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finding that the computer is a new educational resource but "

-

© = ome, Iike other ed 'ational resources thpt must be properly understood\and =

“the qomputer is often an uniamiliar resource and often .

e _! ¢ . K [
e - . . N '

managed. Unfortunate

‘v

“
'

_lunder- or over- appreciat d.

y o - \

this paner sought to answer a rather specific

b I

.

The authors 'in ériti

question of teachers concerni g " computers as-an educatiohal resource, Ihe

qu&stion is "What must be done y the ' teacher or currteulgm advisor in. preparation

[

_~direct1y to social studies eaucati‘ ) and treats that open-ended responsive

‘ instructional application of comput rs’ known Fs simulation \9e believe that .

subjects and, other mpdes of insqructiqnal application of,computers, j f: i.' !
Weiarefindebted to the Institute of EnvironmentaL,Studies at ﬁﬁe University
" of Illinois for their financial. support| of our‘study of social andienvironmentai

+  $cilence education and for-technical adv ce-by%theistaff of'the instituteu Ve

also wish to thank'Brofessor Roger ‘Brown. for h?s advice ‘and encouragement.: i




ese materials are therefore

a good basis for a ca eful examina ion of the uses

f-simualtions in
o environmental science classes. o :_" SN _ R )
e .~ Our examination goes b. ond tHe Huntington mate‘ials in several respeccs.
\ \\; ‘We develop detailed ~guid lines for the curriculum pj&nner and (separately)
Lo, “for the teacher for them to. use in chopsing a simulation that is auitable for
) ; given class and for utilizing e si ulation effectively with the class, )
;j | The Huntington simulation POLU is \used gs an example throughout the
Rk “discussion l \

Many desirable modificati ns of the POLUT program and its

Y . '
N asSociated materials are described and role- playing game is outlined

e
- . . *
VP : .

that will initiate consideration by the students of the value orientations

e

b

t
. .

N
that affect’ decisions about water pollution or other environmental isSues
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§ _ o 1. The Devélopment of Envirdnmental Combuter.SimuI;tions._

" For Classroom Use . | I

From the ‘time of it'siinventﬂbh,‘men HaVe tried to.expand the uses for '
- s ‘ .\ /.

!
]

the "Analytic Engine" or computer. In particular, the compu[er's abilities to .

;__{; N -stoxe.and;reéall iaiaﬁnamounts of iqfqrmat;on andyfoléake nxg'_cbﬁpiei pomputaﬁibhs '
| .in a short pq:iﬁd‘of time-suitéd'ié to tasks which had foun;rly Béen:d;ne'ogly
throué? the efforts of 1;rge nﬁmﬁirs of persons..‘Mahy‘schgols were.réady to -
. incorporate ngw.techqologicai gdv$nces, and being egdgued;uiﬁh bofh Yarge
: . NS . - , ,

amounts of infogmatidh and short amounts of time,_turned_énéhuéfastically-to

the use of compt;ters. b A ‘ o

. , . s U e

Initially computers were used for the mundane, but lmportantrvtasks like ,
" ) _ : o . / . ' .

, payrolls, invgnto&iesjtssudent records and class; scheduling, But soon the use |

of.compgxers penet?&;é&fﬁVEﬁ*intE“%he classroom itself, At first algo the . v a

instructiona}l uses of computers were confined to the presentation, primarily,’ -
of drill type work. bomputers became the "ultimate gimmick," to be used with

studen;sléhose interests'bould not be won by more cgnventionai.educatioﬁal .
ﬁeghgds, 'préver;'outside the mainstream of public eauca;i;;, two mQVegenfs '
,iﬁvolving computers wefe developing which.were to be combined int§ a new and .
'~ more powerful l;se of com;)uter's .for-edumtion. . . ' .' ’\
\‘The first of these md"ﬁeménts was the use of qu-mpute;‘s _tb' éontrol si{u‘iéto;‘é,

_originally for use in pilot.fliéht tfainihg:: A coﬁplgx range of ‘possible
- ' L . ) » ¢ o S ®
situations could be programmed to. give studefts a feel of actual flight

, ’ : - R i 1 : :

cbdaitipns,'b;ﬁ;vithbut fhegQXpensg or. danger. The use of computer assisted

"éimu}atorihfgacﬂgsbit*s;Peak in thgsAmZEiFan sphce program; asvdéscribed'bya‘
astronaut-Edward’CBllins.‘ He likens the ro%éssrto'that of preéaring someone
'.ﬂ L lwho. ha’s‘nev'el-: fi_.cidén in a car _‘béforgi a'tfd/vull drive from Los Angeles to -

'l. . . ., e o -« , 6 ‘1’ . I4 7' . ( ) t
. O N . ) ) . L . i .

1 . . e
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.~ San Diego, encountering various crises such as high speed blowouts, along the |

»

¥ way, The simulator,ggriﬁhe Apollo crews cost millions of dollars-and was‘ \

.

T VU e e e e e e e S /—*

f ¢ — .
maintained by hundreds of people working three shifts a day, seven days a -
S\

)

week 3. . L :\ , T - o ) ’ v '

The: other movement was the development.of computer.models and simulations". \\'
. n : . . 7 .~

of other complex situations, A model 15 an analog of &n existing or conceivable

4 . . L

system, A simulation is the use of one procesg to model a second process.*

T . ~

" (A simulatidn is therefore a special typefoffmodsl.) .In .cemputer simulations .

I . "
the first p;ocess is the

i

peration,of a suitable computer program, together
with the interactions of a few people (students, scientists, economists petc.) -
' Y LY

Iwith'the computer: The second process, the one that is'modeleﬂ, may. come from

- ) !

'such'areas.as economics, population ~dynamics or ecology, for example. The

second_process often involves the int:ﬁaction of many components, Such as’
‘ N

companies»dr groups of people, and tharefore 1nvolve many factors and relationships

Computers have allowed the developmeétwﬁLE?dels and simulations,.represented

\B

- by the corresponding complex mathematical‘relationships.describing Such processes,

-
> .

‘These models' allow, theories tp be tested or possible {u;ure outcomes to be - °

°8 - -
R . 3

[y

-~

preaicted’ These models'are of course not perfect for the  areas involve
too many variables to be handled with certainty. -This point 1s made clear by

the?authors of one of the larger moders, the World-Simulation used by the Club

of Rome and discussed in the’ book The Limits To G;owth 3. However even though -

P

thé simulations using these models are not perfect they can be used to give ) S

glimpses of developing trends or movements.la' ' /rf” . ' ’

¢ _— N
‘ o i
Computer simulations have been particularly useful in the burgeoring field

’

of ecology or environmental science, , The multitude of factors present in anv ' .

¢ S . '

* Qur definitions of model and simulation are baded upon ‘the discussion by
Schultz and Sullivan (Ch;pter 1 in Reference 7.).

B



" this: paper,

-

‘e 7 . et - . ' -
8 . . N .,5- « : ’ . /.
. - . . [

- * . . . .. ' . 7
environment or ec05ystem.prec1uded any thought of modeling before the development

.-pffcomputers : Even now only a portion of the variables can be programmed

&,

- into a model but’ many models haVe been developoﬁgqnd are being uaed as devices

for analysis and for prediction of possible ecological outcomes. The Metro
. . R . . \- .

. Apex program developed at the University of MIChigan'and in use at_the .

-

’ 9 y ’ . o . . .
University of Illinois simulates the problems of urban air‘polution.av Many..
. s . . : LN ’ . ' . ' _.
ptograns‘have been d!beloped td study water quality or chadnges in aquatic systems,

y = ‘ o
and one  of thk simple ones;~POLUT15', will be of special interest to us in
. . . . . “’

Medical sch®ols were‘among the first to make use of digital computer °
~ - . . . . )
simulationp in education (See Reference 12, and several papers cited therp.)

