed the ISM model  shown in Figure IV-1 would examine the
ISM model to determine whdt po]icy oglions might exist pertaining to each E
particular brob]em element. ' |

" For examp]é, the group would determine that_P3, "Construction of'Aswan;

Dam", represents a problem element for which no policy option exists because
nothing can be done to alter the fact that the dam exist.  Further, since
the dam will continue td‘prevent flooding to the delta farmlands, year-round

irrigation would sti1l have to be practiced. Thus, after examining P,, P

3* 5

and P6 the group would movelto problem element P8 "Poor Drainage of Irrigation
Land in the Delta Region". It is at this 1eve1 that the group of stuoents
would conclude that the essential policy recommendat1on is the 1mprovqpent

~of drainage for the 1rr1gated’%ands in the Egypt1an de]ta reg1on The
initiation of this policy option would have a pos1t1ve’affect on all the other
.problem elements contained within the problem sjtuqtion they have been study-
ing. Figur;~TV72 representg‘how the group of students can reconstruct'théz
J]in}ages ahong the elements of Fjgure IV-1 by introducing a policy inﬁervention

that will contrikute»to the attainment of the regional goal, "Increased Crop
. ’
‘ .

Production".

L




Essentially with the completion of this_fina]f]eSspn ObJehtiyefthe;

students have concluded the: poiigy anaiysis process. Quring these'various |
‘“‘Steps the student groups have examined a compiex probTem, broken #t downtinto
1ts “problem elements", and deveioped an ISM model- to heip anaiyze 1inkages
among the various "problem elements". “With the utilization of the poiicy

) ) 0
process students will be able to invent and recommend policy initigtives to

. . * . . . LN . | -
help achieve-regional goals.: o o - . S t'/ﬁ.i.

Increase in Crop Production

’r |

Less Salt-Content | Decrease in Iniétfs I
in Soil . ¥ | ' Jr l

.[So1T BecomeZ Less "Waterlogge

Roots. of Plants -
, "Bfeathe" ‘Better

r -I-m-p.r-c;f;c.i- d-r:air-i;g:onrrigai;d (___[Poiicy Inter- ]
Lands in Delta Region 1< [vention Element ]

- ---—‘—-—v D oump’ Gl s o

| '
. W

| I;I?ar Round Irrigation Practiced 1].

I Flooding of Farmiand has Ceased -l ¢

Construction of Aswan Dam ﬁl;d PR
ot —\ ’ '

A

{
FIGURE IV-2: 'A PERCEPTION OF LINKAGE AMONG ‘ELEMENTS FOR THE A:'QINMENT .
\ OF THE REGIONAL GOAL. THE RELATIONSHIP If "CAUSES OR. AFFECTS",

N N
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L CASE. THO: A_METROPOLITAN “}EGION

..r;
73

The 'second app11cat4on example. focuses on a metropol1tan area corresponding
to commun1ty scale No. 7 on the ekistic grid i.e., an approximate p0pu1ation
of two m1111on people. .

In this application‘the class will utilize the two techn1ques-preseofed

in Chapter IT in order to generate and structure 1deas re1at1ng to the particular

| metropolitan area in wh1ch their high school is located The role of the

‘teacher 1s that of a discussion leader. The ro]e of the students 1s pr1mar11y

~ -

to engage in a d1alogue and to generate ldeas relevant to the goals and .

problems of the1r metropolitan region.

In this case, the ekistic entity for study has been defined by'the .

A

grgup from the outset, Hence they can immediately proceed to the applica-

tion of the policy perspectnve in -the framework of the system for 1nqu1ry '

épproach

}

Step 1: Goal Clarification

With toe teacher acting as‘a discussion leader the class will conduct
a Nominal Group Techn1que to generate a set of metropolltan goals. The

app11cat1on of NGT will most likely take from two to three hours and might

\;' 1ead to a set of goals s1m11er to the one shown 1n Table TV-5,

. Ve . \
. ot .

"'l\' . 1
‘\ : :
‘\‘ .




TABLE IV-5: A SET OF METROPOLIIAN SETTLEMENT GOALS

To preserve the qualit® of the natural environment.

- To maximize recycling of depletable resources.

To enhance the quality of renewable resources.

To enhance the qua]ity‘of human 1ife in all its dimensions.’

To achieve a balance between population and resource utilization.

To provide necreational activjiies and open spaces.
To satisfy Man's physiological needs.
To provide for the safety and security of all citizens.

Tq provide cultural and aesthetic opportun1t1es for human
deve]opment and self actualization.

To provide an environment supporting diversity and
variety of 1nd1v1dua1 choices.

To prov1de a system of 116 and justice for all citizens.

To’ prev1dé a11 -the socia
popuTat1on\ "_“ta

. - To. supp1y adequate ampIOyment and economic opportun1t1es.
To ‘provide adequate and diversified housing. ° \
To provide hospital and emergency services. '

. To provide shopping and manufacturing opportunities.

.".To provide educat1ona1.ang%pu1tura1 centers (opera,
-rstadium, zoo, etc.) '

.. To provide water, energy, and waste-disposal thworksﬁ
.. To provide private and; public transit networks"
fy_Td provide communication networks

To. provide computer and 1nformation service networks

and educational needs of the

e
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~ during their study of the metropolitan region Or.they/might chGBSe to

- divide into three groups, each one concentrating and aﬁ%lyzing one of the

. . . . i ) . ’,' ‘ .
- ’ ' . ,/ -
v f : : . .
. . Y T W o
- h
g . ~ 1] \
. .

" After djscussing_and clarifying the meaning of each one of the goals

displayed in Table IV-5, the teacher will engage the class in an ISM process

as described iﬁ Chapter III.

. Given the number of goals displayed in Table IV-5, it w111 take
apﬂrox1mate1y three hours of classr00m time to generate’a ﬁetropolitan
goals structure s1m11ar to the one shown in Figure IV 3.

After the structure‘ﬂas\been‘?enerated by the use of the ISM process,

#
the class should engage in a discussion in order to comprehend how the

‘lower-level goals are, instrumental to the achievement of the higher-Tlevel

goals. Also it will be useful for the remaining steps of the policy scieﬁce
process to attempt to cluster the goals into main sector‘s for analys1s ¢
For example in the case of Figure IV-3, 1t is interesting to nbtice that the
goals structure can be subdivided into three separate and 1nterre1ated

sectors, namely: (a) the eco]ogical‘sector which is relevant primarily to

., the ek1st1c element correspond1ng to Nature, (b) the 1and use/transportat1on

sector which is 14nked to the ek1st1c elements of Nature and Networks, and

(c) the socio-economic sector corresponding to Society.' The class might

choose to look at each one df those elements of Ekistics more carefully

\

at

three sectors identified 1n‘Figure Iv-3.

- Step 2:  Trend Extrapolation;
on

[

L)
During this step of the poligy process the teacher might engage the

students in identifying present trends w)thin the_metropolftan area and trying

!

e .
to extrapolate them into the future in order to derive probable future states

of the metropolis. Examples. of -such trends might be:

\J

A}
.




1. To enhunce the quality
of human 11fe 4n all ftg
dimensfons,

10. To provide

an environment

supporting diversity and |
varlety of indlvidual choicec,

L 2

+

1. fo nntisfy
logical needs,

.

'mﬁn‘s_phystu-

~

[

2, fo presorve the ?
* qualityof the nmatural
envirownent,

A"

5. To achicve a
balance between
population and
resource utilization,

.0 To raxtisire
teeyeling 0‘

depletable rhsources, 1.

4. To cfhance the
quility of reacwable
| AR TH IV B UK TN

20.° To provide
cormunication
networks,

2l. To provide
corputer and
Inforuation

fitrvice netuovks,
; ! :

L

e i e 2 ea i

ECOLOGICAL SECTOR

18.
P water,
vaste dfsponal
n:twasd kht

To provide -,
TRy, and |

/

/

Ne

o
Y

A METROPOLITAN GOALS STRUCHIRG

3 ACHIEVEMEMF Hw

a\
_lb{ To provida 1J. To supply
adequate and ’ adequate employ- 4
diversificd housing. ||* ment and economic
opportunities,
] | i
b '
16. To provide: 12, To ptovide all
shopplng and the social and
manu facturing educational needs
opportunitics, - of the population,
- L
;‘**““"’"' R —— .
) A\ .
19. To provide 9. To provide
p¥ivate and public cultural aud
thanait networks. peatheedc
opporiunities for
_ LAND-USE/TRANSPORTATTOR = hunan. devélopment
SECTOR e na—" S and self-
: : ' : . actualization.x .
' ‘ A
AN
b4 B 17. 1o provide
educatiohul and A
4 cultural centers,
. [
. ‘s, .To provide 6. To ptovidc.
: hoapital and _ recreational
/ emergeucy services, ¢+ actfvities and
' - open .plccl;‘

8., To providc‘[or

11, To provide a
system.of law and
justice for all
cltizens,

the safety and
sccurity of all .
cltizens,

SOCIOECONOMIC 1
SECTOUR

(LOHER LEVEL

GOALS

»
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ﬁ T]. Unemp]oyment in the central city to increase to A w ’yli'
- approximately 12% by 1980; . -
e T2.',An 1ncreasing need for an improved pubiic -
"-'transportation system; SR
T3,' Increased air pollution in the centra] city,;,, S -~ S

4. Increased density in downtown area due to high

.
< rise construction,

~ete, -,

!

