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USING SIMULATION TO INTRODUCE THE

SYSTEMS APPROACH IN EDUCATION

Ensabeth C. Odum, Howard 7. Odum, and Nifs S. Petersen

Abstirace. This chapeer desc ihes « way 10 teach intreducieny
ssstems  ecelogy and  simuladen with the pregidn
EXTEND. A kibrary of ssxteans blocks with pictorial icons
wus programmed. Whea the blecks are asseorbled and ¢un-
nected on 2 Macintesh screen, cquations are auwmatically
scl up for sirmulagen. By connecting the symbols with a
mowse, studens may build svsiens, set some initial condi-
Yens, and scudv the consequences of their arrangements.

Introduction

As our respensibility for the envirenment of the planet
Earth increases, were teaching must concern the eaith sys-
tem and what we can do to sustain it. To make reasenahte
decisions. swdems need te understand how global and
local ecological systetns inteinact with economic systems.

An cffective way to teach systems is for students to make
models and compmes simulations to gain undesstanding
of the way that components interact and how the system as
a whelc opecraies. The steps to do this are siraighiforward:
First, we make models of the ecologicat and economic sys-
tems, W test the modcels 1o sce whether they act like the
real systems in naure and the economy. If they do, we dis-
turb them. as humans have disturbed the real systens.
Then, we try varisus seluuens 1@ the preblems that w:
have generated with the modcls. All during the process, we
check our accuracy against observations and expericnce.
Finally, we can make recomimendations for policy changes.

This method of making and using modcls is useful foy
teaching principles of science and systems, as well as hew
te approach practical preblem sohvingin the enviromment
and economics. The kinds ef public policy suggestions
that come from Uve models can be discussed in classrooms
and even, in seme cases, used in the “real world."

A new cempnter simufation pregyam, EXTEND, makes
it easy t@ experiment with models on the Macintosh com-
puter. A meuse 18 uscd 10 conncct icons on the screen.

Pertinns of this chapier eriginally appeared in the CPSR Yiewslet-
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After the modcl is drawn, simujation graphs are pro-
duced. The eflects of various changes can then be shown
b making “what if” changcs in the program. In this chap-
ter, we will show three examples of modcls of natural sys-
tems that are disturbed by humans.

Overfishing: A Sample Model

We will build a model of a pond ecosystem, show hew it
funciions naturatly, and then demonsurate how it changes
when ic is everfished. Figure 31.1 is a picture of a pend
ecosystem. First, EXTEND is called up on the Macintosh
aleng with a library of ecological program blocks that we
have prepared. Wich the usc of amhounse, picture icons rep-
resenting the parts of the systeifi“aic drawn en the scrcen
from ous limary and connected.

The resulting pond model is in Figture 31.2. When you
click on each icon, a dialog box appears in which you
enter the apprepiiate numbers, as in Figure 31.3, where
you can change the quansity of sunlight. When all the
numbers are entered, vou tell the program te run the
simulation that plois the changes in bond lifc (an aggre-
gate of the Jewcr feed chain), sunfish, and bass ever time
(Figure 31.1).

Then we add an icen of peeple fishing for 1he bass
(Figure 31.5}. When the program is ploued atter {ishing
is staried {Figure 31.6), the quamity of bass goes down,
bringing the fishing yield down. lfote the data table
mtder the graph; it keeps track of weights of components
with time.

Te conduct "what if” experimenis, various changes can
now be made. Fer cxample, if you spent three times mere
hours fishing, how would this atfect yeur bass catch and
the quanuty ef bass left in the pond? Compase Figure
31.7, which represents a simulation with threc times the
fishing eftert, with Figure 31.6.

This hshing model can be adapied to any fishing
sithation —uhe everfishing of tuna in the Pacific or redfish
in the Gulf of Maine. Appropriate numbers [or preducers
and consumers in each systein are put into the dialog hexes.
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Figure 31.2  Picture icon ecosystemn with sun, pond life, sunfish, and bass.
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Figure 31.6 Graph of changes in quantity of pond life, sunfish, bass, and bass catch.
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Figure 31.7  Simulatien of fishing model with three times the
fishing effort.
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Food wcbs can iltustrate 1he principie of hewrarchy,
where many small items snppect and are conirolled by
fewer large mems. In the pond example (Figure 31.3),
niany small photons of simlight en the left are cencen-
wated by the web o fewer bass at the right. Organisms
with faster uirnever time (shorter lives) arc ¢n the lefl,
and larger organisms with slower turnover tine on the
right. Hierarchy is found in all systers, with the wp of the
hicrarchy controlling the next unit below it. The energy
of the sunfish is censumed by the bass, and the bass excrt
control on the quantity and quality of the snnlish. At the
lop of the hicrarchy in Figure 31.5. the fishermen control
the quantity of bass.

The qnantities uscd in the medels iliustrate the first and
second taus of thrnnodynamics. The first Jaw states that energy
changes form but. because itis conserved, can abwavs be
calculaled. Fer example, 803 ke of sunfish make 93 ke of
bass, with 710 kc geing eut of the system in waste het.
These Rgures also ilfusuate the second law, which states
that in exeyy process, some energy is dost as waste heat,

A characteristic of all enduring systemns is their capacity
o recycle, as illusteated in a modcl of a grasslind system
(Figure 31.8). Respiration of gruassland creanures preduces
inorganic wutrients that recycle bdck o be used by the
grass in phetesynihesis. Mateidals flow around the sysicm,
with wastes from onc part of the system thau are necessary
for production of aneiher part being returned for 1se.

