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Chapter 31 

USING SIMULATION TO INTRODUCE THE 

SYSTEMS APPROACH IN EDUCATION 

Elisabeth C Odum Howard r Odum and Nils S. Pelerwn 

"'''''r.o<l. Thi, rh.",�, d",<, ,I><-> 1 �"r to t�><:h ;n"""h""o,,. 
."'�m' «oiog}' .nd ,,",,,I.tion �ith lh. P'ogt"'''' 
L"rr�D . ... 1;!,r.,,- of ""�m' hloch �i,h f"ctorial icon> 
�-..., progr."" .. <'d. m .. " ,h,. bI<>< .. ,,< "-,,,,,,,1>1<<1 .. �l ""..
n««d on. M",,",.,.h 1Cr<�n. "I, .. ,,,,, ... r< ""'''''''1i<.1�' 
""' lOp f", ';m"I>U"". R, <0""«';"8 ,I>< 'Ilnl>ol> �i(h • 

"""''''. ,,,od •• ,,, ""> build ."'�"",..,' .... ". ;n;,;.1 ,,,,,d� 
oono, .,.d .. u.<t- ,h. con"'l" .. ncC'l of ,h�ir """S<O'O<"". 

Introduction 

A. ou< <e'pon.ibih,)" fo< the emi<onme,,' of 'he plane' 
hnh ;nn"...,s, "'or� 'caching ""'" <oue�", lI'e earth ')$
tern and ,,·hat ,,-e €an do lO ""'aiu it. To m.ke <e...,nah]c 
d",,;';on •. ""<knl> need '0 ""ders,aud ho'" global and 
local «olog;cal ,)"",m inter.oet "i\h "",onomk ')"�'l\$, 

An e/Teeti'" ,,-a,' to 'each .��tc'l\$ is fOT ""dents to make 
mooels and compmer .im"lauon, to gain un<k"",nding 
of the "")' Ih,. ,ompon�n" ;n'�T3Cl a"d h",,' Ihe .)�"m as 

a "'hole 0P<"rd''''. The 1\cp< lo do ,hi, arc >lrnighlfor.. .. r<l' 
.. ...c. ".., makc modd. of 'he ccolog;cal and "",onomic ')$
,em" II"c t,-", th< mooch '0 >ce "'hethcr ,hel' an like th" 
,c.l ».1<"" in nau,re and 'he economy, If tllc)" do. w, di>
,u<b .hem, as humans ha,e <listurl.><-d .he ,ul ')�,e",., 
The", "'c 'I) ,,,,mus soIu,ions to 'he problem. ,I"" ,,-., 
I .. "·,, gcnern,<d "i,h 'he model •. .-\II during 'he p'oc ...... ''-c 
check o"r �c<urnC) .gai"" ow""uon. and c>pericnce. 
"".>11). "'e can mak. r.:<rnnn,.nda,io", fo, poli<), eh>ng .... 

Thi. ",..,hod of making and ming models i. \I",r,,1 [0' 
t�,*"hing prin"iple. of ...,;enc.o �"d .)�'''m •. '" "'ell <l$ how 
'0 �P!-'roach p"'Clic:ll problem "'hing;n ,h� .o",ironm�n' 
and economi". Th. kind. of p"blic polic) '''gg.suo,," 
,ha, Com" frorn ,h. mooel. can be disc",,,,d in c1,..rooms 
and ",..,n. ill ""me c ...... """d in ,he ",cal wo<ld." 

A nn.- comp"ler .imu!.,ion prog .... m, EXTEND. ",ak •• 
i. U'" '0 e�pe,-;m<m ",i,h ,",ooels on the �1a"i",osh <om
p"'er. A mom" i, u ... d '0 co nnN' icon, on ,h� ,n""n. 