-
1

The class should engage. in a diSEussion of‘these foreseeable trends and

, determine the extent to which they are compatible with the metrOpolitan

«

f)

goalg identified in Step 1 of the process : o

Step 3: Problem identification

-

1 ; ".p . . . . . .
. ‘4 N .
q" . . . o ' . e, T ’ *
L0 ’ : N . .

The focus of ‘this step: is to deve]op a deeper understanding of the '\

meaning of a specified set of problem statements and to establish a pattern

A Y

_for their 1nteraction

Th teacher should use the NGT technique to generate a list or problems

in the Tight f Steps 1\and 2 of the policy prooess discussed prev1ous1y An

-exemplary set of prob is shown in Tab]e IV- 6
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TABLE -IV-6: STER 3: PROBLEM IDENTIFICATION A METROPOLITAN PROBLEM 5 T
p -

1. Misuse-of agricultural and urban land
Urban, spraw]

Destruction of natural and recreational land. L
4. :Lack of adequate, qpﬂnwspaces and parks ) | o
5. . Air pollution,

:.4,1,' .

p6. ~waaan~p0]1ut10n, I e ’iﬁ ”_tu,"ﬁﬂ i }‘
“7.,. Inadequatée water supply facilities. . : Y g
8. Low income housing shortage. " . " M
9.  Racial and economic segregation. ©
10. Inadequate community facilities. | ‘ #;;ﬂ\ .
11.. Slums. L o . N
12,7 Ugliness of visual and noisiness of auditory environment
13.; D‘scrnn1nation, unequal opportunities. o
Pra. Inadequate schools and education.
P15. Civil order breakdown. ¥ <

P "';.

16. Lack of concern for human 1ives in the city,

pd7." Policy- action #mpotence caused by diffusion of political power,

p18, Lack of effective control of resources’ for protection of public interest.
p19. F]ight to suburbs of m1d§1e class. ' )

p20.. Urban renewa]/re]ocation problems. s '

Unemp]oyment and poverty: ‘underpr1v11eged, unsk111ed uneducated '
racial .dfse¢rimination. .

22. Bankruptcy of cities.
P23, Property tax revenue base of lgcal government. -
24, Economlc dependence of communities cn industries. - - o , 4
Pos. _Inadequate solid waste disposal.
p26.,” ack of adequate intra-city transportation modes;
. 27. Traffic noise and fumes. - - - -'_q-.'
P28. Neighborhood destruction by freeways '
P29, .Ahenati%ﬂ diserientation. - . , |
PR Difficu]ty of cop1ng with constant change. T
. . : : V
. . -* -
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exercise_to construct a structure similar to the one shown In Figure V-4,
‘A usefyl’relation for generating a problem structnre 1s the reTat1on_ |

/ . o
Maggravates." This structure essentially portrays graphically how a problem

< aggravates other prob1ems of the metropolitan set. It primari]y helps in . -

identifying those problems .that are more critical in the sense that they -
&/
represent a source of aggravation It also portrays by means of Mcycles" '

the subset of problems thag are c1ustered together in a strong1y 1nterconnected‘

: syst&m of problems. In this particular examp]e there appears to be a cyc]e

~ containing the twenty oﬁﬁ prob1em.;’atements shown in Table-IV-7. This

table collects those problep stat flents which were perceived in this case as

being 1nrolped in a complex subst‘:cture involving feedback 1oops in chh a .
manner that_each oonponent problem was seen as aggravating evéry'other problem ,
in the subset, _The prob]em statement Pg, Raciah and Economic Segregation,
is identified as the "principa1 genorating element" because it was se1ected
as the proB]em statement-upon which to base the pa1r~wise comparison of elements

“as required by the ISM technique :

L

TNBLE\E!:T: A PERCEPTION‘DF URBAN PROBLEM LINKAGES:- USING
| THE"ELATION "AGGRAVATES" CYCLIC COMPONENTS

Principal Generatlng Element:

P

9. Racial and economic segrbgataon. : ( i ',
"Remaining elements:' L ; i
. o . ‘ ,
P1. Misuse of agrfqu]turaﬂ and urban land. ,
P2, Urban sprawl.
T ’ 12 v
. ’ o
o N . 1.&)\) !
. . W
s W~ ' T, w ’ L 4
) . . " * ' S

~-G4ven. the-problem set of-Tabte 1«6 the-teacher should Tead ai TS ™"V

RS




TABLE IV-7 (continued)

P4. . lack of adequate oﬁen'spaces and'parks.
PB}' Low income housing shortage.
P]O. Inadequate community fatilities, T e
. stums, 4 '
P]Z. Ugliness of visual and noisiness of auditory environment. \
P13, Discrimination, unequal opportunities. '
P14. Inadequate schools and education, - .
P15. civi1 order $reakdown. .
P16, Lack of concern for humap 1ives-in the city.: .
P1s. Lack of effective contrel of resources for protection of the
public interest o
PL9. Flight to suburbs 8f middle class. R
P20.® Urban renewal/relocation prob]ems ’
P21. Unemployment and poverty: underpr1v11eged, unskil]ed
. uneducated, racial dis¢rimination.

Paz. Bankruptcy of cities.
P23. Property tax rgvenue base of 1oca1 government
P26. Lack of adequate intra-city trangportation -modes .
P29. Alienation, disorientation. . , ~
30. Difficulty of coping with constant change. ©

! /

‘ - .
18,
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FICURE IV-4: A PERCEPITON OF CRBAN YROBLEM LINKAGES USTING THE
: ' "AGORAVATES "

I', INADEQUALL
VIATE R SuPpLY

FAGILTELS

4

IS

-
Py LESTRECTION OF

NATURAL AND
MYCRUATICRSAL LAND

AN

! ,//
-
Vo OWATER Cp. CYCLEYD -
PULLUTION :
.
‘A
| ) P
n»_\'l\f\DLL)UA\I':_ P'J AlH PZ:i NUIGHLED W 1I0D

SULID WASTE
DISPOSAL

Py TRAFFIC
NGIiNE AND FURLS

A'v

DESTRUCTE'N BY

—

Pays BUONIC
GEPEADELTE OF
CONMMLNITLES
ON INOUS HE S

ARt

FIMrOTEACE CAUSED

Py POLICY A TION

BY OV FUSEON QF

POLITICAL POVWER |

HIERARGHICAL CONPONLNTS

FREEWLAYS

wv L O
Al

RELATION




I

‘. .,- ‘.. [} . 82‘ . . ?
‘ S ' *y ’

. Step 4: \\ha1ysis of Conditioﬁs

The 1ntent of this step is to analyze the causal factors that. have
),fConditioned the d1rect10n and magnitud€ of the trends described in Step 3.
Because we 1dent1f1ed in Step 1 three ekistic elements as being of pri-
mary importance in the metropolitan case, the®teacher can focus on these three

elements. The students-might be asked to do some independent reading on the

kind of metropolitan growth planning being practiced by various agencies 1h

]

their particular region. After completing their 1ndependentiwork the class
could use the Nominal Group Technique to generate a'list of elements relevant
to each one of the three primary sectors, as shown in Table IV-8.
Following a discussion of the element set, the class can perform an ISM
exercise to deve&ﬁp a structure ef the causal linkages among the elements.
An exemp]a\y structure 1s shown in Figure IV-5. The structure of.Figure IV-S'
| cohtaihs three separate‘eyc1es; the elements belonging to these cycles are

shown in Table IV—9 It s 1nterestieg to note that in addition to the

h1erarch1ca1 re]ationsh1p displayed in: Eigure IV-5, the two major cyc1es,

C1 and 62, disp1ay two Tmportant clusters among: var1ab1es Cycle C1, for

examp]e co]]ects variables from the elements corresponding to Society and

Networks and groups them todether into what might be called a subsygtem

corresponding to the "ecozemic ba;e" of the metropolis. To the extent that

the economic health of the reéion creates more leisure time for the citizens,
they may be able to devote time and energy to civic activities in respense

to perceived and measured 1nd1cq}ors‘of commuhity-vtab111tx.' This type of ’
vactivity is captured in Cycle C , which might be terred a "Metropolitan

Consciousness Subsystem." The third cycle is a conceptually tr1v1a1 one,

consisting of on1y two elements.