For a systein 10 iremain healthy. all preducts must recy-
cle and be used by seme pari of the system. If wastes are
notreused, the systerm will not last- The buildup ofwaste is
one of our west serieus human environmental problems.
This suggests te us that if a preduct or chemical cannet be
recycled. it should net even be macle.

{Chemical precesses are also illustrated by the diagrams.
such as photosynthesis by plamnts and respiratien by all lning
organisms.
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Model of grassland with sun, grassland, and nutrients.

A Logging Model

Anather envirenmental preblew that can be examined
with a model and sinwlation is cutting logs in lerests. The
questen aheut farests across the United Siates and the
werld is the same as the lishing question. How much
resource can be taken from the nawural systcrm and still
keep it healthy and sus@inable?

Economic exchange of money leor sales and purchascs
can be included, as in the logging modet of Figure 31.9.

A sinnjatien of the logging systcm ever 100 yr is shown
in Figure 31.10. You can leek at the results from different
points of view. If you are a cenisenvatienist, ysu may be
upset hecause the forest never grows back te its original
biomass. If yeu are a forcst preducts company manager,
yeu will be more interested in the meneY 10 be madce with
the vicld after 3 yr. The owncr or investor may be inter-
ested in the Jong-run profit 1o be made.

in this model, the cffects of changes of prices can be
simutated in “what if" expcrimenss. For example, what
wiil the vield of logs and inenev rewurn be if the selling
price for logs detibles? Fignre 31.10 shews thc results of
the mode] run whh original prices and quanutics, and
Figure 31.11 shews the changcs after doubling the price
of logs. The growth ef the forest stavs low, hut yield and
prefits go up.

Discussion of this model leads (o breader, internationatl
uadc quesuens. If these logs are being exported 10 Japan,
is 11 10 eur advantage eor te theiss? If we sell our logs 10
Japin and spend the money o buy Japanese goods, this
uade is equal in money. But in Japan, the average quantity
of goeds that people can buy for the dellar is less thanin
the United States: the same dollar huys mere here than
there. Therefore, when you look at the exchange of real
geods. the rade is te Japan's advantage.
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Figure 31.9
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Figure 31.10 Simulation of logging model.

Figure 31.11

Models with General Symbols

All these environmental and economic models have ihe
samc components and processes. The energy systems fan-
guage, Figure 31.12. has general syinbols that can be used
for drawing modeis of any system. The pond system shown
with icons in Figure 31.3 is drawn vath the general sym-
bols in Figure,31.13. The legging medel Is shewn In Fig-
ure 31.14. Computer programs (er these modcels can alse
be wiiiten in BASIC en any computer.

Producl sales

Model of logging systcm, with sun, forest, logging, preduct sales, cash, and
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Simutation of legging modef with the selling price
of logs deubled.

Summary

We present a systems method ef learning how to consider
and solve ecelegical and economic problems. An ovesall
systems approach. using critical thinking and computer
technelogy. is prepesed te help students Icarn, Just as
importani, it is a method for scicntists to discover and rec-
ommend logical and praciical solutions to envirenmental
and cconemic probtems. More compiex models of these
systems exist whose results can’ be compared with these.



SIMULATION TO INIRQOUCE THE SYSTEMS APPROACH IN EDUCATION

§omass 0 $I4nass

(]
o o
SOGETE
_ AgsP Censumer Clotter
Preducer Conl*ols
nstani i wilch
oy ﬂ@
~ o]
h = N 5 N4 N
Interaclion FI'*"”‘” x lsbor A services

Mney
o

H
o Pay
n
3%{: g =450

I{
Flew Junclign Seies

Figure 31,92 General system symbels.

Censtanl
spurce

P S

()

A

Flow
SAUFCE

Resp

Consumer Interaclian
i Conaumer

Producar
F.gure 3t.13 Pond syseem modet (Figure 31.5] using generat symbels,

SUrCe

Plaller

\:Hnrtn

Labur b 5Ervr:es

Sales

Figure 31.14 Logging system model [Figure 31.9) using general symbols.

O pa— s, T i Tl R A s < s el B it i memcmed

B i e S

35l



352

This cha)xer descnibes the new approach but does not
give enough derail to teach it or do it without more specif-
ics. Teaching matenials and other pertinent literature are
listed at the end of the chapier.

Notes

I. EXTEND is a genera! purpose simulatien medeling
progrant availabl: from Imagine That, Inc., 6830 Via
Del Oro, Suite 230, San Jose, CA 95119 (-08) 365-
0305.

2. This work was clone as part of the BieQUEST (Quality
Undergraduate Educational Simutations and Tools in
Biology) project. Text and programs of the Environ-
mciital Decision Making module are available on
disks [rom BioQUEST, Beparunent of Biology. Beloit
Colicge, 700 College Si., Beloit W153511. These items
are available commeccially as part of BioQUEST CD
ROM from Acacdemic Software Develepiment Croup,
Cemputer Scicnce Center, Cellege Park, MD 20742,
(301) 4057600,
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