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?urco,.

INTRQDUCT I ON

edue: ~ t ion; e • Q• , t~rget-settinQ models includinQ models for

The study ~ill yield t~o types of in~ormation. The first is

dese:ril3ti"e:

(1) Identification and dese:ril3tion o~ .ome of the more
l3ol3ular and currently u.e~ul lan9uages and
modelin9 syste.s available for the construe:tion of
131annin9-related model. in edue:ation, and

(2) Identification and descril3tion o~ problem- .nd
in.titution-.peci~ie: .odel. that could be made
more broadly u.e~ul in edue:ational 131annin9.

(1) A g.n.ral revie~ of the .tate of the art o~

microcomput.r-ba~edmodel in; in .ducation and
analy.i. of m~~.ls and model in; .y.t.m.
ChArActlirllitlCli,

(2) A•••••••nt of the r.lative .tren;th. and
~eakne••e.· of varyin; approae:h•• to model

1 Sl3ecifically not included in the current revie~ is
consideration of I3roject mana;ement soft~are, hi;hly specialized
soft~are that p.rmit. the model in; of both 141"';e- and small-se:ale
I3rOjects and tne allocation and trackin; of project resources,
i.e., project plannin9 and m.na;ement.
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development .nd use; e.g •• ~ro9r.mming l.ngu.ge~

vs. modeling systems vs. speci~ic-use models, .~d

(3) Revie" .nd .ssessment o~ • set o~ selected
~rogr.mmin9 l.nguages and modeling systems in
terms of their utility ~or education.l ~l.nning.

revi_" covers the period ~rcm the mid-1960s through the

basis ~or eMamining current modeling e~forts on microcomputers.

In. Section II microcomput.r-bas~modeling in educational

planning is revie"ed with attention to the variety of modeling

syst.ms approaches that are AVAilable. Specific models And

mod_ling software ar. introduc.d in this section with referenc.s

to more detailed revie•• o~ selected models and software that Are

included in the AppendiM.

In Section III. A ;eneral r.view of the .volution of

decision sup~ort system. (OSS). the role of models in ess, and an

introduction to ~prototypin;~ And "iterative desi;n" are

presented thAt provide insi;ht into the dir.ctions model in; is

evolving.
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AN H I STCRICAL REV! EW OF COPFUTER PC:JDEL ING

IN EDUCAT tONAl.. P\.ANN INS

Int!"'odystign

Mod.ls ~.r. ~s.d by .duC.tion_1 pl.nn.rs .r.d policy .n.lysts

to f.cilit.t~ b.tt.r pl.nning d.cisions w.ll b.~or. comp~t.r

b.s.d mod.ling c.m. into g.n.r_l ~s•. Most models .r. implicit -

outlin.d or und.rstood in g.ner_l t.rms, but not n.c.ss.rily

~~pr.ssed in sp.cific d.t.il. Implicit m.nt.l mod.ls form tM.

b.sis for most d.cision-m.king. Mod.ls m.y be .xpr~ss.d

.~plicitly u.ing words, .ymbol., gr.pn., g.ometric

r.pr•••nt.tions, m.ps, phY.ic.l m.t.ri.l., or sk.tcn••• ~

R.g.rdl ••• of tn. form tn.y t.k•• m.king • mod.l .xplicit

involv•• " ••• t.king one's implicit model of r.ality .nd

syst.matically r.cording it•••sumptions tn. valu•• of, and

r.l.tionship••mong, tne various f_ctors influ.ncing tne probl.m,

tn. con.training a.p.cts o~ tn. r.al world situ_tion, .nd tn.

possible cours•• of .ction .v.il.bl•••• "~ Mod.l building

involv•• " ••••ynth•• izing known ~.ct., tn.ori •• , .nd judgm.nts

into. m••ningful p.tt.rn."-

Comput.r-b•••d mod.ling, .s d.v.lop.d .nd ~••d by

.ducation_l pl.nn.r. ov.r tn_ l •• t two d.ead... na. b••n

d•• ign.d to r.pr•••nt nighly .tructur.d .ctiviti ••• proc••••• and

• Hopkin. and M••••y, l~ell O.vi., l~eO.

~ Bloomfi.ld and Upd.grov•• l~el.

- Hopkin. and M••••y, l~el.
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Models And the process o~ model building CAn be of vAlue in

(1) Aid more consistent .nd AccurAte Analysis.
pArticulArly ~or more structured problems;

(2) Permit the considerAtion of A greAter number of
Alternatives;

<3> Help to cl.ri~y tne limits of e~isting dAt.;

(4) EncourAge consideration of tne ~uture' And

Involvem~nt in tne process of mod.l construction ~.n:

(1) Lead to A greater und.rstAnding of the system
or problem b.inq modeled;

(2) Improv. communiCAtion .monq policy mAkers.
planners, And others. who may be eff.cted by the
outcomes of the madel; and can

(3) Le.d to A s.ns. of int.llectuAI control over the
model, •• ;., • gre.ter sen.e of tn. model"s
.trenQt~. And limit.tions.

u••d to eMplor. brOAd, op.n-.nded problems involving •

• ignificAnt de;r•• o~ qualitative jud~m.nt. Their purpose is the

~ Sloom~ield .nd Updeqrove, l~el; Kirchling, 1~76; Hockins •
and M••••Y. 1~81' DAvi., 1980' BrYAn & NatellA, l~e~.
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identification of salient issues, tne discove~y of conflicting

points of vie•• and the development of st~ategi.s tna~

accommodate dive~gent opinions and inte~ests. Algo~itnmic o~

mathematical models are employed when facto~s central to the

p~oblem of conce~n a~e p~edominantly -- although not .~clusiv.ly

-- Quantitative in nature. and the ~elationships .mong factors

can be e.p~essed in arithmetic o~ algeb~aic fo~m.

Models developed on compute~s hav., until ~ec.ntly, be.n

algo~ithmic models take advantage of the p~imary utility of

compute~s, which is the manipulation and processing of large

volumes of data at .~t~ao~dina~y spe.ds. Ho.ev.r, ~ec.nt

advances in comput.r g~aphics and p~inting capabiliti.s and

em.rging ~dynamic systems~ soft.a~. and ··.~p.~t systems~

app~oach.s, •• g., t~. codification of ~ul.s of t~umb, have made

t~. d.v.lopm.nt of sam. computer-ba.ed h.uristic mod.ls possibl •.

T.o kinds of algorithmic mod.l. hav. be.n used f~.quently in

educational planning -- optimization mod.ls and simulation

model •• ? In optimization mod.ls tne obj.ctiv. is finding an

optimal solution, e.g •• ma~imizing output or minimizing cost,

f~om among a •• t of variabl... Simulation mod.ls permit the

investigation of alternative solutien. or tn••ff.cts of v.~ying

selected parameter. or valu•• of variabl •• and as.i.t planners in

.~amining trad.-offs among variable., testing th. s.nsitivity of

a particula~ outcom. to chang•• in s.l.cted va~iables

7 Masland, l~el; Brinkman. 1~e4 (in T.tlow~1 ~avis. l~eO.



pro;rAmming &nd sensitivity Anal~'~~s to simulAte the e~~.cts o~

t.Acher rAtios.

Another common method o~ cAt~orizin9 model. is by the

McNAmArA <1971> u.e. the broad cAte;orie. o~ "m4crOAnAlytic" to

describe models tnAt Addre.s tne nationAl or stAte lev.l, and

"microanAlytic" to de.cribe model. of, And/or models used by,

sin;1. institution.·and local scnool districts.

oroadly, In terms of use, by ~n.th.r th.y are m.ant to d.scribe,

• See McNamAra, 19711 Schi.~.lb.in and Oavis. 1979; O&vis.
1~90; Ma.lAnd, 1990, for a mar. detailed description/d.~inition

of the cate;orization and use of the.e and other techniqu•• in
mod.lin;.



(1) Comprehensive systems models, ~hich usually
contlin a series o~ linked sub-system models;

(2) Tar;et-settin; models, which include models for
demo;raphic an.lysis and ~o~ulation projections.
models ~or ~rojectinQ school enrollments, .nd
models prOjectinQ manpower reQuirements;

~~) Models ~or administrative Ind or;lnizltional
Inllysis, which include heuristic models o~

system structure Ind the desi;n and location o~

physicIl ~acilitiesl

CgmRyter-~••ed Modeling in Edyc.tigo.l Pl.nning

Comprehensive sy.tem, modelin9 domin.ted e.rly e~~ort••t

comprehensive systems model.. However, construction o~

7



~eQ.~ding the system being modeled And signi~ic.nt t.cnnical

p~ogrAmming skills. E.~ly models we~e developed on An individu.l

b.sis using progrAmming l.ngu.ge. sucn A. FORTRAN.

Comp~.hensive ~odels c.n be eno~mously helpful to policy

m.kers .nd pl.nners .S An Aid to thei~ understanding of how.

given system works in the broadest sense. In thei~ mo~.

sophistic.ted fo~ms, •• g., the Schiefelbein comp~.hensiv. model

of educ.tion in Cnile,~ comprehensive models f.cilitAt. pl.nning

fo~ the simultAneous Attainment of multiple social And economic

go.ls .nd permit tne tracking of change. Acros. a large syst.m

ove~ time fo~ the purpo•• of monitoring p~ogres. within the

sy.tem to~ard the attainment of stated goal •• 10 This is

accompliShed by programming goal targets in both t~, objf.tctive

function .nd con.traint equations of matnemaeical (linear,

quadratic) programming ",odels. For e~ample, the objective

function can s.t attainment man~o~er targets or .ocial goals

(providinQ for the enroll",ent of all rural f.male. in schouls).

at mini",al cost While .tayin9 ~ithin the resource constraints of

tne .yste",.

While they can be very u.eful, sucn model. tend to b.

"black bo)(" model.. That is, while they permit one to e>camin.

quantitative relation.hip. bet~een input. into the .y.tem and

• Schiefelbein and Davie, 1~74

1<3 Davi •• le;tBO



within the system itsel~. They do lit~le to indicate to planners

the most direct manner. These models do not make decisions. nor

action (inputs) on broad Qoals or outcomes.

I INPUTS EDUCATION SYSTEM OUTPUTS OUTCOMES/EFFECTS

Facilities Learnine; PrOduct/Earnings

Equipm.nt 1:11117171J Yrs o~ Educ- TeChno logy /Sc i en I.
Instr M.teria .. o~ Grads

t i ., i I( Oev.l op . II
Political/Social

"

Teachers R••••rch a. O.v.lopment
Knowl.de;e I

Stud.nts Soc.S.rvice

Most compr.h.nslve sys~ems m~jelin9 in educ.tion at the

.xtent, Europe. This is explained by the national, c:entrali%ed

c:ountries. Most h.ve been comprehensive n.~ion.l model. ba.ed on

line.r proe;ram mod.ls with element. of dynamic: or Quadratic:

LL From Oavis, 1990, Vol. II. p;.11



-
III

tn. major ~actors tnat drive the models nave been ~opulation

growth.

national level had be.n o~ value in some signi~icant ways, a

numb.r o~ ~robl.ms and concern. plagu.d mod.l d.velopm.nt

(1) A. mod.ls b.com••laborate enough to re~l.ct

reality, th.y b.come inere.sin~ly 1••s
understAndAbl., n.nc., 1••• us.~ul;

~. For a mar. detAi·led di.cus.ion, ••e Scnie~elbein And
CAvi., 1974, PArt I, And McNamarA, 1971. McNamarA, 1972,.
provid•• An .Mt.n.iv. bibliography o~ mat.rials on mathem.tic.l
programming in .duCAtion through 1972. Oavis, 1980, Vols. I And
II cov.r th. subj.ct in deptn.

~3_-See~••:"'~ 1~7~ -enG- t..,.aiill-T 1~~ T'-e:tr ~~i~
discu•• ion o~ the two major nAtional level .f~orts in the U.S.
Tn. Federal PlanninQ Mod.l o~ the National Cent.,. ~or Highe,.
Education ManAg.m.nt Studi•• and tne Post-s.condary EdUCAtion
Finane. Model o~ tn. National Commi •• ion on tne Financing of
Post-s.condary Education,

\4 McNamara. 1~71; Scnie~.lbein and Davis •. 1974; Dresch,
197~5; L.ydel1, 197~; Ki,. .... ling, 1976; and Oavi., 1geO.



(2) The high level o~ aggregation did not ~ermit

attention to ~ualit.tive elements, fo~ e~am~le,

the n.tu~e of the teaching/learni~g ~~o~ess;

(3) Models o~ten requi~ed vast amounts of data, data
that was o~ten not available, inade~uate in terms
o~ ~orm, o~ incorrect;

(4) Rigidity o~ modeling ~orms and operational
~~ocedures limited changes that could be made;

<~) Models, pa~ticularly in the U.S., were built on an
assumption o~ stable growth and did not adequately
project l~~Q~ ~a~k.t changes;

(0) Model Ol~tputs we~e o~ten overly extensive and in a
~o~m that limited their use~ulness by decision
makers;

(7) Managers a"d decision-makers o~ten did not posses.
the analytical skills necessary to un~~-~tand and
use the models; and

(8) Models were highly technical, and as su~h,

el<pensive to develop and maintain.

(1) Model development ~equires that assumotlons,
values, and pre~erences be made el<plicit;

(2) Models promote dialogue and ~ommuni~ation among
planners, politi~ians, eco~omi.ts, and othe~s;

(3) Linking diverse elements o~ the edu~ational,

social, and economic system o~ten .erve. to a\e~t

planners and decision-makerS to ~riti~al ga~. in
servi~es and to the ~umulative impact, or
competing in~luences, o~ varyin9 poli~y decisions;
and,

(4) Models reduce unce~tainty to a degree, limiting
the~-ring. araTt.rnatl~e. thatne.d to be -,
consi~ered by eliminating those that a~e clearly
inconsi.tent with goal. and objective. built into
the system.

l.t'!I Ibid.
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pl.nning in the U.S. was most dramatic .t the college/university

institutional resources of changing operating conditions. E.rly

models WAS to relAte activities Across levels within the

i.e., A modeling system, within whicn institution-speci~icmodels

could b. d.v.lop.d. This wa. accomplished by standArdizing

proc.dures ~or dAtA input and routine ~ina"ciAl CAlculations,

d.partm.nts And discipl1n•• ,~· and d.v.lopin; an interactive

~. Tn. Induc.d Cov~se ~oad Matri~ (IC~M) was tn. method most
o~ten us.d to speci~y tn••• relationships. S•• $uslow in MAson,
1976 for a description o~ tn. ICLM.

12



~a~ nece~sary to be familiar ~ith the system structu~e and

commands but not necessary to know th~ p~ogramming l.ngu.ge used

to c~w.te the modeling system itself. Using RRPM, for example,

the user first supplies specific department, course, .nd student

level definitions. Next, instructional types, faculty ~anks,

staff categories, and ether expenditure categories a~e entered.

The user must then provide data on student enrollments and

program ~equirements and data on faculty ~ank, teaching lo.ds,

and contact hours. Lastly, the user supplies a broad ~ange of

data on salaries and other operating costs. When all data is

entered, the model is U~un" and the results <faculty and cou~se

sections requi~ed, departmental costs, etc.) a~e calculated. The

effects of alternative policies, e.g., changes in admissions

standards or program requirements, are tested by changing the

approp~iate input values and running the model again. A det.iled

schematic of the logical flaM of RRPM is included in Appendix A-

1 •

Althouqh value. could be chanqed to simulate alternative

future state. in the.e earlier mOdels, data requirements ~ere

ext~n.ive, o~eration was slaM (many were punchcard batch

proces.ed ~y~tems), the models .ere not fully interactive, and

comparison of the effects of alternative variable values was

often a complex and tim.-consuminq undertaking. In addition,

for many users the structures were too rigid, output r.ports were

limited. technical support per.onn.l continued to be e.senti.l,

and adaptinq the model to meet u.er specification. could be

13



succes.ful .t best. Plourde (197b) re~arts th.t in • study of

176 users of four e.rly systems (CAMPUS, RRPM, HELP/PLANTRAN, and

in.titution.. Only 24.0% con.idered modelinq ~iqhly succe.sful.

Among the most criticAL elements identified .ith successful use

were:
(1) Orq.niz.tianAI commitment at a sufficiently hiqh

1e"el,

(2) Tne mod.l itself, i.e., feAture. included and
appropriateness for de.ired u.e., And

reA.on.:
(1) A lACk of orqanizAtionAl support, and

(2) A lack of available personnel (an indicator of
the deqree of orqanizational support.)

mad.l builders from user. and simplified input and output

17 Bloomfield and Updeqro"e, 1991.
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fostered, q7.7% resoonded positiv.ly.

of models to address the specific n.eds of individ~al

instit~tions and to a lack of involvem.nt of decision-makers in

the mod.ling process. Th. mast important charact.ristics of •

good mod.l th.y sugg.st includ.z

(1) Simplicity of d•• ign and accurat.
charact.rizations of fundam.ntal prop.rti.s .nd
proces••s;

(2) Completeness on important issue. and eMplicitn.ss
r.garding wh.t is e~clud.d;

(3) EA•• of control .nd consist.ncy of procedur•• ;

(~) Output formats thAt .re f.miliAr to decision
mak.rs,

(~) Ad.ptAbility to ch.nging n••ds, and

(7) Th. mod.l mu.t b•••sy to communicat. with.

M.son <1~7~) blAm.d th.failure of m.ny mod.ling .fforts on

"o"..rs.ll" by mod.l build.r••nd ..ov.r.~p.c:t.tlon" on the p.rt of

.n ov.r.mph•• is on the t.c:hniqu•• of mod.ling .t the .~p.nse of

att.ntion to the d.t.ils of problem. th.t mod.l. w.re int.nded to



·ddr.ss. ~yd.ll (1~76) .dd.d that .m~nasis on t.cnniQu. often

r.sult.d in tn. id.nti~ic.tion o~ ~robl.ms tnat w.r. good targets

~or mod.ling, r.tn.r tnan tn. id.ntiric.tion ~~ tn. most critic.l

~robl.ms. For many oth.rs "much o~ the blame ~or tn.

in.f~.ctiv.n.s. o~ mod.ling .~~ort. w.s ascrib.d to tn. wid. gulf

b.tw••n mod.l.rs and ~01icy-m.k.r•• "1e Moa.l.rs w.re considered

larg.ly conc.rn.d with t.chnical d.tails And issu•• And not

• lways s.nsitiv. to the n••ds o~ pr.ctition.rs.

Th. tr.nd by tn. mid-l~70. was cl.arly toward incr'Ased

.tt.ntion to tn. n••ds o~ tn••ndus.rs o~ mod.ls. Th.r. WAS

gr.at.r concern ~or the d.cision-making styl.s And skills o~ tn.

prim.ry u••rs o~ mod.ls, ~or clo••r involv.m.nt of d.cision

mak.rs in the mod.ling ~roc.s., and ~or the d.v.lo~m.nt o~ mod.ls

and mod.ling .yst.ms that ~acilit.t.d a ;r.at.r d.gr•• of us.r

involv.m.nt in the mod.l building ~roc.s••

SArladah••t Mod.ling Sy.t.m.

It was with the introduction o~ .pr.ad.h••t-bas.d mod.ling

syst.m. in the lat. 1970. th.t truly int,ractiv., ~l.~ibl., And

mar. r.ali.tic mod,ling arriv.d.~· Spr.ad.h•• t mod.ling syst.ms

ar. ba.,d on a .impl' ro./column matri~ format. Within tnis

;.n.ral ~ram• .ark mod.l con.truction is l.~t .ntir.ly to the

u••r. Unlike ,arli.r mod.lin; sy.t.m. th.r• • r. no pr.d.fin.d

.y.t.m .tructur... Th. mod,l build.r is ~r•• to sp.ci~y any and

•

Ho~kins and M••••y, l~el; Upd_grov., 1~79.
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all variablus desired and ta defin. all relatianships among the

variables. However, typically, in spr.adsheet models the first

column is used to label and define variabl. values, and th. first

ro~ is used to id.ntify t~me periods. The s.cand column is used

to hald base year data with individual cells in the rows

containing user de~ined ~ariable values and/ar farmulas that

Columns to the right of

the base year are used to prOject future variable valu.s; and, as

in the base year, individu.l cells in the rows may cantain user

defined variable values. But more aften the values ar. derived

from a set of user defined formulas that r.late variables aver

time.

