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DIGITAL STIMULATION IN EDUCATION

I. Introduction

Educators have found many ways of using computers. At the high-school
level, computers are used primarily for administrative purposes; while at the
college level, the computer is used for educational purposes as well as for
administrative ones. These educational uses at the college level have been
associated primarily with programming courses, or with large-scale or diffi-

cult computations (e.g., in nonlinear, or distrituted systems).
P - y

One mode of computation which has been largely ignored among educators
is the simulation mode. One notable exception is Huggins' JOBSHOP (1). Med-
ical schools are beginning also to explore the uses of simulations in devel-

opment of diagnostic technique (2), as well as in other ways.

Huggine (3) has characterized the digital computer as a highly-flexible

1 f . » I} £ P | Y
laboratory in which we may explore any enviromment we wish. It is with this

The author has been working for several years with high-school teachers
in explorations of the urility of computer simulations in their curricula.
Simulation programs have been found to be effective in biology, chemistry,
~earth science, physics, and the social sciénaésf(é),

In the paragraphs below, we shall explore the clrcumstances under Wthh

s1mu1atlons are useful and shall present several examples of 31muiatlon L

'programs Whi¢h ha?é béeh;devglopedxrecént;y;¢




II. A Rationale for Simulation

Few people would dispute the desirability of learning by direct experience.
The investment of billions of dollars by our universities, and by our primary
and secondary schools in laboratory facilities is evidence enough. Generation
after generation of students ré=measﬁfe thé acceleration due to gravity, or
re-discover Ohm's Law, or study the giant chromosomes of the drosophila fly,
even though these things have been done ﬁy very capable scientists employing
the most elabérate facilities available. How much easier (and how much less
expensive) it would be to describe Millikan's oil-drop experiment, and its re-
sults, along with pictures of the apparatus, in a textbook —- yet many physics
laboratories in high schools and colleges are equipped with this apparatus, and,
evéry year, legions of students repeat this experiment. Their e/m ratios are

very imprecise compared to the carefully-determined value of the physicist; how-
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ever, they have benefitted from having had the experience themselves. This is as
true for non-scientists, who never again will have a laboratory experience, as it

is for the physicist who will spend his life in the laboratory.

Even though direct experlence is very de51rab1e, our gtudents frequently

are'prevented from such learn;ng experiences_. Same of the reasong far this are:

1) The. 1ecessarv equlpment is nor available because cf expensa :

oxr- lt 13 tao complex or de]icate to permlt studenﬁs to:

':userit

2) The- samisie



Medical students in New York State, for example, run
into very few cases of malaria, and develop little
experience with it).

3} The experimental technique is difficult and must be developed
over an extended pericd (e.g., in experiments in genetics,
and in titration).

4) There are serious dangers to the student (e.g., where radia-
tion or high temperatures are involved, where there may
be explosive mixtures of pases, or where highly-toxic
materials are required).

5) The time scale is too short or too long to permit tne student
to make observations (e.g., the runaway of a nuclear
reactor —— here, of course, there are other reasons
for not permitting students to do the experiment -- ox
the study of the dynamics of populations).

6) The oppartunitﬁ to expériﬁéﬁt directly is not availablé
(e.g., in studies of égongmiﬁ,'ﬁaiitéal}'qr sgcial sys—
temse, or inrstudies éf7humaﬁvgenetics,‘cz sptead of
disease). | | |

7) When it is desirable to measure variables which are diffi-

- cult to access (e.g., the tensior on a pendulum. string, .

. or the differential effects of the gravitational effects

FullText Provided by enic [



perfect, and then show the student how these things obscure
the data of interest).

9) There are times when it is useful to underscore the significance
of natural laws (e.g., study of non-inverse-square~law

gravitational systems (5), or non-Mendelian genetics).

If any of the foregoing circumstances exists, the student normally is
excluded from learning by direct experience. Typically, here, he learns by
reading a textbook, or by attending a lecture on the subject. In both cases,
the learning is less than'completely satisfactory. (Who would accept a sur-

geon who has learned surgery solely from bgéks and lectures?)