The é‘mulations give medical students practice in the development of dia’?ostic

-

.. technique While the uSe of simulations should.: not be considered a aubstitute N

for direct. clinical e*beriencé;by medicall students,;simulatione can b# useful

. where students in medicine or other fieldf are prevented from getting such ,

\

- . .
experience by one circumstance-or another,
. & L ’ B S

L. Braun lists a nugber of\factors which make the use of simulations an

s

ptal ' L, ' : ) . 1,
acceptable substitute for or even preferable to more direct studerit experiénce,

These include such thinga as the cost of ‘the necessary equipment danger to. the

‘\gﬁudent the difficulty of the techniques necessary, difficulties in obtaining

reliable samples, tire scales that are either too 1ong or too short and the

inability to experimen at directl w.Ji_z;s:1L_cz,iLJ:._hfda_e_53Q:.xJLd_hﬁ_mLasleq3.|,aj:g:_x':.e.;elsgn

for the use of,environmental ‘(as well’ as other).simulations for_educational

l m . . . ) . S . ]
purposes, . ' - . - - N&'
—T.—---*Many- environzental simulations for.classroom)use exist. Some of these are .

board games, EXTINCTION, THE ' POLLUTION GAME, THE PLANET MANAGEMENT GAME and
) B M t B . e
ECO-ACRES'are examples of these.*, Other simulations have been developed for
. . . ‘ . - -

* See _Resources, . '.8

A
.

s
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use on a speﬁpfic graphic diSplay systep;-fSURVIVAL by Steven Petak of the

- Univeréity of Illinois is a good example of this type of simulation 10.

td

SURVIVAL is designed to make use of the exceptional display facilities of
" the PLATO system * Unfortunately this system is not ge\érally available to

school systems at this time. .

- . ’
- .

A third class of simutation program 1s a more generally usei 1 type.

These simulations gre usually written for use‘with a teletype (or similar)

3

E display system and in the BASIC languagé both of which are more generally

—_—

"\" ’ often availaJlL‘in schoolg than is‘PLATO. The computer programs for the \\

.

)

"/ "y simulations ;}e modest in size and can be run on any modern mini-computer or.
o : N ‘ - ' ' :

N time-sharing system that supports BASfC, The Huntington II project has develpped

. -
& ’ se&\,‘f simulations of this type that ard environmentally oriented, These

include, among others; USPOP which deals with population dynamics ‘and demography '

‘in the United States; BUFFALO which covers animal erd management and
POLUT, which deals with-wathr pollution'of lakes and rivers. Each of these

simulations comés.as a pachkage which includes, “in addition to the Brogram'

itself, a Resource Manual a Teacher s Guide-‘and a Student Handbook Yet,

' » e . ‘
‘problems ing using them in a clagsroom situationA The nature of these problems

\ \and.of related questiogi can best be shown by using an example,

“The POLYT simulation was one of the ﬁirst programs developed by the.

Huntington II project.** ~It is being used in many school[fystems throughout - .

L S -
the country. Basically the program allows the student to vary five parameters.

-
-

~ .
~ -

# ~ A large number of simulation# havé been developed on the current PLATé v
®system and earlier PLATO systems in the Computer-Based Education Research
Laboratory at the University of fllinois (Urbana), =~ »

** Qur past studies of ?OLUT-are dessfibed in‘Appendix A,

- U
ERIC - L
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(¢he type of body of water, -the water temperature, the type of vaste, QE?‘" .
- amount of waste and the type of-treatment) to produce a given)pollution situation,

. . and the program determings how.the waste level and dissolved oxygen levels - .- .
s . -

- change over a period of days. This information ‘can be displayed to the stqpent

-

"in the form of a table or a graph or both

-

"'l‘he Resource Hanual gives, very bviefly and #generally, an introduction
. * '
to water quality and the effects of sach of the, parameters that can be changed

' .; It also includes examples of the ervitonmental uses of simplat ns; a list of

é ‘«w@@d-{dix
refbrences déaling with water quality; some data from sample’ runs; a short

discussion of the simulation model and the assumptions upon which it is - X

a—

)

based and a listing of the program code.
,The‘Teacher's Guide for the POLUT simﬁlation includﬁg a-deScription of

| 'i ‘the POLUT program along J;Sh acceptable ranges for the parameters that QE;
| be input It also includes a listing of the rationale -and goals of the unit; -
some suggested activitiQs to® prepare the '‘student to use the simulation 7

¢ A ’ \ R .
-effectively; sgme -follow-up questions fb be uséd for class discussion; and. some

suggestions for the actual use of° the program in the class
The Student Workbook contains questions that are designed to be answered

’fby the student using the POLUT simulation and can give‘a student an idea of the
" " ‘/ 2 SN
effects of varying~the five paramet7rs. Also included are a few open-ended

\\ . ' . K
. X questions which require the student to make Judgments concerning various .

alternatives : ) : . . . ‘/fé"

e We see that there is quite a range of materials for the feacher to cover
o /
. before POLYS is used in the cljésroom. A teacher should plan regular use of

R o S
such a computer simulation for a class-o Z 1f such materials are already o=

)

' ‘Jf well-developed and available for use by himself and the class.*.
. , L

/ -
* Exploratory and experimental uses of simulations are often advantageous- however
fT they are undertaken with a few students while the off- line materials and .

manuals are atil being developed _ _— /

. 10 ’ . | /"» ‘ . . .




effort s necessary, often involving several/teachers and the curriculum R

in Sections II and III. e , - %

~

N A .

planne > together with a few advanced’%tudents, if the choice and\utilization'i.

»of simulations are tOsBe succéssful, N S -

. - ’ he
b . .

The ?S}UT materials the‘offlline_manuals and'the program‘itself coyld-

be used as they are with some degreo of effectiVeness;‘ It is our feeling,
\‘ - .w. .

' however 'that some modif&cations of the materials are necessary to maximize

' the effectiveness of the POLUT unit.« of course the final decisionsnconcerning‘

k2
&

modifications .and modes of use of . this or any other simulation should be left

)

to the teacher and curri \um planner who tape responsibil for 8péc1f1c‘

o

o~

classes‘ ‘We hope that . such decisions wilb be aided by the Guidelines discussed

.
w

\\,’ -

One type of.qpaification we. suggest has ‘to do with them}e ical content

of thé‘simulation.’ We reviewed the POLUT materfal withsthef lp of experts
in water .quality, computer-assisted instructicn and glassroom teaching, and

y

compiled a 1ist of modifications whigh we think 'should be includgd by any u

’

o .

users of the POLUT unit. A list of these modifications_is givén in Appendix B.,

-~ »

A secondatyyeq%f modification i$ Buggested by the relevance of both social

sclence and the environmental sciences ‘to POLUT. The students' study of NG

POLﬁT or, ini;ed, of manyoother simulations,” are incomplete unless the students

analyze sociil studies topics, (Who makes de¢isions? What valuyes are the basis.




©of the déqision_d? etc® as vell as t:hose Specifically derived from écience and
en'gineering." We therefqre -outl,ined a role -playing game (see Apindix C).
. t:hat: introduges one of t:hé relqvant: social st:udies top"ics that of values
orientati‘on.‘ . _ o ' ' . y
/ R ‘?..
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L I, Guidg}inea for the Use “of. Gomputer'Simulations . T
" . ... . » "’ . . "_-\ . .- ;"r .. .‘. / - ' . » I
l;.*_;';v:‘ Many im e uéation feel that codputer simulattohs reptasedt-the aingle ;‘f“ ,vf:f
x N ". " ~ N L e s Trowy -y 0" B
most qucitingninstruetional application’ of computers. Neafly 100 ¢omputer . T
: . o - » ]
e . -~ k .
;;/r’{.. simulations are aLtEady available aommerciallx, and qpores of others are being“
: '. Q:\ttan for pt vate usei "As the number of classroom computer proliferates ~

v // ‘. and interest in siqplations is maintained, the‘number\g_’ggnpﬁ\:r-simulations

will grow dramﬁticaily. With the dramatic increase in this nnqium-comes the

. ., e, . \ o ¥

: . : . o . ~ - ;. < -

! . .. nged for a plan that will help the teacher to exploit the potential of those

o' N . . A N

L ' computér simulations that, in his }udgment haue fnstructional merit v

5 o The authors of this paper propose that just as effective simulation writing

) ¥ oy

] i involvea a team effort effective simulation use ,aléo requires a group effort,
- [ 4

d '\ijﬁ Subject matter, specialistg, who can evaluate«the content validity of the

S .

e

simylation, 'are vital, Curricuium prhnners who make-curriculum ‘administrative
; _ '_ decisions;'arc significant contr#butors, Teachers, ‘who make-instru tional

e

decisions, are important. Finally, students, who make hundteds of 1earning decisions

during their use’of simulations contribute valuable: input ‘The efforts of
~

. this team can help the teacher torealize the maxiosum educational benefit of
a/ -

.