Use of the matrix format was not the only feature that

serv.d to distin~uish the ~irst spreadsheet modeling systems fram

.arlier systems. To make specification of the farmulas th.t

relate .variables .asier, spreadsheet modeling syst.ms pravide a

set af automated mathematical farmula. and functions, ••g., for

adding and averaging column. of numb.rs, calculating net present

value., developing more campleM conditional formulas <if-then),

.tc. Some spreadshe.t model in; syste.s also include more

compl.x subroutin•• for suc~ operatlons a. sensitivity analy.is.

goal seeking, f ••sibility s ••rch.s, etc. Additianal subroutines

reports. Built-1n functians and subroutines s.rve to fr •• the

model build.r from tM. tedium of step-by-step, keystrok.-by

k.ystrake pra;r.~ dev.lopment. Model canstruction, including

17



.~sy us. o~ built-in system ~e~tu~es and tn. ~eduction of user

input e~~ors. ~~e ~.cilit~ted by the use o~ st.ndA~di%ed comm.nd

te~minology .nd operating p~ocedu~es that define logiCAl .nd

synt.ctic.l commAnd st~uctu~es. Thus it ~.s tne use of • m.t~i~

fo~mAt .nd development of • much mo~e sophistic.ted mod.ling

l.ngu~ge thAt distinguished spreAdsheet modeling systems.

The EOUCOM FinAnciAl Planning Model <EFPM) ~AS the fi~st

spreadsheet-bas.d modeling system specifiCAlly designed fo~ use

in edUCAtional planning. EFPM was d~veloped AS A generalized

v.rsion of the institution-specific TRADES model thAt nAd C••n

developed And proven highly successful At StAnfo~d University.~o

EFPM resides on a mAinfrAme computer at Cornell Univ.rsity And is

Acc.s.ed tnrough EOUNET, A network o~ university compute~

centers, and by using Tymnet or Telenet links. EFPM hAS been

used. and is still used, at hundred. o~ colleges and universities

in the U.S. And Europe.

EFPM employ. a mAt~i~ that is capAble o~ hAndling up to ~~O

VAriAble. over 12 time periods and contain. a brOAd rAng. o~

built-in mAthematical ~unction. and operAtional .ub~outines. U••

of the mod.ling system is ~acilit.ted by A set o~ syst.m menu.

that co~respond to sp~cific operational categorie.. Menu.

contain English languag. word. that corre.pond logically to the.

function or operational subroutine. The h.art o~ the system is

a command menu off o~ which branch a .et o~ operational menus.
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Mod.ls .r. built, .It.rn.tiv9 v.lu•• t •• ted, ;0.1 s ••king,

fe.sibil~ty, imp.ct .nd s.nsitivity .n.lysis .ccompliSh.d,

reports gen.r.t.d, .tc., by moving ~rom on. menu br.nch to

.nother .nd invoking de.ired procedur•• or subroutines by

.nterin; the .ppropri.te keyword in response to the syst.m

prompt. EFPM .lso introduced. c.p.bility for testin; ch.nges in

v.ri.ble v.lue••nd/or rel.tion.hips without necess.rily .ltering

the ori;in.l or "b.se" model. This w.s .ccomplished by the

.utom.tic cre.tion o~ a duplicate of the b.se model called the

"tri.l." Altern.tive scen.rios w.r. pl.yed out in the tri.l

v.rsion only. The base mod.l m.y ~nly b. modified by use of a

sat of sp.ci~ic comm.nds. AppendiK A-a cont.ins • di.Qr.m o~ the

EFPM system structur••

Oth.r spreadsheet-based mod.linq system. _ere introduced

.~out the sam~ tim. a. EFPM, includinQ MAPSS, EMPIRE, .nd IFPS

< Interactiv. Fin.ncial Planninq Sy.t.m). ~ike EFPM, all .r•

• cc••••d via terminal. conn.ct.d to mainframe or minicomput.r

purchas.d and installed an an institution'. o_n main~ram. or

minicomputer. Of th••• , IFPS _a. the mo.t popular in

.ducational •• ttinQ_ with EX ECUCOM, the aeveloper .ne distributor

of IFPS. reportinq it'. u•• in 3~O coll.q•• and univ.r.itie. in

What di.tinQui.he. IFP! mo.t .iqnificantly from EFPM and

other mod.linq .y.t.m. i. the ranQ. of .p.ciai data/mod.l

analy.i. f.atur•• that ar. incorporated into the mOdelinq sy.tem.
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Ch.nges in both v.ri.bles or relationShips, IFPS also includes

subroutines for goal seeking, sensitivity _nalysis, risk analysis

selected model v.ri.ble o~ changes in other v.ri.bles. e1

The riCh diversity o~ applic.tions for which models h_v.

be.n developed using systems such as EFPM and IFPS was

intended .s tools for comprehensive centr.lized budgeting .nd

forecasting, the high degree of fle~ibility provided by

pl.nnin9 problems. In .ddition to the development of

throughout the subunits of many institutions for specific

applic.tions including student enrollment projections, f.culty

~inancial .id planning, etc.·'

., IFPS is available in a microcomputer version which is
revie.ed in more detail, including comparilon to the mainfr.me
~ .. ion. --!-i;-- A;:S;:ll. (ia i ~ &-is-.,

•• Bloom~ield and Updegrove, 1991 •

• a See iFPM Uler Qgcymentatign, 1'81, and Bloomfield .nd
Updegrove, 1'&1, for detail on applications at a number of
college. and univer'itie••
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syst.ms nAV. b••n upd.ted to AccommodAte tne construction of

of qq built-in report form.t.. These new.r systems .nd updated

v.r.ion. o~ tn••arlier .ystems are .till wid.ly us.d .nd likely

continu. to of~er mare .dvanc.d model interrogation ~e.tur.s,

.ucn as go.l s.eking .nd sensitivity .n.lysis, and e•• ier Access

to l.rg.r institution.l d.t.b•••• than do microcomputers.

~ow.ver, d.spit. the .dv.nt.g.s o~ minicomput.r-bas.d systems,

us••nd developm.nt of microcomputer-b.s.d models and modeling

system. has b.come increa.ingly popul.r .ince tne introduction of

Visie.lc, the first spre.dsh.et modeling system for us. on

not cont.in .ny of the .dvanced mod.l .n.ly.is fe.ture. of the

•• S•• tn. magazine ~.rg;gey, November l~S~, Vol.l~. No. 11.
a sp.cial issue on fi~~ncial pl.nning and accounting software.
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main~~ame and minicom~uter modeling systems p~og~ams, such as

EFPM and IFP5, and the size o~ modals that could be built ~as

limited, it was ~elativaly inax~ensive, easy to learn, even mo~e

~lexible, and could ~a used on mic~ocompute~s, which were fa~

less expensive than minicom~uter systems. P.~haps the most

significant ~eatu~e of VisiCalc was it's use of "full 5c~een

editing"; e.g., Changes and additions could be made at a precise

location in a model by moving the curso~ frealy to the desi~ed

location vs. editing ~~om a command line ~emoved f~om the model

p~oper, that cha~acta~ized e.rlier m.in~~.me and minicompute~

systems. VisiCalc spa~ked a revolution in com~uter-b.sad

modeling that, aidad by advances in computa~ ha~dware and

so~tw.~a technologies, continues today.
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ptICROCOPPUTER-BASED PtODELING IN EDUCATIONAL PLANN ING

Introdyc~ion

Until recently computer-b4sed modeling reQuired acce~~

to 4 large m4in~rame or minicomputer and a high degree of

programming skill or use o~ one o~ only a limited ~et of modeling

pack4ges relev.nt ~or use in .ducational planning. Over tne past

~ive years, the a~fordability of microcomputers, their increasing

power, .nd the introduction o~ advanced programming langu.;es

<e.g., Turbo Pascal and True aasic), "appliCAtion generators"

(specifiCAlly "modeling so'fi:ware", e.;. Visiealc, MultiplAn,

~otus 1-2-3), And the conversion o~ some earlier main~rAme

programs (e.;., IFPS) ~or use on microccmputers have resulted in

the widespread use of computer-based modeling in education. In

the ~ew short years they have been available. microcomputers have

been used for the development of planning-related models in

institutions at All level~ a'f education in the United States And

throughout Europe, ~t the World Sank to address educational

problems in Third World nations, by consultAnts and consulting

groups working witn tne U.S. Agency ~or International Oevelopment

(AIO), and in .. num~er of institutions and ministries in

developing countries.

~nra.-t- j:Jr.v.i~UIW-ffnrIc:rOc:cllftputiir.l'i•• tlliiin nr-~-~-----------~--

construction of target-~etting and costin; models of educational

systems and subsystems at tne institutional and national level.

Generally th.se models have tended to be one o~ two types --
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In demand-derived modals ~uture enrollments

requirem.nts &nd costs ar. d.riv.d ~rom these d.m&nds based on

enrollments and & s.t of ~olicy And qu&lity input stAndards,

e.g., teAcher/pupil rAtios, ~hich Are the bASic input standards

th&t d.termine co.ts in m.ny systems.

or projected ~irst. Futur. enrollments .re d.termin.d on the

bASis of a set of ~olicies And quality stAndards. but must ~it

within user-de~in.d bUdget .nd r ••ourc. con.traint.. To the

.xt.nt that inputs And rel.tion.hip. in • giv.n mod.l CAn be

v.ri.d. it b.comes po.sibl. to simul.t••nd compare th••ff.cts

of Alt.rnativ. sc.n.rio., thus alloNing the plann.r/policy-m.k.r

to •••••• the .~~.ct. of pojicy chAnges and/or chAng•• in

avai lAbl. resourc•• , And to t.st 1;i.e ef~.cts o~ tr&d.offs A,"ong

progrAms within bUdg.t And r.sourc. constrAints.

Model. hAve b••n, and continu. to b., d.v.lop.d on

microcomput.r. using both programming languag.s and mod.ling

.y.tems soft.are. Each apprOAch ha. particular strengths And

limitations which, in the absence o~ .mpirical .tudie., may

explain or sugge.t it. us. in given sitUAtions.
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MOdeling Using ~~og~amming Langu.ges

prog~.mming skill ~equi~ed.~~ Al4r0U9h this remAins b.si~.lly

true, ~ec.nt v~r.ions o~ earlier programming l.ngu.ge., e.g., .

T~ue BASIC .nd Turco P.sc.l, .nd more recent 1.nguIge., su~h IS

C, ~ISP, Ind Prolog, mAke the ~onstruction, mAintenAnce, .nd

it Wi. ~ive year••go.·· The.e programs are de.igned for w.se of

u.e .nd ~ontain interactive, full-screen editors,S? on-line help

mAthematical ~unction••nd subroutine•• In addition, they come

wquipped with on-screen tutorials .nd e~ten.ive documentation Ind

Ire very inexpen.ive. Further, they are d•• igned to support, .nd

progrAmming language. repre.ent A .igni~icant advAnc.ment o~

~programming development system•• ~ Ho.ever, to dAte, most models

developed with p~ogrAmming lAngUAge. hAve u.ed earlier language.,

particularly versions o~ the BASIC l.ngu.gw •

••
•• Crabb, 1~e6 •

• ? Full .creen editing re~.r. to the ability to move fr.ely
about the computer screen And to mAke ch.nge. at An .xact
lOCAtion in the model.



permit:

(1) Construction of an almost unlimited ~ang. of model
applications;

(2) Oevelopment of a .ide range of us.r inte~faces, e.g.,
ho. the model looks on the screen, the character of the
dialogue syst.m b.t••e" the mod.l and the userCincluding
the language us.d,i •• , English, French, etc.), the form
of output reports, .tc.; and

(3) E~tr.m.ly efficient us. of computer hardware
resources.

error-free models can be d.v.lop.d around even the most comple~

us.rs ~ho might oth.rwis. not have the ben.fit of them. On the

other h5nd, as .as .~p.rienc.d with early comprehensive mod.ls on

i ••• , "black bOM" mod.ls, to those ~hO ar. not closely involved

in their d.velopm.nt. Assumpti~n. upon which the models ~.re

built and the techniqu.s employed may not b. obvious.

In terms of computer re.ources r.quired, programming

programming languag•• , on. need only includ. in a model tho••

sp.cific (unctions, subroutine., report format., etc., that are

reQuir.d. Thi. is in contra.t to mod.ling sy.tem. which hav.,

untrrrltcj"tly-; required .pace lII'ithin the computer'. main ",emory

to hold all available subroutine. and ~unction., ~hether they are

u••d in a mod.l or not.



mic~ocompute~s, development And mAintenAnce CAn be time consuming

And expensive.~8 Modeling using p~og~.mming lAngUAge. ~e~ui~.s

A high deg~ee o~ p~e-plAnning to be most success~ul. ~~og~Am

st~uctu~es, including data ~e~ui~ement. <Although not necessA~ily

the ActuAl dAtA>, methods o~ Analy.is, .nd the ~Ange of

Que.tion~/~~oblem. that the model Add~e••e. must All be c.~efully

p~edete~mined.

~~oblem. thAt CAn be cha~Acte~ized as hiQ~ly st~uctu~.d and

conceptuAlly simple And model. ~o~ u.e in situations whe~v

compute~ ~esou~ce. a~e limited seem ideAl CAndidates fo~ model

development u.ing p~og~amming lAnguage.. Mo~e conceptually

comp1e~ p~ob1em. might a1.0 be modeled using p~og~amming

lAnguage'l but a g~eater deg~ee o~ care, u.er involvement in p~e

de.ign, pa~ticulA~ly of output formats, u.er education ~e

analytical techni~ue. employed, u.er training, £nd ~e.dily

available u.e~ .upport are sugge.ted by earlier experiences with

edUCAtional modeling on main~rame and minicomputer ••

ProgrAmming languages are also appropriate for th.

development o~ "teaChing or policy-dialogue models," i.e., models

that a~. highly .tructured ~or the purpo.e o~ teaching specific

concept. or generating directed di.cu•• ion•••• In such models

u.er interaction point. are care~ully predetermined and de.igned

to facilitate m'}imum educational benefit.. Such models, or a

••,ot•• of .maller models, might be u.ed to p~epa~e fo~ the use of

••
•• Evan., 1~e6.
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p~ojection models .nd mo~e comple~ mod.ls th.t inco~po~.te the

~.sults of p~ojection models into ~esou~ce .llocation .nd

costing models, models ~o~ mea.uring the ef~iciency of

educ.tion.l systems in te~ms o~ stud.nt flo~ ~_tes <promotion,

~ep.tition, and dropout). Th. term "g.neric" simply ~efers to

for use in .ny of a number of count~ies. The model p~ovide. a

Models that have been d.veloped fo~ use in developing

(1) EDSIM <Education and Demo9ra~hic Simulation Model.

AID and The Future. Group, Washington, D.C., lQS3,
19S~.

Focus: Population and sChool-age projections and
enrollment projections by seM, _ge, and l.vel.

Prog~amming Lan9uage: BASIC

<Revie.ed in detail in Appendix a-2.)

as



(2) EduCAtion FinAnc. SimulAtion Model.

Focus: CAlculAtion o~ the numb.r of students thAt can
be s.rved, t.Achers needed, And m.teriAl costs
Ag.inst the limits of the edUCAtion budget.

(3) EDP Menu, A p.ck.g. o~ progrAms for m.Asuring school
productivity And projecting enrollm.nts.

Jos. Oomingu.z-Uros&, The World B.nk EduCAtion Programs.
1Q84.

Focus: A pAckag. of s.v.n progrAms for the gen.rAtion
of promotion And repetition rates, proj~cting

enrollm.nts, .s•••• ing internal e~~iciency.

simulating e~~.ct. of e~fici.ncy improvements,
.nd calcul.tion o~ recurrent costs.

Lev.l: NAtion.l but could Also b. u••d for district or
school l.v.l i~ d.ta .vail&bl••

(R.vi.w-c in mar. d.tail in AppendiM B-3.>

(4) HOST/PETS,

R.s.&rch Tri&ngl. Institute And HArv&rd Univer.ity.
lQ80.

Focu., CalculAtion o~ tran.ition rate. at the primAry
l.v.l in a school .ystem, projection of student
.nrollment., and calculation o~ .duc&tionAl
e~ficiency m.a.ures.

Lev.l, National but may be u.ed for district or school
level i~ data i. Available.

(R.vie••d in more detail in App.nd\~ B-4.>



microcomputer-based planning models in tne U.S. E~.mpl.s of

model permits the tr.cking o~ student pr.~erences for courses of

study, shi~ts in enrollments by age groups .nd geogr.phic

~egions, .nd 5hi~t. in general papulation. aa.ed on ni.toric.l

dat. the model'. stated purpo•• wa. to support progr.m

development and help ~ocu. recruitment e~~ort. at individual

schools. Its unstated purpo.e w•• the encouragement o~ ~uture.

planning within the .tate higher educational system.3~

MOdeling U,ing Mgdeling Sy.tem. 5g~tware

The term "modeling lo~tware" i. u.ed to re~er to .ny

application. gener.tion .o~tware de.igned speci~ic.lly for the

development o~ model. on computer.. Although gener.lly

a••ociated with the .pre.d.heet .o~tware p.ckage. th.t have

dominated model development .ince tne introduction o~ Vi.iCalc in

1979, it include. more recently introduced ~dynamic .ystem.'1

modeling .o~tw.re .uch ., Microdyn.mo and Stella••oftware

30 Inter.vi.w with Stephen Coelen, Director. C.nt.r for
Popul.tion Studie•• Univer.ity o~ M••••chu••tt ••
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designed fo~ the development of linea~ and nonline.~ optimization

models sucn as LINDO and GINO, softwa~e designed fo~ t~end

analysis and forecasting such as FORECAST MASTER, and some pa~ts

of gene~al statistical packagQs. Ou~ concern here is mainly with

.labo~ated sp~.adsheet modeling •.

Modeling softwa~e is a class of softwa~e that p~ovides a

gene~al st~uctu~e fo~ model development, including usually.

b~oad ~ange of available sub~outine. and functions .nd a powe~ful

yet relatively easy-to-use applications development language.

Within the const~aints of the general structure, a broad range of

applications can be developed and modified interactively with the

user specifying all variable. and ~elationship. and only tho.e

functions and subroutines that are reouired.

Modeling software has been u.ed to develop customized user

and institution-specific models, as well as for the development

of problem-specific "template models. " Template models, like

generic models developed using programming languages, a~e models

that acdrws. a problem common to many organizations or

individuals, e.g., enrollment projections, institutional

financing, etc. The model .upplie. the structure, but conte~t

specific data must be supplied by the user. The significant

difference is that a template madel, built using a modeling

~y~t~~ i"~Qrggr.t.~ th. y••r-m.~hi". int~rf~~inQ .y.tem and all

operational procedure. of the modeling software package into the

model. For model builder. this mean. that they do not need to

deal with such i.sue. as the o~ganization and character of the
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~~mmand st~uctu~.s used to manipulate the model And the ~ha~A~te~

of on-s~re.n displAYS. They thus may fo~us thei~ a~t.ntion on

the u~e of templAte models fo~ users is realized in sitUAtions

when mo~e than on. model is needed. ~ series of templAte models

developed using the SAme mOdeling system ~An be ••sily

manipulAted by users TAmili.~ with the ;ene~Al st~u~tu~. and

oo.rAtin~ ,~o~edu~es of the modeling system, thus, in theo~y,

~educing overAll learning tim. and l.ading to the .asier

adaptation of models by users.

Like models constructed using prog~.mming language.,

templates can make more sophisticated analytical models and

techni~ues available to individuals and or;anization. that might

not otherwise benefit from them. However, like programmed

models, they too can take on an aura o~ magic and make very

comple~ problems look .impler than they are ~r.d their solution

appear as easy as a number change or a keypunch or two.

Additionally, while le.s c~nceptu.lly comple~ template models,

can be modified without much di~ficulty, e.;., simple financial

forecastin; models, modi~i'cation o~ more comple~ models, e.;.

\hose containin9 m.ny routine. or specialized function~, can,

like their pro;rammed counterparts, require considerAble skills.

some situation~ lies in the considerable computer hardware

InterActive, e.sy-to-use.
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diminishing the s.riousn.s. o~ th.s. conc.rns.