Simulation 1is an educational'tocl which can overcome the foregoing in-
hibitions; and which can provide, in mény cases, a far betterlléarning situa-
tion than can be provided ﬁy either textbooks or leéturesg

It should be emphasized that simulation{is propésed as a_complement to

existing educational techniques, rather than as a substitgte for any of them,

III. Examples of Educétianal,simulatiQQS’

Several examplés of simulati develcped by the author and hls colleagues

’are described below.i TheS? simulaticns were develaped for hipn=schccl students




A. STERIL
One pest—control technique which has proven to be very success-
ful in control of screw-worm flies is the "sterile-male" technigque,
in which male flies are raised in a laboratory, sterilized by irradia-
tion, and, then, released in infested areas. These sterilized males
compete with normal males for the females. The sﬁgcess of the tech-
nique depends upon the fact that females mate only once. Those which
mate with sterile males lay unfertilized eggs, and fail to reproduce.
This technique ié described in an interesting paper by Knipiing (6),
and in an extensive report (7).
A simulation program called STERIL (developed by A. Frishman,
C. Losik, and this author) permits the student to explore the relative
merits of pesticides, sterilized males, and combinations of these two,
in the control of screw-worm flies. The student is able to develop,
and try out, various policies for controlling, and eliminating, these
pests. |
Several samplé'runs of this:prcgram are shown in Figs. 1-7. In
Fig. 1, a pesticide is anplied every'seven days, but no sterile males
~are reléased. Here, there is a steady—state oscillation with a seven-
day period énd an'aVeragé level af 0.25 millicn narmal males.r The .
r'populatlnn lnc:eases after each applicatian nf pesticide, because of
;filmmlgratlcn into the area, and because af eggs lald by earlier gen—
: veraticns.i» ) . | o . | e

In Fig 2 pestlcide 15 applled every-day for 24 days iny (again,';l;f‘“f

- ',;!v,

';'no steflla males are raleased) On the tWenth fifth day, the populaevr:

and by thé seven—ﬁaﬁiﬂ'”>v

tlc” beglns to grgw aga1n, because of 1mm1gration'

N & B

‘;?¢tl,th daY:‘lt returﬁs to one milllan - the carrylng capacity °f the arga.;,_fév




The approach shown in Fig. 3 consists of the application of pesti-
cide only once. on the first day. From then on, one-hundred-thousand
sterile males are released each day. Here, the normal population de-~
clines continuously beginning on the gixth day; until, on the seventy-
fifth day, it is reduced to sixty thousand.

Fig. 4 shows the result of a policy similar to that of Fig. 3,
except that only ten-thousand steriles are relrased each day. This
policy decreases the steady-state normal population only tc £80,000.
One interesting characteristic of this policy is the dips at days
21, 41, and 61. The twenty-day period is a result of the twenty-day
period from the laying of eggs to the maturation of the new females
and their laying of eggs.

The result of application of pestieide once, and release of 100,000
sterile males each day for twenty~four days is shown in Fig. 5. Again,
because of immigration and maturation of elreadyflaid ezgs, the popu~
lation returne to 1,000,000 eterile males. Here, the eteedyasta;e
.average ie.0i18 million eompared'to 0.25 milliod'in fig. 1. This
ksllght reduction, in spite of the large number of sterlle males re-
leased each day, occurs bacause the pestlelde ig ﬂQﬂﬁSElECt1VE. Sterlle
and normal males are affected equallye

The polley of Fig. 7 (pestlelde only for: the f1r9t ten days, and

then no control) showe thet early termlnetion of eontral eeuses mcre—

.repld return to nermal pdpulatien levels thaﬂ w1th extended contrnl

v',Prqgrams:e— elther pest1c1de dr sterlle males (c £., Flgs.,E and 6)

~;5G1eer1y, thle program permits explcratlon ef ‘a. clrcumetance Whlch

N “fthe;stddegt cculd ngt study direetly;vexeept perhaps in: graduate echeollfe"

ool



and which he could not study analytically because of the complexity

of the equations.