Jf" the computer simulation. B
. ,,( : . r

The teacher is the central figure, since he not only serves on the team ,

&

but also orchestrates c1assroom aqtivity. The authors affirm the autonomy of

\ v the ?teachsr in his instructional decision-makihg role, We respect his xight -~
. =5 ° x(ﬂAvm
to _select and sequence those media, materials and 1earning activities that t;‘ "'

y /o
, him seem most appropriate for his studentl. We accept the fact.that theltegcher,

2y

il
.

for a variety of reasons,~$:x’décide not to use a resource even though it

’

‘v may have been proven tgfbe effective in classes other than his own, #e'further

i

accept the fact that i/teacher, out of ignorance and lack of planning, may 2

.




':. faiL to exploit the inatructional potential of a resource that he does decide

i

? B : .o : ' ' . S
' -11- ) .
I ]
v . . 3 )
~

!

po use.. I% is to, this last probLem as it apNies to computer simulations

-

that we addréss.ourselves. o .
,‘( . h_._,\‘- "'ll .’_ Jw'_, MR | - .
A cOmputer simulation is an instructional tool, ' ™™ th any tool, the more

about ita use, the lesa satisfactory his results., We. contend that-the more” the

teachef\\xows about the comg;ter simulation--its design, recommended uses,

intended utcopes (etc ~--the better use he’ will make of it.

The guideliues described in Sections A and B are deaigned to. he1p the team
‘ ~1., %
membera collect_ information about a specific computer simulation. Some of the

v .»‘-‘4*.

data may be found in the off line materiala Other data must be provided by

l

members of the team. In the authors' view, the guideline questions must'necessarily

.be asked and answexed for each simulation considered for instructional use.

/geveral systems are-already iniorint which enable“eacherq and planners
to evaluate and compare textbooks and other instructional media, 6, 13 The \
guidelines may be considered as a similar tool, apecifically intended for the
evaluation and comparison of comouter simulations for environmental education.
Section‘A of the guide 18 to be used by the curriculqm planner. The
curriculum planner is one or more steps removed from the classroom (e.g., he
is a departmert chairman, district coordinator or curriculum director), He is
in a position’to make administrative decisjons about the curriculum;.and to
provide supportvservices.to his staff. One of his resoonaibilities is to'
recommendvcentain computer aimulations to his staff, Another reaponaibility
is to provide his staff with data about the computer simulation that. they may

be "too busy to provide for themselvea. One method of transmitting‘the

~ information is through Section A of the guide, ‘ : : ) .

.

: . T -
oL, L . |

~
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efore completing Section A, however the curriculum planner will want

to be sure that his teachers actually intend to use the aimulation.,.Otherwise

his effort will be wasted.‘ The curriculum planner can accomplish this by

meeting with his'teachers and viewing with them one ‘or more cbmputer-aimulations'

7 '

before he employs the guide, He can then;iméest his time in only.those ;
(/\\\\ ‘ﬁaimulationa to which bm twachers commlt themselves

. Section B of the guide is designed to be used by the teacher. fhéix;
. s » . v
questions require him to call to mind important:elements in the classroom .

setting, Ehese data, together with the data prepared by the curriculgm

planner, enable the teacher to make reasonable decisions about the beatQUse
[ L

"of the computer simulations for his students, | _ “*

Briefly, the steps for effective use of a computer simulation are:
1. A team is formed of curriculum planners, subject matter specfalists,
teachers and students : ) . - » _3@'

-

2. The team meets to view one or moTe computer simulations. Togithar

they decide whether any of the simuldtions has potential for instruction

.

in the area for which the teachers_are tesponsible. Those with-

o - e : : '
apparent potential are turned over to the subject matter specialist,
- Lo

3.” «he subject matter specialists establish the content validity of

the simulation., ¥ L , y R

-

4. The team decides how the computer simulation will fit into the

~

curriculum,
. . o
5. The curriculum planner evaluates the computer simulation package
. ' ’ ' /‘".
(IT ) using Section A of the'guide.‘ The planper provides data that is

L]

not presently in the simulation package,. Of course, the teacher
may use Section A if hé has"the\interest and:;ime to do ao, or if

»

. he has no team with which to work, . '
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MR 6. The curriculum planner passes the data he has gathered to the teacher
The teacher then completes Section R .of the guide ‘ ,?‘vf .

a

7. The teacher compares his response to Section B With- qhe aecompanying

data from Section A, On the basis of this'tnformation he decides . -

.how to use‘the on- and off'line ‘materials that comprise the computer I,.

Sim”lﬁF*°n Package. RN -l "v,“ R {

. * . ) ¢ A L ",..
8. -At the conclusiQn of instruction students provide feéaback for the //ﬁ Y

,teacher who will modify his instructional strategy the next time

he usea the computer simulation T e
. v
9. The teaoher in turn provides feedback to the curriculum planner

who may alter his response to the guide, or change the on- or

-s - . e
A

off-line materials, _ ,
. . v : R
L Thdﬁe ‘guidelines, including Sections\A and. B have bean generalized from

-

pthe'!uthors' limitéﬁ experience with a single computer simulation--POLUT I v~

daddition they have been generalized from the context “of environmental science .

| educigion. Some users of the guidelines may £1nd the questions are specific . = .
only to POLUT, or to environmental science,: Other ‘users may sense that ‘the

-vguidelines are suited ‘to a particular: level of instruction for we had high' ,

, school-teachers in mind when-we wrote it, - Still others may feel that vital

| ﬂ“eétions are mlssing from our list, : R : ' ~

At present the guidelines are intended to help educators maximize the

Ny .
. effectiveness of a specific computer simual*ion The writers envision a time

~

r" -ffhowever when a particular set of.the teacher's tlassroom objectives might be

attained with[two or more highly polished computer sﬂmulations. The guidelines'"
q\ ‘.

could then be used to mnke a'comparative judgment about the ‘relative quality
t . . . LY
* of the simulations _ , “' . . .
16 E , ‘ :
e . ,
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- For these reasons fhis document: should be considered to be a-working
» L : s . R .
paper.’ Users should fdel free to ddapt the guidelines to their own needs,
‘The® authors invite criticism of this work, and will be ,grat:e_ful‘ for all
L ] [N - . . ) - . . .
suggestions, - - ) ) N ’
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‘ Section A: For the curriculum. Planner

- - .- .
1 A . - . -
. . T - . . N ".n
, .

_ Section A is deaigned to belused by the curriculum planner to evaluate
J computer simulations that he and his teachers have agreed to use in an ‘ .l
| . | educational setting» When the teacher has/the interest and time he‘may h; . ' \.
- .: p’complete Section A himself “1f the answers to the questipns in Sectioan : “\ Y
(.cannot be found in the materials accompanying the computerlaimulationf the g

a - g

1

‘ . f L * . 'll‘.
curriculum planner or: teacher ‘must proviﬂe then, o - .- e . '

4 . WV"; . . T o
The objective is to pnovide t!f teachers who' use the éomputer simulation - y

4,‘

with ong part of the information they need to- maximize the effectiveness of _ 34}
Lo gah use._ In every caqe the questions sHould be considethd by one who has&&n -

k . .mind a specific teacher in,a specific course wholis working with a pecific

|\ .group ofvlearners. o - . ;‘.‘ . t . -;}; L o
) ' . W * . t ,I. . - ’ . /

’

'l. % How does the computér simurat on fit into "the instructio‘;l ‘brting?