18,
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TABLE IV-8:
Socioeconomic Sector (Society):

R

g s W N -

R
R
.
R

Population (P).

Basic employment (number of manufacturing jobs)..
Service emp]oymenf (number of service-related jobs).
Gross'req1ona1 product (GRP) (or per capita: 1ncome)

Social commitment or 1dent1f1cat10n with the metropo1is
(cqpmunity spirit).

Techrblogical factors (TF).
Leisure time (LT)

Land ‘Use/Transportation Sector (Networks)

f3.,
Rys,
Rys,
Ri%.

10.
R,
Ry2.

Average travel time from home to work trip (m1nutes)f’h;¢
Average travel time from homg;;d shop trip (m1nutes)‘ i

cor

Quality of rapid trans%if’ _ -
Average residential dehsities {people/square mile). |

Number and location of power plants.

Percent of metropolitan .area assigned to public open space.
Number of vehicles on ‘the road/working day.

Extent of telecommunication-based services.

Per capita travel (PCT) (Intercity travel miles/person/year).

Ecological Sector (Nature)

Ry,
Ris.
Ryg,
R20.
Ra1.
Ra2.
23,
24,
25,
26,

R
R
R

Air pollution index (API).

. Water pollution index (WbI).

Total air pollutant emissions (EE).
S v :
Industrial water discharges (ID). ..
Sewage discharges (SD). |
Extent of use of disposal containers (DC).§\
Extent of recycling of materials (R). °

Solid wastes index (SWI).

Noise pollution index (ﬁPI);' o 1' © \madd
Environmental quality index (EQI). _ X

!

ELEMENTS CONTRIBUTING TO PRESENT TRENDS (IDENTIFIED BY SECTOR)

4
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E-IV=D: REALITY STRUCTURE TOENTLIFLOATION:  ULERARCHICAL CUMPONENTS .
: THE RETATION IS MUAUSES OR AFVECYS",
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TABLE IV-9: REALITY STRUCTURE IDENTIFICATION: CYCLIC COMPONENTS - - | .‘.2
(gcle €: R L . y
. : ' q . ) . “ [f o - R r 3
Generating Element : . , s . _ : _}?
o ; | B
- 4. Gross regional pnoduct GRR) (or per capitg\jncome)
Remaining Elements : , ¢
}1. Population (P). Lo T ' . Voo q . o
%RZ. - Bagic mployment (number of manufacturing jobs). ' ”* ‘f
'_RB. Service employment[(number of service rﬂlated Jobs)
RGQ g'Technological factors (TF). - _ SR 2 T
‘?RB. Average travel time from home to work trip,(minntes) . - o
. o Ry’ AveraZe travel time from home to shop trip (minutes)a . ' '; _
RlO; dba11ty d"rapid transit. | Rl . ' ‘/////
.R12n' Number and 10cat10n of power plant(s) . \
R14. Number of vehicles on the road/working day.
R15. " Extent of telecommunication based Services. | |
R16. Q\r capita travel (PCT) (Intercity travel/miles/person/year)
Cycle. C '
Genera ing Element .
‘ RS. Social commitment or 1denx1f1cation w1th the metropolis R
“(community spirit). ‘ . e
- . RemainingElements . : % 3 - |
R13 PéVCent of metropolitan area ass1gngﬂ to puk 1c open space : '-‘ﬁﬁ
Ris. Air pollution indeX (API). ' |
R23. Water pollution index (WPI). Ly
R4, solid wastes index (swr). . -
RZS? Noise polgution index (NPI). - ,;;_ ' \ -Lli |
-R26. EnvironmPntal quality dndgx (EQI)..' T o ‘
Cycle C3: B g
Generating Element“- .
Ra2. Extent of recycling of maférials (RY.
Remaining Element - o i , T
) '\ ‘ ) . S . . ) -
} o R21. Extent of‘use of qisposa1~conta1ners (pe).-
. " . ‘l‘ 0 ” 1 ‘.' .' " \: . T ..
A o | .163‘; . o %
,IZ 0 . . . ‘. l - ) s L
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Invention, Eva]uation, and

‘Step 5:
~ - Selectfon of A1ternat1!f§_

In this step the_c]ass'needs to-search for po]icytihterventions that7w1T1:

increase the probability uf achieving the ‘goals stated in Step 1. Again, the

teacher can use an NGT to generate a set of po]icy initiatives similar to those -

| jdentified in Table IV-10

Following the NGT, an ISM g;ercise can be performed using the - re1at10n

", r z supports_.'.'.P The resulting structure will 1nd1cate the degree of

interaction among the uarious policy instruments, perhaps 1dent1fy1ng'“bund1es"

 of po]icies which are mutua11y reinforcing.

Fo110w1ng the comp1et10n of Steps 1 through 5, the c1ass wWith the help

of the teacher acting as a facilitator, should try to generqte an dera11

&

1_sfnthe51§ that could then be documented by ode or two students acting in the

4

 TABLE TV-10:

TIDENTIFICATION OF HOLICY INITIATIVES FOR IMPROVING THE

o - ENVIRONMENTALLQUALITY INDEX OF A METROPOLIS
_3P1;“'Reducgd taxes on low-em\ssion fuels.
. Pa. .Deve16bment of efficient public transportatio system.
23.7 Introduction of bus lanes on urban highways'to encourage

public transportat1on and car'boo11ng
4, Staggered work hours and four-day work weeks.

5. Charge for total effluent discharges, encouraging recycling
in industries and conservdtion at home,

6. Charge for discharge of untreated wastes into waterways
';”p7t Diversion é* aircraft flight patterns from residential neighborhoods.
_;pg.',Construction of 1andscaped or other buffer zones along all major

.7 highways, . S
“'p9.”‘Government subsidy for using recyc1ab1e conta1 ers., - g;’f'
P]O;'A levy on total quantities of:trash and solid Wastes gen Fated

' 'P11; }ntroduction of new technb]ogy‘for-recyc11ng of so11d’wastes.

‘s

P |
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" being perceived as the "archive of know]edge"

~

-,

T coucwsionig!

' ’
By means of the two examples presented in this Chapter we have tried

to demonstrate the meaningfulness and. utility of studying human settlements
through the use of+the collective 1nqu1ry techniques discussed in Chapter «
ITI. The 1earn1ng approach advocated 1n both of the cases emphas1zes the

response of the’learners. In this type of a Tearning atmosphere the teachet

serves the role of the discussion leader and moderator instead of the teacher o
’ R . . ’

" The introduction of the Ek1$t1cs framework together with ‘the './ o
policy perspective, helps students ﬁo.Organize-the1r *nowlgdéc and experiences
on human settlement phenomena. The s&Stemvfor‘inquiry :ﬁproach' cduiages the

e,

students and the teacher to do more than just "examine e facts They are
invited to generate ideas regarding the1r percept1ons of a problem s1tuat1on,
to structure these 1deas and present them graphically, and to exp]ore‘he type
of human act1ons or po]1c1es that would contribute to the" resolut1on of the

problem situation. . : 35

By basing the inquiry approach to. the study of human settlements on systgms\\J

~and futures- or1ented th1nk1ng we are- he1p1ng students understand thv,comp]ex

nature of soc1eta1 prob]ems, and tQ appreciate the role of the human agent

in terms of 1nvent1ng pol1c1es for prob]em reso]ut1on ’ f)i}_;m

 Additional examp]es, similar to those d1scussed in th1s report will need
"to be worked out in order to better demonstrate and‘commun1cate the ut111ty of
‘the approach “In add1tion to: such techniques as ISM and NGT other methods,
W111 need to be des1gned in a way that they can be eas11y 1mp1emented by

h1gh school educators. ~) L

)




CHAPTER V

<' - ’P - T
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A SYSTEMIC ASSESSMENT AND APPLLCATION OF THE EKISTIOS TYPOLOGY

',w

IkTRODUCTION

After we applled the systems of 1nqu1ry to two illustrative cases,.1t.i
appeared des1rable to 1nvest1gate the degree to which the Eklstlcs taxonqmy as !
- used-in Chapter IV captures the junlverse of dlspourse" of the field of Environ-

mental Educatlon In order to obta1n some 1nformat10n regardlng this 1ssue;

o

we chose to analyse a sample of papers published by schola;: and practltloners

&,
of EE in the Journal of Env1ronmental Education.