I'o<t;,-"" oJ ,hi, ch.p'" origin.U>· '1'1'<>,«1 in ,,,. CPSR :0;.,.,10,· 
1«, \'01. 8, :--':0. 3 (So,"""", 19'.101 I«oprin,<'(\ "it!> """";<>ion 

.-\f,er 'he model i, dr.",n. ,im\ll.,ion gr.pl" a", P'''" 
dtl«d. The efTect> of , .. ,io", change. ca" ,h.n be .h""" 
I» ",al:ing ",,·hat il" ch.«gC'> in the program, [« ,hi. <h�p" 
In. "'e "ill ,ho'" 'h«e uample. of mooel. of n", u,. .. 1 .)'S
'e«" ,hat arc di,,,,,bed I» humans 

Overfishlng: A Sample Model 

Wc ""ill bu,ld a modd of . pond �O"�'em. ,h",,' ho,.- it 
f«nctio", n>l"nll>. an<l 'hen <I,,'nO<1>''''''' how i, change. 
"'hen i,;, o"el'r.,hed, Figure 31.1 i,. pielure of. pond 
ecos)�"'m Fi,,;t, EXTE:\O i. calkd "p on 'he �bein'mh 
along "i,h • lib'''1) o[ ecolog;cal program block5 ,ha, we 
h.'e prel'","ed. \l'i,h ,h� ,"" of U!'o">c, pi""r. icom rep-
"'''''''ing 'he par\> of 'he ')�'er;i�are dra"." On 'he scrcen 
from our hbra1l and CO'\l'C<Otffl. 

The fe".hing pond model is in Figur� 31.2. \Il'en )'ou 
click on each icon. a di.log bo •• ]>pe ... in ,,·h ieh you 
e,Her 'h" appropriate n«m\x·";. a, in Figure 31 ,3, ""hcr� 
),ou un change ,h. '1«�"';'Y o[ ""'ligl11 . \\l,en 311 'he 
"umbe .. arc .ntcT<d. "0« 'ell 'he progr.tm '0 run ,h • 

.inm]a,ion ,ha' plo" 'he ch ange. i" I>ond hfe (>n aggre· 
g"� of 'he 10"'N food <h.,i n). '«,,�'h. and b.m OIN ';'n� 
(Figure3].'1) 

Then "'.0 add an icon of people fi.h ing for 'he t..... 
(Fill<HC 31.5). When 'he program is ploue<! �hcr fi.hing 
is ,.,,.,�d (Fi gur. 3l.6), 'h" q«""'i�' of ba." goe. do""n. 
bringing 'he fi'hing )icld do"'", /lOme the data ,able 
,,,,de, ,h� gr.ph, i, kecp. trad of"'''igh\> of £o"'ponen" 
"i,h 'ime 

To cond"" ""ha' i! experiment •. >-,.riou. changes can 
no'" be made, For nample. if )'OU 'pe'" II""" ,im", mOr� 
h our. fi'hing. ho'" would 'hi' aff"'" )-our ba." ca'eh and 
'he quan ut), of 1>.:0 .. left in 'h" pond' Com]>.,r, Figu,e 
31.7. ,,·hieh rel" .... n" • •  im"la.ion "'i,h 'hree 'ime. 'he 
r" hing �fTo". "ith Figure 316. 

Thi. r"hing model can be :><i.p,ed to an)' r..hing 
,i'"al;On-th� ","'err.,hing of 'una in the Pacinc or ('e<lrlSh 
in the Culf of M.ine. Al'Propri>lc "u",ben for produce,," 
an<l con.u,,,,,,, i" �""h .)�'e,n arc pu, in'" the dialog boxC'>, 



5iMUUoriON TO iNrI?ODU(� TH� 5Y5T�M5I!PPI?(»'CH iN �DUCl!nON 

! A-. 
<11 .. 