"f 1.1 In what class or-set&ing will the computer simulation be used?,
. ' ‘

F._ 1 2 How wi11 the computer simulation berﬁSed in this setting?.

i o - ; 1 2 l As a learning activity in a pre-existing unit? . é/ . o

¢ o _ '1 2,2 As a supplementary or enrichment activity? L 4{

l 2.3 As a unit complete in itself?

1.2.4 As one of a series of learning activities Lficlu ed in l
its own special unit? '
‘ 1
c. A o ©71.3. Does the intended use of the computer simulation ind cate user.
' decisions bdsed on " singl. set bf results, or does it necessitate
* comparison of two or more sets of regults? | '

T”ZQZ;:‘ Is the'simulation itself adequate'and apprdpriaté? -e
. { . . 3 | \\‘
~reality? (How has this judgment been made--and by, whdm9)

’ Will the simulation then allow yo to carry out the ihtentions
o stated in 1,37 ' % ‘

. . * t ) N .
2.2 1s the logic and conceptual complexi
appropriately matched to the users?
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-2, 3 Ié\the reading style- and‘reading level ap ropriate‘foffthe users?

\ ! ' B
- 2. 4 Doesﬁthe simulation creatE - context for the discusrion of values
. and dbcision making? ' i .

;, . . '3, . Doés the computer simulation p ckage contain off-line materials s
' - adiressed primarily to the’ tea‘her? :
— .If 80, do the apthors >

3.2 Clearly tate the basic{background skills and_knowledge :
Vo required each studenF who will use the computer simulation?

oY
- 3.4 State the amount of s udent time heeded to omplete a~typical
N -run, or series of rung?

'f ' ~ 3.5 Suggest the optimnm 8 dent use of the program? Should the\.
.“k,‘f - ' - student have free access to the terminal?

Voo 1 3;6«:Describe the amount o computer time required on a typical’
\ - . system to make a run,| or series of runs, and estimateuits
dollar cost? -

$ : 3.7. Provide an annotated biblipgraphy arranged topically? 7~ N

. A
3.8 (When appropriate) Suggedt where to find data to Mak the X ST
: - computer simulation locally relevant? S

o R B

3.9 Proviﬂe performance data on previous use o£ the simulation?

) 3.10 (When ;he computer simulation is to be used as part of a -\
g speci&l unit) Offer a suggested unit plan? ) /
o : oy
M 3510.1 Sta:e the objectives of the unit? 4 ‘
. VRS 3.10,2° Describe what the: teacher should know before tQAching

oo _ the unit? _ R oy

by 3.10.3 Suggest a lesson plan for the unit, including an
‘ S o, . extensive list of possible films, speakers, field trip
i sites and other resources? )
4, Ddes the computer simulation package contain off line materials
- addressed primarily to the student?
If so do the authors:

; B 4.1 Provide the student with the necessary- background knowledge and
' " sgkills he needs to fully understand the computer simulation?

. ) \.‘ w ' l ) -.. , | —
' 5 K B - o 190
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4.3
4.4

4.5.

- dtate-and’ clearly explain ‘the assumptions upon which the model
is buile? | ) l ;

\ D t : )

.Explain the simulatiol,parameters, nd discuss the constraints
on input? | . .
Show a step-by-step sample computer run, and include an
interpretation of. resul ts? o

'
'

»Suggest appropriate problema to solve and _questions to' answer? .-

."»‘Are these provided in satisfactory quant.ity? Are there some

4.6

4.7

4.8

problems @wery student should solve? Are the ‘problems

appropriately open-ended? Do these problems sometimes'cauae

students to make value judgments?' L .- '

Sugges& additi 1 resources (grouped topically) a student can
 obtain for;furg:r study? , %

..
(In an appendix) " Discuss the limitations of simulations in
general and this one in particular?

'Finally, is the reading level of these materials appropriate
for those who will use them? : ‘

. -y
/ .

s
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‘ Section B:* For the Classroom Teacher : . >

o

. 1 -

This section is to be. completed by the teacher who will use the -~
comﬁuter simulation with itudents The question ,he answers ‘may serve only’ ~

to formalize what he* already intuitively knows about his students, sch ol "and

: community. But this data, ’toﬁether with the/informatioh provided.by

. .e'
curriculum planner will help the teacher decide how tq magimi’% the lea . '
\ ) i v i .
A he seeks. to aohieve with the help of the computer aimulation :
h Y s ' o L ‘ ) \

1, 'What 1s the class setting in which the computer simulation will be|

used? - ) v .
’ .o, ;"l l . How m;ny students are in the class? - 4;-
: "f ' ' 1.2 ‘What is the length of the instructional period9 . ‘n,g~
. . . 1.3 How much time Has been allocated for instructﬁbn? | 1 ::‘,_
i} ;» l.z hon many terminals are,availab1eq- " ;.: : *~ \ | \\*b ;
" : J\ - 1.5 How much computer time;is availaple?’ » : | .

) 1.6 ";e there schoolwide constraints that limit the range of
« . ",,'possible student activities? : : ’

-
]

e 1.7 Toes each student have access to off~line materials? . ; -if-\
& v 2. What are the group characteristics of the learnersé' : »\
2.1 What is their reading level?
: )

,(h 2,2 What is their'background in science? 1In social studies? -

. .
2,3 Do they have experience. on the computer system?
\ .
2.4 Are they already thoroughly familiar with the content of
. the computer simulation? : . ;
\ L ‘2,5 What is the level of the group's maturity and social attitude? .
2.6 Do the learners have the ability to interpret data?
L. . 2.7 Do the learners have a fundamental comprehension of the
experimental method? - : S o
¢ ° .. @ .
2.8 Do the learners have the ability to .synthesize? ‘
! - x ‘ .
o N
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*the simulation? e
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!

How much time will be- reserved for values education related to the

'simulation? What kinds of issues will be raised?

-

g
How will the students' pefforﬁince be evaluatedz
: )‘— . :
How will the studenfs provide feedback about their experience with
S ..
‘A..o\ ) ¢ L I

(When' the ctmputer simulation is to be used as part of a. special

unit): Wha kinds of comhunity resources and material!'pre available?
6 1 Field J:ip si.,tes? R ’ R i -
'6 2 Audio- viSual materials? | ,’. ', .,’ _ (.' i -
f 6.3 Materials and speakers from local groups? | . r B ;
gl : ‘ : R

6.4 Library resour?es?
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111, Examples of 'the Use of the Guidelines

»
a \

The following pag%p give examples of the use of gection A of the \
EE I .
_Guidelines Specf‘ic responses are given to. Specific questf ns, a;& concern ..

the‘proposed‘uae of the computer simulation POLUT The examples are incluch

~

' because they show how the Guideline questions can serve to generate data -that ,

i
..

may be helpful “to the curriculum planner and the teacher. We have confined
our examples solely to Section A because the responses*to Section B would b!

of a narrower scope suited to & particular teacher in a particular classroom

. 4
setting, j‘ . )

All of the examples given are responses to SBCTION A Question 3 ("Does'
the computer simulation package contain off-ltne materials addressed primarily

to the teacher?") That question and‘guestion 4 ("Does the computer simulation

' .package contain off line materials addressed primarily to the student?") are .
) -

prescriptive They reflect the authors' concept of adequate off- 1ine materials

i = When the off -11ine materials are inadequate considerable time will be
T

bt

: requireg -to upgrade them, In fact if no off line materials accompany the

,simulation, the majority of the planning team's time will probably be spent

| writing them.