v Ex1st1ng organlzatlons of knowledge are largely the result of evolgtion,

rather than of careful analysls‘and synthesls.(]) ‘Such_knowledge organizations

. ! : )
can be tolerated when they are insufficiently developed because they contfibute

to broader purposes than their own construction;_vwhen it 1s necessary to assim- .
] [

ilate knowledée across organlzatlonal structures, 1t becomes important to struc-

ture knowledge through' careful analysls and synthesls

Y

. The state of d@olutlon of a f1eld of knowledge can be 1dent1f1ed by means
of a library literature survey Index termso(key words) prov1ded in publications
in the f1eld can be used in the categorization of l1terature in the l1brary
In a given paper, index .terms as a group' should optimally characterTze the paper.’
Index terms do not have any standardlzed term1nology and thus they fa1l to

furnish)the essence of the papers in many cases. For example one paper starts.

r"

Thls paper is neither ahout biology nor about anthropology, but about
general systems th1nk1ng and how 1t was used to br1dge the gap between well

developed modelf in one field (blology) and a new model in the other (anthropology)

.+ . and the "1ndex terms" glven are adaptation , dhierarghy , ‘cultural

e

."




Many experts .in the’ fieid have defined general systems theory in different ways.

——

p

Fl ) » .

“anthrqpology’, 'inheritance' . .“To'diminish'this conceptuai:confusion,;some,

: sort of anaiysis of organizations of knowiedg‘.wouid‘be beneficial. ]

. '

. “In the.last three decades, several organizations of knowledge have emerged

and are trying to estab®ish themseives as separate discipiines ‘In some cases, .

L

' various branches of a particuiar knowiedge organization are EVoiving spontaneousiy

and individuaiiy, without any ‘significant coordination. No specific contents of
the theory are given. An example is given for generai systems theory.

What 1is generai systems theory? . What are the contents of this theory?

Unfortunateiy, a carefui anaiysis of the qontents of the general systems theory
does not exist in the present 1iterature.' According to Kiir,(zx "general

systems theory in the'broadest sense refers to a co]]ection of_.general concepts,.
principles, tools, _robiems, methods and techniques associated with.systems, |
Although the[name"System' may"h\ye_different meanings under different'circum;
'stances?and for different people, it ordinariiy stands for an arrangement of
certain components so interrelated as to form a whoie. Diverse types of conponents

and their interrelations represent different systems™ What are these concepts,

, principles, tools and techniques? =~ - e

a

One way to know about general systems theory is to analyze the research‘

“work which“has been‘done in this'érea A first\eﬁfort involved a content analysis

study prov1ded a structure for generai systems theory.

'described using six otoad descriptors mathematicai theory phiiosophicai

 of severai issues.of the International Journai of General: Systems'in an attempt

to sbparate the content into an array of reiativeiy independent subjects This
y

It was found that the issues of the .Jougnal that were examined could be | o

theory, systems theory, systems methodoiogy,_sociaiiﬁheory‘and genéral. theory.

Each of these brOad descriptors could be further categorized to lend specificity. ' '+
‘ T . :
vE\aboration appears. in [3]. - o e |
ld ' 1 :) l/ ' . '.1 ’, |




Eh1st1es'has been prloposed by C. A, Doxiadis ¥n an attempt to develop a "‘

sc1ence for-human sett]ements (4) His rat1onate is based on the'reaiization
N -
that human settlements are complex systems requ1r1ng the application of know-

ledge from many d1sc1p11nés properly organized and Tntegrated under the rutrﬂc

¢

of one science, namely Ek1st1cs , T _ o

The Ek1s'ics Journal has attempted to establish alstandard1zed tErm1n01ogy

A S
for the categorf&ation of papers in the'Journa!. Analysis, of the ekistics

typology (the one used in the Ekjstics Jourdaf).1s disgussed'later on in this

s

T

- chapter. . - .

 STANDARD EKIST& TYPOLOGY

The art1c1es in the Ek1sspcs Journal are coded by the stale of a human
settlement and-an aspect as represented by a particnlar ekistic e]ement. The
.content d*_each article 1s‘class1f1ed within the ek1st1cs gr1d as follows:

| ) Theﬁsca1e of the sett]ement( ) relevant to the

-«

_ ~article 1s sglected from among 15 ek15t1cs un1ts, ’
N\ S ‘

. wsuch as: -
e ‘Anthrobos 1\ ' -
Room L2 |
L
- ¥ - . _ \l P ,.'
Ecumenopolis - 50,000 m§11ion SR

o A tree-like categorization of ekistics, as used, in.the

Ekistics Journal, is represented by the hierarqhysshown

in Figure V-1, 'The'ﬁhenomena dea]t wdth'{n each:art{cle -
,are selected from among the subheads of the Five ekistics °
elements: Nature, Anthropos, Sde1ety, She11s-and Networks

(see Figdretv-l): Contents of each article arg. presented

. . \ !
. . ) , . 4
. . A Y . -
- . . . .
. ' . . . L4
. ‘ r - . . ‘ .
. .
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: " graphically in theiekistics\grid by identifying the .

'

ek{stics elements and the scale of séttlements

addressed. Synthesis.gf'these_eléments 1s alsoi' , \4» - kx. .
. . Co ‘ -
A represented in the ek!stics gnid ‘ | '
7 o Critique of the Typo]gémﬁ
This approach foﬁ grapbic'representation of:the content of an article /. : ;

/A

assumes an- "idea]izeJ" render (or subscriber. to Ekistics Journal) who can i

.+ at a glance visual]y determine his or her 1nterest in the materials presented‘ )

in the particu]ar/ertic]e It 1s suggested that very few Ekistics Journa]

readers develoﬁ adequate sensitivity to the ekistics grid so that by scanning
the graphic-representation they can make a meaningful interpretation of the

categorization as performed uni]aterai]y by the editor of the Ekistics Journa]

Ekistics is/:ub divided up to a third Tevel in the hierarchy shown in
Fighre V- i It appears that some of the elements at the third level include
O severaifconcepts, which maké the ekistics grid non- trans]atab]e* Consider an - -
--Hi;-element at the third level 'vhansportation systems'l rfad rai], air’ ,
If this e]ement is given in the ekistics grid for an rticle,. it does not say

’ yhich particular transportation system(s) is\coyered

n the ahtic]e,

.U
4

;e

s ¥ The substantive compiexity of a comp]ex system o issue can bef
diminished by the introdkction of structural compleqity to descriBe
that sgstem or issue. No new complexities should bd introduced a# .
a consequence of the graphics, other than those that have heen shown

Y to be inseparable from the graphics<’ A graphic 1s translatable if {t
p can be converﬁgﬁlunambiguousiy inko prose. See [lJ‘for a detai]ed
; ‘ discussion R i , i
' |

. N
/ : ' §
) 'h




FORMULATION OF A TYPOLOGY -

/
V/f In this section we will briefiy describe a method to deveioﬁ“a typoiogy
for a knowledge organization. _ Far this, we define the foi wing; S
" ELEMENT: A concept which is n ecessarz to describe thi\essence of
a ‘field of. a knowledge organization It may not be sufficient '

.

SET OF ELEMENTS A coiiection of elements which is sufficient to

describe the universe of discourse of the knowledge organization (5)
Let us refer to the set of elements comprised in such a universe of
~» discourse, as the set D. Now, if our typology contains a ciassificatory or e
categorical concept M1 (i=1,2,3, N) appiicabie to some -but not all the f'

members of D, then, by empioying M1 we may divide D into N subgets ‘Let N

be equai to 2. Then we-may divide D into two subsets- one containing‘each
member of d\that M] is true .of, or appiies to, and one containing each membe ‘

of D that My is not true of or M, is. true of. Aiso, elements (or membersy of

»

categorical concepts can themselves be categoricai concepts;' A transitive

relation R is also ﬂdentified (such as an inclusion relation) that determines

(Y

. an ordering among categorical concepts and“their members .