~roduct: ~unctionality (can it de .hat I n••d don.), •••• o~ us.,

docum.nt.tion, the avail.bility o~ su~port, the d.liv.ry .yst.m

(comput.r r.sourc.s r.quir.d), .nd co.t. Th. BRIDGES Praj.ct, an

AID .pon.or.d .duc.tional d.v.lapm.nt prOJ.ct at th. H.rv.rd

Graduat. School o~ Educ.tion, h•• d.v.lop.d a mar. d.t.il.d s.t

o~ crit.ria th.t .laborat.s·an the cat.gories of McN.i.h .nd

include••p.cific att.ntion to the utility o~ sa~t.ar. for us. in

.ducational planninQ. Th. BRIDGES criteria, outlin.d in Ap~.ndi~

B-1.3, ••re the basis ~or the guid.lin•• outlined in A~~endic.s

a-l.1 and B-1.2, upon which the mar. d.tailed r.vi.ws conta'n.d

in App.ndic•• 8-2 throuQh B-13, ••re ba••d. Th. di.cu•• ion that

~ollo.s is g.n.ral in nature and int.nded only to famili6rize the

that .Mist and to id.ntify significant ~tr.n9th. and limitations.,
33



spre.dsheet-based system, as describ~d in the ~irst section o~

this p.per, has remained the sam.. Visiealc dominated among

spre.dsh.et pack.ges until the introduction o~ ~OTUS 1-2-3 in

1983. Wh.t distinguished LOTUS most signific.ntly was its

spre.dsh••t, its us. of • sophisticat.d on-screen,menu system,

facility th.t p.rmitted the us.r to d.v.lnp and s.v. functions

.nd subroutin•••nd to incorpor.t. th.m into. mod.l with only

sev.ral key.trok... Since the introduction o~ ~otus 1-2-3, m.ny

they demand, sp.ed of operation, and •••• o~ u... ~OTUS 1-2-3 i.

:11. Mi ll.r, 1.e~ •
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ne.lth, And energy, tne use o~ model in; systems so~tw.re for

development o~ • model ~or calculatin9 the relative costs o~

It is called tne

"Economies in Curricular Choice Model," ECC, and wa. desi;ned ~or

use on IBM computers usin9 ~otu. 1-2-3.33 The ECC model is

currently bein9 ~ield tested ~ollowin9 which plans include the'

development o~ a version o~ tne sam_ model ~or use on Macintosh

• template model that require. tn_ input o~ country-specific data

includin9 a ran;_ o~ policy-related data such as the number of

~-~····--~'-lWi.

See In9le, Serge and Hamilton, 1~e41 Brodman, l~e~; and
Munasin9he, 00-, And Fritz, l~e~, ~or reports o~ the use modelin~

so~tware in the ~lelds o~ ~inance, nealth, en.r;y and a9riculture
in develapin9 countrie••



support ~alaries•. etc. Using this dAta the mad.l then calculates

a series of costs including costs ~er student per subject. total

capital .nd recurrent casts. etc. The madel can be used to test

the effects of ch.nging policies ••• g •• adding courses to the

on "relative" costs and ""as explicitly design.d for e)(ploring

is reviewed in mar. d.tail in A~p.ndi)( S-7.

dev.lap.d two models ~or us. an IBM comput.rs using LOTUS 1-2-3.

(~romotions. r.p.tition•••nd dropouts) ~rom an .nalysis o~

enrollm.nt data and prOjects school .nrollm.nts for t.n y••rs

from which r.sourc. r.quirement••nd costs can be for.cast. Tne

mod.l is d.sioned ~or use in developing countri•••

sc~ie~elb.in/Cu.dr. is revi.w.d in mar. d.tail in App.ndix B-q.

POPEX2 is a cohort-ba••d population projection mod.l that
'.

projects popul.tion for thr•• , ~iv.-ye.r p.riods out ~rom a b••e

y.ar and includes the calculation of .ingl.-year ag. groups.

using Spraqu. Multipliers, for us. in .nrollment proj.ctions.

Th. mod.l. d.signed for nation.l lev.l ~rojection. in situations

when migration is not a major factor. requir•• only the input of



POPEX2 is reviewed in more detail in APPENDIX B-8. Both tn.

applic.tion is A model dev_loped by the PlAnning And

<1> Enrollment ~orecAstin9'

<2> C~edit ho~rs.

<3> Institutional pricing,
<4 > Income,
<~> Financial aid,
<0> Higher education prices,
<7> Administrative positions and .alaries, And
<B> FAculty po.ition. And salarie••

"or the current year. Foreca.t. are "'ade "or ., i ve y -tArS on the

ba.i. 0" u.er-speci~ied a.sumptions regarding change. in key

model VAriable.. The "'odel i. used to generate altern~tive

scenarios _hicn are summarized in an executive summary model, the

-~~:lI_ ciYI.7(ffic:t-;~th.-~ra1'••-si 0".-1 "'.;-ai1"11-~.,c.~colT.g.-.nd~---

univer.ity computing, reports regula~ly on microcomputer
applications, includin9 modelinQ' in higher education.
Enrollment and financial planning dominate the use 0" spreadsh.et
modeling systems. .

:lie Glover, 19B5.
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•

s~ecific.tions ~or which were develo~ed by the end users of the

model. The summ.ries .re reviewed by the ~resident .nd senior

of~icers, the e~ecutiv. committee, the ~inancial committee of tMe

bo~rd of directors, a~ an .d hoc bUdget advisory committee

a~pointed bytne president. Tha model has reportedly been very

successful as a strategic pl~nning ~ool .nd has sparked interest

in the development of a more comprehensive model th.t will be

integrated with e~isting mainframe and minicom~~e~r dat.bases .t

the university.

Cespite its apparent success, model development r.~ortedly

~roved to be more comple~, Labar intensive, and costly than

originally anticipated. The ~roblem, according to Robert Glover,

Director o~ Planning and Research at the University of Hartford,

was that the project wa. too ambitious. Glover questions "the

advisability o~ attempting to de.ign and implement four major

.pplications simultaneously.~ Glover's observation is typical of

the comments o~ many college and university .dministrators.

(Appendi~ A-3 contains an e~.mpl. af an institutional spr.adsh.et

~la"ning model.)

An alternative to tne custom de.ign of models in college and

university .ettings i. the Decision Support Series dev.lo~ed by

(NCHEMS). The s.ries con.ist. o~ .even ~emplate models and

accompanying dacumentation, each desi;ned to address a specific

decision-related problem are. and to be u.ed independently. Use
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In~luded in the series are models for ~rojecting servi~.

Series is outlined in more detail in Appendix 8-10.

resour~e requi~ements b.sed on ~urrent and ~rojected enrollments.

In parti~ular the use o~ spre.dsheet systems has

be~ome incre.singly common ~or the rapid an.lysis of differing

concept but is significantly di~f.r.nt from other s~readsheet

It is the first of • ~redicted forthcoming

3.velin the spre.dsne~t is only one o~ eight ~ossible and e.sily

built. The Model .nd data c.n be viewed in a spreadsheet format,

~. See Gustafson, l~e~. ~ittle. M.ckey, .nd Tuscher. 1983.
and Oembowski, 1~93 for discus.ion and e~.mples of school level
use.



the model ~rom multi~le perspectives.38 Although models using

included in this revieN and revieNed in more det.i~ in Ap~endix

8-11 because of its high ratings by users in other fieldS and its

Increasing memory capacities and operating speeds have made

the conversion o~ sam••arlier main~rame and minicomputer

IFPS/Personal is a microcomputer

version of the same Interactiv. Financial Planning System CIFPS>

that ~as formerly only available on main~rame. and minicomputers.

IFPS/Per.onal is a very ~oNer~ul program containing extensive

capabiliti•• for data analysi., data smoothing and ~rojGction

function., a report gen.rator, and u.e of a "ca.e file" a~pro.ch

that ~ermits ea.ier storag~ and comparison of alternative

scenario. than with the mainframe version. Ho~.ver,

::I. Miller, 1qe~ •

::I. See InfgWgrld magazine, Nov. 1qe~, and PCWgrld magazine.
Dec. 1qe~.
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IFPS/?ersonal does not cont.in .11 of the .dv.nced model

interrog.tion routines •• the mainfr.me version. "What-if"

testing .nd goal seeking .re .vailable; but sensitivity .n.lysis,

~isk analysis, .nd impact analysis are not. This is presum.bly

.~pl.ined by the fact that such routine. ~equi~e enormous amounts

of working are. within the computer's main memory; ~nd, in

genaral,most microcomputers do not yet have sufficient capacity

to take adv.ntage of them. As microcomputers become more

powerful we can e~pect to see upgrades of IFPS/Personal .nd the

inclusion of more sophisticated interrogation functions in other

mOdeling system••

~ike the mainframe ver.i~~ of IFPS, IFPS/Personal does not

appear in typical spreadsh.et modeling form, a. do VisiCalc or

~otu., which use the characteri.tic matri~ and allaN models to be

built directly on the screen by moving about the spread.heet to

define and change variable relation.hips and value.. Using IFPS,

a model i. built a. a series of command line statements that

define variable value. and relationships. It is only when the

model is run that the model is organized and displayed on-screen

in a rON/column matriM format, Nnich i. it. underlying structure.

Although designed originally and primarily for financial

planning applications, IFPS/Per.onal and .imilar programs, such

~~ Pl.nSO .nd Fin~"~i41 Pl~~~. h.v•• br~.d utilit¥ ~er USt in

target-setting and re.ource allocation models. As computer

technologies advance and mar. adyanced model Analysis feature•

• r. add.d their u•• will lik.ly incr..... IFPS/Personal is
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Dynamics systems soft~.re packages permit modeling of the

same types o~ problems modeled with spre.dsheet-bas.d soft~are,

but seem p.rticularly use~ul in t~o settings: <1> far ~imple

target-setting models, e.g., standard population projection and

flow modeling in situations when there is a general idea of how

systems "work" but not much' good data, and (2) for modeling the

exploration of teaching/learning dynamics when a general

understanding o~ interactive processes are more central th.n are

strict quantitative me.surements. In systems dyn.mics models, as

with spre.dsheet model., vari.bles c.n be related in order to

~xplore ide.s and theories by .tudying which variables and sets

o~ variable. a~~.ct and int.r.ct with other variables. However,

in.te.d o~ assuming e~fect. that ~ollow .ach other in discrete

sequence. and tim. int.rval., dynamic model. p.rmit exploration

o~ simultaneous .~fects amon9 v.riables .nd focus on the relative

.ignificanc. of ch.ng•• in vari.ble valu.s. The .~plicit conc.rn

in dynamic syst.ms modeling is insight, nat number crunching.~n

Dyn.mic .ystems so~tware are well suited to the modeling o~

teaching/le.rning proc.sse. and int.r.ctions and ~or exploring

task .nd motivation interact .imult.neously to incr•••• learning

over time. The dominate dyn.mic system p.ck.ges av.ilable for
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eff.ct on populAtion ;rowth. A dynAmic systems Appro.ch WAS

r.l.tionships b.t~e.n components o~ vArious sectors of eAn;l.d.sh

society, e.;., employment .nd fertility, is not entirely cle.r.

knowledg.Able eMp.rts on aAnglAd••h ~.re solicited And

ApprOMimAted vAlu•• u.ed. Th. b.s. ye.r in the model WAS 1972

~ith d.t. included for the ye.rs 1972 through 1980. PrOjection.

te.ted by rerunning the mod.l.

~~ StructurAL Thinking. EMperientiAl ~eArning ~Abor.tory

~ith Anim.tion (STE~~A).
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~ill signi~ic.ntly r.duc. popuL.tion growth. Th. mod.l do.s ~ot

STELLA, • syst.ms dynAmic model develop.d ~or us. on

MAcintosh comput.rs, is .n ••sy-to-u•• , visu.lly ori.nt.d

Cl.u••t .t Soston University ••• dyn.mic syst.m. simulAtion

mod.l ~or studying the e~~.cts o~ .It.rn.tive school improv.m.nt

polici.s on the ••• ignment o~ t ••ch.rs, cl ••s siz_, the

AllocAtion o~ cl••srooms .nd in.truction.l time, .tc. Th. mod.l

th.n r.l.t.s th••e more t.n9ible .l.ment. o~ the .duCAtion.1

system with te.ch.r eMpectation. o~ students and stud.nt Aptitude

and motivation to •••••• tne ov.r.ll e~fect of policy

intervention. on .tudent le.rnin9 and to help identify the more

_3 The u.e o~ Stella ~or modelin9 the t ••chin9/1 ••rning
proc••••• wa. d.monstrat.d by C.rl Clau.ett of Boston University
.t the Harvard GrAdu.te School of Education, Spring 198b.
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rel.tionships within the model. Tne model ~.cilit.t.s

e~plor.tion o~ how the entire set o~ v.ri.bles .~~.ct student

t ••rning, .s well .s how individu.l v.ri.bles .re themselves

.~~ected by speci~ic policy interventions. The model points to

the e~fectiv.nes. o~ systems dyn.mic models for u.e in situ.ticn"

where d.t. is incomplete or .bsent .nd rel.tionships .mong

system component••re not .lw.ys cle.rly de~ined.

popul.tion projection .nd for medelinq is.u~s o~ time in

educ.tion.l systems9 e.;., student tim. on t ••k, te~ching time,

le.rning.4~ STELLA is'reviewed in more det.il in Appendi~ B-13.

Line.r .nd NonlineAr Cptimiz.tion Modeling Sy.tem.

In eptimization model. the Objective i. the .election o~ .n

optimal solution ~rem •••t o~ po•• ible .olutiens th.t .re

~e•• ible. Objective ~unctions, whiCh .tate e~plicitly the

rel.tion'hlp. between bene~its .nd/or co.t., .nd .ctivity level.
~-----~-_._-_._--- ---------'-'-----------,'---------------------------'_. ---- - ------ -- - --------------

.nd/er output., .re .et for maMimlz.tion or minimiz.tion. A .et

-~ U.e o~ Stell. for popul.tion projection is well presented
in the u.er document.tien th.t .ccomp.nles the .eftw.re. U.e o~

Stell. for time-rel.ted mod.lin; w.' demon.tr.ted by Medardo
T.pia, Re.earch A•• i.t.nt. the BRIDGES Project, AID .nd H.rv.rd
University, Sprin; 1~S6.·



solut.ion. Ar. ~ritt.n. Th. mod.l solv•• the s.t o~ ~onstrAint

optitnAlo ..e

AVAiLAbL. ~or use on mi~ro~omputers. LINDO <LineAr Inter.~tive

progrAmming syst.m ...• GINO is A pAckAg. ~or solving o~timi~Ation

probLems And sets o~ simultAn.ous lin.Ar And non-Lin.Ar eqUAtions

b.CAUS. o~ their nignly sp.ci~ic purpose --, ti,,;e soLution 0" sets

0" lin.Ar And/or simultAneous eqUAtion. -- the ,.ange o~ system

~ommAnds and built-in ~unctions included in the system is smALL

relAtively easy to learn And use. Models A~~ built as A s.rie.

0" .tAndArd Alg.braic e)Cpression. entered by the user .to defi n.

the objective "unction and all vAriAble value. and relAtionships

in the .et 0" constraint equations. Model solutions Are
\

calculated by tn. system And output in stAndArdized formats.

Optimization mod.lin; syst.ms Are most Appropriate in

probl.m situations characterized by a high de;re. 0" qUAntitAtive

___~ .t~uctu..! anct_l/lI~!r_. sp.c i ~!c_ 01:) Jtlc:_t}v~s_~ .... de1'i!,~~_,_.~9. ,

d.t.rmining the most .1'1'ici.nt distribution 0'" kno.n resources

SChi.f.lbein And Davis, 1974, Davis, 1990 •...
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context i. the u.e of the Productivity Analy.is Suppo~t Sy.tem

<PASS> by The Educational P~oductivity Council <EPC), •

con.ortium o~ 2~ Texa. school di.trict•• -· PASS is an

optimization-ba.ed "decision support system" sha~ed by the 2:5

pa~ticipatin9 EPC .choel di.trict.. The purpo.e of PASS i. the

dist~ict. and individual .choo1. vi.-a-vi. other.. "A unit

Cdi.trict or .chool] i. e~flci.nt if it achievin9 output.

<.ervic.s> that .r. a. hi9h a. any other unit wh.n its input

l.",.ls <r.sourc•• ) ar. talc.n into account." "A unit Cdi.t~ict O~

school] i ••~".ctiv. if it i. m••tine; tar9.t.d output 1.vel •• "

..._. G. Oavi. and M. 01.on, 199:5 •

A. a••••nt, E. a••••nt, Clark, and E1am, 1996.
Not•• All quotation. r. PASS are from this ~efe~enc••
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search ~or and diagnose scurces o~ ine~~iciency, to set output

tArgets, to comply with mAndated written operating plans, and to

investigate the operaticns employed in more e~ficient school ....

Use of PASS is nct required o~ schools in the EPC; however,

decision-m.kin~ is an are. that is receiving increasing attention

fields. Work continues on the development o~ more power~ul,

"~e.ture-lo.ded" mod.ling systems but the domin.nt thrusts are

tow.rd the dev.lopment o~ mar. compr.h.nsive computerized

decision support .ystems -- .y.tem. th.t link u••r. with large

d.t.b•••• and .ophi.tic.ted analytic.l tools .nd modeling systems

thus permitting the development o~ more comprehensive mod.ls --

and the d.v.lopment of .trategi•• th.t will insure th.t future

models and deci.ion support .ystems will address the .pecific

needs o~ the users o~ such systems.
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DECISION SUPPORT SYSTEr6, PRQTOTYPING AND ITERATIVE DEVELOPMENT

Introduction

Interest and activity in microcomputer-based modeling in

education is, in part, re~lective o~ a broader interest and

activity in the development o~ computer-based management

in~ormation and decision support systems (MIS and OSS

respectively). Interest in decision support and the development

of decision support systems is generally considered " a natural

result of the evolution in database management and in computer

based proble", solving."eo Re~erences to "decision support

syste",s" ""ere not widespread and virtually noneleistent in the

literature on educational planning and administration prior to

lQ80. Ho""ever, .. signi~icant body o~ literature has emerged

since then. A review of the decision .upport literature is

helpful to the extent that it provides a theoretical context for

consid~ring the past and future development and use of modeling

in education.

aeci,ion Sypport Systems

The term "decision support svstem" "'eans different thin9s to

different people. To tho.e .ho study the use and development of

interActive computer-ba.ed in~ormation svstems that help

decision-makers utilize data and model. to solve semi-structured

S~ Andriole, 1986. Brinkl"'an, 1ge~.
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and unstructured decision-related ~roblems.~1 To many

~ractitioners it refers to a class of software that supports

modeling.~· For still oth~rs OSS includes any system or software

that is capable of supportinQ decision-making in any way.~3

What relates these alternative views of OSS is that all reflect a

fairly recent concern for using the data ~rocessing ~ower of

computers to ~rovide information to decision-makers that was not

always readily available to them from earlier information

systems.~4 The ~ractitioner's definition of OSS as a class of

software ~hat supports modeling reflects the important rele that

modeling is given in the broader co"te~t of OSS. The notion of

OSS a. any system that supports decision-making in any way is

useless as far as helping one understand the technical and

organizational requirements that might support OS5 development

and use.~e OS5, as interactive computer-based information

systems that help decision-maker. utilize data and models to

solve semi-structured and unstructured decision-related problems,

is the most useful and dominant definition.

5-t--sp-r-tiqUW&l"ffr-anson. -I~ j:\I"t"er, 1"990; 1<e." ,19tlO-~

e. ~or eMampl., Masland, 1984.

e~ For .Mampl •• Maclean, 1980.

e- K••n, 1990.

1992.
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( 1982) • OSS:

(1) Tend to be aimed at the 1... -.11 .tructur~,

undersp.ci~i~ probl.-s that upper-level .ana~er.

f'ace;

(2) Attempt to combine the u.. o~ mad.l. or analytic
t-ehniqu.. _ith traditional data acce•• and
~etri~.l ~unctio".;

(3) Specifically focus on ~eatu~es that m.ke them
ea.y to u.. by non-compute~ people in an
int~activ. ~d.; .nd

(4) Empha.ize ~1•• ibl11ty and adaptAbility to
accommodate chan~e. in the e"vi~onment and
decision-makin~ app~oache. o~ the u.e~;

Central to the notlon o~ OSS i. the underlying a.sumption

th~t a OSS "mu.t Lte built 'from the manage~·. pe~.pecti... e and

ba.ed on a very detailed understandin; of the decision proce••

and o~ganization conte.t. tls• OSS are intended to !lUppo~t. not

replace, the decision-maker'. judg.e~t. Th. app~ication must

drive the technology, nat the ~ever.e.~7

Althou~h most of'ten •••aciated with s.nior-le...el decision-

maker. and proble•• of' a .trategic nature, it is becoming

increa.ingly ~eco~nised that OSS applications are appropriate in

and Carlsan (19B2) DSS can have utility f'or all "kno_ledge-

information and the re.olut10n of' .emi-.tructured problems.