B. KINET

The program KINET permits the student to explore the dynamics
of a chemical system in which a specific compound is converted to
a single daughter-compound. The student specifies the forward-rate
constant, and the equilibrium constant. From these parameter values,
the computer produces plots of the concentrations of mgﬁher and
daughter species as functions of time.

Four Semﬁle runs of this program are shown in Figs. 8-11.

KINET was developed by J. Marchisotto and H. Shannon.

| O

LITS

e

One of the classic experiments in the elucidation of the wave
properties of light wes‘EQung'erouble—Slit Experiment,. This ex-
periment can be performed directly, even by high—scheel students;
however, becanse of equipment limitations, there are seve:erfe—
strictions on petemeter ranges, and on the depth of exploration
available to the student. SLITS is a simulation of this expeziiv
ment which permits the etudent to explare pa:ameter velues over
a W;de range, to observe, in detail the variatien ef 1ight in-
ten51ty along the viewing screen (this ie extremely difflcult
to instrument 1n,therlaberatory) end to drew inferences abaue‘_;

, the 1ntef—relationshipe among the verlables,.vfilfi; e“" e

’Three eamp1e Tuns ef this program are ehown in Flgi 12.:5

Thle progrem was develeped by A Caggiano.‘f;ﬁ [,ﬂf  eeﬁif; TR R




D. GENE1l

In the study of genetics, students usually have difficulty appre-
ciating the probabilistic nature of the transfer of genetic traits
from parents to offspring. GENELl has as its purpose the development
of an understanding of the fact that the Mendelian ratios apply only
when large numbers of offspring are involved.

Sample runs of this program are shown in Figs.,13-16. In these
runs, there are iﬁcreaéiug numbers of offspriﬁg; Theoretically, for
this set of genetic traits, the Mendelian ratios are: genotype ratio
- homozygous dominant: heterczygous: homozygous recessive = 1:2:1;
phenotype ratio —-- dominant: reeeésive ; 3:1. (In this a#ample,
brown eye color is dominant over blué.

For 10 offspring (Fig. 13), the actual ratios are far frog.the
theoretical ones (1:6:3 and 2;33:1; rather than 1:2:lrand'3=l?. As , ¥
the number of offspring increases, the ratios approach the theoratical
values. When there are 10,000 offspring, the.actualkygﬁics afe
1:1.93:1.03 and 2.84:1 - within 5% of the theoretical values.

Iﬁis program,was agﬁeléped by thefauthsr.. |
E. SCATTER

:fhis éfogr%£ si¢ﬁié;es thé phéﬁ§ﬁéﬁoﬁ c;iléd1Egtﬁérférﬁ;?érlﬁéﬁlémﬁf':*

scattering. . Here, a series of energetic particles! is fired at a tar-

' Fig. 17. The target nucleus i

- the plot. There are five equally-

différent’ 1



five particles scatter by an amount which varies inversely with
‘distance from the target axis.

This program was developed by A. Caggiano and D. Scarl.

F. ECON1.

This program is a very simple-minded simulation of the.eccnomy
of the United States. The plot of Fig. 18 shows the variations

in net national income with various taxing, govermmental spending,

and investment policies. (This program was developed by the author.)

IV. Conclusion

Severalrexampleelof educaficnally-oriented-eimulafion prcgrams have been
described.‘ All of them have been faunﬂ to be useful pedegogically,vand at 1east
two (SLITS and STERIL) have been reeelved very enthusiastlcally by students.

One fact Whth has Emerged clearly from this developmental effort is the
need for a diver51ty ef backgrcunds and eapabilltles 1n the developwent of )

hese 51mulation Programs.‘y”

The dlscus: ;"“ff STERIL above is extensive prlmar;ly to show the verse—ff{f
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