’ * ]

Let D-= a knowledge organizaticn
D a{n], Dp» D3, Dyy Dg, O}
_. - Mi’ M2 and D2 are three categoricai concepts
. The hierarchy for D is shown in Figure V-2,

.‘-" ;
. . )
' ‘ Lo
L] : N
. ) .
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i,]:' D .In summary, a typological system should cdntain at least the. following _i-
ll ,.; a. A concept determining the typology s universe of . discourse | ’
- (e.g. human settlements) . "' .,
l : L b. A set of elements for the tyéo]ody"s- universe of discoursé
l - 3 c. Some categorical concepts | o r
i d. A trénsitive relation R (e.g. an inclusion relation) that
l' . determines an ordering among categorical concepts.and their elements . ; =
'é,. A graphic used to present the contents>of an article that 1s . 'h;.
l " translatable . E e Sy
' , | Der vihg an Ekistics Typology
I' In accordance with the discussion above”on formu]ating typologfies,

) we embarked on the derivation of an ekistics typo]ogy by ana]yzing ‘the con--
tents of the fo]lowing two references:
(1) C. A. Doxiadis' book titled "Anthropo]is"(s) ¥
(2) A report by\ihe Stanford Research Institdte, funded by the
| Nat10na1 Science Foundat1on t1t1ed "City S1ze and the
Qua11ty of Life.n(7)
~_~'§othythese references address aspects of human settlements. We are
* making the ;s5umpt10n that the above two references exhaust the universe of
K _.discourse.’\After a~ébntent ghnﬂysis of the two references, we extracted the
~most 1mportant concepts as 11stedi1n Tables V-1 and V-2, |
, “The concepts can_be organized in different ways to develop one or hore

hierarchical structures. An alternative approach is to analyze the standard

splayed in Figure V-1 in the light of the extracted
concepts anq-yhen modif the typology if necessary. -This approach leads to
the fo]]owing observatiOns based on the use of the transitive relatﬂqﬁé"is

1nc1uded 1n"'as shown 1nkﬁigure V-1,

'4 S
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o o o | ', Table V-1 o L, B ://]"'

] . ‘ ’ &o .
Concepts Extracted frgm'C. A, Doxiadis"boqk titled "Anthropqlis"v[6]' o

/

CONCEPT oo,
1. 'Human Cities - PO { 33
_ N N

2, Human Development . 34.
3. Soil, Air, Food, Water, Trees, Houses 35,
Q.Z_Contacts with Social Groups . 36.
5. Protegtive Spacé | " 37.
6. Safety and Habﬁinesé 38.
7 .Human Life . , o 39,
8. Villages o - "'-’  .+ %0,
9. Urban Systems 4.
10. Design 6f Rooms 42~
‘11. Urban Change ' 43,
12, Transpoftétion o B 4é .,
13, City Change and Growth - o o . 45,
Pollution | . " 46,

15, Quality of Life 47,
16, Popylation . “f48.
17. Noise . . “ 49,
18. Energy .. o B - 507, .
19. Population Growth . 51.
20. Wasf Water, Sewers | ) 52,
21.. Ecoxomy ‘ o | 53;f
22. Society 54,
23. Culture a - | ii - 55.
24, Crime ‘ ’ 56,
25. Social Interaction : u . 57.
26. Factories LN
27. Senses, Miq¢, Soul 59,
28, Cultural Groyps, .Ethnic, Racial 60.
29. Physical Environment of the City 6{.
30.' Environmental Problems 62.
31. Employment‘ ‘ _63;
32, Plants . . 64,

“Animals

CONCEPT .

Human Contacts

Creativity . .
Garden - '
Neighbors

Courtyard

" Home Streets

‘Transportation

Schools, College, Uniﬁetsity E

3

Car, Airplane
Health

Shopping Centers
Physioiogical Needs
Land Use
Complexity |

Intolerant of Borédom'

.Generation Gap

3

Ecology

Perception

Y

lMondmental Buildings

-

Segfegated Communiﬁies (by age g

“Character of Work Places

‘Dénsity

Communication

Biological Heritage

‘Paycholégical’ﬂeritage'

Languhger
Work Place
éasy Access to Nature

Social Separation @

«15 Ekistics Units

12 Phases of Life

(

“ -

b
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.
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T - o Table V-2 . O BN P
Concepts Extracted from The Stanford Research Institute Report [7] -.'ﬂf'r
R N - CONCEPT L | CONCEPT I o
) 1. City Size - : ' _ 33, " Food Crisis Ty
2. 'Quality of Life = . S '3&. Population,Distribution _ N _
3. Urbanization _ ‘ ~ . 35. Security . j’f. ,"_ : i" ig;mfit
ly, - Metropolitan Areas , L © '36. ‘Survival ..'.. ' Ffi ~ L N _:i
5. Population ® s o 37. Human Life " "“'a ' "'{h- .
6. Urban Problems- f1 N .38, Social-psychological Attributes "  ¢i
7. Congesgifn * o - . 39. . Race’ - R 9_\'-' o g?;
8. Paff::i:: | o | - -‘;‘ﬁ. 40. Income S ':.fz-}.«'}f;;'f .
. .9 Health o a1, Alcoholism L
' 10. Crime N S 42, . Migration co ’ L f
_  11. Loss of Community = o "43. Water L .‘ 'h'._,.‘ S f% 1
lé; -Governmgnt Fragﬁentat s . ' - 44, Parks, ireég o SR p ,1 j:;, ;f
13. -Urban Growth aﬂcf%pa ‘ 45, Alr o o i?"i o ;,?;
<:;;4. Land Use Programs . g6, .Culturai DiVétsity _'j t_i if ” :H S
15. Economic Growth t; : 47. ‘SociaI_Pdtholdgy ‘_’TH: i." ) .._“
16. Geographie Distribution S48, Teéhnology' S ';_":_ ]””'Zi_ s
17. Population Growth - : o | 49. Trénsportationms. ) o “) | !;"”‘L
'_hyaﬁlfPopulétion Balance . - 50, Communicatiou B R
139,." Cultural ‘Opportunities : e 51, Politiqs . _ , '
Ed. Life-stylas;' ' - : 52.- ECOlogy' ‘ T '_' o | o
g _ﬁl.'sResources *T - . 53. Walfare i o ~ '
o '€22. COmplexity ,.: _ | .‘~_ 54, Dembctéqy.. -
5?-‘ 23, anironmentAl Quality - a : 55. 'Industry' .
; 24 Ait Pollution o . © - 56, Universities .
25. .Noise Pollution ) sy, ‘Racial Problems | A
26. Traffic Deaths .  s8, Drugs ca
. 27.\\w§ste‘Trentm9nt .‘ | 59. Violence f
'28. Sewer Systems . 60, Technology
29. 'Employment .. 61. ‘Economics ’ '
. 30. Economlic Forces | 62, Medicine ' ) h
31. Institutions 53. Agriculture
32. Energy _ _7 : L 64, Mining_
v 195 v
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-0 A careful ana]ysis of the standard ekistics typo1ogy and the o
' concepts given in Tables V 1 and V- 2 shows that the typo1ogy covers

most of tHE concepts d1rect1y and some implicitly, On the other
i, hand there are a few elements in the ekistics typ:>ogy which,

#gh not explicitly listed 1n Tables V-1 and Vd2 appear to

" be 1mpf1c1t1y‘1ncluded in -[6] and [7}. Oy the "phases of

- v
. .anthropos 11fe" Sre not covered in the ekistics typology.

1

",”qonqepty-sucn”as factories and population’included tn Tables
. . * : . ‘

) G @V-l'andﬂV-Z are'explicitly covered in the ekistics typology,
Loow, .

..white such. concepts as afr po}lution and water pollution seem

’” !V»“;"'jif.ﬁﬁﬂf to be covered fmplicitly by the subheading "enyironmental

R analysis" shown in Figure V-1 as linked to the ekistic element.
fli'¥ﬁ o L"Nature " o ' \

: l;.?o -PreViously we sald that the graphics used in the E&istics .L
| ““ch7_7' VJ0urna1 are non- trgnslatable The graphics can be made

' "translatable by extending the 3-level ekistics tree (Figure V-1)
to a 4-level tree, for example a third level -element
env1ronmenta1~ana1ysts' Gan be categorized as shown in e
Figure V-3, ' | | o e

&

'-‘ ' . If we choose to compromise between extreme generality and extreme dSiai1
v . : ‘ ,

or.specificity, it appeans that the Standard’eaistic typology 1s .useful and
meaningful for the construction of a science’of.human settlements, In other
~words, on the basis of our systemic assessment of the ekistics ty$o1ogy, we

'conclude that the classicaW’%ypology used in the Ekistics Journal is accept-

able. However, it 1is st111 an open question whether or not phases of anthropos

ﬁiﬁe‘\shohld be introduced as a distinct conceptvin the typology.