~. Keen, 1990.



A ~ully operAtionAl comput.riZ.d decision support system is

composed o~ three principal components: (1) A datAbAs. mAnAgement

system (DBMS>, (2) A mod.l bAse management system (MBMS>, and (3)

OAtAbas. manAgement systems represent an.volutionary

And manag.ment in~ormation syst.ms (MIS>. EOP involv.s ~rocesses

And routi~.s thAt ~Acilitat. data entry, storAge, And mAint.nance

o~ datA pertin.nt to An organization's operAtions. An MIS Adds

to the EOP the CAPAbility ~or org~nizing data into in~ormation

use~ul ~or ass.s.ing ho~ ~.ll an organization is m••ting its

DBMS represent an advancement o~ EOP and MIS concepts. DBMS

purpose o~ the DBMS in a DSS is to supply the data and

models.

Sag., 198~1 Sprague and Carlson, 1982.

s~ Brinkman, 1984.
CBIS, EOP, MIS, OBMS are t.rm. used widely and o~ten

interchangeably in the literature and daily spe.ch. For more
detailed distinctions, see Kanter, 1994 or Martin, 1983.
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The ~ole of the model b.se m.n.gement system (MBMS> is to

p~ovide tools th.t support the construction of decision models.

A well-developed MBMS would provide ready .ccess to • v.riety of

modeling techniques .nd .n.lysis tools, i.e., st.tistic.l

p.ck.ges such as SPSS or SAS, .nd • bro.d r.nge of an.lytic.l

testing possibilities C"wh.t-if"testing, sensitivity tElsting,

f ••sibility .nalysis, go.l-seeking, etc.)~O A MBMS might also

provide a series of pre-defined model formats or "decision model

modules"- l for quicker and e.sier use in analYZing ~ecu~ring

problems.

The di.logue generato~ and management system COGMS> is the

user-system interface com~onent of the 055. The OGMS is

responsible for communicating the commands of the use~ to the

DBMS .nd MSMS components and the productie.n of output

represent.tions that are meaningful .nd useful to the user.$e

The DGMS is responsible for .11 .spect. of communic.tion between

the user .nd OSS -- screen, keyboard, sound, printer, r.ports,

graphs, etc. A graphical repr.sentation of a theoretically

complete OSS is presented below.

••

Brinkman, 1984; Sprague and Carlson, 19qe2: Liang, 1ge~.

O.vis & Ol ••n, lq8~.

Brinkman. 1984; Sprague & Carlson. 1982 •
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II DATABASE II DATABASE II ~ MODELING TOOLS ~ II MODELS I

1\ DATABASE MGT SYSTEM Ii II MODELSASE MGT SYSTEM "II

I

DIALOG GENERATOR AND MGT SYSTEM

--------------------USER-SYSTEMS INTERFACING

A Theare~lc.lly Ca.plet. DSS

the model And dAtA Aspect. o~ DSS mAnAgement hAve evolved through

three generAtion., but A fully operAtionAl, fourth ~enerAtion DSS

hA. yet to be reAl i zed. EX.Amp le. of All three "c;enerAt ions" Are

in Active u•• todAY.

Are integrAted on tne bA.i. of individuAl AppliCAtion

~rogrAm•• "·3 An appliCAtion ~rogrAmmer u.e. A proc;rAmming

structure. And input requirements, And specify the form of

output••

Second-generAtion ApprOAches ~s. soft~Are pAckAge. thAt hAve

been dev~lo~ed Around A set of common com~utAtion.l ~rocedures.



The j:Jackages, or tools, are "j:Jr-oblem domain indej:Jendent"~" and

j:Jermit the user to specify only those computational j:Jrocedures

desired and to d __~ine data input requirements. Output reports

are generally. j:Jr.-formatted. The ~unction o~ the softwar~ is to

transform the inputs into outputs that may be used to solve

decision-r~lated problems.

Third-generation systems dif~er most significantl~ from

first- and second-~eneration approaChes in their ability to

access eMisting databases, thereby, in many cas.s, reducing the

potential for data input errors, eliminating redundancy, and

permitting more timely review of t~ wutj:Juts o~ alternative

m~de~ing tools. Third generation systems also allow the user to

develoj:J customized output reports.

The advantages that ~ourth-generation integration of models

and data a,-e eMj:Jected to p,-ovide includes <1> 'a ~urther reduct ion

in redundancy <the MBMS will handle the inte9ration of models and

data automatically>, (2) an ea.y sha,-ing o~ models among users,

and (3) increased flexibility and communication across the

syst.m, e.g., chang.s made in one mod.l might be automatically

reflected in others.·s

... l.ianc;, l~e~ •

L,ianc;, lqe~.



MODEL

..
TOOL

..
.. DATA
~

lit
~....

MODEL MODEL

.. ..
DATA DATA

I I,
II TOOL BASE II

DBMS

DATABASE

Th. R.latia~ip Set..." ~d.ls and Oata in
Firs~-, S-eond-, and Third-Generatian eSSe

Amon9 the ~amiliar Approach.s •••9., A Lotus-lik. m.nu scheme,

most di~ficult task giv.n that th.r. is a 9AP in knawledQ.

A DGI"S that p.rmits a us.r to ••l.ct the us.r inte"~Ac. thAt

h./sh. i. mast com~artabl. with mi9ht fAcilitAte more e~f.ctive



use of 055 systems in generAl and modeling systems in

technical developments, to an increased focus on strAtegies for

applications development that include greater attention to the

needs and desires of the end users of modeling and decision

support systems.

Prototyping And Iter.tive Develgpment

User involvement in model development h.s been encourAged by

those _orking -ith models in educ.tion for almost 20 years and by

virtually All _no stUdy and work with 055. Most rec~ntly in the

ac.demic liter.ture a c.ll 'for "iterative development" or

"iterative design" has dominated.·· In the profe.sional

literature a similar .pproach i ••dvocated but i. most often

.7 Note. The ECC model developed at The World Sank .nd
discuss.d in this paper is report.dly being developed 'for use on
Macintosh computer. usinq the EXCEL spr••dsheet program. On.
reason for this is the question o'f appropriate userlmachin.
inter'facing, specifically questions r_garding the cultur.l
relativity o'f us.rlmachine int.rfacing in d.v.lopinq
cauAtF~ +~~ modeiw-iii-~:.•• ted"'.JS"im;-~ iBH
screen/keyboard and MacIntosh graphic/mo~se versions •

•• Sprague and Carlson, 19921 Cavis and Olsen, 199~1

Sennett, 1993.
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Spr~gu. ~nd C~rlson (1q82) str••s us.r involv.m.nt, ~ syst.ms

~n~lyst is r.sponsibl. "~or impl.m.nting the requir.d ch~nge. and

modi~ic~tions." Thos. Advoc:~ting tn. pArticip~tor-y appr-oacn or-

pr-ototyping give more o~ tn. r-esponsibility for implementing

currently ~vAilabl.. A systems anAlyst is us.d to cn.ck tn.ir

o~ .V~luAting ~nd modifying the syst.m incr-ementAlly AS n.eded.~Q

t.rm. of ~hAt th. mod.l do•• and how it ~ork. And in no~ it

looks. ThAt is, pr-ototypinQ and it.rAtiv. d•• ign .hould leAd to

m.int.in. Th. di ••dvAnt.Q•• of this Appro.ch inc:lud. A po.sibl.

inc:r•••• in nArdwAr. And soft~Ar. costs, A. tn. AppliCAtions

•• Snoltys, 1983. Lo~ry ~ Littl., 199~1 S.gAll, 199~1

Opp.r",.nn, 1994.



limit.d.?· Whether the.e ••sociat.d co.ts .re justi~i.d would

d.~.nd on the extent to which skills develo~ed would be used in

the ~utur••

~--------------~++I IDENTIFY PROBLEM I
1I DEFINE SOFTWARE TO BE USED I
1

~-------------~+·I DEVE~OP MODE~ I
1

~··+I. DEVE~OP COMPUTER-BASED PROTOTYPE I
1

~----~----------~: TEST RUN PROTYPE I
1

II ADOPT PROTOTYPE II

Lowry and Little, l~B~.



CONCLUSIONS

VisiCalc's introduction o~ spreadsheet-based mOdeling on

microcomputers h.s been the sinQular most dr.matic event in the

evolution o~ microcomputer-based modelinQ to date. The

spreadsheet ~ormat h.s proven e~~ective ~or • wide diversity of

modelinQ .pplications in educational planning. Follo~ing tne

introduction o~ VisiCale iM lq7~ numerous similar proQr.ms

.ppe.red o~~ering refinements of the original idea; but it wa.

not until the introduction o~ Lotus 1-2-3 in lQS3 that .ny

siQnificant advancements on the original VisiCalc .pproach were

introduc.d. Lotus added to the basic spreadsheet, ro~/column

matri~ format a sophisticated mOdeling language that included

English-like commands, an easy-to-use hierarchal menu structure,

a wide range o~ available and easy to use ~unctions and

subro~tines, and a "macro" ~acility that permitted the

constructiori o~ user de~ined menus and subroutin.s. Many other

spreadshe.t systems have b.en introduced off.~ing refin.ments to

the Lotus approach, but the Lotus "look" and approaCh remains

dominant among the spr.adsheet syst.ms; and the us. o~

spreadsheet systems dominates modeling on microcomputers.

In terms o~ fe.tures that support the construction o~ model.

and a.sist decision-making t~rough interactive dialogue. most

microcomputer-ba••d modelinQ system. are incomplete. Extensive

error-Checking capabilities, the tracking of the relationships
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.mong v.riables, goal se.king, .nd imp.ct .nd s.nsitivity

.n.lysis .re missing ~rom most all microcomputer-b.sed

spre.dsheet systems.

Th. introduction o~ the most rec.nt ver.ion o~ IFFS/Ferson.l

(Spring, 1986) was .igni~icant iin its ran9. o~ ea.y-to-use

built-in interrogation ~unctions, e.g., goal se.king. that are

used in planning. IFFS/Personal has the ability to track

variable relation.hips, and there is now a case .tudy ~e.ture

that makes saving and comparing alt.rnative scenarios e.sier.

IFFS/Personal is not y.t as complet. as it. main~r.me version,

but IFPS/Personal demonstrates that the inclusion o~ aavanced

mod.l int.rrogation ~unctions and oth.r ~.atures that .upport

planning analysis and policy d.cisions ar. possible on

microcomput.rs; but such ~.atur.s require a lot o~ working

m.mory, and operational sp••ds ar. relatively .low.

The ~multiple vie•• approach~ introduc.d in 3avelin

(Sprin~, 1986) i ••igni~icant in that p.rmits the e~amination and

alt.ration o~ a planning mod.l ~rom a variety o~ per.pectives.

Not ev.ryon••••• probl.m. in the ~orm o~ row/column matriKe.. A

multiple view. appro.cn may le.d to a gr••t.r und.rstandin; o~

the structur. and purpo•• o~ mod.l. and, in p.rticular, may

incr•••• the u••~uln••• o~ mod.l t.mpl.t•• in that the .nd user

Ti-"ot-....tric:t.a~-ta-I"t.rac:tin; ~lt"t". mod.I in onlyonit-.a-Y.

Not all probl.m• • r. be.t .olv.d u.in; spr.adshe.t mod.ling

.ystem.. Dynamic .y.t.m. and optimization-b••ed model in;
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o~ th.s. progr.ms is th. highly graphic/visu.l appro.ch to mod.l

proc.ss, is r.quir.d. Th. obj.ct o~ pl.nning is .duc.tion••nd

policy analysts som.tim.s n••d r.minding o~ that, .nd syst.ms

dynamic mod.ls can b••~~.ctiv. tools ~or this obj.ctiv••

g.n.rally r.Qulr.d mar. t.chnical skill to d.sign, compil ••

d.bug, and alter than nave modeling syst.ms. In addition to

component o~ mod.ls to accommodat. the preferenc.s o~ end users;

and they are e.trem.ly ef~lcie"t in terms o~ the comput.r

hardw~~e re.ourc•• (m.mory) they u.e. Recently, mar.

Turbo Pa.cal and Tru. SASle, that are ea.ier to l.arn And us.

and .hould make the construction and maint.nAnce 01 mod.ls using



programming languages eAsier. These newer languages ar. also

signi~icant in that they are speci~ically designed to support the

construction o~ models in a modular and integ~at.d fashion, i .•. ,

the integration o~ sub-mod.ls ~or population proj.ction,

enrollment prOjection, costing, etc.

Choosing the most appropriate or "best" approach to mod.l

development, i.e., wheth.r to use a programming language or a

mod.ling system and which on., is not at all a clear cut-issue.

Strengths and weaknesses characterize each approach and .ach

individual languag. or mod.lin; system. In addition to ~u••tions

o~ the ~unctionality o~ a lan;ua;e or system ~or addressing a

particular model in; problem, there ar. unresolved issues

regardin; what is the best u.er inter~ace approach to t.ke in any

given situation. Continuin; technological adVAnce. may resolve

some issu.s and cloud others. The di~~erences between

pro;rammin; lan;ua;es and sQreadsheet systems are becoming l.ss

signi~ic.nt. RApidly incre.sin; memory capacities and operating

speeds reduce concerns about model in; systems being "memory

hungary" and slowl and "spar.e matri~ technologi.s" ~.cilitate

tn. developm.nt o~ larger, more ord.rly, .ne ••• ier to us.

spre.dsheet models. The development o~ more sophistic.t.d, easy

ta-us.proQfamminqianQu.Q•• r.duc:•• c:anc:.rns abaut--enw--mttt-ty

o~ end users to either create new applic.tions or modify g.n.ric

models to meet end user requirements. Incre.sing memory

capaciti.s and operatin; speeds should also le.d to th. inclusion



of more sophist~c.ted interrog.tion routines in both programming

l.ngu.ge••nd modeling systems, m.king them both more use~ul and

attractive.

Models developed on microcomputers recently have emphasized

t.rget-setting mOdels, primarily population and enrollment

prOjections, and models that support resource alloc.tion and

costing. Modeling of the processes o~ educ.tion, e.g., o~

teaChing/learning relationship, is less common; but systems

dynamic modeling with STELLA has brought this into the stat~ of

the .rt. The development of heuristic models on ~icrocomputers

is .lso not common, but should incrQase with ~dvanc~s in graphics

.nd printing technologies.

A trend toward integrated modular, or component,

construction of mOdel. ha. evolved ~rom an earlier focus on

smaller problem-.p~cific models. In ·~me U.S. institutions the

number of components that are linked is so great that integrated

model. become more and more similar to the large-scale

comprehensive models of the early 1970s. In these institutions

mOdelin9 has thus evolved from large-scale comprehensive models

to problem-specific sub-model. to the integration of the sub-
.

models and tnen ~ack to large-scale comprehensive models.

In the U.S. the trend toward the integration of sub-models,

for eMample, ~f the various tasks of planning in a large, complex



institu~ion, is pa~t o~ a b~oader trend toward the development of

integ~ated decision suppo~t systems <05S>. OS5 wil~ link large

databases with a number of mOdeling tools (prog~amming languages

and modeling systems> and analytical programs and may eventually

o~fe~ a selection of user interaction and dialogue app~oaches.

Hopefully, they will avoid the size, comple~ity, and rigidity

p~oblems that plagued main~~ame computer models o~ the .arly and

middle 1970s.

As large-scale inte;rated models and the development of 055

have become more p~evalent, the~e has been a ~enewed call for the

development of strategies that will ensure that these newer

systems and models created within them continue to address the

needs of end u.e~s and remain within thei~ control. Th~ use of

p~ototyping, o~ iterative design, is ;ene~ally considered the

most promisin; strategy.

Few empirical studi•• e~i.t that focus on the relative

effectivene•• of one approach to model development for planning

ove~ another. Even fewer studies focus on the us. of

microcomputer-ba.ed plannin; model •• Fewer still foc~s on

microcomputer-ba.ed models fo~ u.e in educational planni~;.

detailed .valuation. a~e rare. Report. of model use in

A;riculture, ene~9Y' and finance in developing countries eMist;

but here, tao, detailed evaluations are ra~e. Significant need.



for research include: (1) studies to determine how significant

identify the elements .ssoci.ted ~ith successful modeling,

specific.lly on microcomputers; and, perh.~s most importantly,

(3) studies that ex.mine the e~fect. of microcomputer-based

in developing countries.

MODEL
SUPPORTING

SOFTWARE
PLAN
DOMAIN

EOSIM BASIC N.t. )C x *
EOP MENU BASIC N.t. x )C )(

PETS Turbo P.sc.l N.t. )C )(.
ECC LOTUS v.1A N.t. x )(

POPEX2 LOTUS·v.2.0 N.t. )C )C

Scheifelbien-
CUAdrA LOTUS v.2.0 N.t. )C )(

Oecision Support
Series LOTUS v.1A/2.0 Inst. )C )C )C )(

Teel Model Mic:rodyna""o N.t. )( )(

PASS Unspecified
Line.r Pro;. Oistr. )( )(

su..ary T~le o~ ~dels Discussed .nd Revi••ad
in TItr_ o~ Appl ic..,l. Planni"Q U...



APPLICATIONS
SOFTWARE

SOFTWARE
CATEGORY

LOTUS 1-2-3 SpreAdsh••t )( )( )( )( )( )(

MultiplAn Spre,;adsh.et )( )( )( )( )( )(

IFPS/P.rson,;al SpreAdsh.et )( )( )( )( )( )(

JAv.lin Modi'fi.d SS )( )( )( )( )( .. )(

LINCO/PC LineAr Pro;. )( )( )(

STELLA Sys. DynAmics )( )( )( .. )(

Su...ry T~l. o~ Applications Sa~t__r. Discussed and R.vi..-d
in Ter.. o~ Planning U... Supported
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PNUI'lSER: BRIDGES •••ign.ct r.cord nwlber

VERSIONCS)/DATES: V.rsian of p.Ckolg. r.vi..-d. If ~.vi.w ~s

coepil.ct fro. s.v.r.l v.rs!~n., id.ntify
diff.r.nc...nd critiColl fil ...nts .IS

.pproprht••

COPYRIGHT FIR": Coepolny or p.rson owning the rights to the
polcko1ge.

PRICE/COPY STATUS: Polckolg. cost. Include site licence costs, if
olpp liColb 1••
Is soft••r. copy protected? If so, specify
d.t.il. (. of copi.s, h.rddi.k copy
pa.sibl.?).

AVAILABILITY: Haw •••y or difficult to obt.in? Giv. specific
saurc., if olppropri.t••

TECHNICAL DETAIL: Holrd..r. r8quir...nt. (I~, ~12k,holrddisk,

.tc. )
Co..,.nion so'ft-.re r8quir.ct or desir.••bl., if

.ny.

REVIEWS/PUBlDATEs ~ist books, journ.ls, n..-papers, etc in
which the p.ek.qe ••s revi...a.

OVERALL. EVAl.UATIC~:: v.ry ~.l ca~t(s) .ynthesizing your .nd
ather r.viewers obs.rvoltion. r••••• gf u.e,
pttr'for••nc••nc:t speed, illlProv_nts an
••rlier ver.ion.,eo~.ri.on to si.ilir
p.ekaqH, etc.

2;-'.1

~~------- _._-

TASkS PERFORPED I Specify t••ks .nd op.r.tion. th.t .er•
....ined in reviewing the polek.g••

• Cr••tinq. new applie.tion Cfor••tting
.nd defining the olpplic.tion, specifying
r.l.tionships .nd/ar writinq far~l•••

• ~riti'-rlnij,-- edIt In; ancfdil.tlrij-data
.nd/or e.isti"9 .pplic.tlan .~ruc:tur.s.

• Cr••ting .nd printing reports .nd
gr.phs.

• IlIIPortinq/••porting d.t••ith oth.r
paek.g.s.

• Oth.r.



TRIALEVAL DATE: Wh.n .nd Mh.r•••• the progr•• field te.tRd
in .n educ.tional .etting? (If kno.n)

OVERALL COrI'ENT:

STRENGTHS: '>
WEAKNESSES:

• S.n.r.l .... of us.:
Creating new .pplication••
Ent.ring, editing and d.l.tin; d.t••
Cre.ting r.port••

• Ea•• o~ le.rning.
• Progr...i"9/co..and language is und.rstand.ble.
• Flexibility:

Oeqr.. to ~ich .tructur. of a cre.ted .pplication
can b. changed.