'

A teaﬁPumy be satisfied with an incomplete analysis of a. computer .
simulation prior to its first use in the classroom. The {deal method would

be to complete a thorough analysis of the simulation before its injtial use,

But time constraints could force the team to complete the guideline in stages,

t

over a period of two or three uses.
The use of the guidelines requires a team effort, The team 18 comprised .

of eurriculum planners, subject\specialists, teachers and stud&nts, and each

. may'be expected to shoulder some‘reApOnsibility. Shared responsibilities reduce
’ “ ’ . ' ) ) : o
the effort demanded of any one individual. '

Ky * . s \ \ Y 3
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The examples included required ‘about two to three hours to cqmplete; While ,

_the time investment is admittedly latge, potential users should find that the\

_ s L
. usé of the guidélines need npt require'an.ingrdinate time commitment f an&

- ~

.v."qne individual . . :‘ ‘ } ,,;" e _.:H{ . 1) S

- .. LI ."'"._./5_
- . : * c T 'ﬂv‘
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a

Ihe following is lone curriculum planner's response to SECTION ‘A, question 3 2

The question 88k8 "Do the authots clearly state the basic.backgrougd skills‘gnd

kaguledge required of each student who will e the oomputer simulation?"

‘The planmer is helping a teacher who intends to use the KUNTINGTON 1I

AL
simulation.PquT as part of a comprehensive unit on water pollution. The unit

2

wi11 be taught to a senior high school biology class, .Since the planner cou1d :

not £ind applicable data in the off-lire materials, his answer to the question

o

. was "no", ghd. he formulated the foll0wing statement‘of prgrenuiaite skills.

edge of the stadent, oL - - ‘& o :

A e

" and knc
1, The student understands all of Jthe terms and units used in the

)
\

‘simulation (and knows.local examples of waterways,.temperatures,

etc.). ’ |

2. The student knous'examples of wastes discharged'by various
4ndustry grousaﬁgnd treatment plants. |

3. The ngd;nt understands the processes‘of-waste treatment,

4, The student understands the effectiveness of primary and

secondary waste treatment in terms of reduction of BOD,*

5, The(gtudent understands the waste' decomposition process.h

s S .
* BOD - Biochemical Oxygen Demand "A measure of organic waste load.,.which

indicates the amount-of oxygen drawn upon in the process of decomposition
of waste," The amount of oxygen demanded is partly dependent on the type

and quantity of the waste,’ The characteristic BOD value of a degradable waste

is established by careful experimentation under controlled laboratory )
conditionss~ -

a L 3.4_' | ‘:

- .
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T .

. ~ ) - e . u—‘ ‘ﬂ\. EY U . ’ ’.‘ ~ v N
- .6, .‘Thenstudent unders%uxds the role of dissolv2d oxygem in waste

. . ‘..'de°de°31tiUn e E L e

RN . - A7s The‘s|udent understands*the BOD/Oxygen sag‘model * ;e

13

.
.

‘ ),_
o

= :,;ﬂ‘;z_,“.}éﬁs- The student knows the relatienship between oxygep*toncéntr@tlon '

i . P T TR i
. . el Ve, .
LA . - B -

Z_dif;fﬂzﬁ‘{}_: dnd the actibity of fish ' 5 «f.‘fgﬂ.'z u;”
j*ﬁg.l o ;l; The student understands watet chem{stry. BRRE ] - -
IQ.:' The student knows the effech of water on various pollutants ’. ’
"ll. "The student know’s the effect of water temperature on the amount
'of‘dissolved oxyggn and the rate of waste decomposition
- 12, The student can cons;ruct_graphsifrom~tabular data, and can\read

\

\Q::.understandaéimple Line'graphs; . S \ o -

13, . The studént understands experimental method and the advantages of
)

controlllng variables ' : A .';

[
.

14, The student s required level of understanding must in each instance

be set either intuitively or more formally by the teacher,

The same curriculumAplanner responded to SECTION A question 3.11;1. The

question askg: .'"Do the authors state the objectives of the unit?" ,
The planner found sevéral objectives, which he felt were well stated, in
/ ‘ ) . . )
- the off-line materials accompanying the computer simuldtion, These objectives

D I

are'listed-below as citations from the Teacher's Guide, Howeyver, he felt that

L . . ?

the given list of ohjectives should be supplemented .-The supplementary

AY

‘objectiVes are fully written out below as items 2.1, 2;2.,.5.1,5.2...etc..

g 1; (Teacher's Guide; page 3; Objective #1)1%'

]

W BOD/Oxyg;n SagiModel A model of the dynamic relationship between BOD
"and Dissolved Oxygen (DO) in a stream, first proposed by Streeter and“Phelps
-1n.1925, After a degradable was s discharged at a specific location in
"4 flowing water, decomposition and}:;:%ratiOn produce first a decrease and
. ‘then an increase in DO  (over time) as the waste is carried downstream, ‘The
model prescribes a quantitative relationship between BOD and DO. 8.

- . )
. A ' .
, , e :
-~ " . . .
’ ) o S .
‘| . . ‘ ) L
.
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.
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4. .

5.

e .: I«L&, . .

‘ 2 ¢35 the ‘type . of waste treatment

5.3 " déscribe’ some a1ternative courses of action°

'. - "'-'23.'", . S \\

water 8" abinity to. haﬁdle wastes )

. « =~ 7 S L. w, . ’ '
Déz:ribe the effects. of each of the followﬁp?,vdriables on, g€: '
2\\1 th@ype b,f body qf wal;eﬁ, C g ._",

2 2 the water . temperature- ,nw: ' I I lf\\* :

2.3 the type of waste rsleased into the water

o Iedi .
2.4 \the rate ‘of dumping of waste;

(Teacher 8 Guide page 3 Objective #3) ‘
PJ‘ . " [} » ) >

(Teacher's Guide page 3 Objective #4)

Given an instance of water pollution the stﬁdent can do the
following f".a_ . t - . .

wﬁ# ’ T . : 7 \~
5. l provide a crisp btatement of the problep,,

I3 . '

5.2 tIEI some’areas where more data is needed; )

P

+

5.4 -describe impediments to thb implementation of the solutions;-

“a

‘5.5 select ‘a single a1ternative, then . T ’ -

. fal k4

"5,5.1 provide a justification of its selection (perhaps using
xdata generated by POLUT); :
"5.5. 2 identify several interested parties and describe their
feelings and attitudes toward the pgoblem and proposed
solution ‘ . .
/



| | .

The same curriculum planner respond%d to SECTION A Aguestion 3 11, 2

<

The question asks; '"Do the authors describe what the teacher should know
‘. before teaching the unit?" Since the planner could not find applicable data
- dn the off-line materials,_he wfote,the response‘included below. |
l.:.ﬂlhe teac“fr should have a complete understanding of the things the
~ student 1s expected to learn, The teacher should be e8pecially
knowledgeable about the following topics:
- ‘:45_ 1.1 the effects of dissolved oxygen on f1sh activity;
) E 8 1.2 the BOD/Oxygen sag model * |
. 1.3‘ the proc\hses of waste treatment;

1.4 the’ characteristics of various types of waterways o/

1.5 ' the effects of water on wqites

1.6 the properties of/ﬁater ‘ .

2. The teacher should be familiar with the POLUT simulation and with the
use’ of the computer terminals, He should be "able to anticipate and
solve minor problems in using the terminals and the computer-ba!ed

- . simulation, ‘

3. The teacher should have a knowledge of ‘local wagte treatment and<water
vpollution problems and situations to use as exa les during instruction

4. -The teacher should understdand the limitations ) both the simulation
and his students. )

, 5. The teacher should ‘have a clear idea of the desired outcomes of
: instruction,
e N
, -
- r 7
\ . .. N . \ ’
) ‘f;} . - " ' . ’ ¢
-y, . - ~
R ‘ . . . 1]

* See footnote ‘on page 22.