20y
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. number of years, pe0p1e-c’ inue to debate what énvironmentai education o

is andlor should be. The Environmenta] Education Act of 1970 defined
environmentai education‘to mean "the educational pjfcess dealing with
slr

man‘s re]ationship with his natural and manmade roundings, and

includes the re1ation of popuiation poiiution, resdnrce ai]ocation and
_dep]etion conservatidn transﬁortation, technoiogy and urban and rura1
' planning to the totai hfiman environment " |

‘_ Nhiie the Environm/nta] Education Act gave a definition for
_environmental education, it needed eiaboration to put 1t in the
context of education. For this purpose a study [8] was carried
out to create Q normative model (also called 'Big Map' in [8]) *\\1
to display graphically what concepts srouid be inc]uded,_according
to_educato's: 1egisiators and researchers, in the domain ofﬁeducation
deaiing wi[h environmentad issues. o _ |

" The big map of EE is_discussed in [8].and in Volume 3 of this

réport. Eiements (about 160) for the model came from'f9], [10], the
EE Act, and prdducts of grants'snonsored‘by the Office of Envisonmental
Educatipn, HEW. The relation used to structure the elements.was
"should help achieve,i ine iarge number of elements led to a big
normative model (diven in ]) This:model can be Visualiaed as seven

subsets of related eleme sk - . . : '\

[

ﬂl""’*

-




Bianning iies at the base of'the map and é@ts into motionithe

deveiopment‘%f cohp themes, funding and inStitutionai support

Learning Systems Design 1s iargeiy concerned with developing

. and modifying curricyla’ and communi ty education approaches"

to meet environmentai education obJectives

Personnel Development provides for training of teachers and

community education faciiitators

o .

Learning Activities is the: actuai conduct of programs latd

out 1in Learning Systems Design " R

“

Learning Outcomes is the_reaiization of the various'environ-

" mental education goals set forth in the Act and elsewhere.

[
are'given in [8]. Figur

v

. Delivery §ystems and Support includes activities that will

L4

represents the education;J domain ' Detaiied structures for each subset

Subsets,

V-5 shows the detaii of one of the seven

'Learning Outcomes

1
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- that the 1deas'encompasseh by the guperstructure arela gpod,fepresentation

[

Environhehtal Education Typology

A careful literature survey shows that no typology exists for environ-

mental education. A typology is desirable for the analysis of the existing
. [ .

f

Titerature and for planning the future evolution of this field. By using the
. . y

“procedure discussed earlier, a typotogy for.environmental edué&tion can be

‘ \

constructed., -
. ) . ‘ . :
On the basis of our research and.findings reported here we feel confi-
: ’ .. v :
dent to impute that the universe of discourse for EE can be .obtaired :hy com-

kgning the superstr&cturg of the big map with the ‘éKistics typology. The

'rationale'for‘proceedtng in thi's fashion is based on the’preSUUpdsition

.

of the educational domain. On Ehe other hand, the sﬁbject matter of environ-

ment,‘at-leasp as it re]ate$ to human habitation, should be cqptured by the
ekistics‘typology_derivéd earlier, o

| Thus, we caf say an Et‘typoiogy co;sfsts of; (5) the environmental
domain and (b)_the‘education$1 domain. .Graphically, the two ddﬁains are
represented sepifately in Figures V-1 an V-6, reépeétivé]y: In Figure

V-6 we have transformed the supérstfuc ure representation into a tree,
using the relatidnship "1s“1nc1udéd n," in order to make it symmefrical

4

« O

to the earlier trans formatdon of/}ﬂe ekistics grid to an ekistics tree;.

! . o

/o

)
. . & . -
.
. .
. ,
a
: 3
R

.




EDUCATIONAL
DOMAIN

1

LEARNING| | LEARNING | | PERsownE | [LEARNING] [ gg;;gﬁgY
SYSTEMS| |PLANNING '
OUTCOMES| |ACTIVITIES| |DEVELOPMENT v

AND RV
DESIGN | | suppogyéﬁw .

-1 |
. “included
in




1dent1fy the most 1mpdrtant elements used in the pa er.

-

»

l .

o . . ) I |f
‘ _ Applicatfon of Environmenta] Education ﬂypOI?gx

Th1s section discusses, content-ana]yses of sixteen 1ssue7 f The Jourhal

of Environmtnta] Education to- determine the similarity b¢tweeq the conceptual
and‘termTﬁEngjca] orientation of the artic]es 1n thgse ourn‘1"and the .

untverse of EE discourse as 1dent1f1ed above. « We se]ected a'sample of

_ o 1!
issues of the Journa1 as. specﬂ#ied 1n [11] S ' .

' !
A careful content ana]ysis of each paper was perfofmed 1n order to

Contents of each |

3
paper were ahaTyzed w1th rescht fo different e]em nts of the env1ronmEnta1

undomain?wand+the. educationa] doma1n (Figures V 1 nd -6), and the relevant

concepts were 1dent1f1ed\(or the paper. Elements cove ed Fy each paper are

o o

presented in Thb]e V-3. anh paper is represented\by oun numbers .

First number: Volume number of Journa1 of Env1ro menta] Education -

A

.

Second numbet : Issue number of the\vo]ume ,
Third number: Year of publicdtion%of the. ggurngl;
Fourth number: Starting page number\ of thef paper

For example, a paper represented by 9.4, 5978 4 1s from Yolume 9, Number 4

of the year 1978 and it starts on page number 4,

We be11eve that the 1ssues of the Journal considered 1n this study

are representative of the research pub]ished 1n-a11 issues of The Journal

*of Environmental Education. It appears from pur research that a majority ofi
‘papers in the ues of the Journal analysed' cover ‘elements fa111ng 1n the
. ~educational do in', It is suggested that more ‘papers shou]d be pub]ished

. to cover the nv1ronmenta1 domain' for the Journa] of EnVironmental Education

“to be representat1Ve of .the organization of EE knowledge reconmended 1n thisg

qe

report, : ‘ .
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Table V-3 ‘ Co
| e o,
Analysts~of Papers,Pbbl1shed in .
' ~Journal ofUEnV1ronmental'EQucation (1]
Paper Number - §ﬂgment(s) 2/ Paper Number Element(s):
- - _ . »
5.1.1973, 1 Planning = = - 5.3.1974. 1 -Evaluation
.+ 5.1.1973, 4 Ptanning, Environ- 5.3.,1974, 8 Evaluation .
_ . .mental Apalysis 5.3.1974.12 ' Learning Sy!%ems Destgn .
8, 1-1973 ‘8 " Planningj Environ- . 5.3.1974,15 - Learning Sygtems Destgn
* mental, Analysis - f 5.3.1974.19  Personnel Dgvelopment, )
5, 1,1973 12* Plannjfg, Recrea~ .. . Learning SyMems Design
o .Mﬁgﬁkgtional Analysis . / - 5.3.1974,24  Evaluatfon
5%.1973; *"Pla ”1ng . 47//f 5.3.1974.27 - Learning Systems Design
5.1.1973 .21+ Bvaluation - " " 5.3, 1974 29.  Evaluation, Learning
S 5.1,1973,23:5 By, ! " Systems Design .
- 5.1, 1973 31  pYanning, 4 5.3.1974.33 “Planning ,
/ Communication, = / “ 5:3#1974..31.» - Personnel Development
5.1, 1973.37 ».Plamiing - /= 5.3.1974.42°  Learning Systems Design’
< .5.1,1973.41 ":/Rlanning,- Eyblogy 5.311974 .44 Cultural Ecology R
! 5,1.1973.43 / ‘Planning ~ *- 5.3.1974.47 ~ Evaluation, Env1ronmental v
5.1. 1973‘45 JEvaluation, ’ L Analysis’ S
Commgnicatjon 5.3.1974.53 . " Economics ‘
, 5.T.1973.51 Evaluatiof, 5.3.1974.56 -~ Learning Systems Design
~ w; Communication - 5,3.1974 .58 Learning Systems Design
5.1.1973.58 ; Communigation 5.3.1974.61 P1ann1ng _
./'J.m-,; 7 ¢ , S '
- 5.2,1973, 1 Planping. '5.4,1974, 1 Delivery Systems and Support
5.2r]97§.f4 - Learning Systems 5.4,1974, 4 _  Learning Systems Design
_ o Besign - 5.4.1974. 8 - Communication
5.2, 973;75 v Evaluation 5.4.1974.14 . Evaluation
© 9.2, ”Evaluatiob - 5.4.1974.19 - Learning Systens Design
5.2 / Learning Systems Design 5.4.1974.2¥.  Evaluation
5.2. / Learning Systems Design 5.4.1974.25 - Learning- Systems Design
5.2. Ecology, Diversity 5.4.1974.29 Evaluation, Attitude
5.2. Evaluation ; 5.4,1974.31  Evaluation, Learning '
5.2, _ .learning Systems Design , Systems Design - o
5.2, < Learning Systems Design 5.4.1974.34 Evaluation
5.2, Learning Systems Design 5.4.1974 .37 Population, EValuation
5.2. ‘Planning 5.4.1974.,42 - Evaluation .
5.2, " Planning . 5.4,1974,46 . Learning Systems Design .
5.2, Evaluation . 5.4.1974.48  Planning, Learning A
5.2. Attitude - _ - Systems Design ‘
5.2, " Evaluation . 5.4,1974, 54 ~‘EvaTuation, Attitude
5.2 '

: ] . + Learning Systems Des!gn o .