"",",,e 

Figure J I I Pi<lure 01 the I "" pond ,hO'wing phyfoplan/(ton, 'oopian/(ton, planl<. 'mall 0011""" 
�" ,unfish. oon. �nd microbe> 

Figure 31.3 0,""'900.< 01 <un ICon 

e "' J 
I ro.,.! 1 

IW.'Pl 

�9fh.o 
= 
,m 
� PoOlllll • 
. � 
.= 
� 
� 
" . 
... 

= 
0 

0 

" 

,. 



Fog"'" J I 7 

• 182.S 

. , .. ,-" , . 
, ......... 

'-""'" 

'iinl<JIi>11OO 0/ fi.hong rnM<'I ""Ih rtvH I>mf>S Ihe 
fisho<>g etlO<, 

f. C 000/'/. H. r ODUM. N. 5 PHfRSON 

Principles or Environmental Systems 

Thi> modeling p,oc" .. d�noo".",,,�. principle. of elll;' 
ronmen",1 ')�I�m. as "'cTl ... ill".",,,; ng .e.1 �n,ironm"" . 
.. I .""",ion •. Fot example. '''''pbnho" in u.�� .\Hch;g'" 
decre..,.d "hen u�e Tro", died ou'. 

The "",,' ;mpo""'" principle i. ,ha, of ; ,,,,,depen. 
dence, 'I".m. and P.1ru of ,!�,em. ;,,'.,,"c' "i,h ."d affect 
one ano,hN. In 'h� IX'nd. energ)' from 'he "'" fl",,� ;n,o 
'he lX'"rl '0 "i",ubt� phO'''')l1lll�'is of algoe a,,,[ ""'e' 
pia"". "'hid, in tum a,e c,'en�' .",all in""".b"""," 11M: 
cnef'(:} (rom oh"", .mall animal, i> «>n."mcd �. Il, •• ""fI.h 
and !hen�' Ihe b."". \1'"", ... fro,,, 'he a"i""I. arc ""umC'<l 
10 'he "',"et 10 be """d as n"lri .. "" b) !I", pi; "" • . 
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Food ,,·cb. c.n il1"'tra'e 'he l";ncipie of h'"M'�), 
"here ",.n)' .m.1I i'em. '"PPO''' and �re eo",rolled � 
fc,,'er I,.sc i,<,,,,,. In 'hc pond .�.mple ("Sure 31.�). 
no.,,)' .mall pho,o n. of ><mlight On 'hc lef, �rc <O"«n' 
tr�,,,d � 'he I<eb '" f" ... ·cr b;u; "' the right, Organ""" 
"ith f .. ,er ,"",,,',,r ,ime (.hor"" li,·c.) arc on 'he lef,. 
and larger o'gani.m. ,,;,h .lm,cr t"rnOl'" " ",. on ,h. 
righ,. Hier . .,ch) i. fo"nd in all ')�'cn". "i,h 'he "'P "f 'he 
hierArchy <on,roll;"g 'he next "ni, brlow it. Th. energy 
of the ><",�.h i. co"" .. med �. ,he bo. ... and the""" exert 
control on the q"an,;,), and quality of th'" ."nfi.h. At the 
'01' of ,he hicr .. chr in FiG'''e 31.!>. <lte r,.hernl.n control 
the quantity of ". .... 

The q".mtiti .. "sed ;n 'he mooet. Hh"''''tc I., finl "ltd 
"",.d laM of I�...-..u>d)·"a .. it ... 11,e ro .. t I.", "�'e. th>t cncT,' 
ch.nge .. form but. b«-d"'" ;t i. a .. ,,,,,,,,d. can .I".,,� br 
eJIc"I.kd. For cnm!'I •. 803 �c of "",f"h m"�" 93 �c of 
1>;0 .... ... "h 710 �c going O"t o( the ��tcm in ....... tc he ... 
Th"", rog"re> .1"" ill"."·:",, the "'cond I.,,,,. " hieh .tat ... 
that in c"<I)' proc ..... ",me energ)' i. I"" '" �"' .. h"a, 