~ltipl. for.. of input/output possibl••
• Available decision support featur..:

Sensitivity Analysis (.nat if)
Goal ...kinq
IIlipACt analysi.
Coeparison o~ alt.rnative scenarios (ability to

display si.ultaneou.ly and/or to .ave).
• Graphinq of output.
• Safequard. to protect again.t inadvertent d••truction

or -adification o~ the application.
• Error Checking and handling capAGiliti...
• Quality of online help.
• Quality of docU8entation.

DEMONSTRATED PlANUS:) Co...nt a. appropriate.
POTENT tAL PL.ANUS_

Probl.. conc~tualiz.tion (e.g. Heuristic.).
5yst... conc~tualiz.tlon.

Pollcy r....rch and ev.luatlon (qu.nt. or qual.).
ProJect/progru d"lgn (SCheduling .. co.ting, ...ark

flo...., .tc.).
tMttttntUNlp..OO.... a.·i9n•
Oper.tion. l19-t...nd contro!:

Costing .nd budg.ting.
R.source scheduling.
O.t.b••••

Strategic planning_
Forec••ting - trend an.ly.i., curv. fitting, etc.
PrOJec~ion. - .cona_lc, population, enrollm.nt,

resource needs.
Resource alloc.tion.
Co~arison of .lternative scen.rios.



GENERAl. COPU'fENT:

REVIEWED BY/DATE:

EDITED BY/DATE:

R_· th. us_ o~ th. p.ckl;_ in ~uc.tionll

pl.nnin; .nd/or th_ pot_nti.l for us_ in
.aucltional pl.nnin;.
You mi;ht includ•• co~nt on why this
p.rticul.r p.ckl;_ ••• r.vi..-d if th_ ~••son
is nat obvious.

..



SYSTEM/PACKAGE: The progra"ing languag. or soft~.r~

package that the model ~•• construct.d .ith.

OWNERSHIP: Company or p.rson owning the rights to the
pack.ge.

PURPOSE & STRUCTURE: What is the purpose of the model - -n.t
probl..(s) do•• it .ddress?

What i. the general approach that guide
the mod.l con.truction?

PRICE/COPY STATUS: ~odel cast, if APplicable.
I. soft..r. copy prot.cted? If so. sp-eify
d.tails (. of copies, harddi.k copy
possible?).

AVAILABILITY: Ha••••y or difficult to obtain? Giv. specific
source, .if appropr i ate.

TECHNICAL DETAIL: Hardware r~uir...nts (I8", S12k,harddi.k,
etc. )

Ca~anion Sdft..r. r~uir~ or d.sir.able, if
any.

PLAN DOMAIN USESa Wh.t l~.l (syst..s, institutional, progra.,
proJ.ct, ••• )?

B-L'l

/'



PLAN TASK USES: WhAt plAnning r.IAt.d tA.ks is th. mod.l
d..ign.a to Accomplish?

Probl.. eonc~tuAlization (••g. H.uristics).
Syst... eonc~tuAlization.

Policy r ••••reh And .valuAtion (quAnt. or
qUAl.).

PrOj.ct/progr.. d.sign (sch.auling &costing,
-ark flows, .tc.).

InsU tutional program d.sign.
Op.rations -;at. and control:

Costing and budg.ting.
R.soure. SCh~uling.
Dat~a...

StrAtttgie planni'ng:
For.casting - tr.nd analysis, curv.

fi tUng, .tc.
Proj.ctions - -eono.ic, population,

.nroll••nt, r••oure. n~.d••
R.saure. Allocation.
Co~arison of alt.rn.tiv. se.narios.

EVALUATION OF USES: Don th. -ad.! Accollplish ""'At it s.ts out
to? Haw .ff.ctiv.ly?

STRENGTHS: ~ Co...nt a. appropriAt••
L.IrlITATIONS: I

• Cl.ar sp.ciflcation of probl..(.) Addr.ss.d?
• CI.ar sp.cification of data ~.?
• ~neral •••• of us.:

Ent.ring. ~iting .nd d.l.ting data.
Cr••tin; r~orts.

• Eas. of l••rning.
• Progr...in;/co...nd langu.g. is

und.rstanctabl••
• Fl.JCibilitYI

Dttgr.. to which structur. c.n b.
chaft9ed.

~ltipl. for.. of input/output po.sibl ••
• Cl.arty und.r.tandabl. output.?
• Av.il&bl. d.cision support f••tur•• :

S.n.itivity analysis (what if)
Goal ...lcift9
Ilipact analy.i.
Coaparisan of alt.r~.tiy. sc.n.rios

(aGility to display si~ltan.au.ly

and/or to .ay. sc.narios).
• Graphing of output? (multipl. forms of)
• Saf-vuards to ~rot.ct against inady.rt.nt

d.struction or modification of th.
mad.l?

• Error ch.clcing and handling capabiliti •••
• Quality of onlin. h.lp.
• Quality of docu..ntation.



GENERAL CO~TS: Re the us. of th. pACkAg. in ~ucAtionAI

plAnning And/or th. pat.ntiAl for us. in
~uCAtionAI plAnning.
You ~ight include A co...nt on .ny this
pArticulAr pAckAge WAS r.vi..-d if th. r ••son
is not obvious.

REVIEWED BY/DATE:

EDITED BY/DATE:

, I
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SRIDGES PROJECT

~OOEL UTILIZATION

CRITERIA FOR EVALUATING COMPUTER-BASED MODELING SYSTEMS

CONCEPTUAL - THEORETICAL CHARACTERISTICS OF THE MOOEL

I. :nt.r~r.t.bility (~ow •••y i. it to follow .nd ~nd.~.tand tn. ~rOC••SQS

drivin; t~. model>

J. Effici.ncy of tn. mod.l

M. Cl.arly und.r.tandabl. o~t~ut.

RELAT£D TO THE PRACTICE OF PLANNING

1. R••olvin; major probl.m. of ~lannin;

B. Can b. r.lat.d to neuri.tic mod.l. and u••d in tn. cont.Mt of a sc~ict

to accomodat••ocial conc.rn./proc••••• and ;.n.rat. broad
future .c.nario.



1. E~sy to import data files?

a. Impact analysis?

b. Sensitivity analysis? (what if)

c. Gaal s ••king?

c. Variety of gr_"hical supports?

I. Multiple levels 04 aggregatlon/disao;r_oatian possible?

1. Has same uni~u./cre.tive f.ature. that engage the atcention
of planners and other audienc.s?

K. Deoree to which iti. possible to e";aoe d.cision makers and lor
client bene41ciaries 1" direct interaction with minimal 'instruction



MCOE~ STRUCTURES AND FEATURES

~. Med.l buildin; .nd med.l us• • r. int.grAt.d - r.Quirin; us.r~ to
l ••rn only one syst.m (vs. s.~.r.t. editor syst.ms)

F. If :ontrels, st.t••nd control vA,-iAbl. r.l.tions"i~s .r. cl ••,.ly d.fin.d

G. VerifiCAtion thAt equAtions .,.. ~orkin; corr.ctly is possibl.?

1. T,.Ackin; of model in; ~"oc.ss is possible?

2. Debu;;in; is possible by technici.ns ~it., mod.r.te skills?

H. Reports A,.e .Asily ;ene,.At.d?

3. Save work ~"enever one ~ishes to

K. The result. of chAn;e. in data and/or variAble vAlu.s c.n be
s.vwd .+Gr i;rtwr a.e?

~. Adequate .afeguards eMlst to protect against.

1. InAdvertAnt destruction of fl1es

2. InAdvertAnt mOdifiCAtions of equAtions And or cell formats

~. It is impo.sible <or neA,.ly so) to ;et 'deAd-end.d'



P. Th. ~~o9rammin9 lan9ua9. und.rlyin9 the mod.l is underst.nd.ble
t~ tech~ici.ns oT mod.rat. sophistication?

1. Ef~ici.ntly writt.n?

OMPUTER-BASEO FEATURES

3. Current to v.rsion in us.?

B. On-lin. tutori.l?

C. Errr' m••••9.. ar••

1. Comprehen.lv?

l
2. Cl ••r and bri.f?

1. Availabl.? .,

, ,



J •• Inst.l1Ation oT soTtwAr. i~ dir.ct, w.ll docum.nt.d And Accomclisn.d ~y

non-t.cl'1niciAns

N. Costs:

4. On-Qoin; support

1. Ha..d.a...

2. Sooftwar.



APPENOIX 8-2

EDstMz Education and Oemographic Simylation Mod.l

Ownership: Tne Futures Group, Glastonbury, Conn.cticut.

Purpose ~ Structure: Enrollment prOjections by age, l.v.l
and sex. Some facilities for e~amining teacher,
school, And expenditure requirements.

Availability: The Future. Group, GlAstonbury, Connecticut.

Technical Detail: Available for Apple and ISM microcomputers.

DatA Requirem.nts: School enrollment data; P, R ~ 0 rat.s.

Cr.ate/Oev.lop/Oate: Developed jointly by Th. Futures Group and
the Population Refer.nce Bureau, lQS2. Revision in
lQS3. New versions through 19S~.

Plac./Oate Us.s: PrOjections develop.d for some 20 countri.s.
Field tests in five couritri •• (Egypt, Saudi ArabiA,
Sudan, Nigeria, and Peru) that involv.d us.1
demonstration with ho.t country officials.

Plan Domain Use.: Primarily national lev.l but AdaptAbl. to
to large district. or ar.a. of conc.rn. (urban/rural)
if data is available.

Plan Task US~.I Enrollment projection.; instructional r.:
.ffect. of demographic change./shift. o~ school-ag.
population••

Evaluation of Usesl The model eff.ctively generates enrollment
data and pre.ents understandable output in both table
and graphical form.. Data .et. may be saved (base pop.
P, R&D rate., migration) permitting the construction
of alternate .cenarios which may then be printed tor
comparison. Options for examining teacher, school, and
eMpencH tl.&r_1I r.gyj,r.",_"t.!!U'1t n~t w~ll d.'V.lo.ptd and of
minimal help beyond givinQ a very broad picture of
re.ource needs.

Strengthsl

(1) Clean visual ~re.entation. -- data input and
and graphic screens. Graphics are particularly
well pre~e"ted·~

•



(2) Rel.tively .ast to use despite l.ck o~

step-by-step documentation. If one is gener.lly
~.miliar with microcomputers, does not devi.te
~rom the prescribed order for 10.ding files .nd if
you remember to write down tne nAmes of d.t. sets
you hAve saved.

(1) L.ck o~ self-guiding .nd on-line h.lp utiliti.s.

(2) E~ror hAndling is weAk, particul.rly if you run
into an error, • BASIC l.nguAge .rror. WhAt v.lu.
is it to know the error is line 192 of the program
code i~ you do not know BASIC?

(3) It would not be eASy to re~ormAt scr.en or
graphics displays without knowledge o~ BASIC>

(4) No on-line display o~ availAble dAta sets.

Developr"ents Needed:

(1) Display o~ data sets that could be used.

(2) Ability to compAre Alternative projection, .t
least graphiCAlly.

(3) Step-by-step instructional mAnual.

General Comment: Visually. EDSIM is well developed, mAking it •
good presentation and diAlogue-generAtion tool. The
Ability to display Age. se~. and grade l.v.l dAtA is
impres.ive. The grAphics Are eMceptional to the point
o~ being. at times. a bit overdone•••g., the us. of
sound in the enrollment ~low displAY. The lACk o~ A
step-by-step manUAl is hard to understAnd for A progrAm
that h.s b••n around ~or four y••rs And r.port.dly
"used" 1n a number o~ countries.



APPENDIX B-3

EOP MENU

General: A p.ck.ge of progr.ms for measuring schoel productivity and
projecting enrollments.

a~nership: lose Dominguez-Uros., World B.nk Educ.tion Program,
1984.

Purpese ~ Structure:
(1) Gener.~ion of promotion .nd repetition (P&R> rates
to fit given system e~ficiencies.

(4) C.lcul.tion ot .nnu.l recurrent costs i~ unit costs ."e
known.

(~) Simulation of the e~fe~ts of improvements in
e~ficiency.

Avail.bility: World BAn~ EdUCAtion ProgrAm.

Technic.l OetAil: Runs in MBASle; versions AVAil.ble of ISM-PC/XT,
K-Pro II, And Apple .IIe. Progr.m requires A printer.

OAtA Requirements: World SAnk EdUCAtion ProgrAm, 1984. Still
under development.

PlAce/OAte Uses: Currently being field-tested in 3-4 countri.s
in ~Atin AmeriCA.

PlAn TA.k Uses: Enrollment projection And sy.tem ef~iciency

m.Asurement; policy reseArch/compArison of AlternAtive scen.rios
in tn. sense of In"ormlng !io11cy-mAkers re the effects of
improved e~ficiencies And i~cre••ed enrollments.

EvAluAtion of U.e.: Unle.s P&A rAte. Are known, the primAry vAlueis
in in~orming/t.Aching re the effects of VArying P&R·"Ates on
enrollments And .y.tem ef~iciency. GenerAtion of P&A rAte. from
A generAl meAsure ~f system efficiency is done by rAndom
selection with que.tionAble "esults. In A test of tnis .sp.ct
of the progrAm using A siK-grAde system And An .fficiency of



55%. seven ~uns p~oduced wide va~iations in both individual year
P&R ~at•• and ove~all P&R ~ate changes ~~om yea~ to yea~ with
consequent ~esult. in individual yea~ en~ollments. When P&R
~ates, en~ollment., and ~i~~t grade growth ~ate are known, the
p~og~am calculates efficienci.s, g~Cj=ct. en~ollments, and
p~ints and .to~e. results fairly ea.ily.

(2) Instant p~inted ~esult••

(4) Relatively easy to use' extensive prompting fo~

operational ~unction and data input.

(5) E~~iciency measure includes calculatlon o~ number
o~ student year. invested par graduate.

(1) Not at all transparent. Proc;ram ha. a "black box" magic
about it; a.sumptions and operational structures not explicit.

(2) R.quires data CP&R ~ates, enrollments, g~owth ~ate, and unit
costs) tha~ is o~ten di~~icult to get.

(3) Random generatl0n of P&R rate. yields widely varying and, at
times, implausible ~esults.

(5) Enrollment projections cannot be viewed on the sc~eenl they
must be printed.

(6) P&R rate. are often displayed/printed in scientific
notation.

Developments Needed:

(1) Improved on-.creen visuals, including consistent formatting
o~ numerical outputs.

(2)' Improved documentation, includinc; an eMplanation of
underlyinc; st~uctures and assu~ptions.

(3) measure of the avera;e years to complete a cycle might be
included in the output.

General Comment: Proc;ram is p~obably be.t used by someone Quite

, .
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f.mili.r with enrollment pr~jection .nd school efficiency
measurement. As.n instruction.l tool, informing re the effects
of varying P&R rates, etc., it could also be useful.
Reportedly, the progr.m is being tested .gainst date in Latin
Am.ric., "and pro;ram modification is e~pect.d.



APPENDIX B-4

System/P~ck~ge: PETS operAtes within ~ modeling p.ckAge developed by
Th"e ReseArch TriAngle Institute 0"- No. Carolina. HOST is
referred to AS a modeling 'shell' by its developers .nd ~.s

developed using the programming lAngUAge Turbo P.scal.

a~nership/Developers: L.Crouch & S.Moreland, Research Tri.ngle
Institute under The BRIDGES Project, AID and Harvard University.

Purpose & Structure: PETS is designed to calcuAlte transition rates
.nd project enrollments in primAry level educ~tion systems bas.d
on ~ times series of enrollment dAta and population prOjections.
The model has four distinct components:

(1) The c~lculation of trAnsition rates <promotions,
repetitions, And dropouts).

(4) The CAlculation of A set of eduationAl efficiency
meAsur.s (input-output ratios, % of graduates, avg. years
in school, Avg. years to grAdUAte, and. of 'ontime'
grAdUAtes). .

PETS is structured in A modular faShion that permits users to
~ork with eAch of the Abov. compon.nts independently.

Two m.thods for proJecting transition rAtes are available,
Standard and Schiefelb.in, and a set of choices is possible for
guiding the projection, rate. fl~.d At some nistoric value or At
the l.v.ls of historic m.ans, rAt.s that fallON a logistic curve
or lin.ar tr.nd, or rAt•• that conv.rge on user defined target
rate•••

Data .ntry and edittlng. mod.l .~.cutlon • and the displaying of
model r.sults is through the HOST m~d.ling sh.ll.

Availability:
Graduate

Contact RTI, Ral.igh, NC 01" The BRIDGES Project.
SChool of Education. HArvard University.
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Technical Oetail: Oeveloped for use on IBM computers and
comp.tibles. Requires: 2~6K minimum RAM, 3MB of hard disk
storage space, and a math coprocessor. A printer is optional
but recommended.

Oat. Requirements: Oat. requirements vary depending on the module
used .nd user choices made r_garding the .pproach to the
c.lculation of transition rate. that is undert.ken by the model.

(1) Population by single-year age groups for the historic pe~iod

upon which calculations are to be based and for .s m.ny period~

into the future as the user wishes to project enrollments.

(4) Number of repeaters by grade (for use with standard method
of estimating repetition rates).

(,> The repetition rate, number of dropouts, and the age
distribution of enrollments (for use with the Schiefelbein
Method of es~imating tran.ition rates).

(8) Target rate. specified by the user for target setting
prOjection••

Place/Oate Use.: Currently in field te.ting in Honduras and other
countries involved with The BRIDGES PrOject.

Pl." Oomain U.e.: National :.v.1, but could also be used at the
district or .chool level. if sufficient data available.

Plan Ta.k U.e.: See Purpo.e & Structure .ection, above.

PETS g.n.~ate. data and efficiency indicators that are very
u.eful but the model it.elf i. not likely to be u.eful for
interactive policy dialogue among p1anne~s a. operation is
relatively compleM and e~ten.iv. data change. require .ome time
W ac~ii1rtT. Nwimwr i_ ~ IiiDCJal ~ v&I'"y;ooCJ ~aCJ.qo~ic.l

tool for int~oducing compute~-ba.ed modeling or demonstrating
the procedure. for the calculation of t~an.ition rate••
(Although a .ection of the U••r'. Guide do•• a nice jab of
introducing the methodo1gie. employed in the model.>

"\
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Ev~~uatio~ o~ Uses: Tne mod~l accomplishes wnat it sets out to and
p~ovide. a b~o~d set of use~ul output table. but is not easy to
use by the uniniti~ted. Data ~.qui~ements ~~e extensive. Tne
~elationship between HOST and PETS is unclea~ anu a~kwa~d

initially. Witn only the model and "O~a~t Users Guide" at hand,
one must wo~k quite hard to work through the model, i ••• , to
understand commands and structu~es, and the relationship between
HOST and PETS, and to be able to enter, edit and run ones own
d.ta.

Strengths:
(1) Us.~·s Guide describes model components and data
requirements, installation p~ocedu~es, and the t.cnn~cal

details o~ estimation and projection methodologies well.
<see Weaknesses, *1)

(2) Utility for s~ving sets of assumptions and the ~'sults

of calculations and projections in output ~iles anc ~

utility ~or comparing two sets against each other is very
useful. <see We.knesses, _2 ~ 3)

(3) Choice of app~o.ches to the calcula~ion of transition
rates.

(4) It is possible to set target transition rates and have
tne model calculate required changes over time.

<~) The range o~ output tables and e~~iciency mea.u~es is
help~ul.

(6) A speci.l ~unc:tion, ",?", exist. th.t provides onscreen
listing. o~ all available entries when the user is prompted
~o~ data by the mOdel.

(7) A spec:ial ~unc:tion, II I NCI..UDE " , exists that permits easy
exclusion o~ data ~rom periods that are a typical and
likely to distort results unrealistically.

<B) A spec:ial feature, "INSTRUCT", exists for keeping
online note. re9ardin9 model structure and operations.

(9) Descriptions of all variables used in the model a~.

available online.

nor Tn. TrDrRENStowr f'••tut. p."/lU "s ".vi.ilIa", cr.e. ~y user
.elected parameters, i.e., enrollments by age by period,
sex by period, etc.

(11) Onsc:reen desc:riptions o~ PETS components is well
developed. <see Weakn.ss. )
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<12> A t~o-l.v.l prot.ction system helps to protQct
underlying mod.l structur.s ~rom in.dv.rt.nt us.r
modi~ic.tions. <This .lso mOld. it impossible to e~.mine the
mod.l structur.s ~or this r.vi.~>.

W.Olkn.ss.s:

<1> .. Ho .... to"-typ. instructions not ~.ll d.v.lop.d in the
us.rs m.nu.l. Some instructions re th. use o~ HOST, cut
little on PETS its.l~.