‘
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Evaluation

(

| | ! Table V-3 (cont.)’ o
. .
Paper Numer Eji.ementfls) Baﬁgr Number gjemerbtgs) ~
7.2,1975, cqpomics 8.2,1976, 2 Planning
7.2.1975. valuation - - 8,2.1976,12 . Evaluation
7.2,1975.11 lanning, Learning *8,2.1976.19 Planning .~
' [Systems Design 8.2.1976.26. Evaluation - o _
1975. gl_ Evaluation ' »8.2.1976.37 Evaluati *
2.1975 /Learning Systems Destgn ~ 8,2.1976\41, Learning Sy3tems.Design
7 197532 | Social Ecology 8.2.1976/52 Learning Systems Design
#2,1975/44 | Learning Systems ;oo 8, 2.197 .60  Oral History '
, . ‘Design, Wild Food : _ . _ :
7.2.1979.48 | Evaluation - ‘
7.241978.54 [ Recycling, Evaluation, o . .
e I . Learning Systgms: Design- '8,3,1977. 4 Planning. - . S
7.2.1975. 59/ Evaluation 8.4.1977. 7 Planning = | 2
- 8.3.1977.11  Learning SysteMS Design,
§ « | | .Persannel Development .
' . 8.3,1977.17 Land Use, Planning, -
7.¢ 1976, 2 Learn1n9¢uystems Design = ~___lLearning Sys@_gs Design e
1 7.3.1976.11 " 'Economics -8.3.1977.26  Evaluatton
h .1976.20 Environmental Quality, 8.3.1977.32 Evaluation . .
1 Evoluttonary Theory 8.3.1977.40 Planning, Personnel
:7.3.1976.28 - Ecology- - “ ~ Development .
,1.3.1976.34  Evaluation - - 8.3.1977,48  Learning Systems’ Design,
~'7.3.1976.38 Evaluation- ' Computer
7.3.1976.51 Evaluation 8.3.1977.54 Learning Systems Design.
© 7.3.1976.61 Evaluation 8.3.1977, 60 Mass Communication
. 7.3, 1976 66 Behavior ObJectives, o
Ev?luation oy
' <
8.4.1977. 4 Psychology
8.4.1977. 8 Learning Systems Design,,
8.1.1976, 2 ' Eco1ogy ' ' - Energy
-+ 8.1.1976.10  Evaluatian, Know]edge 8.4.1977.18 Evaluation
Attitude 8.4,1977.27 Evaluation
8.1.1976.19  Evaluation . 8.4.1977.35 Planning, Evaluation,
8.1.1976.26 Evaluation, Value ‘ Population-
~ Judgment 8.4.1977.43 Population, Evaluation
8.1.1976.32 Evaluation 8.4.1977.57 Evaluation
8.1.1976.36 . Evaluation : : ’
8.1.1976.48 Evaluation, Attitude
8.1.M976.52 Evaluation '
S ot : 9,1. 1977, 4 Planning” .
) . 9 ] 1977. 23 Evaluation, Recreation "
/ 9.1.1977.31 Evaluation
- 9.1.1977.44  Evaluation
9 1.1977, 50




| “ Table V-3 (Cont ) S
‘ Paper Number Element(s) ___ Ppaper Number Element(s) u
9.2,1978, 5 . Value Judgment, . 10,1.,1978, 2 Evaluation
~Learning Systems 10.1.1078.12  Evaluation

Design ~10,1.1978.16- Learning Systems Design
9.2,1978.,18  Food . 10.1.1978.,19  Learning Systems Design
9.2.1978.,20 Evaluation ' 10.1.1§78.23 Evaluation :
9.2.7978.24  Evaluation ¢ ©..10,1.1978.32°  Evaluation
9.2.1978.37 Planning, Learning 10.1.1978.35 values, Evaluation

Systems Design - . ° 10.1.1978.41 Evaluatton
9

.2 1978.49 ~Eva1uat10n Attitude. 10.1.1978.44  Planning.

. : . . \ '
3.1978. 2 Evaluation . - 10.2,1978. 3 Delivery Systems and

9 . L
- 9.3.1978.12  Evaluation | L Support . e
9.3.1978,18 Evalugtion, Planning 10,2.1978, 7  Evaluation, Value Judgment <
9.3.1978.28 " Evaludtion 10.2.1978.12  Evaluattion o

9.3.1978.35 . _Economics ~...-10.2,1978,18 __Evaluation - -
9.3.1978.40  Evaluation” . - 10.2,1978.24 Plaming - ‘
9.3.1978.50 Evaluation. 10.2.1978.30 Learning Systems Design, _
9.3.198.58  Planning Value Judgment ,
~ . L | v 10.2.1978.35. ‘Evaluation ‘ -
. _ . 7 10,2.1978.43 Evaluation, Mass
I " < S Communication Systems -
9.4.1978. 4  Knowledge - o : : o
, 9.4,1978.10 Evaluation " : . .
9.4.1978.20 Evaluation ’ ' o o _
9.4.1978.30 --Evaluation . : : _
9.4.1978.36 Evaluation ' : - ‘
©9.4,1978.41  Attitude, Knowledge, . . . .
o ~ Evaluation - o . ‘
’ 9:2?#@;2;21 Evaluation o - i o
9.4, $5  Value Judgment ' . : -
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CONCLUSIONS . .
1In this chapter‘we undertook a study sto éxp1ore the meaninngIness'
| and v1ab111ty of the standard ekistics t 109y by:  (a) emptfying |
theoretica] ideas about _the use of typo]ogies 1n the constructgo\\
of soctal theory( ) and (b) reviewing a se]ected set of materials

- 7~ 1in the fields of humén sett]ement phenomeno]ogy and eﬁ???onggnta]

= - ___.tducation. = j S _ “'/. e

A review of [6] and [7] was:undertaken'1n order to aktract the

most, significant conoépts from these two. pub]icotioné ' .he;stondaﬁd
. ekistics typology was assessed, using a systemic appro\ch and some
/dcomments are made for 1mprovemento of this typo]ogy‘

A typology fOr environmental education 1s also proposed

Contents of sixteen 1ssues of the Journa] of Environmental Education

d/’( © were Ei:izfed and a-suggestion 1s made for improvement in ‘the
- organ fon of this Journal “in order for it to.be more responsive
: @ ' ¥ .
to the proposed EE organization of knowledge. 5
i ) .'~ - - v
-~ o
-_— ' ‘ (S :J ;] ‘.(
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" -
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..., . ANINTRODUCTION TO
 _ENVIRONMENTAL EDUCATION TEACHER TRAINING RESOURCES . ' . .

. € . & T N . N
The Far West Laboratory-for Eflucational Research and Development,
supported by the U. S. Office of Enviropmental Education, developed a
set of environmental education teacher training resougces with an
. energy-focused perspective. The design and developmeht of these ,
- resources was based on a conception of environmental education that

1s consistent with the Environmental Education Act of 1970. (P.L. 91-516
and P.L. 93-278; as amended): : - .