A ch.",neri"ic of all �"(,,,,;"g .)�tcm. i. ,h.ir "pacin' 
to 'PC)(i-. as ill,,"t:I,ed in • model of a '''''''.It,d .",,,m 
(Figur� 31.8), Re.pirntion of gm",bnd cre",u'e' ploducc. 
inorganic lIu"ien" ,h.t feC)"le back ,0 bo; uoed b)' the 
gra .. in phot"".",h ... i •. �!. tCt ;al. now around 'he .)>t�m. 
,,;,h "."tc. from One p.rt of tlte "�t.m that arc n�<"""I)' 
for production of 'no,h"r part l>cing «ltJrned for ""'. 

ror a .mcrn to ,"",.in health)'. all produ'" mmt ""'
de and br uoed � ",me p.<rt of the ��'cm. If �,..te. >re 
not "e"""d, the .)"em "ill not taR Th. bUlld"p of"-. ..,,, i. 
one of OUf ",OSt ""io". huma" emironmcntal prohl"n", 
Thi. ,ugg"''' to u. that if a prod"" or chemical c>nnOt br 
rcC)ded. it ,hOl,ld nOt "''''n bo; m,,'c. 

Chemical pfOC ....... ' are also illu"ratcd�' 'he di"lI'''''''' 
.uch '" pwl(J,),mh"u �. pl"H' and ",,/malt''" II) all I,,;ng 
org",,,,n,,, 

A Logging Model 

An",her c",ironmen�,1 p,oble", th .. nn be uamincd 
"'ith a model and ,in,.,l"ion i, cutting logo in (OfC''', The 
q"e";on .oou, (0"'''-' 'ClOSS the Cnited State •• nd the 
,"'Orld i. ,he ",me'" 'he fi.hing quc,,;on. 11",,· m"eh 
r"",urcc can L>c taltn from the n>1ural .)�tcm and "ill 
keep ;' hutth)' .ltd .u""i".hle? 

Economic exchange of monel for ... Ie • •  "d pnfch....,. 
c.n be included ... in the logging modd of Fig"" 3],9. 

A ,;"",I .. iol\ of the logging .)"tcm ""cr 100 ) r i •• ho"." 
in figure 3) )0. You can loo� at the re."I" from dirref�n, 
poi"" of ,;cw. If )'Ou arc a eo"",,,.,,io,,i ... J"" m.), be 
Ilp$et bec.u", the for�" no ... gf""� back to i" orig;"" 

bio",,.,.. If )'OU �,e a forcot produc" comp"")' m.n.ge,. 
)'0" "ill be mQre intcre.t<d in the money '0 br ",.de "ith 
thc )icld .,ftcr 5 JT. The o,,"cr or im'e>t'" may be inter
ested in ,lte lung·run profit to br ",.d". 

I" ,hi, mOO�I. the o(fen, of ebangu of P'ieM c.n br 
.i",,,htcd in ""'hat ii expcr;",en", fur u'mpl", ,"'h.t 
,,';11 the );eld of log. and ,nOne' return bo; if th� ",l1ing 
price for log, d .... ble<? fig",� 31 , I 0 .ho ..... thc r •• "l" of 
the modd I'm ,,;th original pri��. and quamj'i  .... . nd 

Fig"r� 31 .1 1 >ho ... � ,h" (h.ng� •• fter doubling the price 
of log •. The gro .... h of thc forest .ta)� 10 ... ·. h'" );eld ."d 
profit> go up. 

Di",,,,,ion of this mooel k.d. to broader. i"ter".tional 
trdde q" ... tion •. If th" .. log. at. being exported 'oj.p.n. 
i. i, to ou' .d,,,,,,ugc or to thei ... , If ".., .. n our logo '0 

jap'''' and .pend thc 1I\01lC)' to bu) jap.n ... good •. this 
trade i, equal;n mon.,.·. lIut inJ.pan. the a"crdgc q"anti.)' 
of g<X>d. ,hat people can bu)' for the doll"f ;' I .... than in 
the United S.ate", the lame don., h")� mOre here than 
tltere. Tltel'dore. "'hen you look .t the ueh.ng. of r.al 
goo<l,. the tr""� ;, to J'p.<n', ad'-dnt;lge. 
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F'9U'� 3 t .9 _ of Ioggnq .ystem, w;{h wn. fore.t logging, pr<><lu<;! ",res, <�,h, �ncI 
good. _ """"'n . 