2T
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. ‘The same curriculum planner responded to SECTION A, question 3.11.3. The
. 1 , —

question asks: "Do the authors suggest a lessonvplan for the unit, including
‘an extensive list of 'ohsible~films  speakers; field trip ‘sites: and.other
resources?'. Since the planner could rot find applicable-data in the off- ltne
G materials, heﬂnas written the dample lesson-plan included below. The individual
teacher may reject the/plan in its entirety, or may select those parts of it

that he chooses,

o

DAY ONE: Trip to sewage treatment plant

DAY TWO: Class discussion: (1) processes of waste treatment, (2) role
: of oxygen; (3) BOD and BOD/Oxygen sag model;* (4) types of
waste; ((5) types of water bodies; (6) water temperature vs,
~ oxygen concentration- (7) oxygen concentration vs, fish

activity, .
'DAY THREE:  Trip to water treatment plant, . - p
ﬁX& FOUR: - Class discussion: (15 finish topicsvnot EQveré3~on Day Two;
) ‘(3) introduce students fo computer system; (3) introduce
POLUT to students, Hand out specific problemﬁ to” ‘be soIVed
wvith POLUT,. .
DAY FIVE: Students work with POLUT,  ~
DAY SIX: " Class discussion: (1) help students graph data; (2) "help \
students interpret individual graphs; (3) students share data-- "
teacher helps students synthesizé results, HAnd out open-ended
problems to be solved with POLUT
DAY SEVEN: Students work with POL .
| o N
DAY EIGHT: . . Class discussion- 1) results’of yesterday s work; (f{ experimental
: : methodology, (3) assumptions of the simulation
DAY NINE: Trip to local polluting {ndustry,
- DAY TEN:  _  Class discussion: (1) impressions from yesterday's trip;
: (2) prepare for.role playing game, * : .
DAY ELEVEN: Role playing game, * ‘
" . DAY TWELVE:  Role playing game ¥

DAY THIRTEEN: Evaluation,

* See footnote.on page 22. ,
' %% Given in Appendix C. . v 48 .
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-; The following is another curriculum;glanner's response to SECTION

gpestion.3‘ll 3. The question asks- "Do' the authors suggest a lesson plan
.

for the unit, including an extensive list of possible films speakers, field

" 4

trip sites and other resources?"
The planner is helping a teacher who intends to use the HUNTINGTON II .
simulation POLUT. as part of a comprehensive unit on water quality. The. unit

will be taught to a senior high school environmental science class,’ Since thc

EYY

planner‘could'not find.applicable data in,the off-line.materials, he has -
;rttten'the sample lesson plan included below, The plan is merely a topical'

outline, and does not include-actual teaching methods and materials,
. o ° . . ) ‘ ] » v,

FIRST WEEK: ) : ' ' ‘

Water lab: An- investigation of samples of local waters. The samples are
tested for turbidity, pH, dissolved solids and microscopic life,

Discussion of the chemistry of water, This would include the chemical '
formula of water, its specific heat, the process apd role of
dissolved oxygen, typical aquatic organisms and afood web and
man's uses and proposed needs for water in the future., Appropfiate
augjo-visual material should be used,. '

Field trip to a water treatment plant or a. model of a plant in class.\ﬂg~

« . SECOND WEEK: -

Discussion ‘of waste degradation in water; BOD;* zypes of waste and their
effects on natural systems,
Discuss: sewage treatment,’
- Field trip to local sewage treatment ‘plant and/or major water using industry.
Introduction to and discussion of POLUT simulation,

. N
~

THIRD WEEK: )

Work with POLUT simulation: Students will be given‘specific tasks (individually

or in groups) to determine the effects of the parameters available
// for change.

‘Discussion and comparison of %esults of changing variables in POLUT.

Work with POLUT simulation: Students will be given (individually or in
small groups)’open-qued projects dealing with water quality
and report to the class as to their solution-for a particular-

N : problem including their reasons for the choice. ‘

7

* See footnote gn page 21,

T &
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'POURTH WEEK: . . R
Discussion or Que'siﬂq?s,peaker on water quality laws and/or IQQQ} pollution
problems and possible solutions,
Role playing* and/or:designing ad campaigns against water pollution.

. 'f'.',‘"

4 v
/ . N
- '/‘
s L
. v n '
: .
P#
o
-
\
-
< A\ -
.
-
1
L 4 .
.

* Given in Appemdix C. . 30 .




".-Appendix A. A Review of Past Work on-poium
' "/‘ . . .
The work of the authors on POLUT extends the efforts of others that

began in 1972 at the Universtty of Illinois. At that time ‘the original o e
‘ programming and writing of POLUT had just been completed by Ludwig Braun and
others at the Polytechnic Institute of- Brooklyn. o
" The original version of POLUT was programmed in BASIC but in 1972

BASIC was not, availahle on an interactive system at the University. However,

“<

PLATO was’ availablep Consequently, a team of students working under the

°

supervision_oflone of the authors, adapted the BASIC version of POLUT for'

o PLATO III.>" ;
: e,

- By the fallof 1973 PLATO III had been~discarded in favor of the more

ATO YV sy tem. At that time a second team of . students George

| L= N\ -

N

' Carter and Kathy Rubsam, worked ‘with one of the authors to. reprogram ?OLUT for
-PLATO IV 1. Their goal was to combine the BASIC POLUT logic with ‘many of the

3 ‘;' off- line materials in order to produce a PLATO lesson. Kent Richardson laterlga

o
-

. evaluated the PLATO POLUT with respect to the learning objectives printed in-’

. the BASIC Teacher's Guide. He'subsequently suggested changes to. be made in

) 3 . :
o the PLATO POLUT to upgrade its effectiveness. : o ‘ ) <«

Carter and Rubsam were the first to compare the PLATO POLUT with the
original BASIC POLUT. Their report favored 'PLATO because of its dialogue
capabilities;'its fast output capability which allowed textual material to

. " be included with the.simulation its graphical diSplay capabilfties~ and its
N .capabilily of collecting student performance data oy

: During the fall .of 1973 BASIC was added to an interactiye system (PLORTS)

at the’ University of.Illinois Tﬁisgdevelopment a;ﬁbwed a working/:ersion of

_-the -%}SIC POLUT to be compared with/the PLATO version.

\ . -
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.-‘ v /"l\;" ; l .
?fe of the’authors .

_compared an . improved version of the PLATO POLUT with the BAS!IC version. Their e

-

Angela Buske and Greg Lybnsz'a third team working with

report again favored PLATO ‘over . the interactive BASIC system (PLORTS) .

Briefly, their reasons were that PLATO vas faster; more flexible and had

better -and more attractive display capabilities. The hard copy outpgt;

"feature was cited as an advantage for PLORTS I ' o hg
Buske and Lyons also proposed numerous changes for both the BASIC

and PLATQ verstons of POLUT., Some of their suggestions might be - loosely .

-

'termed ﬂlesson‘design" changas. These ineluded for example, a proposal ‘to
extend the time'scale of the graph of resnlts. The remaining suggestions
. ~might be classified as "pedagogical" changes. Briefly, these included- _
.(1) expandedllesson guidance for students- (2) more clearly stated objectives
(3)- explanation of assumptions and model during instruction 4) extension of

f ) the simalation intoﬂthe,political and ‘economic arenas; (5) better explanation,
: of‘the-parameters; and (6) tying the parameters to local conditions. Each
of these pedagogical.changes has influenced the changes the_asthors advocate

elsewhere in this paper

~

Jhe authors of the present paper favor the PLORTS version of PULUT for

high school students. First and most importantly, we feel that a permanent

-

. A

record of the parameter choices and results, available‘from the PLORTS
hard copy output is a necessary and convenient reference for.high school
' students * Secondly, we faVor the adaptability of the PLORTS system.’ A
portable teletype taken into the public school, can be coupled to the..n
h‘oomputer via the telephone. Students can enjoy the simulation in their own-

.classroom. The nature of the PLAIO system requires high:school. students at

present to travel to the University campus to use one of the PLATO labs.

»

* ﬁard copy fs/available from a fgw PLATO terminals,

- L R . . .' L . R ‘ . ) , ‘.' ' .&
Q .‘r' 3 - . 3‘2 . ’ e .
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' Thirdly, POLUT does not require any of the high-Speed number crunching and
versati1e graphic diSplays that PLATO offers. We are. suggesting elsewhere that
POLUT's graphical display of results is ambiguous and unnecessary.