(a> No s.ction in tn. m.nu.l d.t.ils ho~ to creOlt. n..... data
s.ts/~il.s.

(4) OOlt. r.quir.m.nts .r. .xt.nsiv••

<5> Online d••criptions o~ PETS modul••• lthough v.ry ;ood.r. not "upfront" .nougn. Tn.y .r. pre••nted only .s
b.ckground onc. on. hAS s.t • proj.ction running.

<6> M.nu.l .ssume. us.r kno.l.dg. o~ ~aTUS 1-a-3 comm.nds
And .tructur•••

(7) Formatting o~ some data tabl.s m.kes reading t.bl.s
.~k••rd, •• g., .ny .r. th.r. 5 d.cim.l pl.c•• in some
popul.tion tabl •••

<8> A numb.r o~ ~unction. ar. not y.t .ctiv. - most not.bly
gr.phic••nd d.ta ~il. cr•• tion.

(q> Error m••••g•••pp••r tnat ar. quit. di.concerting .nd
not v.ry h.lpful - mo.t not.bly ~h.n on. b.gins u.ing the
mod.l .nd the mod.l ••• not prop.rly .xit.d .t tn.
conclu.ion o~ the pr.viou••••• ion, .lthough tn. proc.dure
for "prop.r" conclu.ion of ••ork •••• ion i. not cl ••rly
.p.ci~i.d. Anoth.r .rror m••••g. th.t occurs ....h.n on•
• tt.mpt. to run .n incomlet. d.t. file in~orm. the us.r
that the "I-tOSTERfIt.TXT" f11. c:ont.l~. error me.s.g.s, .nd
kick. the u••r out o~ PETS .nd HOST .ith no expl.nOltion.
Th••• m••••g•••ould b. di.turbing .t .ny tim. but coming.0 ..rly in on•• uS. o~ the progr.m th.y .r. p.rticul.rly
ti Qut l ••ui"w.

(10) A numb.r of m.nu it.m. and oth.r onscr••n m••s.g•• And
prompt • • r. not cl••rly .xpl.in.d in th. m.nu.l; •• g., Wnat.r••y.t.m .nvironm.nt fil •• ? In g.n.r.l th. t.rminology
u••d do•• not .l~.y. cle.rly indic.t .....h.t the us.r ....ould
b. el.cting to do by •• l.cting on. or .noth.r m.nu it.m.



·D.v.lopm.nts N.ed.d: In g.n.r~l d.v.lopm.nts n.ed.d ~r. those tn.t
~ill ~.ke tne mod.l .asi.r to understAnd and som.~hat more
"'fri.ndly", partic:ulArly 'for those us.rs ....ho mAy hAve had littl~

or no .xp.ri.nc~ ~ith c:omput.r-bas.d mod.ls in the PAst. Th.
mod.l ~pp••rs to acc:o Jolish ....h.t it sets out to, although it ""as
is di'f'ficult to chec:k this asp.ct o'f the mod.l b.c:aus. access to
the ~odel structures ...... locked.

(1) Error m••s.ge. should inc:lude ~ore d.t~il.d in'for~Ation or
indicat. the sourc:. o'f suc:h in'formation.

(2) Protec:tion 'from inAdvertant user errors th.t kic:k the user
out o'f the progrAm .... ith no .xpl.nation should b. built into the
program.

(3) Mor...ho .... to·'-typ. instructions and exampl.s in the users
guide.

(4) ~ map of ",enu structur.s and sel.ctions should be includ.d
in the ~anual.

(~) ~ map o'f the ov.rall structure o'f the PETS model and its
r.lationships .... ith the HOST "shell" should b. includ.d in the
manual.

(6) Entry into PETS directly .... ith acc:ess to online d.scriptions,
and p.rhaps a step by st.p example availbl. for 'first tim.
Ysers, ....ould .impli'fy ones initial encount.r .... itn the model.

General Comments. PETS and the accompanying Us.r's Guide are
c:urrently in development and ~ield t.sting. Hap.fully ",any of
the di~~iculties experi.nc.d by this r.vi ......r <and others) ""ill
be cl.ared up. ~. it curr.ntly .xists mastery a'f the model
r.quir.s cansid.rable .~fort. Tho.e .... i.hing to b.ne~it ~ro~ its
u.e ....auld almost have to ••cur. the .ervic•• a'f .xp.rienc.d
u.ers to ma.t.r bath its use and structural und.rpinnings most
quickly. The u.e of a .eparat••ditor complicat.s the model
.ome",,"at and is curious given that tha.e invlov.d in earli.r
mod.ling e~fort. in the U.S. reported that u••rs found seperat.
editor syst.ms mare difficult to ~olla. than the full-on.ere.n
.ditting that charact.riz. mar. recent spr.ad.h.et systems.



APPENOIX B-~

Lotus 1-2-3
V.rsions ~nd Oat.s:

Copyright Firm: Lotus O.v.lopm.nt Corporation, 4S~ C~mbridg.

Parkway, Cambridg., M••••chu••tts 02142.

T.chnical O.tail: For IBM"s .nd all compatibl.s. R.quir.s
2~cK .nd an. disk drive minimally, but ~12K .nd •
h.rd di.k ar. r.comm.nd.d ~or applications of any
siz.. Tn. program its.l~ requir.s appro~imately

180K. Require. PC or MS-DOS 2.0 or later.
Integrated spr.ad.h••t, d.ta ba•• , and graphic •.
Ov.rall worksh••t .ize is 2~o columns by 8192 rows.
Print-graph di.k ~or cu.tomizing print.d graphS.
Utility di.k ~or conv.rting ~iles ~or tr.nsfer and
.~ch.ng. witn otn.r program.. Tutorial disk.

R.vi.w~/Pub. ~ Date. P.rson.l Computer, F.bru.ry 1ge~;

PC World, January 1~8o; In~oWorld, O.c.mb.r 1ge~.

Ov.rall Evaluation: Easy to l ••rn and u... Popular ov.r wid.
rang. o~ novic. to .~p.rt u.ers worldwid.. V.rsion
2.0 permit. tne construction o~ mucn l.rg.r mod.l. than
earli.r ver.ions, i. ~aster and contain. many more
f.atures, including tne .bility to do regr••• ion
analysis, work in a number o~ curr.ncy format., and
cr.at. mucn more compl •• , but .asier to u.e,
application templ.te. u.ing mAcro.. Rec.iving and
transporting data to other .y.tems i. r.latively
ea.y. Processing sp.ed can be incr••••d si;nificantly
by tne addition o~ • matn co-proc•••or. Tne
only real problem is tn.t more comple~ applications
created witn V.r.ion lA do not ru~ under Ver.ion 2.0.

Ta.ks Per~ormedl a•• ic popul.tion/enrollment ~oreca.t.;

in.titution.l modeling' graphing of output; cr.ation
a~ m.cro driven applications. Attempted to convert
and run existing lA applications.

Trial Eval. Oat.: January-June l~eo u.ed with Scni.~elb.in

enrollment prOjection model in C.ntral America;
.pring 1~80' cohort-based popul.tion t.mplate
dev.loped by BRIDGES proJect. spring l~eo,

institution.l model developed ~or a small private
colleg.. Additionally, 1~64-8., user r ••pons•• to
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Lotus 1-2-3 Version lA observ.d by .valuator in
teachir.Q/laboratory settinQs.

Overall Comment: Impr.ssed edUCAtors in CentrAL America,
BRIDGES sta~f, And colleQe Administrators with eas.
of use and utility ~or plAnninQ. Use by novice users
enhanc.d by the creAtion o~ user menus usinQ macros.
Version 2.0 mUCh ~Aster thAn lA. Oocum.ntation and
tutorials (writt.n and on-line> hav. ceen improv.d.
Lotus 1-2-3 is A widely known And used spr.adsheet
applications Q.nerator.

Str.ngths:
(1) Ease of learninQ and use by users who wish to

develop their own AppliCAtions. However, while a
new user could be creatinQ simple APplications in a
fAirly short time, the commAnds and processes
requir.d ~or creatinQ mar. complex applications can
be overwhelming At ~irst. Finding and correcting
mistakes can be particularly troubl.some and
.nxi.ty-producing. (See Weakness No.1>

<2> Extensive programming capabilities using macros
permits the creation o~ templ.t.s for use by
novice computer users.

<3> The larger worksheet size and use of "sparse
matrix technology" permits better orQanization of
applications. It is no longer necessary to jam
all components of a complex application into the
upper left-hand corner of the wor~sheet to
minimize the amount of disk storage or rAndom
access memo~y required. More complex models can b.
formatted onscree" in a more orderly and less awkw.rd
manner than was possible .ith ~ersion lAo

(~> On-screen graphics is quiCk and easy and may be
automated using m.cros. Printing of graphs is Also
po.sible but requires use of a supporting utility
program.

<~> Printed copy of part or all of a worksheet is
easily and quiCkly accomplished. It is possible to
embed printer control.code. in spreadSheet cells.
Thy.! i~ • ·wgrk.~••~ i ••tr~~t~r.Q with some
thought given to the type and form of r.ports
needed, reports can be generated easily. However,
the printing of customized reports requir.s the
use of a supplemental program, 1-2-3 Report Writ.r,
purchased separately from Lotu. for .1~0.
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(6) Tn.r. ar••asy-to-us. ~ay. of protecting parts or
all of an application from inadvertent alt.ration
by locking cells. Tnis i. ~articularly us.ful ~h.n

crating ~pplication t.mplat.s.

(7) Input .rrors that involve the structure ~f 1-2-3
commands are virtually impossible to make, but the
sp.cifics for most ~arnings are not given.

(8) 1-2-3 supports some database functions and is
particularly good for keeping all kinds of lists.
Sorting, s.lecting, editing r.cords, and performing
simple mathematical and stati.tical ~unctions are
quit••asy. V.rsion 2.0 is b.tter at database
management than lA.

(q> On-lin. help is extensive and available at all
times.

(11) Written and on-lin. tutorials are available. Tne
~ritten tutorial contains many .xampl.s and is
quite nelp~ul. Tne on-lin. tutorial, while it
give. a sense of what 1-2-3- is capable of, is
somewh.t tedious.

(12) File••re ea.ily import.d ~rom and .xport.d to many
oth.r program••

(13) ~otu. 1-2-3 h•• attract.d a ~ide follo~ing and
re.Ylted in ••ignificant cottage industry of
supporting decumentation, u••r groups, and
add-en suppl.mental so~tw.re. ~cm. of the third
party u.er m.nual. are Quit. gOOd, and .everal
.o~tw.re package. nav. b••n dev.lop.d that addr ••s
sam. o~ 1-2-3'. w••kn•••••• (S.e below)

(1) Tracking o~ relation.hip. among variables
o.eom•• ~i~ficult in more complex applications.
Th.r. is not built-in tracking sy.tem. Thu.,
ch.nging tne structure o~ .n applic.t~on can re.ult
in unanticip.t.d and unnoticed .ignificant changes.
\~ ~i.m_nt.TpFGor&m' Camoridij_ 5Pr••asn••~
An.lyst, r.portedly .ddr••••• this conc.rn. It
costs SqO .nd is avail.ble from Tne C.mbridge
So~tw.r. Collaborativ., Univ.r.ity Place,
Cambridg., MA).



<a> Whil. it is possible to do "wh.at-if" type t.~tlng,

comp.arison of .altern.ate scen.arios r.quires .ith.r
th.at you .alt.r the existing .applic.ation, print or
SAve the Alt.rn.tive, And then .ith.r r.vis. the
.1ternAtive b.ck to "normAL" or r.c.ll tn.
ori;in.al worksheet. This c.n b.com. • slow prOC.S5
with ~or. complex appliCAtions.

<3> Version lA progrAms thAt cont.ain formul.s built
of c.ll label refer.nces will not run und.r
Version a.o. To mAke them run you must edit .all
c.lls cont.aining SuCh formul.as. In cc~pl.~

.appliCAtions, this can be very tedious .and time
consuming.

(4) Other r.vi ••ers ieport A m.ajor problem resulting
from the 1-2-3 protection scheme .mploy.d when
working from. hArd disk. aefore running .a
complete hArd disk b.ackup, it is necesSAry to
uninst.all Lotus. F.ailure to do so results in .a
1-2-3 progr.am th.t .ill nat run.

Oemonstr.ated Pl.n UseJ Popul.tion And enrollment projection~;

economic prOjections, costing And bUdgeting, and
r.source .lloc.ation modeling. Limited d.at.abAse use.

Pot.nti.l Pl.n Use: Some data An.lysis, includin; multiple
regression on'up to 1~ independent v.ariables.

<1> Lotus 1-2-3 h.s been tested for sam. Ye.rs now
.nd its usefulness in fin.anci.l .applic.atians .ell
est.Olished. Its u.e in other .reAS relev.ant to
educ.tional pl.nning seems promising. Th. Nation.l
Center for High.r EdUCAtion M.an.agement <U.S.) "as
promoted its us. and developed. seri.s of decision
support templates for use in coll.g•• and
universities. <T~ese Are revie.ed sep.r.t.ly under
The Oeclsion Series.) Us. for nAtionAL l.v.l
pl.nning seems equ.lly promising in lig~t of
enh.ncements mAde in Version 2.0 .nd recent And
continuin; adv.nces in microcomputer memory And
operation.a1 hardware. Oevelopment .nd fi.ld
test 1n9 i. curr_";: Iy Ti'f "'-04r••• • ~ ~ ~Ig lR1'OC
.nd in s.ver.l AID .pon.~red project••

<2> Effective use of 1-2-3 is .ccomplished in one of
twa ••ys -- building on.'. own .pplic.tions, or
using Applic.tlons t.mpl.te.. Building simpl •
• pplic.tion. is fairly e ••y. Well-desi;n.d
t.mpl.te., even those .ddressing complex problems,



can also b. ~uit•••sy to us.. T~. ;r.at.st
di~~iculti.s s ••m to aris. in .itM.r cas. ~h.n th.

us.r b.com.s pr.matur.ly ov.r-con~id.nt in tn. us.
o~ 1-2-3, or is not ~amiliar ~itn tn. problRm
b.ing addr.ss.a. Tn. r.sult can b. an improp.rly
construct.d Application, A tamplat. tn.t is alt.r.d
\ncorr.ctly, a t"mpl.t. that ;o.s unus.d b.caus. of
suspicions r.;~r~in9 its int.nt, or an application
th.t is misus.d.



APPENDIX 8-6

Mylticlan

Pric./Copy St.tus: Version 2.0 costs ~19~ for neN purch.ses or
~~O from the company for users of earlier versions.

Avail.cility: Wid.ly avail.ble or from Micrcsoft in Washington.
Discounts to students .nd education.l or;anizations
avail.bl. from Ch.mber Associates, Florida.

Technical Detail: Version 2.0 is l2SK (Vers.l.l required only
o4Kl. A sin;le floppy drive is .deq",.te but dual
floppies are recomm.nded. Multiplan is available for
use on most N.ll knoNn, and many lesser knoNn,
computers - all Apple computers and clones; IBM
and compatibles; MacIntosh.

Reviews/Pub & Date: INFOWORLD. Nov.ll, 19S~ & MarCh 28, 1993.
T~e Book of IBM Software. Mellin & Hayes, 198~.

Overall Evaluation: Multiplan ha. been a popular spreads~eet

proqra. sinc. 1983. It is ••sy to l ••rn and us••
Hardwar. r.quirem.nt. ar. modest. Version 2.0
improve.ents, includinq the u.e of sparse matrix
tec~noloqy, an .bility to utilize support of an
80S7 proc.saar, a larg.r .pr••d.he.t area (~09~R x
2~~C), the us. of macro., and an ability to Nork
with a mou.e, m.ke it an attractiv. alternative to
~OTUS 1-2-3 for .om. u••r.' wh.n applications ar. not
very compl.M and/or ~ardware limitations .Mist. Its
only limitation is its v.ry limit.d graphic.
capac i 11 t i •••

Tasks P.rform.dl Version 1.10 ha. b.en .Mt.nsively test.d oy
tnis revi~ in all ta.k ar..s (ereati~ ~$li~.tiG~.,

ent.rinq and editing dat., linkinq mod.ls, printinQ
r ••ults, .tc.). V.r_ion 2.0 was .M.min.d to v.rify
r.port. r. incr••••d proces.inq sp••d, macro
~a~a-i~~ti•• , l~c-_a••~ .p·.ad.-•• t .1:_, a-d -.~

utiliti•• for .Mportinq and importinq data fil ••
to/fro. other p.ckaqe••

Tri.l Eval Oatel F.ll/Sprinq 198~-S., H.ll.nic Coll.q., BrOoklin. MA
F.ll 198~ - Offic. of Financial Aff.irs, H.rvard
Graduate School of Education
Sprinq 19S., conversion of .arlier applications to
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Over.ll Comment: Multi~l.n ha. been in use .t Hellenic Coll.ge
for 3 years. It is the backbone of the fin&nci&l mgmt.
operations of this small college (~OO enrollment> &nd
is used in the finance office. off many schools &nd
5maller colleges. Only the calculation &nd storag.
of finAncial aid .p~lications ~as outside its
c&pabilities &t Hellenic College, primarily because
of ~orksheet size and processing speed limitations.
An institutional planning m~del has been used
extensively by both officers and board members. For
this type of mOdeling in a smaller'And rel&tively
less complex institution, Multiplan has been more
than adequate. Additionally, MP ha. been u.ed for
limited record-keeping (personnel>. Vers.2.0 should
make MultiplAn more attractive to lArger institutions.
but lACk of graphics and any adVAnced decision support
features may limit its appeal as u.ers become
&ccustomed to newer, more sophisticated ~ackages.

(2) Ability'to "link" up to S worksheet., i ••• ,
you can create submodels ea.ily to .upport one or
mere commen ma.t.r mod.l ••

(3) Spe.d of proce••1n9 in V.2.0 ha. been incr.ased
.nd can b. furth.r enhanced by tMe u•• of an
a097 math coprocessor.

(4) Macro Abilities of V.2.0 permit t~e simplification
of mare complex .~d/ar repetitive operations.

(~) E~~y to re.tructure models and ~er~.ne.ts ~rovided

you can locat. problem.( ••• w.aknes••• ).

(~) "What if''' type qu.ri •• are po•• ibl. but requir.
that you ChAng••1.-ent. of tne e~i.tin; mod_I.
You may print tn••• but to .ave th.m you mu.t
r.nam. th_ fil., .av. it, and th.n either recall
tn. ori9inal file or Chang. the alter.d file back.
Thi- e.".ht ... "" ......-...scea ~-e.~·oi~~

(7) Ability to import a~d export ASCII and eIF files in
V.2.0 (.arli.r ver.ion. do nat r.ad or writ. in
elF) •

sa
(



(9) E~t.nsiv••rror-ch.cking improv.d furth.r in
V.rs. 2.0, but sp.ci~ic .xpl.n.tions oft.n not
;iv.n for .rror w.rnings.

(11) Cl ••rly writt.n .nd pr.s.nt.d docum.nt.tion
including • strai~nt~orward tutori.l.

(12) V.2.0 cap.bility for using mous. m.k.s input
.asi.r for some users.

(14) Low cost.

<3> Complex formulas limited vs. ~OTUS 1-2-3 •• ;.,
only ~ "i~-th.n" t.sts could be n.sted in on.
c.ll vs. 12 or mar. in Lotus.

O.monstrated Plan Use: Primarily in operations managem.nt and
control-costing and budgeting.
Very limit.d database capabilities- primarily
sorting data that can b. keot in raw/column format.
Institutional Modeling (r.sourc. allocation 
revenueteMpens.).

Pot.ntial Plan Use. Us. will lik.ly r.main the .am. with the
add.d pow.r with V.2.0 improvinq ov.rall p.r~orm.nc••
Papulation and .nrollment proj.ctions in regional
planring and small.r institutions should also b.
pas.ibl.. Tn. ability to link workshe.ts is an
easy-ta-handl. m.thod ~or dividing compl.M models into
small.r, mar. mana;.abl. components. This sam. f.atur.
couTer ••rv.····rn lnstltutlonal----.-na- praj.ct ·manag."'.nt,
allowing separat. units to b. madel.d and ti.d to a
single mast.r sh••t.