. for .. ! & I om.,, · 

• 
, ...... .... " 

'---... .... 'ON. V"" 

Figu-c31 11 'iirroM,,,,,, 0/ "'9gIog rrIO(ICI ","h (he '�lIng price 
ot log. dOuble<l. 

Models with General Symbols 

All d,�", ,-,,,ironment •• 1 .nd «onom;c modd. ha,-" tho 
""ne oompooonl •• nrl proc"� •. The ."''''g)' .nt.m, Ian. 

S"'go, Fig",e 31 12. h", general 'l'ubQh ,h,. c • ., be "..cd 
for dr"";"g mockh or am- .worn. The JK>nd "�tcm ,h""" 
",;th ;c<>,," ill ',g"'. 3l.S i, dr�wl1 ",ilh (he gene,"1 'Jm· 
bob in FiglllC.31.13. Til. logging model i.,ho"." in Fig

ure 31.14. eo",p",., progr:tm. fo. ,h�"" ",odd. cat> .100 
he ... Tille" in B.-\SIC o n all)' <omp"'.', 

Summary 

w. p''''''''t. ')�l.m. m.,hod of learning how to con,ide, 
.nd >ok • ...,ological and econo",;e prol>l cm •. An Ol-crall 

.)�'.m' approach, ",ins cril;cal [h.nling and comp"'�' 
,cehnolog')". is pr<>J><>O<'d to help "udcn .. k�rn, JuS! .. 

import:", •. i. i. a mc.hod for ",iell.i ... . o di",o,'er and ,cc· 

ommclld logical and prac.ical ""I",ion. '0 cmiconlncmal 
and economic p"'l>l�m. �Iore com pin modeb or .hc� 
.)�'em. uiS! "'h,,... r�.ul .. ... n be comparcd "iu, thcsc_ 
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Thi� ch�J)I�r d"""nbn "'" n<'W �ppro;och boll don no. 
i;'� �no",h d".�;1 .0 .e�h i. or do i. "i ,hom more �p«if· 
;eo. Te.ch;"11 ".a,eNt. and oth« f><"nincm li'cnmrcc arcc 
Ii .. "" at .he end of Ihe <h.p'c •. 

Notes 

l. EXTEl\'O i •• g"n"",1 P"� .imubtio" modeling 
pros"'''' .,,,,il.1>I,, from I".agine That. In< . . 68&1 \'i> 
1)C1 0'0. SIIi,. 230. San Jo ... CA 95119 (41)8) �� 
030�. 

2. Thi, ,,-ork ,,'" <lone'" pa" of 'h" BIOQL'EST (Qu.I;,)' 
Unde'K!""""""" F..dUCOIionol Si",ub,iom ."d Tool. in 
B,oI08)'1 p<o;«" Tu •• "d program. 0{ 'he EIl,;,on. 
me"tlI l)rd,ion \faking module OK .,,,,,labl� On 
d"Ls rrom l\'oQt.;}Csr. Ilcp'ltln'em or R,oIog-.. Belo" 
CoIIcI'" 700 CoIk-v 51 .. II<-Ioi. WI mIl. Th� i'em, 
a,'C a,.,I.blc commud.lLy "" I"'r, of R'oQl1ESl" CIl 
ROM "01" '\(.<lemi< SOf .... .,e Ilc\'clop"'''''' C'lHIp. 
Co"'P""" Scic,"'e U"'CT. College P.rl. Mil 2(l7�2 
13(1) 405-7(,0(). 
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