T ‘0 Environmental Education should be holistic and integrated...
oo focusing.on and clarifying the complex relationships .
S _ - existing between natural and human systems; and examining
the many aspects and interdependencies of both. «~

"\ o Environmental Education should be interdisciplinary...
- v i ~utilizing Tnformation from a vafiefy of Tields or
o -disciplines (including the natural sciences, social
g | | sciences, and humanities) in order to deal adequately
' ‘With the natural, social, aesthetic, and ethical. -
dimensions of environmental issues. '

o Environmental Education should emphasize problem-solving
/ and decision-making..: presenting Tearners with ref]

¢y environmental problems or issues that are broad enough in

.. scope to have regional, national, or global significance.
It should engage learners in values clarification,
problem-solving, planning, and decision-making activities
that prepare them for dealing with environmental problems
and issues that affect individuals and society. . -

The resources developed are of two kinds: teacher-training models
and teacher-training materials. ‘The models are conceptual documents
whose purposes are to describe the various dimensions and priorities
of an environmental educag¢ion teacher trainjng program. The teacher- .
trdining materials are #designed to be used in secondary preservice or
inservice programs, continuing education programs, or utilized by
< small groups of teachers who wish to increase their understanding of,
- and competence in dealing with energy and environmental issues in the

classroom, , : ’ ‘

The Environmental Education TeachereTraining’ModeTS

Four Environmental Education Teacher Training models were- developed,
- each targeted to a different group of educators: high school teachers,
natural Science teachers (grades K-9), spocial science-teachers (gradés
4-12), and .community leaders (in environmental education). o
(= . . - .
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Each model contains sect1ons that define, characterize, or describe

the following aspects 'of an environmental educat1on teacher-training
program: a rationale and definition of environmental education,
general behavioral objectives, the curriculum content, general .
instructional management arrangements, and 1mp1ementat1on processes
and: activities. Each of the four models was designed to address

~the following bas1c user concerns:

v

.
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A
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,

0

‘What general knowledge, sk1115 and att1tudes am I to acqu1re?

L. ..0

areas.

: "
! : “
-0 What instructional or 1earn1ng arrangements are needed? '

What EE contente do I need to know? - S

.0 What physical and_lpg1st1ca1 arrangements are needed?

' The Content Sourcebook. o - V

The Content Sourcebook presents an elaborated and aqnotated

-\ 'discussion of the Content Specifications given in each of the models,
\ and is intended to provide a more detailed understanding-of the .

resources needed to develop a "holistic and transdisciplimary"

. environmental educat1on curriculum, -

The Content Sourcebook elaborates on tﬁe following curriculum content
a systems approach; problem-solving and decision-making; -

energy/environmental career-related decisions; holistic 1ifestyle

assessment; ideal environmental worldviews; fundamental concepts .

of energy; energy resource delivery systems; forecaiting, plann1ng,

and p011cy formation; and futures thinking. ,

The Content Sourcebook also provides a good deal of support1ve
materia]s, including: .

o - THE USER STRATEGY--descr1bes app11cat1ons of the EE tra1n]ng /XJ
models for their ingended users; describes the components’ of -
an. EE curriculum. ‘S ‘

[ Y

o-'ENVIRONMENTAL EDUCATION ENTITIES--describes 12 key concept/top1c
areas interpreted from the EE Act of 1970 and other 0ff1ce of
. Environmental Education documents :

o [ISSUES OF NATIONAL PRIORITY--presents narrative descript1ons
" of ten major energy or environmentdl issues that can provide -
. the bas1s for the deve]opment of EE curricula, :

0 SUBJECT MATTER/CULTURAL OCESS MATRIX--provides a structure
for thinking about EE currficula content in terms of: (a) EE
‘principles and concepts; (b) instructional learning resoyrces;
and (c) competencies (for the environmentally aware and literate
c1t1zen) for.each of the various: curriculum content areas.

* o A BIBLIOGRAPHY for each of the curriculum content‘ aceas and a
GLOSSARY are prov1ded
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The Energy-Focused Environmental Education Teacher TraininggUnits-

The four units/ (or "modules") in'this series comprise @ L
basic set of introductory materials consistent with the need
described in the EE\ Act, These units were derived from the High School
" Teacher Training Model--described above--that was developed by the
- Far West Laboratory”in 1977. This model provided a rationale and
guideline for developing teacher training materials that foster a = ° A
holistic understanding of our natural- and human-fashioned environment and
- for presenting this understanding in the context of environmental
5 issues rather than as a simple-presentation of subject matter.
- Integrated,within the four modules are the learning processes that
allow teachers to explore the numerous interactions between the systems .
of humanity and nature and, in so doing, promote their . ' '
environmental awareness as citizens. Each ‘training unit in the
series deals with a different environmental issue. These are
described below: . : -

Optimal Use of Finite Land Resources

- Teachers will use a carrying capacity methodology to examine
" " finite land resources, population dynamics, and available
energies that ‘must be in dynamic equilibrium in order to
maintain a stable balance between the needs of urban and
» agricultural systems as they develop and grow, and the \
’e - needs..of natural systems to maintain ecological integrity.

'Energy-Intensivé Urban Growth and the Quality of Life,

Teachers will examine the pattern of U. S. urban growth
as influenced by economic and other consideratiops and
compare these with considerations for enhancing the
quality of 1ife. They will examine the potentdal of
current urbanizatjon to reverse its present trend '

~ toward high emergy costs with decreas'ing quality of
11fe for urban society. They will also examine the
implications of envisioned future patterns or urbanization
on energy costs .and -the quality of 1life.

N [

. <£55§, Energy-Conserving Resource UtilizatiOn

Teachers !111 comp&re'a variety'of energy conservation
strategle@é and their contributions in terms of a stewardship

approach to resource utijlization and conservatfon. * They
11 analyze the conservation recommendations of the .

National Energy Plan and agt as a Task Force Committee to

propose conservation measures for a local community.

! & ety N
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Energy Resource Delivery and Use . L

: . Teachers will examine the role of energy changing cultural
FET contexts. They will study the nature and uses of ' - s
. various, conventional and nonconventional energy resources,
examine the dimensions of energy policy making, and evaluate .
-~ the implications of differing means of energy delivery
in terms of technical efficiency, and environmental and
social impacts. They will also apply holistic Criteria
to the evaluation of an energy policy plan.
L]

Each trainipg unit or module. fol]ows a similar presentation format:
o Al INQUIRY section that presents the Acts, concepts, and
principles associated with an energy-enviranmental issue.
This section. 1nc1udes‘text, readings, and activities.

0 An INTEGRATION section " that presents a planning and decision-
making simulation involving the issue in a practical setting.

0 An APPLICATION sect;on that presents a set of general guidelines

i‘ . for planning and implementing 1nstruct10na1 units emphasizing

“the issue.

>

Further Information

o
» . 4 (,

For further 1nformat10n on any of these documents or mkyerials,
write to: ,

. WL
Bela H. Banathy. ¢
Executive Research Director
Far West Laboratory for Educatio a] Research and Deve]opmen
1855 Folsom St. -
« San Francisco CA 94103

Ordering Materials

To order materia]s, write to

- ~ National Teaching Systems _
B 1137 Broadway :
- Seaside, CA, 13955

- Approximate Prices | . o § L R S
EE Teacher Training 'Models': | S E | ‘
| High School Teachers " $6.00
Natural Science Teachers. $6.00
Social Science Tedchers $6.00
{ L, ~ Community Leaders - $6.00 .
- 22y r
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* EE Content Sourcebook

Energy—Focused EE Teacher—Training Units

4

" Optimal Use of Finite Land Resources R

Energy Intensive Urban Growth and Quality of Life

Energy-Conserving Resource Utilization
Energy Resounce Delivery Use N .
' %

| | ‘

,

$12.00

$8.00

" $8.00

$8.00
$8 00 .

¥ The foregoing section (with minor editing) was furnished by
The Far West Labpratory for Educational Research and Development

We appreciate thetr furnishing this material
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‘ . . o © .UNIVERSITY OF VIRGINIQ - ( : . &
School of Engineering and Applied Science’
. < The University of Vi\rmnia's Schoolrof E&ngineering and Applied Science has an undergraduate .

enrollment of approximately 1,300 students with a graduate enrollment of approximately 500. There are
+* 125 faculty members, a n’ajority of whom conduct research in addition to 'teachingi - .

. Researchis an integral part of the educational program and interests parallel academic specialties.

These range from the classical engineering departments of Chemical, Civil, Electrical, and Mechanical and

Aerospace to departments of , Biomedical Engineering, Enqineering Science and Systems, Materials
Science, Nuclear Enginegring and Enginqerigg Physics, and Applied Mathematics and Computer Science.

In addition to these departments, there are interdepartmental groups in the areas of Automatic Controls and .

N pplied Mechanics. All departments offer the ' doctorate; the Biomedical and Materials' Science
partments grant only graduate degrees. ; : R :
et . T v

‘ The School of Engineering and Applied Science is an integral paft.df the University (approximately
\ 1,630 full-time fagulty with a total enroliment of abowt 16,000 full-time students), which also has

professional schools of Architecture, Law, Medicine, Commerce, and Busingss Administration. In addition,,

o " the College of Arts and Sciences houses dgpartments of Mathematics, Physics, Chemistry and others
relevant to the engineering research program. This University community provides opportunities for
interdisciplinary work in pursuit of the basic goals of education, research, and public service.
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