G.n.ral Comm.nt. Multiplan has b••n among tn. most popular
spr.adsh•• t programs since its introduction. In
s.ttings wh.r. graphics capabilities ar. not critical
and with tn. improv.m.nt in V.2.0, it is .s goad a



.JI

function.l sp~.~dsn.et .s tnere is. In situ.tions
wne~e n.~dw.re upgr.ding is not possible ~ultipl~n

~ignt be m.de to serve m.ny of tM. s.me uses .s LOTUS
1-2-3. Microsoft is rumored to b. intrOd:..lcing "elllpert
system-lik." t.mpl.tes for us. _itn Multipl.n. The~.

templ.tes whicn would prompt tn. us.r for input sound
ve~y mucn like tne compleK templ~tes it is ~ossible to
build witn ~OTUS 1-2-3.
Multi~l.n on the M.clntosh n.s be.n p.rticul.~ly well
~eceiv.d, nenc. tn. introduction of "mouse su~port" fo~

v.a.o. Cost .nd ~.l.tiv. e.s. of use will continue to
m.ke it .n .ttr.ctiv. ~~oduct•



APPENDIX 8-7

System/PAckAge: A simulation model template ~or

Lotus 1-2-3, version lA.

Purpo~e ~ Structure: CAlculation o~ re.ource. r.quired (faciliti.s,
teachers, equipm.nt, and instructional time) And capital and
recurrent co.t~ as.ociated with providing a desired curriculum.
Allo•• eXAmination o~ the e~fects o~ adding/.liminating
subjects, increa.ing/d.crea.ing cla.s siz.s,
short.ning/l.ngthening class p.riod., .tc.

The mod.l is divid.d into 7 di~tinct section~:

<1> Summary information: user input that include.:
<a> definition of sy.tem norms, •• g., avg. cla~s

siz., • o~ .e.kly school p.riods r etc.,
<b) a.sumptions mad. re: avg. t.acher salarie.,
non-te.ching r.lated recurrent costs, avg.
eqv.ipment and facilities life cycles, etc.

<2> Curriculuml d.scriptive d.t. re: level., grade.,
mode/.tream, • of cl••••• at .ach l.v.l, subj.cts
t.ught, etc.

<3> Facilitiesl including: <.> an inventory of sp.cial
classroom facilities and te.ching .paces n••ded,
and <b) calculation o~ total space requir.ment. and
usage factors.

<4> Capital co.ts. Calculates cost o~ constructing
and equipping facilities required by sp.cific
curriculum.

<~> Teachers I Calculates t.o sc~~ario. of teach.r~

required per subj.ct <specialized subject teachers
vs. multipl.-skilled teache~s.>

(~> M.ximum recurrent costs: Calculates recurr.nt
casts per student/subject/ye.r assuming us. of
s~.~iett~ (aaen_PM ana ~.1. ~urf.nt .~

capital costs to yield total cast/subJ.ct/y••r.

,7> Minimum recurrent costs. Calcul.tes recurr.nt
casts per student/subject/ye.r assuming use of
multiple-skilled teachers .nd tot.ls recurr.nt and
capital casts to yield tot.l cast/subJ/year.



Av.il.bility: Educ.tion .nd Tr.ining Division. Tne World e.nk
W••hington, D.C.

T.chnic.l Oet.il: Oper.te. under ~otu. 1-2-3, Version lA only.
Requir.s OOS 2.0 or higner. Curr.ntly"r.quires ISM
PC/XT/AT or compatible ~ith ~12 K minimum. Ne.ds
gr.phics .daptor c.rd/board to tAke ad~.nt.g. of
built-in graphics. Print.r c.p.ble of gr.phics
printing .lso desir.ble. Also, r.quire. tnr.e or more
bl.nk formatted disk. to use built-in disk b.ckup
utility upon first u.e. As developed. r.quir.s utility
progr.m for sideWAY. printing.

<1> General bAckground: Av.r.g. C!.ss siz., weekly
school p.riod•• school days p.r w.ek. ~umC.r of
periods per ~.ek, t.aching period. per we.k,
.v.rag. teacn.r salaries. non-t.aching r.curr.nt
costs/p.riod/y.ar. number of cl••••s per ;r.de,
subj.cts taught. number of meetings/subj.ct/week,
.nd faciliti.s required per .ubj.ct/week.

<2> C.pit.l cost.: Average slz. o~ ~acilities in sq.
m.t.rs. construction cost. in SU.S. p.r sq. m.t.r,
.v.rage equipm.nt co.t. in SU.S •• and a~.r.g.

furniture eosts in SU.S.

Place/Dat./U.e.1 Currently in field testingl illustrativ•
• xamples available based on· datA from Malaysi., Jordan,
Barb.do•• _nd Chin••

<1> National level syst.m. wh.n deci.ions r.garding
curriculum and facilities are highly centrali:ed.

<2> In.titutional lev.l for mor•. localized .tudy of
costs r.latinc; to curricul~m.

<3> By development ag.nci•• for .tudying/•••••• in;
need. in demand-driven .ituation. or det.rminin;
iTntt~ in r'w.aun:. cer;'litf"Alfl56 .i~U.~iorHi anaTor
for •••••• ing the .~f.~t o~ policy changes.

Plan Task US.SI The mod.l i_ d.signed ~or tne specific purpose
of calculating relative recurrent and capital cost.
a ••ociated wlth .ltern.tive curriculum mixes. Tne
model develo~er. str••• the conc.pt of "relati". costs"
noting th. difficulty of obtainir) .ctu.l cost data.



Thus, the prim.ry purpose o~ the mod.l is te.chingl
l ••rning .nd policy di.logu. g.n.r.tion.

Ev.l~.tion o~ u~.s: Th. model do.s .x.ctly wh.t it h~s ee.n
design.d to do .nd do.s so in • str~ight~orw.rd

m.nn.r.

(1) Supporting document.tion (m.nu.l) cle~rly ~pecifie~

the purpose o~ the mod.l.

(2) Mod.l its.lf is d.signed in • modul.rlsection.l
form.t that is .~sy to us••nd p.rmits ex~min.tion

of sub-compon.nts.

(3) a.tw••n the document.tion .nd l.eeling on the model
its.l~, ~ssumptions .nd r.l.tionships .mong
v~ri.bl.s .re mad. explicit.

(4) Ext.n.iv., ••sy to und.rstand us.r m.nus f.cilit.te
•••• of u•••

(~) Tutori.l outlin.d in the manual is clear .nd simple
f~cilit.ting quick und.rst.nding o~ the model.

(7) Mod.l is prot.cted for inadv.rtent ~lt.r.tion, but
modification. are pos.ibl. with knowledge of ~otus.

(1) Some-hat cluttered on-scr••n .pp.aranc. <prim.rily
the r ••ult of V.r.ion lA, which requir.s compact
de.ign to con••rv. m.~ary).

(2) No f.cility for on-lin. comparison of the outcom.s
of .It.rnativ. sc.nario••

(3) Built-in m.cro printin9 utility requires cre.tion
of .n output file .nd u•• of .n .uxiliary printing
program. Th.r. ar. no macro utiliti.s for printing
all or s.ctions o~ the mad.l directly.

(4) Printing of graph. r.quir•• cr.ation of an output
~il. and u•• of ~otu. Print-Graph utility program
(. limitation of ~otu., not the model).



(1) Conve~~ion to Lotu~ 2.0 would .llow ~e~.~.tion of
mad.l ~ub-~om~on.nts .nd spe.d ~.l~ul.tions

(th~ou;h the use o~ Ve~sion 2.0 m.~~os).

(2) A di.g~.m o~ the mod.l's st~u~tural ~low would be
h.lpful.

(3) Wh.n sta~ting the ~~og~am, the user is ~,gui~ed to
go th~ough • b.ckup p~o~edu~e. This should be m.de
option.l.

(4) Th. built-in menu ~t~uctu~e~ .~e ve~y helpful .nd
w.ll devela~ed, but it is ~till pas~ible to
in.dv.~tently ente~ the Latus envi~anment.

P~acedu~es ~ar retu~ning to the main model menu
.nd esca~ing ~~om unanti~ipated p~oblems ~hould be
p~esent.d at the beginning o~ the do~umentatiQn

.nd/o~ av.il.ble on s~~.en. These inst~u~tians .~e

~u~rently buried in the do~ument.tian.

Gener.l Comm.nt: Ove~all, the EEC mod.l i~ w.ll ~onstru~ted.

di~ect in its purpos., and ••sy to us.. As the
developers nate, its prim.~y utility is mast p~ob.bly

as a teaching/l.arning .nd poli~y di.logue gen.rating
toal. Its use m.y ~acilitat. not only a gre.te~

understanding o~ the e~~ects o~ policy decisions on
cu~riculum-~elatedco.t., but should al~o help with the
identi~ic.tion o~ data requi~.d by deci.ion-maker~ .nd
the encou~ag.ment o~ the d.velopment o~ underlying
d.t.b•••••

Conversian to Lotu. 2.0 (Ve~.ion lA is not ~om~letely

compatible .ith Ve~.ian 2.0 at this tim.) would .llow
~or some minar change. a. outlined ~bov., whi~h would
im~rove the model'. look and p.r~ormanc••

The EEC model i. reportedly being d.v.loped in •
"'aclntQW'\ version u.ing the EXCEL spre.dsheet progr.m.
One re••on ~or this conve~.ion ~evolv•• a~ound the
que.tion o~ appropriate us.rlmacMine inter~acing.

specifically qu••tion. regarding the cultural
r.' I"i~t.~y ~:~ ~~~i-~ i-nt.,f-aetflfj in ~l-~'~'+nq

countries. Comp.ri.on of ISM .creen/keyboa~d and
Maclnto.h graphic/mouse version. i. worth watChing.
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APPENDIX 8-8

Syst.m/P.ck.g.: A t.mpl.t. mod.l ~or uS. witn LOTUS 1-2-3, v.rsion
2.0

Ow~.rsnip: T. C••sidy, R. O.vis; Tn. SRIOGES Proj.ct, AID and
H.rv.rd Univ.rsity.

Purpos. ~ Structur.: Canort-b.s.d popul.tion praj.ction .nd tn.
c.lcul.tian o~ .Q.-s.x sp.ci~ic graupinQ_ ~or .Q.s 1-19. Tn.
mod.l is divid.d into th. ~ollawing compon.nt s.ctions:

(1) S.s. y.ar d.t. input - popul.tion .nd ~.rtility .nd
mort.lity ••sumptions.

<2> Population proj.ction t.bl.s by praj.ction p.riod, .g., .nd
s.x.

(4) Calcul.tion o~ aQ.-s.x sp.ci~ic graupinQ. using Spr.gu.
Multipli.rs.

Av.il.bility: Tn. BRIOGES Praj.ct, Gradu.t. Scnool o~ Educ.tion,
H.rv.rd Univ.rsity, Cambridg•• ~A.

Technic.l O.t.i1: For us•.witn LOTUS 1-2-3, V.rsion 2.0 on ISMs .nd
ISM compatib1... R.quir.s ~12K RAM. Proc••• ing sp••d .nh.nced
by a math coproc•••or. Gr.pnic. card and print.r r.quir.d to
t.k••dv.ntaQ. o~ .11 progr.m output••

r

(3) Id.nti~ic.tion o~ tn. appropri.t. 'mort.lity
I.v.l" ~rom tn. UN Li~. T.bl •••

(~) Migr.tion dat., i~ .pp1ic.bl ••

Cr.at./O.v.1op Oat.: Spring 1~B6. Curr.nt1y a.ing ~i.1d t •• t.d .nd
d.v.1opm.nt continuing.



Place/Oate Uses: Oemonstrated in Egypt, Honduras. and Sri Lanka.
Currently being tested in the Sahamas and Kor••• and at the
H.rva~d G~aduate School o~ Education by students of Qducatonal
planning.

Plan Oomain Uses: Nation.l level but could be used fo~ ~egional

projections if data is available.

Plan Task Uses: Population p~ojection and the calculation of agQ- sex
speci~ic groupings for use in SChool enrollment prOjections and
for comp.ring en~ollments against populations. The relatively
straight fo~wa~d process involved in cohort-based p~ojections

also se~ves the models intended purpose as as a teaching device
~or introducing sp~eadsheet-based modeling to planners and
policy-makers un~amilia~ ~ith computer-based modeling.

Evaluation of Uses: The model computeri:es standa~d cohort-based
population prOjection. The UN ~ife Tables and Sp~ague

Multiplier Panels are buil~ i~~o the model making p~ojections

and distribution to age-se~ groupings Quite ea.y. The model is
structured in component sections that can be viewed by moving
throughout the sp~eadsheet ~andomly o~ by using a set of menus
designed to ~acilitate easy input o~ data and viewing of
population tables. The model ha. impressed users fo~ its ease of
use .nd st~aight ~o~~ard approaCh. R.sponses from users
unfamili.r with compute~-based modeling repo~t that the model
do.s p~ovide a good working introduction to comput.r mod.ling.

(1) ~roblem add~.ssed is clearly p~'.s.nted and handled in a
straight forwa~d mann.r.

(3) Generally .asy to learn and u~e although some users have
difficulty movin9 about the mod.l b.cause components are to
clos.ly bunched on the spreadsh.et.

<~) Us.r command m.nus created with LOTUS macros make inputtting
data and viewing tables ea.y.

(6) Tables of output. are clearly pre.ented and
ea.ily read.

(7) Sensitivity analysis is present but for only limited use.
i.e., te.ting the .ffect of imp~oved quality of life during the
proj.ction p.riods as m.asured by an increase in applicable UN
Life Table Lev.ls.



(8) Graphic output is .v.il.ble for prOjecting populations .nd
.nrollments.

(9) Oat. mAy only be entered in data input cells -all otner
cells are locked to protect .gainst inadvert.nt .lter.tion of
the model. <Cells .re easily unlocked using LOTUS commndsl.

(1) EKcept for limited capabilities for sensitivity ~nalysis no
other inter~ogati~nfe.turesare .vailable. 'What if' testing is
possible but requires changing data .nd then rerunning the
model. ThQre is no utility for onscreen comp.rison of
alternative scenarios, e.g., using different assumptions r.
fertility - this a limitation of LOTUS as well ~s other
spre.dsheet software.

<2l While graphic output is formatting of tne output has been
jumbled when the model is run an same systems. This is
presumably because of diffences in the graphic boards in some
systems.

(3) Same output tables are larger than the size of • single
screen and raw/column he.dings are nat always visible when
viewing parts of some tables.

(1) Version. for use with varying computer syste~ ~~nfigurations

should be created to eliminate graphing problems.

(2) Printer u••r documentation to accompany on screen
information.

(3) Component section. should be seperated further from each
other.

General Comments. POPEX2 ha. proven a good device for introducing
spreadsheet modeling to planner. and students of planning in
initial tests. For a group of approKimately 40, about 1 hour
wa. required to familiarize people with the model to the point
that mo.t felt c:omfortableeKploring the model on their own. In
smaller group. of from 1-], twenty to 30 minute. h•• been
-.u--rn~l~ ~ InttOduc:•. -vi. model and ~ i5_opHiworlClnq on
their own.

~7



APPENDIX E-9

SC~IEFELBEIN/CUADRA CTe~t Ver~ion : under development]

Gener.l: A model for c.lcul.ting tr.nsition r.tes .nd projecting
enrollments .t tne prim&ry level (gr.de~ 1 - b).

System/P.ck.ge: A templ.te mod.l for use ~itn LOTUS 1-2-3.
version 2.0 on IBM computers .nd comp.tibles.

O~nership: E.Cu.dr •• E. Scniefelbein; The BRIDGES Project, AID and
H&rv.rd University.

~urpos. ~ Structure: C&lcul&tes tr.nsition r.tes (promotions,
repetitions And dropouts) from .n .n&lysis of enrollment d.ta
And prOject~ ~chool enrollments for ten year~ from ~hich

resource requirem.nts And costs c.n be foreCAst.

The model is divided into four m&jor sections:

(2) HistoriCAl Tr.nsition RAt.S Worksheet

(3) C.lcul&tion .nd projection of tr.nsition r.tes by trend
fittinQ with An Asymptote AS A constr.int.

(4) Enrollm.nt PrOjection

Price/Copy St.tu.: No cost. MAy b. copi.d.

Av.iIAbility: The BRIDGES PrOj.ct, GrAdUAt. School of Educ.tion.
HArVArd Univ.rsity, CAmbrid;., MA

TechniCAl O.tail: For us. with LOTUS 1-2-3, v.rsion 2.0. Require~

~12K RAM.

OAt. R.quirem.nts:

(3) Assumption r. rate of repetitions.

Cr.Ate/D.v.lop Dat.. Sp~in; 1~9.. D.v.lopment continuin;.

PIAc./OAte Us.s. Us.d in Honduras and Guateuala, Fall 1986.
D.monstrated in E;ypt, Summ.r 1~96.

Plan DomAin Us.s. National Systems level but could be used .t tne
district or school levels if sufficient dat. Av.il.ble.



Pl.n TA.k U••s: C.lcul.tion of tr.nsition rAtes .nd .nrcllm.nts;
"10'" .n.lysi ••

Ev.lu.tion 0" U••s: Tn. mod.l is l.r;. And .t this tim. som....h.t
di.,ficult for n•• u••r. to "0110. but A•• tool for the
cAlcul.tion of trAn.ition rat•• and .nrollm.nt. it i.
impr••• iv•• It ha. impr••••d plAnn.r. And policy m.k.rs in
C.ntrAl Am.ricA .nd Egypt. In initiAl t.sts tne results of the
model .h.n compa~.d to actual data, i ••• , visiting schools and
ch.Cking school r.gist.rs, as .... 11 .s lit.r.lly counting h.ads,
h.ve prov~n to b. more accurAt. tnAn 'officiAL' in-country
proj.ctions.

(2) CAlculation rout in•• hAve b••n thoroughly t.st.d
in r.Al pl.nning cont.~ts.

<3> ~od.l outputs Ar••xt.nsiv. And us."ul for oth.r
planning r.lat.d activit•• and analy.is, i ••• , for
proj.cting r ••ourc. r.quir.m.nt. And costs, And
m.asurinq .cnool .ffici.nci•••

(4) All und.rlyinq .tructur•• Ar. disc.rnabl. to us.rs
"Amiliar .itn LOTUS 1-2-3 .lthaugh • compl.t.
und.rstandinq .auld take sam. tim. to accompliSh.

(~) Output tabl•• of tran.ition rat•• and .nrollm.nt.
Ar•••11 pr.s.nt.a and .~tensiv••

(1) ~ad.l us. r.quir•• tn. a.sistanc. of som.an. v.ry
fAmiliar .itn tn. mod.l. At this tim. only .ev.ral people have
the kno.ledg. r.quir.d to op.rat. the mod.l .f"ectiv.ly.

(3) Calculations ar. complex and op.ration is slo. on
sam. ",achin•••

(4) Advanc.a int.rrogatian routin•• are not availabl••
'What-if' te.ting is but compari.on of the r ••ult. of
alt.rnativ. sc.nario. onscr••n i. not pos.ibl.. (A limitAtion
of L.OTUS>.



(1) Speci.l menus to .id d.t. input .nd tMe loc.ting of mod@l
components should be developed.

(2) A users m.nu.l tMAt include. An outline of the mod.ls
components .nd op.rAtion At both us.r-friendly and more
technic.l lev.l ••

Gen.rAI Comm.nts: Thi. mod.l Although concept~Ally not too complRx
.ppe.rs so b.c.us. of the volume of dAtA .nd c.lculations
required. Th. re.pons. of those who h.ve worked ~ith tMe mod.l
.nd otMer potenti.l u••rs hA. b.en very positiv.. The model has
prov.n to b. quite good .t whAt it h.s been d.sign.d to
Accomplish. Criticims/w.Aknas.es of the mod.l .t this point are
perh.ps som.wh.t prem.tur. AS the mod.l is still und.r
d.v.lopm.nt. To dAte the emph••is M•• be.n on ensuring the
integrity of the mod.ls int.rn.l CAlculAtion••nd in this reg.rd
the mod.l AppeArs to b. v.ry sound. Efforts Are currently
beginning (Oct. lQSo) to Accomplish th. tAsks d.fin.d in the
s.ction .bove, "O.v.lopm.nts N••ded~ in .n .ffort to m.ke tMe
mod.l .Asi.r to us••
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APPENDIX 8-10

Oeci,ion Suggort Serie" Simyl.tio~ Model T,mplate, for ~lanning and
Man.aement in High,r Edy;ation

Sy,temlF'.ck.q.: T,mpl.tes .v.il.ble ~or u,e ~ith Lotus 1-2-3.
V.rsion LA or Version 2.0

O~n.rship: V.nt.ge In~orm.tion F'roducts, Inc.; N.tion.l C.nt.r
~or Higher Educ.tion M.n.q.m.nt Studie" Bould.r. CO.