Our conclusion;should be tempered however ‘by the observation that ‘ N
different users have different needs, Probably no absolute decision as to h
N the desirability of a stngle system can be- made, A,JECision most be reached

on the basis of intended use ,~user characteridtics cost, etc,, and will vary

" from one school,situation to another,

N
-

.
N

~o
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Appendix B: Proposed Modifications of the POLUT Simulation'Materials

A
: . ~ ,
The changes we shall suggeat here are numerous and also Varied in ch\ﬁacter,
coming as they ‘do- from a review both of the technical content and the computer-
asaisted pedagogy of the'simulation. lhis number and variety of worthwhilé
"modifications of an already well-developed simulation should remind us of
1isev!ral facts about computer simulations- first, experts in the relevant
science or branch of engineering or other specialty mnst work with teachers
and simulation designers.in continuing efforts to perfect a simulation;

/'second, the criticisms and success?ye'improveme

may often suggest criticisms andhsuhsequent improvements for other simulations;

ks

. : : o
.and third, as mentioned earlier, the decisfon as to the final form of a

simulation and its off-line materials that 2s most suitable for a given class

-

should ideally be made by the teachers or the curriculum'supervisor'responsible e

for ghat class, (We say "ideally" because limitations of time, energy and

) . ‘ . e
expertise may prevent the staff of a schooljfrom'molding a simulation to its

>

best fit to a giuen class,)

. ) . . ) ) E N . «
. Proposed Modifications“of the POLGT Simulation Program
’ .. . p ¢ . | : .
1. Include an option which would allow the user to request that only

the data_forya steady state_simulated.situation conditions be

s printed out - The dis lay of time-dependence is interesting and may
: lP P

/ havo subsidiary value as a method of teaching graph analysis, but

water quality experts are interested primarily. in what the final

1Y

steadyfsta conditions will .be,

":./Kflk 2. Include test for sfeady-state conditions in'the table print out

similar to the test in use at presert in the graphing routine which
stops printing when constant levels have been reached o ‘

e ' ~ . ’ A

‘ . . . -+ : . .
C L . . _ :
- ' : . LU
. . .
o

N
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‘ -3, Clarify of chang® thé unit for the waste concentration parameter. oyet
lfi, . : Thé_unif"partsper million per day" is ambiguous,'confusing and canmot .

- * : ’ . .“ .
. S be easily compared with data from other sources, Changing the unit to

s'milligrams/liter", a standard measurement of waste conqestration would

-~ . . 3

alleviate this, . o ' T
~ . . - o v i o . .
4., AlLow ;,§reéter range of input parameters, which would make the program
" more flexible, For'examplé, flow rates (in‘cuﬁlc feet per’;econd) or

- : KAAmountgiof ater (the area-of a lake) Eou}d bé used to define bodies

of wéter instead of the rather vague terms used now (large, small,- 2

o fast flowing,...).
5. .There aléo seems to be a heéd to check the model itself for errors
’ - .

.. -or inconsistencies. .- Several of the water quality experts who reviewed

- the program hgd.seEIOus questiong’concerning the assumptions and
equatlons.invqlved in the model. ' For example, the mathematical model

. . th POLUT;does not frepresent transient‘conditions adequateiy.
. N . .

Y

.’-Proposed Modifications of the POLUT .Simulation Off-Line Matérials-

» Y . - ; o |
- These modifications are made with the existing progrém.in mind. Any °
‘program modifications may require further changes in the off-line materials,

I. Modifications oflthe Resource Manual:

"1, Generally impfo&eithe readability of the text, The unit is designed

for use a't the secondary level\but-many of the informative passages

N . L.

P

. '

. Tare taken élﬁ9st verbatim ffom fhe~origina1 sources and are exceedingly
.dry, & greater use Sf examples énd anecdoﬁts.would hélp to alleviate . (
4 fhis~prob1em. |
2. 19c1ude_§ome diécﬁssion of thé,vgihes invglved in water quélity de;isions‘

BV - and the typeé of trade-offs typically made in real world situations.

) . . : o - . . , L .
@ , ’ : N . \/\
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3, ﬁefine and'explain'the input parametera-more.clearly.' This would

include giving acceptable rangeo for their values and relating these

values to local water bodies, effluent discharges etc., as exampl“es. ,

4, Inclgge a range of approximate _costs and effectiveneas of the

B
L3

varioua waste treatments.

5."“- Provide information as to where and how ;aSurementa of wasteq,

. 5

concentration and dissolved oxygen levels would be ‘taken in a real

analogous situation. ' o "
6. 'Discuas the general hature of ar?ulationa atreaaing that they a
»juqt\that }imulations and not exact models.

7. Explain the aasumptiona in the simufhtion and -what factors hav

.been taken into account that do affect wq;er quality.

\

8. Give'better explanations of the computer output with apecialoemphasia

‘on the analysis of the graph'and‘relating,the read-out data to 133@}

' water bodies.

-
N 3 . Tt
.

9. | Provide a topically arranged or annotated listing of references 80

;that help ‘on specific topics can be more. eaaily found

A possible revision of pages 2 - 3’ of the POLUT Resource.nanual which

' includes aome of the above modificationa is. inclpded here-15: ' _ ";
: . N R
‘Bodies of Water ' , P

.1;

Fresh water occurs in many forms. Some of these are: "~ - . PRV

-

A lake is an inland body of water, A large;lake 18 one with a .

rd

aurface area of more than 25 acres, Lake-Shelbyvtlle would-be

claaaified as a. large lake, . : ) ," B ; -

v

A pon is an inland body of water fhat ia omaller than a lake.

,‘, -~

A large pond has a aurface area of between 5 and 10. acres.'}-

Kauffmann 8" Clear Lake, west of town, is an example of a large

pond . _ 3 6

P

.

. .l -
"%



gn2£l/2 times as’ much dissolved oxygen as.a large.pond.

-
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5; A El!ﬁi is a-moving‘body of uater which empties into:a'lake, {“u_j
andther river or ‘an ocean, -yost rivers.in‘Illinois, because ofq
the level terfain, are considered‘slow moving rivers. .
’ fh, A stream is a small'river IR )

5. An stuary is an inlet or arm of the sea,, especially the wide :

mouth of a river where the tide meets the river current

The type of body of water is very important when coneidering

more wate r there
N

Smnll bodies of

the dumping of wastes, The larger the. body of water the

is to dilute the waste and minimize any bad ‘effects,

Q=‘ Water will become polluted more quickly because they contain less water

‘s
and also change temperature more easily (since there is less water to
 heat or cool) and therefore ha greater Seasonal variations of temperature

Ty

_ than do Iarger or deeper bodies of water—”
One of the most important differences among various bodies of water

is the . speed with which they absorb oxygen from the air and the amounts
of dissolved oxygen available for fish or odhe<;organisms."Generally,
‘the aarger the body of water, that is the greater the surface area of

v

' the body, the higher it's oxygen content, Thus- if all other factors

»

(temperature waste level, etc,) are the same, a large lake will have about .

k » Moving bodiea

: generally have higher dis olved oxygen levels than still bodies of water.
This is because the Surfaj:\is more turbulent or roughvand_more'water can

come into contact with‘the air, The4rdﬁgher the surface'of the'water the

'more easily it will'"aerate" or take 1n ‘oxygen. JThus;‘if all other factors

«‘are equal a slow moving river will have 50 percent more dissolved oxygen
than a: large lake and a fast moving river will have td!ce as much °

dissolved oxygen as a slow moving river,
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.Mbdifications of the StudentTWorkbook-

. ) L ' .. ‘v.
- s

Modifications of the Teacher's Guide 7;' » . . -
1. Provide greater detail and listing of supplementary activities

to the POLUT simulation with particular emphasis on laboratory

experiences and values educarion

o

Note: Outlines of possible lesson plans for units involving the POLUI

4

simulation are included on pages 25 and 26 of this paper.