F'urpos. ~ Structure: Tn. C.clsion Support S.ri., is d.sign.d to
.id d.cision-m.king .nd pl.nninq in nigher .duc.tion.
Tn. s.ri.s consists of s.v.n t.mpl.t.s .nd .ccomp.nying
docum.nt_tion, e.ch d.sign.d to .ddre.s • sp.cific
d.ci.ion-rel.ted problem .r'l. Although ••ch t.mpl.t.
is problem-,p.ci~ic .nd op.rlt.s ind.p.nd.ntly, .11
n.v. b ••n d.v.lop.d .round • st.nd.rdiz'd form.t in .n
.~~ort to ~.cilit.t. eas. o~ use by pl.nners .nd
decision-makers. E.cn templ.t. could b. r.vi.~.d

individu.lly; ha~.v.r, our ~ocus h.r. is the ••ries •
• nd con••qu.ntly the revi •• i. g.n.r.l in n.tur••

(1) F'OPULATNa F'opulation-b•••d .nrollment ~orec•• ting
mod.l. R.llt•• tn. population o~ .n institution's
s.rvic••rel to enrollm.nt pro.p.ct. b•••d on ~

cau•• l mod.l o~ ~i.torical data. It i. d,.ign~d to
p.rmit inv.stigltion o~ tn••~~ects on .nrollm.nt.
o~ vlryinq •••umption. Ibout future popul.tion•
• nd/or chlnqinq participltian r.t•• of various .q.
conort••

(2) ENROLLEE: Enrollm.nt ~or.c••tinq. Proj.cts
und.rgraduat. and gradult••nrollm.nt. b•••d on •
cau.ll mod.l of ~i.torical tr.nds. Focu. i. on
tran.ition.l ~lo. rat•• and .nrollment quot•• for
gr.duat. proqr.m••

(3) STUFLOW: Student flow mod.l. Us.d to ,.tim.te
.nrollm.nt••nd track stud.nt flo. by id.ntified
charact.ri.tic-ba••d conort., ••g., by academic
ability, by divi.ion••itnin the institution, by
••x, by raCe, .te. Allow. analy.i. of th,
poiintral-Tml=uac:ti-af:-policy c"ang-•• on tn, mil< 0.(
stud.nt. enroll.d in future y••r ••

(4) FACULTY a A f.culty d.t.b.... A d.tablsa of
in~orm.tion p.rtaining to faculty ch.r.et,ristics,
••g., ag., rank, .t.tu., •• l.ry, hire d.t" dat, of
n'Mt l ••v., r.tir.m.nt dat., .tc. F'.rmit••nalysis
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of basic statistical data and provides a method for
tracking faculty availability.

(5) FINOVIEW: Financial overview model. For analyzing an
institution's cu~rent and future situation at • hign
level of aggregation, e.g., revenue and e~penditur.

statements, balance sheets, etc. Built around a five
year time frame -- tNO historical, one curr.nt, two
'future.

(0) FINP~AN: Long-range financial planning model.
AllONS adjustment of revenue and e~p.nditur. it.ms
over a 'five-year prOjection p.riod in an .ffort to
reach a balanced budget. MajOr policy variable.
considered ar. tuition, unr.stricted SCholarShips,
.ndowment payout, salaries, and e~penditur.s 'for
improvements.

(7) FINTRAOE: Financial trade-of'f mod.l. Facilitat.s
examination of the relationships among a number of
variable. critical to an institution's 'fi~ancial

situation, ••;., enrollments, tuition, 'faculty
compen••tion, etc. Includes sensitivity an.lysis.

~rice/Copy Status: Approx. '150 per template or .850 'for the
entire set. Not copy protected.

Availability: Vanta;e Information Products, Inc., ~O Drawer ~,

Boulder, CO 80302. Tel. 303-497-0386.

Technical Detail: Requir.s ISM PC/XT/AT or comp.tible with
256K minimum' MS or PC DOS 2.0 or higher:
Lotus 1-2-3, Version lA or 2.0 d.p.ndin; on the
ver.ion of th. Decision Support Series. Printer
is option.l. Proc.ssing sp.ed. enhanc.d by the
addition of a math coproc.s.or.

Oata R.quirement., V.ri.s by t.mplat., but g.n.rally data is
availabl. in the admi.sions, plannin;, and fin.nce
office. of most U.S. coll.;.s and univer.ities.

Cr.at.tO.v.lop Oat., D.e.me.~ 1~~ by various developer.
working for NCHEMS.

ihad iUdi

U.S.

Various templ.t.s .re in u•• at many .m.ll to
Ttaw-"CtT.1 i .9.. ~. Unl "WI"'.in~ tl'\rouc;"C1u~-nfii

Plan Domain U••• , In.titution. of high.r educ.tion. Both public
.nd private in.titution., .lthou;h .ome modi'fic.tion.
m.y be n.c••••ry. G.n.rally not •• appropri.te for
larg.r in.titution. in which r ••••rch and development
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activities cont~ib~te significantly, althou~h

theoretically these co~ld be accommodated as well by
modifying the templates.

(1) Standardized design of templates facilitates ease
of ~se ac~oss the range of applications.

(2) Individual templates are developed in a
modul.r/section.l form.t that is .asy to follow.

(3) Written documentation is thoroych. very w.ll
crws«nted, and e.sy to read.

(4) Most necessary doc~mentation is also av.ilable on
sc~een.

(5) What model te~pl.tes do .nd do not do and
situations for which they .r. most appropriate
are explicitly stated.

(6) Ve~y well-developed user menus aid mov.m.nt around
the templ.t., .ase d.t. input, facilit.te printing
.nd vie.ing of graph••nd oth.~ m.te~ial, etc.

(7) Gr.phic r.p~esentation of k.y v.~iables and
analyses .r. ~vail.bl ••

(~> Input only .llo••d in cert.in cells. All others
I:3rotect.d.

(10) A t.lephone .upport .ervic. is .v.il.ble at no
Charge.

W••kn••••• :

(1) O"-.cre." vi.ual. c.n be distr.cting •• module.
literally re.ide one next to the other. ~~vement

.--~----_.._~---- ---- ----Tt~--rQ-u·;h-out--t-~i- ",Od'-l-ca-"--b••...,k••-rd.-n-d--·co""fusi nc;--------- -
a. o".cree" di.plays often include seqme"t. of two
d~fferent module••

(2) While templ.te••~e ~~% .tandardized, there are.
f •• pl.c•• where they are not con.i.tent. Thi. is
a minor problem. but di.concerting when you have
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..lII
I•~

b••n lull.d into. rhythm of us••nd f •• ling of
s.curity.

D.v.lopm.nts N••d.d: S.p.r.tion of sub-campon.nt p.rts to
•••• vi.wing.

Comm.nts: Th. D.cision Support S.ri.s r.~r.s.nt•• w.ll thought
out conc.pt for providing. s.t of rel.t.d tools to
pl.nn.rs .nd d.cision-m.k.rs in • specific d.c:ision
m.king .nviranm.nt. Prabl.m-sp.ci~ic .pplic.tion
t.m~l.t.s9 st.nd.rdiz.d ~orm.t.9 .p.ci~ic instructions •
• xplicit d.t.il reg.rding limit.tions, custom.r
~upport, .tc., sugg.st • mod.l for ~thers d.siring
to d.v.lap .nd distribute d.cision supporting t.mpl.t••
within well-d.fin.d d.cision .nvironm.nts.



APPENDIX B-l1

JAVELIN

Versions ~nd Cates: V. 1.0, Spring 198~.

Avail~bility: G.ner.lly available or from J~velin Corporation,
One Kendall Square, Building 200, Cambridge, Ma

02139.

Technical Detail: IBM - PC/XT/AT and compatibles; ~12K; Du~l

floppy or hard disk systems.

InfoWorld, Nov. 198~; PCWorld. Dec. lq8~

(Not full revie~s).

Overall Evaluation: In~oWorld's so~t.are product of the year ~nd

rated a promising potential frontrunn.r by PCWorld. J~velin

is not a spr.adsheet bu uses. spre.dsheet-lik. m.tri~ as one of
10 "vie~s" on a centr.l model d.t.b.... Th.se vie~s provide a
variety o~ ••ys (tables. gr.phs. ch.rts, formula maps. diagrams •
• tc> to construct and k.ep track o~ model con.truction, to
enter. edit and examine d.ta. and to an.lyze r ••ult. of mOd.l
simul.tion.. Changes m.de ~hil. using one vie~ are
automatically updat.d in the c.ntral model d.t.ba•• and
r.fl.ct.d in .11 oth.r vi.w.. O•• ign.d fornum.rical an.lysis
over time. the program com.s ~ith a lot of knowl.dg. built-in
(AI> that make. it ·particul.rly will suited ~or .ny kink of
proj.ction.. Formul.s .1". constructed using n.m.s/symbols th~t

th.program ke.ps track o~ in s.v.ral ways. including An audit
tr.il-lik. syst.m th.t m.ps v.ri.bl. r.l.tion.hip.. While
giving up non. of the pow.r o~ the l.ading spr••d.h.et programs
- 78 m.th.matic.l functions .re built-in. including .11 st.ndard
Boolean logic ~unction. - the multiple "vi ...... " appro.ch make
J.v.1in • v.ry flexible program. ASCII ~il•• m.y be imported
from oth.r programs. The program runs r.a.on.bly f.st and is
••11 equipp.d with .rrur m••••g.s. Jav.lin is fairly easy to
le.rn if you can ••cape the con.traints o~ a spr••d.he.t mind
set.

T••k. P.rform.d: Two .pplic.tion. were cre.t.d. an .nrollm.nt
projection .nd .n in.titutio~.l allocation. model, .nd sample
report. and graphS printed.

Tri.l Ev.l Oat.: "Laboratory" tested. no lenown us. in .ducation.
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progr.m worked very 101.11, .lthough ~ well thought out
work pl.n 101•• even more n.c••••ry th.n with LOTUS.
3.velin is not ~or the c.su.l user, but .eems more
.ppropri.te ~or the cre.tion .nd viewing o~ applic.tion
templ.tes. Th. very sy.t.matic m.nner in which
vari.ble rel.tionsnips ~re de~ined and the multiple
vi.ws .pproach permit you to look at dat. in a
di.aggregated ~orm and in s.ver.l w.ys quickly. It is,
~or .x.mple, easy to obtain d.~initions o~ ~ll

variables and ~ormulas, either by li.ting them or
displaying them in graphic ~orm.

The program w.s less .~~ectiv. ~or constructing an
institutional planning model. While o~~ering the .ame
adv.nt.ges re multiple vi.ws, I wa. unsuccessful in
creating a single ~ull-scre.n model, which often is
desireable with the•• type of models.

Strength.:

<1> The "multipl. vielols" .pproach .llows you a number
of ways to build the model and enter data, but its
greatest v.lue is in the multiple ways you c.n vielol
and analyze the result. o~ simulations.

<2> Th. capability o~ diagramming d.t./variable
relationships.

<3> Suilt in .rtificial intelligence re tim. periods,
day., loIe.k., months, etc., make. time prOjections
.asi.r/quick.r to org_niz•• (Syst.m "knololledge" c:an
be r.d.f i n.d) •

<4> Th. "diagram" vi•• is particularly u••ful in
describing or ~ormulating • conception of a
oroblem.

(1) While the added featur.s in Javelin are attractive
~or more compl.x mod.ls, they get in the loIay
somewnat IoInen trying to us. the spreadsh•• t for
simple accounting tasks.

(2) wnil. nQ~ v.rY.diffic!!lt t~ 1••"n~ t..h.e ~ ..,.j,.,;'. i~

more complex than conv.ntional spr.adsh.et.
and I loIOuld .xpect it to take people some tim. tn
l.arn. The us. of packaged application t.mplat••
would not b. much more difficult to master than
similar templates in ~otus, but with advantages in
t.rms o~ making assumption••nd logic more
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(3) The progr.m does not have any o~ the standard. even
i~ limited, dat.b.se ~••tures ~ommon to more
.dvan~ed spre.dsheets.

Potential Plan Use:

<1> Problem .nd system ~on~eptu.lization using diagrams
.nd blo~k views ~or the generation of poli~y

di.logue.

Gener.l Comment: 3.velin WAS reviewed on the b•• is o~ its
potential ~or u.e in modeling in edu~.tion. The
progr.m WAS developed by Q dem09rApher .nd
econometriciAn with time-oriented proJection a. an
underlying structure. HAnds-on te.ting I did ~on~irmed

whAt others hAve written re the uniquene•••nd
potentiAl u.e~ulnes. o~ the multiple views .pprOAch.
Thi ••pprOAch mAy be very .ppropriAte when the model
is being used by group. o~ people for some o~ wham one
or .nother WAy (vie.) of lookin9 At • problem or
interpreting dAt. mAke. more .en.e.
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APPENDIX 8-12

IFPS/F'ER§QNAL

Copyright Firm: EXECUCOM Systems Corpc.·ation, ~410 Far l..le!St
Blvd., Austin Te~as 78731 tel. <S12) 346-4980

Price/Copy Status: S700/S200-Educational. Upgrades are s35.
Key disk protection. One hard disk installation.

Technical Detail: Dual floppy and ~12K minimum, but 640K and a
hard disk is recommended. For all ISMs and
compatibles.

Overall Evaluation: IFPS/Personal (Interactive Financial Plannin;
System) is a micro version of the mainframe IFPS. It is
compatible ... ith the mainframe v('rsion. It is easier to use than
the mainframeversion because of its full-screen. interactive
editing ~nd onscreen LOTUS-like menu structures. Not all of the
feature. of the mainframe version are available in tne
micro version. What-if testing and goal seeking are, but
notably absent are the more advanced impact, sensitivity, and
risk analysis functions available on the m.inframe. It is ~ell

tructured for the specific purpose of creatingfinancial systems
and institutional models and includes features that facilitate.
easy tracking of variable relationships and easy stora;e and
eMamination of alternative scenarios.

Tasks Performed: Creation of an institutional model ba.ed on an
eMisting small college model - creation of alternative
scenarios. goal seeking. reformatting, ;raphic output, and
printing of reports.

Overall Comment: IFPS/Personal is Quite easy to understand and use.
The system is structured around a series of command menus called
"modes" that are organized as a set of hierarchal ~evels and
uses natural language mnemonics that make keyword and command
structures easy to follo.... On.~r••n fQrm~t~ Ar. n••t And
uncluttered. Models are built as a serie. of statements that
define variable value. and relationships. Once the model is
constructed. it is compiled by the system and produced in the
row-column matriM spreadsheet format. This contrasts ... ith
systems such as LOTUS 1-2-3. Multiplan. and other~ in which the
model i. structured in a ro ...-column matri~ step-by- step as it
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is built. Although modi~ying the model is not too difficult,
IFPS re.ards c~reful planning prior to computer development.
IFPS/Personal contains several more ~dvanced model interrogation
features than do most other spreadsheet-based systems such as
the ~n.lyze ~nd goal-seeking fe~tures. IFPS/Personal is
significant in demonstrAting that such features are possible on
microcomputers. Plot and graphic outputs ~re fairly .asy to
generate. Automatic scaling is built in to the system or m~y be
user defined. Output reports may be user defined. The
construction of template models is supported by fe~tures that
support the construction of user defined menus, the creation of
input prompts that ask/remind the user to enter specified d~ta

before the model .ill run, and the cre~tion of user defined
complex functions. 1a template models come with the most recent
version of the syst5m - 7 are industry-specific (.duc~tion not
included), 7 ~re functional specific (finance, marketing, human
resources, etc), 1 is a corporate 05S case study, and 1 is a
presented as ~ managers "game," i.e., an overview of ~ five year
comp~ny pl~n that is used to play out ~lternative str~tegi.s for
balancing the budget aver a five year period.

(1) Easily understood menu commands and structure support easy
model construction.

(2) Full-screen editing and a set of error tracking and editing
commands makes th. building ~nd altering of models relatively
easy.

(4) An "analyze" feature that supports the tracking of variable
relationships.

(~) A "goal seeking" feature that has the system CAlculate the
value of a specified required to achieve a desired VAlue in
another specified variabl ••

(~) Facility for the creation of user-defined menus and a
~eature that allows the creation of input prompts support the
construction of template models.

(7) A "case study" feature that supports easy storage and
comparison of alterative scenarios involving changes in variable
~~~ ~uetUi"_l i".l~.an..hi~

(9) 30+ built-in functions and processing routines.
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(13) The system supports the use of d.t. files for the storage
and use of alternative sets of input data in models.

(1) Fewer built-in functions .nd routines than other
spreadsheet-based mOdeling systems. Probably the result of the
systems e~plicit focus on financi.l modeling.

(2) Larger models run. little slowly. The system requires a
lot of operating memory.

(3) The protection scheme used could result in very bothel-some
delays should hardware systems fail and the one permitted hard
disk inst.llation is corrupted. Repl.cement requires returning
the system disk to EXECUCOM for an e~ch.nge.

Demonstrated Plan Use: IFPS/Personal is nicely structured for
supporting target setting and flow modeling. The m.inframe
version of IFPS is widely u.ed in colleges and universities for
fin.ncial planning applications at the institution.l and
department.l levels and for m.naging .11 au~iliary enterprises
(housing, dining, etc.). The sy.tem is also u.ed for enrollment
planning .nd faculty tenure planning. The micro version could
support the.e .ame uses .nd i. e.sier to use, but doe. not vet
contain .11 of the advanc.d int.rrogation features of the
mainframe version. EXECUCOM reports the micro versions use in
colleges and univer.ities but no .pecific

Potenti.l Plan U.e: As .bove. IFPS/Person.l is like its m.infr.me
version best suited for operation.l management and control
application. in p.rticul.r for costing .nd budgeting. It:~

also useful in str.tegic pl.nning for .conomic and enrollment
prOjections .nd prOjecting resource needs. It is .lso very well
designed for supporting comp.rison of .ltern.tive scenarios of
.11 o~ the .bove .pplications.

Gener.l Comment: IFPS/P.r.onal wa. revi.wed because of the enormous
popul.rity of the m.inframe version. Easier to use th.n the
m.infr.me version and visually much more .ttr.ctive. it could
serve very well in situ.tions th.t do not require the adv.nced
int...r09.At!~n f~tll!".5 Q1' t-t,. "'.in1'r."'.. v-.r~..._ g"~I,Jl'" f!,J.~~

versions include sensitivity, risk, .nd impact analysis
IFPS/P.rson.l will ••• ily b.com. the mo.t powerful of the
sp....d.h••t-b•••d microcomput.r mod.ling syst.ms.
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APPENDIX B-13

STELLA

Technic.l Det.il: M.cInto~h Computer, ~12K min recommended

Overall Ev.lu.tion: A rem.rk.ble easy to use systems dyn.mics
modeling progr.m Stell."s m.jor contribution may be in
.iding the ~roce~.e. of problem definition .nd syst.m
conceptu.liz.tion. Its graphics/visu.l ori.ntation
mak~. it .asy to follow model structur•• by .nCQur.ging
"syst.m thinking".

T.Sks Per~ormed: Three models were cr.ated: a demographic .nd
enrollment ~rojection, a heuristic model o~ the
dimensions o~ time-an-task, and a scal.d down ~.~ourc•
• llocation model simil.r to the EEC model.

Tri.l Ev.l Date: "L.boratory'· te.t.d by BRIDGES ~roject staffl
Spring lQS6.

Overall Comment: Ea.e o~ us. and appreciation ~or the visual
approach dominated re.pon••• to STELLA. Also not.d
was ho~ quickly discussion ·of the ~roblem(s> being
modeled is gen.rated. Stella is a very engaging
package that supports heuristic modeling very well.
It"s greatest value is likely t.aching/learning and
policy dialogue generation. It is much less e~~ectiv.

~or more straight ~orward ~inancial and ~esourc.

allocation. problems.

Strel"lgtnsa

(3) E~cell.nt, clearly written and well ~r.sented
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(4) Flexibl. - both data and structures c.n be .asily
chang.d.

(3) No macros to minimize data .ntry or model"
construction.

<I) Problem/System conc.ptu.lization. St.lla ~romot.s

thinki~g and discussion.

Potential Plan Us.:

<I) Any ~lo_ modeling ~roble~••

General Comment: Facilitation o~ thinking, discussion and debate
••em cle.rly to be the advantage o~ Stella. For
probl~m. involving more routine c.lculations in tne
.r•••·o~ costing and bUdgeting spread.n••t ~rogr.ms ar.
more str.i;ht~orward, althiough St.llar can accomplish
th••e.
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