* 1., Provide a wider range of open-ended value oFientation type questions.

Note: The preceding proposed modifications are intended to be general
Any individual teacher using the methodology provided in this’ papér
B ¥ gl
may develop other modiﬁciions deletions or additions to the

existing material, The most important consid%ration is that the.

Ty ! \ . : ‘
" materials finally developed are well suited for the particular
~classroom situation 'in which they are ‘to be .used,
. : /'
- ’ ‘T
. - ]
’ 1
-~ \. A
33
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7 Appendix C: Outline of a Role Playing Game on Values Orfedtation °.

' The following is an outline for a role-playing game originally intended
for use in a.npit involying the ﬁUHTINBTUN 1 PCLUT ainulation, Put it may
‘be applied in any environmental docision-making situations.

- The objective of the game is to allow students to clarify the values

involved 1n a water quality situa}ion and ‘to see how the decision making
- process works when. questions of water quality are involve¢ Particular emphasis

is placed ontradepoffs involved in any analogous real life situation.

It is asSumed that the students participating in this exercise have a

- _’ ' adequate knowledge of water pollution the’?actors that affect it - laws

h)

govern’ng watex quality and technological solutions to water pollution.

. L . " _ ] <
T . . . - . ’ - 3

The Roles are: _ o S e
Members of the'Board of:Directors; .- »
Their objectives are:~iTo produce a pro@ﬁct at minimum cost ano sell
large amounts_gf a proouot~injorder‘to realiae‘large profita
and stock dividends, ‘. - '?“' - ‘.f'\; ‘i v,
Membe s~of Local Environmenc Group: ." lﬁ ; | o = ‘%..‘- ﬁ
) Their_objectives are: To maintain water and land qualit; aa nearly a; '
possible in their natural conditions. > e
- General Public: - o . |
' Their objectives are‘ T6 have a nigh standard of‘living (a gooo job and
A - . low: :;Es) and maintain local recreational:facilities, S e
. News }‘.k'éia"_- L / A | |

. ' Their‘objectives ares To publicize the issues>ano stands of the conflictingA

“. . ﬁarties'and conduct informal polls of the public;




~
-

<,preferably one with local significance The situation may include for

‘(the number of jobs createdr per capita income increases etc.)a

It may be desirable

blal
‘

. , . . . .‘, : ‘--.;r -37-)‘.

=

The Game; o oo C ' S L
s . P N . “ i

To begin the game a situation must be developed in advanqe by the teacher-

"'\. R

7

’T

!

example the building of a new addition to a local food processing plant

e : +
or the” bond issue necessary for a new sewage treatment plant

Approximately three students, depending on the class size are chosen .

as Membets of the Board of DirectorJ of _the company and are in favor of the
!

) move , They will be given information concerning the: cost bf the building, |

-
1 r

the cost of treating any waste products the amount of waste expected and

N

the . type .of vaste _and the economic impact of the building on “the community

s -

A
. L

. ’

N :
A like -group of students will be chosen as Environmentslists. «These

Awill be given information regarding ‘the environmental impact of the building

and the costs of mAintaining the area in. question in it's naturaI state or

-
- - N

',modifying 1€ for. recreational uses,

A similiar group will be chosen.as represen;at!ves of ‘the media who willv.

report on anyqinformation given by the two factipns andwsurvey ‘the puhlic.ﬁ
. ‘v

work out some sotrt of credit system whereby the
: . &
groups may "buy" time on the media P '

~

The remainder of the class is the general public who will vote at the

¢ *

‘end of the session to ecide the issue.- They . may be* acting as themselves

:b

as if judging'a debate 'or'be given specific-roles to'play. For example
'9 RS *

. one student could play the part of a 47. year old worker who is employed by the

company in question who has an annual income of $14,000, has four children

and whose favorite hobby is, fishing. The student would then be eXpected to

_.vote as if “he was the person described and could be . asked to give his

/

e
reasons;for the_way he voted,

40 . o : - }f‘f.

i
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l

The Directors and Environmentalists should be given the necessary

.information in advance of the first session so they will have time to prepare
presentations. These presentations might include posters, slides, films or

other means of- information dissemination.

- * “ »

The game itself has five aeperate sections which may vary in length of

N

time depending on the size of the class the complexity of the issue and the-

time available.
part I: Setting'the Problem
=A shoii announcement by the ﬁoard of Directors ocutlining the proposed_

project and the benefits the community will secure.

A ;hort announcement, by the Envitonmentalists outlinipg'their position.

-

phrt 1I: Campaigning ' }:. - N \ . \
. Each faction tries ‘using whatever means they choose to" influence the public '
/ to support their view, -The pewspeople can_post news 'leaks' on ‘the
black board as they occur and conduct.an infqrmal survey of public
« ; » opinion;:. : '\\f' . ‘....',' ] _ - ) .'f )
' part 1I1: Clarification.: ‘ N | u o _’1 - | Yo

The Newsmediabproduce the resplts of ‘their #ufvey and analyze the positions ]
of the opposing sides, - : ' . e : ‘ ®

Part IV: Fical Arguments o - )

e

The Environmentalists'present further data supporting their position,
‘They do not necessarily have to be directly opposed to the move by the
company but could just be pushing for some modification of the existing

" plan, The Directors make their final statement,
"Part V: Voting . , ) e S N o ; &

A general show of hands determines the ‘outcome of the discussion,

Several situations may'bevinventedeo that each student has a chance

Y
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to play several of the roles. l : o n o
Note:- This is intended to be merely Q working outline or idea sheet; It

18 expected that the classroom teacher will make vhatever mpdificati°6§'he

or she deemé;necessary. ‘ . ". r

The types of situations which may be used as the focal point of the

~ 1

discussions is also purposely left-vagﬁe_so that the teacher, perhaps with the
help of a group or groups of students, can prepare sifuatfons that are locally

.

‘relevant,
~

In,éonjunctidﬁ with‘this eﬁércise it might be.possiblé to visit a city o
council ﬁeeting‘where environmehtal iséﬁes are being discussed or to have memberé' .
of the éémmunity who part?cipate.in the decision makingﬂprocess of thé-cémmunity
come to addresﬁ'the‘claés.' |

’

Altefnativeé! »
Sﬁould the teacher find that role p}ayipg is inappropirate for his or
her class the;e aré other methods usefui'in clarifying decision making and
environmental valu;s:
Some-of these alterﬂgtive'exercises include;
Haviné ;he students, individually or in groups, design advertising
campaigns in supﬁort of some environmental ppinciple; These may
include posters, news releases, ggripts for panel d;;cussion or any
6ther method of communication thaé is aimed primarily at the affeé;ivé
rather thanjthe’cégnitive domain, | .
Having~the students write poems orkeven plays which deal with soae
environmental issues, . |

There are other materials which allow the student to iain a feel for the

decision making process in government‘and an appreciation of somé«ofuthe

SO 42
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'values inherent in environmental questtons. 5These include the HUNTINGTON I1

simulation POLSYS, and such board games as ECO-ACRES and THE POLLUTION GAME

. among others, The section on these (see Resources) may, of coursg be used in

’
any combination with both POLUT and/or the role playing scheme, The most

important point is that, the teacher feels the,sctivities'fulfit;)the
classroom objective he or she has set for the class, _ :

’

2y} \

-
Y
1y
- o
T
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Resources
These board games which may be of use ; are obtainable from the following

' places ) -

»

ECO-ACRES Educational Services Division of the Maine Public Broadcasting
Net:work :

-

EXTINCTI(N Universit:y of Michigan School of Life Sciences. '

THE PLANET MANAGEMENT GAME , Educat:ional Research Courfcil of America;
published by Houghton Mifflin COmpany, Boston, Massachusatts, .

THE POLLUTI(N GAME , Educational Research Council of America, published
by Houghton Mifflin Company, Bostson Massachusett:s.
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